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FIG. 56

of a surgical site. The medical apparatus includes an electronic display dis-
posed within a display housing. The medical apparatus includes a display
optical system disposed within the display housing, the display optical sys-
tem comprising a plurality of lens elements disposed along an optical path.
The display optical system is configured to receive images from the elec-
tronic display.
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SURGICAL VISUALIZATION SYSTEMS AND DISPLAYS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority under 35 U.S.C. 119(e) to
U.S. Provisional Application No. 62/138,351, entitled “SURGICAL VISUALIZATION
SYSTEMS AND DISPLAYS,” filed on March 25, 2015; U.S. Provisional Application No.
62/138,919, entitled “SURGICAL VISUALIZATION SYSTEMS AND DISPLAYS,” filed
on March 26, 2015; U.S. Provisional Application No. 62/183,148, entitled “SURGICAL
VISUALIZATION SYSTEMS AND DISPLAYS,” filed on June 22, 2015; U.S. Provisional
Application No. 62/184,222, entitled “SURGICAL VISUALIZATION SYSTEMS AND
DISPLAYS,” filed on June 24, 2015; U.S. Provisional Application No. 62/184,838, entitled
“SURGICAL VISUALIZATION SYSTEMS AND DISPLAYS,” filed on June 25, 2015;
U.S. Provisional Application No. 62/187,796, entitled “SURGICAL VISUALIZATION
SYSTEMS AND DISPLAYS,” filed on July 01, 2015; and U.S. Provisional Application No.
62/260221, entitled “SURGICAL VISUALIZATION SYSTEMS AND METHODS WITH
EXOSCOPES,” filed on November 25, 2015. The entirety of each application referenced in

this paragraph is incorporated herein by reference.

BACKGROUND
Field
[0002] Embodiments of the present disclosure relate to visualization systems and
displays for use during surgery.

Description of Related Art

[0003] Some surgical operations involve the use of large incisions. These open
surgical procedures provide ready access for surgical instruments and the hand or hands of
the surgeon, allowing the user to visually observe and work in the surgical site, either directly
or through an operating microscope or with the aid of loupes. Open surgery is associated with
significant drawbacks, however, as the relatively large incisions result in pain, scarring, and
the risk of infection as well as extended recovery time. To reduce these deleterious effects,
techniques have been developed to provide for minimally invasive surgery. Minimally

invasive surgical techniques, such as endoscopy, laparoscopy, arthroscopy, pharyngo-
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laryngoscopy, as well as small incision procedures utilizing an operating microscope for
visualization, utilize a significantly smaller incision than typical open surgical procedures.
Specialized tools may then be used to access the surgical site through the small incision.
However, because of the small access opening, the surgeon’s view and workspace of the
surgical site is limited. In some cases, visualization devices such as endoscopes,
laparoscopes, and the like can be inserted percutaneously through the incision to allow the
user to view the surgical site.

[0004] The visual information available to a user without the aid of visualization
systems and/or through laparoscopic or endoscopic systems contains trade-offs in approach.
Accordingly, there is a need for improved visualization systems, for use in open and/or

minimally invasive surgery.

SUMMARY

[0005] Disclosed herein are systems, devices, and methods for surgery and
surgical visualization and display. Image acquisition and image display, for example, are
described. Such image acquisition may be performed by, such as for example but not limited
to, one or more cameras on a surgical tool, frame or support just a few centimeters above the
patient’s body and/or surgical site, as well as camera systems farther from the patient
including camera systems from about 15 cm to about 45 cm from the patient’s body and/or
the surgical site. In various embodiments, these cameras may be stereo or mono cameras. A
variety of camera designs may be employed. Different types of displays and display designs
including binocular displays may also be used. Various combinations of components and
features are possible. For example, one or more embodiment or feature described or
referenced in any one or more of the different sections of the present disclosure may be used
with, combined with, incorporated into, and/or are otherwise compatible with one or more
embodiments and features described in any one or more other of the sections of the present
disclosure. Similarly, embodiments or features described or referenced in any section of the
present disclosure may be used with, combined with, incorporated into, and/or are otherwise
compatible with any other embodiment or feature also described or referenced in that section.
Additionally any one or more embodiments or features described or referenced in any section

may be used with, combined with, incorporated into, be applicable to, and/or are otherwise
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compatible with a wide range of medical or surgical devices which may or may not be
introduced into the body including but not limited to endoscopes, laparoscopes, and
arthroscopes. Use of the various features and embodiments and combination thereof with
other medical devices is also possible.

MULTI-DISPLAY/BINOCULAR DISPLAY ASSEMBLY

1. A medical apparatus comprising:
a first display portion configured to display a first image;
a second display portion configured to display a second image;
electronics configured to receive one or more signals corresponding to images
from a plurality of sources and to drive said first and second display portions to
produce said first and second images based at least in part on said images from said
plurality of sources; and
a first beam combiner configured to receive said first and second images from
said first and second display portions and to combine said first and second images for
viewing.
2. The medical apparatus of Claim 1, wherein said first and second display portions
comprise first and second displays, respectively.
3. The medical apparatus of Claim 1 or 2, further comprising a housing and a first
ocular for viewing the combined first and second images within said housing.
4. The medical apparatus of Claim 3, further comprising a second ocular for viewing
an additional image within said housing.
5. The medical apparatus of any of the preceding claims, further comprising imaging
optics disposed to collect light from both said first and second display portions.
6. The medical apparatus of Claim 5, wherein said imaging optics are configured to
form images at infinity.
7. The medical apparatus of any of the preceding claims, wherein said plurality of
sources comprises at least one camera providing a surgical microscope view.
8. The medical apparatus of any Claim 7, further comprising said at least one camera
providing said surgical microscope view.
9. The medical apparatus of any of the preceding claims, wherein said plurality of

sources comprises at least one camera disposed on a surgical tool.
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10. The medical apparatus of any Claim 9, further comprising said at least one camera
disposed on said surgical tool.

11. The medical apparatus of any of the preceding claims, wherein said plurality of
sources comprises at least one source providing data, a computed tomography scan, a
computer aided tomography scan, magnetic resonance imaging, an x-ray, or ultrasound
imaging.

12. The medical apparatus of any Claim 11, further comprising said at least one
source providing said data, computed tomography scan, computer aided tomography scan,
magnetic resonance imaging, x-ray, or ultrasound imaging.

13. The medical apparatus of any of the preceding claims, wherein said first image
comprises a fluorescence image and said second image comprises a non-fluorescence image.

14. The medical apparatus of Claim 1, further comprising:

a third display portion configured to display a third image;

a fourth display portion configured to display a fourth image; and

a second beam combiner configured to receive said third and fourth images
from said third and fourth display portions and to combine said third and fourth
images for viewing.

15. The medical apparatus of Claim 14, wherein said third and fourth display portions
comprise third and fourth displays.

16. The medical apparatus of Claim 14 or 15, further comprising a housing, a first
ocular for viewing the combined first and second images within said housing, and a second
ocular for viewing the combined third and fourth images within said housing.

17. The medical apparatus of any of Claims 14-16, further comprising additional
electronics configured to receive one or more signals corresponding to images from another
plurality of sources and to drive said third and fourth display portions to produce said third
and fourth images based at least in part on said images from said another plurality of sources.

18. The medical apparatus of any of Claims 14-17, further comprising imaging optics
disposed to collect light from both said third and fourth display portions.

19. The medical apparatus of Claim 18, wherein said imaging optics are configured to

form images at infinity.
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20. The medical apparatus of any of Claims 17-19, wherein said another plurality of
sources comprises at least one camera providing a surgical microscope view.

21. The medical apparatus of any Claim 20, further comprising said at least one
camera providing said surgical microscope view.

22. The medical apparatus of any of Claims 17-21, wherein said another plurality of
sources comprises at least one camera disposed on a surgical tool.

23. The medical apparatus of Claim 22, further comprising said at least one camera
disposed on said surgical tool.

24. The medical apparatus of any of Claims 17-23, wherein said another plurality of
sources comprises at least one source providing data, a computed tomography scan, a
computer aided tomography scan, magnetic resonance imaging, an x-ray, or ultrasound
imaging.

25. The medical apparatus of any Claim 24, further comprising said at least one
source providing said data, computed tomography scan, computer aided tomography scan,
magnetic resonance imaging, x-ray, or ultrasound imaging.

26. The medical apparatus of any of Claims 14-25, wherein said third image
comprises a fluorescence image and said fourth image comprises a non-fluorescence image.

27. The medical apparatus of any of the preceding claims, wherein said medical
apparatus provides 3D viewing of a surgical field.

28. The medical apparatus of any of the preceding claims, wherein the combined first
and second images for viewing comprises a composite image of said first and second images,
wherein said first beam combiner is configured to produce said first image as a background
image of said composite image, and to produce said second image as a picture-in-picture
(PIP) of said composite image.

29. The medical apparatus of any of Claims 14-28, wherein the combined third and
fourth images for viewing comprises a composite image of said third and fourth images,
wherein said second beam combiner is configured to produce said third image as a
background image of said composite image, and to produce said fourth image as a picture-in-
picture (PIP) of said composite image.

Different Types of Displays
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30. The medical apparatus of any of Claims 1-29, wherein said first display portion
has a different resolution than said second display portion.

31. The medical apparatus of any of Claims 1-29, wherein said first display portion
has a different pixel count than said second display portion.

32. The medical apparatus of any of Claims 1-29, wherein said first display portion
has a different size than said second display portion.

33. The medical apparatus of any of Claims 1-29, wherein said first display portion
has a different frame rate than said second display portion.

34. The medical apparatus of any of Claims 1-29, wherein said first display portion
has different timing than said second display portion.

35. The medical apparatus of any of Claims 1-29, wherein at least said first display
portion is configured to be moved with respect to said second display portion such that said
first image is moved with respect to said second image after combining by the first beam
combiner.

36. The medical apparatus of any of Claims 1-29, wherein at least said first display
portion is configured to be re-oriented with respect to said second display portion such that
said first image is re-oriented with respect to said second image after combining by the first
beam combiner.

37. The medical apparatus of any of Claims 1-29, further comprising a movable
mount to which said first display is coupled, said movable mount being configured to be
moved such that when said at least said first display portion is moved with respect to said
second display portion such that said first image is moved with respect to said second image
after combining by the first beam combiner.

38. The medical apparatus of Claim 37, wherein said movable mount is configured to
be moved by hand.

39. The medical apparatus of Claim 37, further comprising electrically driven
actuators configured to control movement of said movable mount with electronic signals.

40. The medical apparatus of any of Claims 1-29, further comprising processing
electronics configured to combine said first and second images in addition to said combining

by said beam combiner.
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41. The medical apparatus of Claim 40, wherein said processing electronics are
configured to direct said combined first and second images to at least one additional display
for viewing by another viewer.

42. The medical apparatus of any of Claims 1-41, wherein said medical apparatus is
configured to provide a view of a surgical site and comprises a binocular viewing assembly
comprising a housing and a plurality of oculars, at least one of said oculars configured to
provide views of said first and second display portions disposed in the housing, said
binocular viewing assembly configured so as not to provide a view of said surgical site
through the oculars via an optical pathway that passes through the housing.

43. The medical apparatus of any of Claims 1-41, wherein said medical apparatus is
configured to provide a view of a surgical site and does not provide an optical path to said
surgical site.

44. The medical apparatus of any of Claims 1-41, wherein said medical apparatus is
configured to provide a view of a surgical site and comprise a binocular viewing assembly
comprising a housing and a plurality of oculars, said at least one of said plurality of oculars
configured to provide views of said first and second display portions disposed in the housing,
wherein a line of sight of the plurality of oculars is decoupled from a line of sight of the
binocular viewing assembly.

45. The medical apparatus of any of Claims 1-41, comprising a binocular viewing
assembly including said first and second display portions, at least one of said display portions
configured to display a surgical microscope view of said surgical site provided by a surgical
microscope camera.

46. The medical apparatus of Claim 45, wherein said oculars can be moved away
from the surgical site by at least 2 feet and provide views of the surgical site from said
camera while the camera remain within a foot of said surgical site.

47. The medical apparatus of Claim 45, wherein said oculars can be moved away
from the surgical site by at least 3 feet and provide views of the surgical site from said
camera while the camera remain within a foot of said surgical site.

48. The medical apparatus of Claim 45, wherein said oculars can be moved away
from the surgical site by at least 4 feet and provide views of the surgical site from said

camera while the camera remain within 2 feet of said surgical site.
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49. The medical apparatus of Claim 45, wherein said oculars can be moved away
from the surgical site by at least 5 feet and provide views of the surgical site from said
camera while the camera remain within 2 feet of said surgical site.

50. The medical apparatus of Claim 45, wherein said oculars can be moved away
from the surgical site by at least 5 feet and provide views of the surgical site from said
camera while the camera remain within a foot of said surgical site.

51. The medical apparatus of any of Claims 1-41, comprising a binocular viewing
assembly including said displays and oculars, at least one of said oculars providing a view of
said first and second display portions, at least one of said displays configured to display a
surgical microscope view of said surgical site provided by a surgical microscope camera,
wherein said oculars do not provide a direct optical path to said surgical site.

52. The medical apparatus of any of Claims 1-41, wherein said medical apparatus is
configured for viewing a surgical site using at least one of said first and second display
portions and said medical apparatus does not provide a direct optical path therethrough to
said surgical site.

53. The medical apparatus of any of Claims 1-41, further comprising a port for
outputting a video signal from a camera that provides input to said first display portion.

54. The medical apparatus of any of Claims 1-41, further comprising first and second
ports for outputting a video signals from first and second cameras that provide input to said
first and second display portions respectively.

55. The medical apparatus of any of Claims 1-41, further comprising first and second
ports for outputting a video signals from first and second sources that provide input to said
first and second display portions respectively.

56. The medical apparatus of any of Claims 53-55, further comprising an interface for
receiving user input for recording video from said port.

57. The medical apparatus of any of Claims 53-56, further comprising a recording
device coupled to said port.

58. The medical apparatus of Claim 2, wherein said first display has a different
resolution than said second display.

59. The medical apparatus of Claim 2, wherein said first display has a different pixel

count than said second display.
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60. The medical apparatus of Claim 2, wherein said first display has a different size
than said second display portion.

61. The medical apparatus of Claim 2, wherein said first display has a different frame
rate than said second display.

62. The medical apparatus of Claim 2, wherein said first display has different timing
than said second display.

63. The medical apparatus of Claim 2, wherein at least said first display is configured
to be moved with respect to said second display such that said first image is moved with
respect to said second image after combining by the first beam combiner.

64. The medical apparatus of any of Claim 2, wherein at least said first display is
configured to be re-oriented with respect to said second display such that said first image is
re-oriented with respect to said second image after combining by the first beam combiner.

65. The medical apparatus of any of Claim 2, further comprising a movable mount to
which said first display is coupled, said movable mount being configured to be moved such
that when said at least said first display is moved with respect to said second display such
that said first image is moved with respect to said second image after combining by the first
beam combiner.

66. The medical apparatus of Claim 65, wherein said movable mount is configured to
be moved by hand.

67. The medical apparatus of Claim 65, further comprising electrically driven
actuators configured to control movement of said movable mount with electronic signals.

68. The medical apparatus of Claim 2, further comprising processing electronics
configured to combine said first and second images in addition to said combining by said
beam combiner.

69. The medical apparatus of Claim 68, wherein said processing electronics are
configured to direct said combined first and second images to at least one additional display
for viewing by another viewer.

70. The medical apparatus of any of Claim 2, wherein said medical apparatus is
configured to provide a view of a surgical site and comprises a binocular viewing assembly
comprising a housing and a plurality of oculars, at least one of said oculars configured to

provide views of said first and second displays disposed in the housing, said binocular
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viewing assembly configured so as not to provide a view of said surgical site through the
oculars via an optical pathway that passes through the housing.

71. The medical apparatus of Claim 2, wherein said medical apparatus is configured
to provide a view of a surgical site and does not provide an optical path to said surgical site.

72. The medical apparatus of Claim 2, wherein said medical apparatus is configured
to provide a view of a surgical site and comprise a binocular viewing assembly comprising a
housing and a plurality of oculars, said at least one of said plurality of oculars configured to
provide views of said first and second displays disposed in the housing, wherein a line of
sight of the plurality of oculars is decoupled from a line of sight of the binocular viewing
assembly.

73. The medical apparatus of Claim 2, comprising a binocular viewing assembly
including said first and second display portions, at least one of said display configured to
display a surgical microscope view of said surgical site provided by a surgical microscope
camera.

74. The medical apparatus of Claim 73, wherein said oculars can be moved away
from the surgical site by at least 2 feet and provide views of the surgical site from said
camera while the camera remain within a foot of said surgical site.

75. The medical apparatus of Claim 73, wherein said oculars can be moved away
from the surgical site by at least 3 feet and provide views of the surgical site from said
camera while the camera remain within a foot of said surgical site.

76. The medical apparatus of Claim 73, wherein said oculars can be moved away
from the surgical site by at least 4 feet and provide views of the surgical site from said
camera while the camera remain within 2 feet of said surgical site.

77. The medical apparatus of Claim 73, wherein said oculars can be moved away
from the surgical site by at least 5 feet and provide views of the surgical site from said
camera while the camera remain within 2 feet of said surgical site.

78. The medical apparatus of Claim 73, wherein said oculars can be moved away
from the surgical site by at least 5 feet and provide views of the surgical site from said
camera while the camera remain within a foot of said surgical site.

79. The medical apparatus of Claim 2, comprising a binocular viewing assembly

including said displays and oculars, at least one of said oculars providing a view of said first
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and second displays, at least one of said displays configured to display a surgical microscope
view of said surgical site provided by a surgical microscope camera, wherein said oculars do
not provide a direct optical path to said surgical site.

80. The medical apparatus of Claim 2, wherein said medical apparatus is configured
for viewing a surgical site using at least one of said first and second displays and said
medical apparatus does not provide a direct optical path therethrough to said surgical site.

81. The medical apparatus of Claim 2, further comprising a port for outputting a
video signal from a camera that provides input to said first display.

82. The medical apparatus of Claim 2, further comprising first and second ports for
outputting a video signals from first and second cameras that provide input to said first and
second displays respectively.

83. The medical apparatus of Claim 2, further comprising first and second ports for
outputting a video signals from first and second sources that provide input to said first and
second displays, respectively.

84. The medical apparatus of any of Claims 81-83, further comprising an interface for
receiving user input for recording video from said port.

85. The medical apparatus of any of Claims 81-83, further comprising a recording
device coupled to said port.

Mobile Display Devices

1. A medical apparatus comprising:

a first display portion configured to display a first image of a surgical site;

electronics configured to receive one or more signals corresponding to said
first image from a camera and to drive said first display portion to produce said first
image;

a docking station configured to receive a cell phone or tablet comprising a
second display portion having a second image;

a beam combiner configured to receive and combine said first image and at
least a portion of said second image for viewing; and

a viewing assembly comprising a housing and first and second oculars for

viewing the combined images within said housing through said first ocular.

-11-
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2. The medical apparatus of Claim 1, wherein the combined images for viewing
comprise a composite image of at least a portion of said first image and said at least a portion
of said second image, wherein said beam combiner is configured to produce said first image
as a background image of said composite image, and to produce at least a portion of said at
least a portion of said second image as a picture-in-picture (PIP) of said composite image.

3. The medical apparatus of Claim 1, wherein said beam combiner is configured to
produce said first image adjacent said at least a portion of said second image.

4. The medical apparatus of any of the preceding claims, wherein said camera
provides a surgical microscope view.

5. The medical apparatus of any of the preceding claims, wherein said camera has a
work distance between 150 and 450 mm.

6. The medical apparatus of any of the preceding claims, wherein said camera
provides a zoom magnification.

7. The medical apparatus of any of the preceding claims, wherein said camera
provides an image of a field (or lateral dimension).

8. The medical apparatus of any of the preceding claims, wherein said camera is
disposed on a surgical tool.

9. The medical apparatus of any of the preceding claims, further comprising a third
display portion configured to display a third image, said third image comprising another
image of said surgical site, wherein said second ocular is configured for viewing said third
image within said housing.

10. The medical apparatus of Claim 9, further comprising additional electronics
configured to receive one or more signals corresponding to said third image from another
camera and to drive said third display portion to produce said third image.

11. The medical apparatus of Claim 9 or 10, wherein said another camera provides a
surgical microscope view.

12. The medical apparatus of Claim 9 or 10, wherein said another camera is disposed
on a surgical tool.

13. The medical apparatus of any of Claims 9-12, wherein said first and third display
portions are configured to provide 3D viewing of images of said surgical site through said

first and second oculars.
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14. The medical apparatus of any of Claims 9-13, wherein said cameras provide
different views from different perspectives to produce 3D visualization for a viewer viewing
the first and third display portions through the first and second oculars.

15. The medical apparatus of any of Claims 9-12, further comprising:

an additional beam combiner configured to receive and combine said at least a
portion of said second image and at least a portion of said third image for viewing
within said housing through said second ocular.

16. The medical apparatus of Claim 15, wherein the combined second and third
images for viewing comprises a composite image of said at least a portion of said second
image and at least a portion of said third image, wherein said additional beam combiner is
configured to produce at least a portion of said third image as a background image of said
composite image, and to produce said at least a portion of said second image as a picture-in-
picture (PIP) of said composite image.

17. The medical apparatus of Claim 15, wherein said additional beam combiner is
configured to produce said at least a portion of third image adjacent said at least a portion of
said second image.

18. The medical apparatus of any of Claims 9-14, further comprising:

an additional beam combiner configured to receive and combine another
perspective of at least a portion of said second image and at least a portion of said
third image for viewing within said housing through said second ocular.

19. The medical apparatus of Claim 17, wherein said at least a portion of said second
image and said another perspective of at least a portion of said second image are different
stereo views of said second image.

20. The medical apparatus of Claim 18 or 19, wherein said additional beam combiner
is configured to produce said third image as a background image of a composite image, and
to produce said another perspective of at least a portion of said second image as a picture-in-
picture (PIP) of said composite image.

21. The medical apparatus of Claim 18 or 19, wherein said additional beam combiner
is configured to produce at least a portion of said third image adjacent said another

perspective of said at least a portion of said second image.
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22. The medical apparatus of any of the preceding claims, further comprising an
optical pathway between said second display portion and said beam combiner such that said
beam combiner is capable of optically receiving said at least a portion of said second image
from said second display portion.

23. The medical apparatus of any of the preceding claims, further comprising:

a fourth display portion configured to display said at least a portion of said
second image;

further electronics configured to receive one or more signals corresponding to
said at least a portion of said second image and to drive said fourth display portion to
produce said at least a portion of said second image, wherein said beam combiner is
configured to receive said at least a portion of said second image from said fourth
display portion.

24. The medical apparatus of any of the preceding claims, further comprising a fifth
display portion configured to display a fifth image, said fifth image comprising another
image of said surgical site, wherein said first ocular is configured for viewing said fifth
image within said housing.

25. The medical apparatus of Claim 24, further comprising additional electronics
configured to receive one or more signals corresponding to said fifth image from another
camera and to drive said fifth display portion to produce said fifth image.

26. The medical apparatus of Claim 24 or 25, wherein said another camera provides a
surgical microscope view.

27. The medical apparatus of Claim 24 or 25, wherein said another camera is
disposed on a surgical tool.

28. The medical apparatus of any of Claims 24-27, further comprising:

another beam combiner configured to receive and combine said at least a
portion of said second image and at least a portion of said fifth image for viewing
within said housing through said first ocular.

29. The medical apparatus of any of Claims 24-27, further comprising a sixth display
portion configured to display a sixth image, said sixth image comprising another image of
said surgical site, wherein said second ocular is configured for viewing said sixth image

within said housing.
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30. The medical apparatus of Claim 29, further comprising additional electronics
configured to receive one or more signals corresponding to said sixth image from another
camera and to drive said sixth display portion to produce said sixth image.

31. The medical apparatus of Claim 29 or 30, wherein said another camera provides a
surgical microscope view.

32. The medical apparatus of Claim 29 or 30, wherein said another camera is
disposed on a surgical tool.

33. The medical apparatus of any of Claims 29-32, further comprising:

a beam combiner configured to receive and combine said at least a portion of
said second image and at least a portion of said sixth image for viewing within said
housing through said second ocular.

34. The medical apparatus of any of Claims 29-32, wherein said fifth and sixth
display portions are configured to provide 3D viewing of images of said surgical site through
said first and second oculars.

35. The medical apparatus of any of Claims 29-34, wherein said cameras provide
different views from different perspectives to produce 3D visualization for viewer viewing
the fifth and sixth display portions through the first and second oculars.

36. The medical apparatus of any of the preceding claims, wherein said at least a
portion of said second image comprises an e-mail message.

37. The medical apparatus of any of the preceding claims, wherein said at least a
portion of said second image comprises an at text message.

38. The medical apparatus of any of the preceding claims, wherein said at least a
portion of said second image comprises a medical communication.

39. The medical apparatus of any of the preceding claims, wherein said at least a
portion of said second image comprises medical data.

40. The medical apparatus of any of the preceding claims, wherein said at least a
portion of said second image comprises news.

41. The medical apparatus of any of the preceding claims, wherein said at least a
portion of said second image comprises financial data.

42. The medical apparatus of any of the preceding claims, wherein said at least a

portion of said second image comprises business information.
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43. The medical apparatus of any of the preceding claims, wherein said at least a
portion of said second image comprises business data.

44. The medical apparatus of any of the preceding claims, wherein said docking
station is configured to allow said cell phone or tablet to provide navigational guidance or
ergonomic control.

45. The medical apparatus of any of the preceding claims, wherein said viewing
assembly does not provide a view of said surgical site through said first and second oculars
via an optical pathway that passes through said housing.

46. The medical apparatus of any of the preceding claims, wherein said viewing
assembly is ergonomically decoupled from said camera that provide video to said first
display that is viewed through said first ocular of said viewing assembly.

47. The medical apparatus of any of the preceding claims, wherein said docking
station is configured to allow said at least a portion of said second image from said cell
phone or tablet to be displayed on an external monitor.

48. The medical apparatus of any of the preceding claims, wherein said docking
station is configured to allow said cell phone or tablet to receive and record images of said
surgical site from said camera.

49. The medical apparatus of any of the preceding claims, wherein said docking
station is in electrical communication with said cell phone or tablet.

50. The medical apparatus of any of the preceding claims, wherein said docking
station includes a port for electrical communication with said cell phone or tablet.

51. The medical apparatus of any of the preceding claims, wherein said docking
station includes a port providing power to said cell phone or tablet.

52. The medical apparatus of any of the preceding claims, further comprising imaging
lenses for imaging said display portions.

53. The medical apparatus of Claim 52, wherein said imaging lenses are disposed
between respective beam combiners and display portions.

54. The medical apparatus of any of the preceding claims, further comprising a
remote control configured to control said cell phone or tablet.

55. The medical apparatus of Claim 54, wherein the remote control is disposed on

said viewing assembly.
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56. The medical apparatus of Claim 54 or 55, wherein the remote control includes a
handgrip, a handle, a joystick, buttons, haptics, or a touchpad.

57. The medical apparatus of any of Claims 54-56, wherein said remote control is
configured to control the second image displayed on the second display portion of said cell
phone or tablet.

High Intensity Displays

1. A medical apparatus comprising:
a first display portion configured to display a first image;
a second display portion configured to display a second image;
electronics configured to receive one or more signals corresponding to images
from a plurality of sources and to drive said first and second display portions to
produce said first and second images based at least in part on said images from said
plurality of sources; and
a first beam combiner configured to receive said first and second images from
said first and second display portions and to combine said first and second images for
viewing,
wherein the first display portion has a power between 0.5 watts and 6 watts.
2. The medical apparatus of Claim 1, wherein said second display portion has a
power between 0.5 watts and 6 watts.
3. The medical apparatus of Claim 1 or 2, wherein said first and second display
portions comprise first and second displays, respectively.
4. The medical apparatus of Claim 1-3, further comprising a housing and a first
ocular for viewing the combined first and second images within said housing.
5. The medical apparatus of Claim 1-4, further comprising a second ocular for
viewing an additional image within said housing.
6. The medical apparatus of any of the preceding claims, further comprising imaging
optics disposed to collect light from both said first and second display portions.
7. The medical apparatus of Claim 6, wherein said imaging optics are configured to
form images at infinity.
8. The medical apparatus of any of the preceding claims, wherein said plurality of

sources comprises at least one camera providing a surgical microscope view.
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9. The medical apparatus of any Claim 8, further comprising said at least one camera
providing said surgical microscope view.

10. The medical apparatus of any of the preceding claims, wherein said plurality of
sources comprises at least one camera disposed on a surgical tool.

11. The medical apparatus of any Claim 10, further comprising said at least one
camera disposed on said surgical tool.

12. The medical apparatus of any of the preceding claims, wherein said plurality of
sources comprises at least one source providing data, a computed tomography scan, a
computer aided tomography scan, magnetic resonance imaging, an x-ray, or ultrasound
imaging.

13. The medical apparatus of any Claim 12, further comprising said at least one
source providing said data, computed tomography scan, computer aided tomography scan,
magnetic resonance imaging, x-ray, or ultrasound imaging.

14. The medical apparatus of any of the preceding claims, wherein said first image
comprises a fluorescence image and said second image comprises a non-fluorescence image.

15. The medical apparatus of Claim 1, further comprising:

a third display portion configured to display a third image;

a fourth display portion configured to display a fourth image; and

a second beam combiner configured to receive said third and fourth images
from said third and fourth display portions and to combine said third and fourth
images for viewing.

16. The medical apparatus of Claim 15, wherein said third and fourth display portions
comprise third and fourth displays.

17. The medical apparatus of Claim 15 or 16, further comprising a housing, a first
ocular for viewing the combined first and second images within said housing, and a second
ocular for viewing the combined third and fourth images within said housing.

18. The medical apparatus of any of Claims 15-17, further comprising additional
electronics configured to receive one or more signals corresponding to images from another
plurality of sources and to drive said third and fourth display portions to produce said third

and fourth images based at least in part on said images from said another plurality of sources.
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19. The medical apparatus of any of Claims 15-18, further comprising imaging optics
disposed to collect light from both said third and fourth display portions.

20. The medical apparatus of Claim 19, wherein said imaging optics are configured to
form images at infinity.

21. The medical apparatus of any of Claims 18-20, wherein said another plurality of
sources comprises at least one camera providing a surgical microscope view.

22. The medical apparatus of any Claim 21, further comprising said at least one
camera providing said surgical microscope view.

23. The medical apparatus of any of Claims 18-22, wherein said another plurality of
sources comprises at least one camera disposed on a surgical tool.

24. The medical apparatus of Claim 23, further comprising said at least one camera
disposed on said surgical tool.

25. The medical apparatus of any of Claims 18-24, wherein said another plurality of
sources comprises at least one source providing data, a computed tomography scan, a
computer aided tomography scan, magnetic resonance imaging, an x-ray, or ultrasound
imaging.

26. The medical apparatus of any Claim 25, further comprising said at least one
source providing said data, computed tomography scan, computer aided tomography scan,
magnetic resonance imaging, x-ray, or ultrasound imaging.

27. The medical apparatus of any of Claims 15-26, wherein said third image
comprises a fluorescence image and said fourth image comprises a non-fluorescence image.

28. The medical apparatus of any of the preceding claims, wherein said medical
apparatus provides 3D viewing of a surgical field.

29. The medical apparatus of any of the preceding claims, wherein the combined first
and second images for viewing comprises a composite image of said first and second images,
wherein said first beam combiner is configured to produce said first image as a background
image of said composite image, and to produce said second image as a picture-in-picture
(PIP) of said composite image.

30. The medical apparatus of any of Claims 15-29, wherein the combined third and
fourth images for viewing comprises a composite image of said third and fourth images,

wherein said second beam combiner is configured to produce said third image as a
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background image of said composite image, and to produce said fourth image as a picture-in-
picture (PIP) of said composite image.

31. The medical apparatus of any of Claims 15-30, wherein the third display
portion has a power between 0.5 watts and 6 watts, or wherein the fourth display portion has
a power between 0.5 watts and 6 watts.

32. The medical apparatus of any of Claims 1-31, further comprising one or more
light sources configured to illuminate the first or second display portion.

33. The medical apparatus of any of Claims 15-31, further comprising one or
more light sources configured to illuminate the third or fourth display portion.

34. The medical apparatus of Claim 32 or 33, wherein said one or more light
sources are configured to provide between 0.5 to 10 watts of power.

Neuro-Monitoring & Vital Sign Monitoring

1. A medical apparatus comprising:
a first display portion configured to display a first image;
a second display portion configured to display a second image; and
electronics configured to receive one or more signals corresponding to images
from a plurality of sources and to drive said first and second display portions to
produce said first and second images based at least in part on said images from said
plurality of sources;
wherein said plurality of sources comprises a source providing neuro-
monitoring.
2. The medical apparatus of Claim 1, wherein said first and second display portions
comprise first and second displays, respectively.
3. The medical apparatus of Claim 1 or 2, further comprising a housing and a first
ocular for viewing the combined first and second images within said housing.
4. The medical apparatus of Claim 3, further comprising a second ocular for viewing
an additional image within said housing.
5. The medical apparatus of any of the preceding claims, further comprising imaging
optics disposed to collect light from both said first and second display portions.
6. The medical apparatus of Claim 5, wherein said imaging optics are configured to

form images at infinity.
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7. The medical apparatus of any of the preceding claims, wherein said plurality of
sources comprises at least one camera providing a surgical microscope view.

8. The medical apparatus of any Claim 7, further comprising said at least one camera
providing said surgical microscope view.

9. The medical apparatus of any of the preceding claims, wherein said plurality of
sources comprises at least one camera disposed on a surgical tool.

10. The medical apparatus of any Claim 9, further comprising said at least one camera
disposed on said surgical tool.

11. The medical apparatus of Claims 1-10, wherein the source comprises a source
providing electroencephalography or electromyography.

12. The medical apparatus of Claim 35 or 36, further comprising the source providing
neuro-monitoring.

13. The medical apparatus of any of Claims 17-23, wherein said another plurality of
sources comprises a source providing neuro-monitoring.

14. The medical apparatus of Claim 38, wherein the source comprises a source
providing electroencephalography or electromyography.

15. The medical apparatus of Claim 38 or 39, further comprising the source
providing neuro-monitoring.

16. The medical apparatus of any of Claims 1-11, wherein said plurality of sources
comprises a source providing vital sign monitoring.

17. The medical apparatus of Claim 16, the source comprises a source providing heart
rate, blood pressure, body temperature, or weight.

18. The medical apparatus of any of the preceding claims, further comprising a beam
combiner configured to receive said first and second images from said first and second

display portions and to combine said first and second images for viewing.

Pair of Mobile Displays in FOV

1. A binocular display for viewing a surgical field, said binocular display
comprising:

a left-eye view channel comprising a first cell phone having:
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a first camera configured to produce a left-eye view image of said
surgical field;

a first display configured to display said left-eye view image of said
surgical field; and

a first controller configured to receive one or more input signals
corresponding to said left-eye view image from said first camera and/or
receive input from cameras viewing the surgical field and to drive said first
display to produce said left-eye view image; and
aright-eye view channel comprising a second cell phone having:

a second camera configured to produce a right-eye view image of said
surgical field;

a second display configured to display said right-eye view image of
said surgical field; and

a second controller configured to receive one or more input signals
corresponding to said right-eye view image from said second camera and/or
receive input from cameras viewing the surgical field and to drive said second
display to produce said right-eye view image.

2. The binocular display of Claim 1, further comprising a viewing assembly
comprising a housing and first and second oculars for viewing said left-eye and right-eye
view images within said housing through said first and second oculars respectively.

3. The binocular display of Claim 2, further comprising optical elements in said
left-eye and right-eye view channels configured to direct light from said first and second
displays to said first and second oculars respectively.

4. The binocular display of Claim 3, wherein said optical elements include a
mirror or a lens.

5. The binocular display of any of the preceding claims, wherein said left-eye
view image and said right-eye view image are different stereo views of said surgical field.

6. The binocular display of any of Claims 2-5, further comprising a remote
control configured to control said first or second cell phone.

7. The binocular display of Claim 6, wherein said remote control is disposed on

said viewing assembly.
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8. The binocular display of Claim 6 or 7, wherein said remote control includes a
handgrip, a handle, a joystick, buttons, haptics, or a touchpad.

9. The binocular display of any of Claims 6-8, wherein said remote control is
configured to control said left-eye or right-eye view image displayed on said first or second
display of said first or second cell phone.

10. The binocular display of any of the preceding claims, wherein the binocular
display is disposed on an articulating arm.

Multiple Displays in FOV

1. A medical apparatus for viewing a surgical field, said medical apparatus
comprising:
a viewing assembly comprising:
a housing;
an ocular having a field of view;
a first display within said field of view for viewing a first image of said
surgical field within said housing through said ocular; and
a second display within said field of view for viewing a second image within
said housing through said ocular;
a first controller configured to receive one or more signals corresponding to
said first image and to drive said first display to produce said first image; and
a second controller configured to receive one or more signals corresponding to
said second image to drive said second display to produce said second image.
2. The medical apparatus of Claim 1, further comprising:
a third display within said field of view for viewing a third image within said
housing through said ocular; and
a third controller configured to receive one or more signals corresponding to
said third image to drive said third display to produce said third image.
3. The medical apparatus of Claim 1 or 2, wherein said first image is provided by a
camera.
4. The medical apparatus of Claim 3, wherein said camera is disposed on a surgical
tool.

5. The medical apparatus of Claim 3, wherein said camera is an endoscope.
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6. The medical apparatus of any of Claims 1-5, wherein said second image
comprises another image of said surgical field.

7. The medical apparatus of any of Claims 1-5, wherein said second image
comprises at least one of an image from a mobile display device, data, a computed
tomography scan, a computer aided tomography scan, magnetic resonance imaging, an x-ray,
ultrasound imaging, a fluorescence image, neuro-monitoring, or vital sign monitoring.

8. The medical apparatus of any of the preceding claims, further comprising a
switching system configured to switch said first or second image to another image.

9. The medical apparatus of any of Claims 1-8, wherein said viewing assembly
further comprises:

another ocular having another field of view;

a fourth display within said another field of view for viewing a fourth image
of said surgical field within said housing through said another ocular; and

a fifth display within said another field of view for viewing a fifth image
within said housing through said another ocular;

a fourth controller configured to receive one or more signals corresponding to
said fourth image and to drive said fourth display to produce said fourth image; and

a fifth controller configured to receive one or more signals corresponding to
said fifth image to drive said fifth display to produce said fifth image.

10. The medical apparatus of Claim 9, further comprising:

a sixth display within said field of view for viewing a sixth image within said
housing through said another ocular; and

a sixth controller configured to receive one or more signals corresponding to
said sixth image to drive said six display to produce said sixth image.

11. The medical apparatus of Claim 9 or 10, wherein said fourth image is provided by
another camera.

12. The medical apparatus of Claim 11, wherein said another camera is disposed on a
surgical tool.

13. The medical apparatus of Claim 11, wherein said another camera is an endoscope.

14. The medical apparatus of any of Claims 9-13, wherein said fourth image

comprises another image of said surgical field.
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15. The medical apparatus of any of Claims 9-14, wherein said fifth image comprises
at least one of an image from a mobile display device, data, a computed tomography scan, a
computer aided tomography scan, magnetic resonance imaging, an x-ray, ultrasound
imaging, a fluorescence image, neuro-monitoring, or vital sign monitoring.

16. The medical apparatus of any of Claims 9-15, further comprising a switching
system configured to switch said fourth or fifth image to another image.

17. The medical apparatus of any of the preceding claims, wherein the medical
apparatus is not associated with a direct view surgical microscope.

18. The medical apparatus of any of the preceding claims, wherein the medical
apparatus is not a binocular viewing assembly.

19. The medical apparatus of any of the preceding claims, wherein the medical
apparatus provides a mono view of said surgical field.

20. The medical apparatus of any of the preceding claims, wherein the medical
apparatus provides a surgical microscope view.

21. The medical apparatus of any of the preceding claims, wherein the second display
is adjacent to the first display in the field of view.

22. The medical apparatus of Claim 21, wherein the second display is spaced apart
from the first display in the field of view by a distance between about 5-10 mm.

23. The medical apparatus of Claim 21, wherein the second display is spaced apart
from the first display in the field of view by a distance between about 1-5 mm.

24. The medical apparatus of any of the preceding claims, wherein a display surface
of the first display that produces the first image is parallel to a display surface of the second
display that produces the second image.

25. The medical apparatus of Claim 24, wherein the display surfaces of the first
display and the second display are square or rectangular and have parallel sides.

26. The medical apparatus of Claim 24, wherein surface normals to the display
surfaces of the first display and the second display are within 5 degrees of each other.

27. The medical apparatus of Claim 24, wherein the display surfaces are coplanar

28. The medical apparatus of any of the preceding claims, wherein light from the first

display and light from the second display are not combined with a beam combiner.
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Hlumination
1. An imaging system configured to generate images of a surgical site, said imaging
system comprising:

an illumination control configured to control light provided to said surgical
site such that said provided light adjusts between light of different wavelength ranges;

at least one objective configured to receive light from said surgical site;

a left eye optical path comprising left eye optics configured to direct a portion
of said received light within said left eye optical path; and

a right eye optical path comprising right eye optics configured to direct
another portion of said received light within said right eye optical path,

wherein for each of said left eye and right eye optical paths, said imaging
system is configured to generate first and second images of said surgical site, said
first image at a first wavelength range and said second image at a second wavelength
range.

2. The imaging system of Claim 1, wherein said first wavelength range overlaps said
second wavelength range.

3. The imaging system of Claim 1, wherein said first wavelength range does not
overlap said second wavelength range.

4. The imaging system of any of Claims 1-3, further comprising a viewing assembly
comprising a housing and first and second oculars for viewing said generated images in said
left eye and right eye optical paths within said housing through said first and second oculars
respectively.

5. The imaging system of Claim 4, wherein said illumination control is disposed on
said viewing assembly.

6. The imaging system of any of the preceding claims, wherein said illumination
control comprises at least one knob, dial, button, switch, joystick, haptic, or touchpad.

7. The imaging system of any of the preceding claims, wherein said illumination
control comprises at least one or more handles.

8. The imaging system of any of the preceding claims, wherein said illumination
control comprises at least one of a virtual touch screen, voice command recognition, eye

tracking, or head tracking.
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9. The imaging system of any of the preceding claims, wherein said illumination
control is configured to control at least one illumination source.

10. The imaging system of Claim 9, wherein said at least one illumination source
comprises a visible light source.

11. The imaging system of Claim 9 or 10, wherein said at least one illumination
source comprises an ultraviolet light source.

12. The imaging system of any of Claims 9-11, wherein said at least one illumination
source comprises an infrared light source.

13. The imaging system of Claim 9, wherein said at least one illumination source
comprises a fluorescence light source.

14. The imaging system of Claim 9, wherein said at least one illumination source
comprises one or more lasers.

15. The imaging system of Claim 9, wherein said at least one illumination source
comprises one or more light emitting diodes.

16. The imaging system of Claim 9, wherein said at least one illumination source
comprises a white-light light source.

17. The imaging system of any of the preceding claims, wherein said illumination
control comprises at least one filter configured to remove unwanted wavelengths from said
light being provided to said surgical site.

18. The imaging system of Claim 17, wherein said at least one filter comprises a
dichroic filter.

19. The imaging system of Claim 17, wherein said at least one filter comprises a
notch filter.

20. The imaging system of any of Claims 1-9, wherein said provided light comprises
a pump wavelength to excite fluorescence.

21. The imaging system of Claim 20, further comprising a filter configured to remove
said pump wavelength from said light after provided to said surgical site.

22. The imaging system of any of the preceding claims, wherein said illumination
control is configured to adjust said provided light between light of different wavelength

ranges within 5 seconds.

27-



WO 2016/154589 PCT/US2016/024330

23. The imaging system of Claim 9, wherein said provided light from said
illumination source passes through said objective prior to and after illuminating said surgical
site.

24. The imaging system of any of the preceding claims, further comprising a sensing
system configured to detect light of said first and second wavelength ranges in said left eye
and right eye optical paths.

25. An imaging system configured to generate images of a surgical site, said imaging
system comprising:

at least one objective configured to receive light from said surgical site;

a left eye optical path comprising left eye optics configured to direct a portion
of said received light within said left eye optical path;

a right eye optical path comprising right eye optics configured to direct
another portion of said received light within said right eye optical path; and

a sensing system configured to detect light of first and second wavelength
ranges in said left eye and right eye optical paths, wherein said imaging system is
configured to generate first and second images of said surgical site based on said
detected light, said first image at said first wavelength range and said second image at
said second wavelength range, said first wavelength range different from said second
wavelength range.

26. The imaging system of Claim 25, wherein said surgical site is illuminated with
light having a pump wavelength to excite fluorescence.

27. The imaging system of Claim 26, further comprising one or more filters
configured to remove said pump wavelength from said light that illuminated said surgical
site.

28. The imaging system of any of Claims 24-27, wherein said sensing system is
configured to detect said light of said first and second wavelength ranges in said left eye
optical path on a portion of said sensing system and said light of said first and second
wavelength ranges in said right eye optical path on another portion of said sensing system.

29. The imaging system of any of Claims 24-27, wherein said sensing system

comprises first and second sensors, said first sensor configured to detect said light of said
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first wavelength range and said second sensor configured to detect said light of said second
wavelength range.

30. The imaging system of any of the preceding claims, wherein each of said left eye
and right eye optical paths comprises a plurality of optical paths for imaging at said first and
second wavelength ranges.

31. The imaging system of any of the preceding claims, wherein said first or second
wavelength ranges include infrared or near infrared ranges.

32. The imaging system of any of the preceding claims, wherein said first or second
wavelength ranges include ultraviolet ranges.

33. The imaging system of any of the preceding claims, wherein said first or second
wavelength ranges include a visible range between 400-700 nm.

34. The imaging system of any of the preceding claims, wherein said first or second
wavelength ranges include bands within the visible range.

35. The imaging system of Claim 34, wherein said bands within said visible range
include 440-460 nm and 540-560 nm.

36. The imaging system of any of the preceding claims, wherein said generated
images in said left eye and right eye optical paths are different stereo views of said surgical
field.

37. The imaging system of any of the preceding claims, wherein said imaging system
provides a surgical microscope view.

38. The imaging system of Claim 37, wherein said imaging system providing a
surgical microscope view comprise a camera having a work distance between 150 and 450
mm.

39. The imaging system of Claim 37, wherein said imaging system providing a
surgical microscope view comprise a camera having a focal length between 150 and 450 mm.

40. The imaging system of any of the preceding claims, wherein said imaging system
is not associated with a direct view surgical microscope.

41. The imaging system of any of the preceding claims, wherein said at least one
objective is a common objective for said left eye and right eye optical paths.

42. The imaging system of any of the preceding claims, wherein said at least one

objective collimates said received light.
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43. The imaging system of Claim 25, wherein the first said first wavelength range
overlaps said second wavelength range.

44. The imaging system of Claim 25, wherein said first wavelength range does not
overlap said second wavelength range.

45. The imaging system of any of the preceding claims, wherein said first wavelength
range comprises the entire visible range and said second wavelength range does not comprise
the entire visible range.

46. The imaging system of Claim 30, further comprising a dichroic beamsplitter
configured to provide said plurality of optical paths.

47. The imaging system of Claim 46, further comprising a filter assembly configured
to hold said dichroic beamsplitter and one or more filters.

48. The imaging system any of the preceding claims, configured to alternately

provide illumination at a first wavelength and a second wavelength.

Software Image Processing

I. A medical apparatus for viewing a surgical field, the medical apparatus
comprising:

a viewing assembly comprising:

an ocular comprising a field of view;

a first display for viewing a first image of the surgical field within the
field of view; and

a second display for viewing a second image within the field of view,
the second image comprising a feature in coordination with the first image of
the surgical field;
wherein the second image is superimposed over or adjacent to the first image

to produce a single image within the field of view.

2. The medical apparatus of Claim 1, wherein the feature comprises at least one
feature selected from the group of fiducials, drawings, annotations, and virtual alignment of
implants.

3. The medical apparatus of Claim 1, further comprising one or more assistant

displays, a panel display viewable in the room, or one or more displays located remotely.
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4. The medical apparatus of Claim 3, wherein the feature is configured to appear on
the one or more assistant displays, panel display viewable in the room, or one or more
displays located remotely.

5. The medical apparatus of Claim 1, wherein the feature comprises fiducial
markers, the fiducial markers comprise at least one fiducial marker selected from the group
of a mark, a pattern, a line, a set of marks, a set of lines, an image, and set of images.

6. The medical apparatus of Claim 1, wherein the feature comprises fiducial
markers, the fiducial markers comprise a ruler or a grid pattern.

7. The medical apparatus of Claim 1, wherein the feature comprises virtual
alignment of implants comprising an implant image, wherein the implant image can be
manipulated by a user to move the implant image over the first image of the surgical field.

8. The medical apparatus of Claim 7, wherein the implant image is stored or
retrieved based on user selection of the type of implant.

9. The medical apparatus of Claim 7, further comprising input controls utilized by
the user configured to move the implant image in any direction relative to the first image of
the surgical field.

10. The medical apparatus of Claim 7, wherein the implant image is configured to be
displayed at a predetermined size corresponding to the actual size of the implant.

11. The medical apparatus of Claim 1, wherein the first image and second image are
calibrated electronically.

12. The medical apparatus of Claim 1, wherein the first image and second image are
mechanically calibrated by input controls utilized by a user.

13. The medical apparatus of Claim 1, further comprising:

a third display for viewing a third image, wherein the third image is

superimposed over or adjacent to the first image and the second image to produce a

single image within the field of view.

14. A medical apparatus for viewing a surgical field, the medical apparatus
comprising:

a viewing assembly comprising:
an ocular comprising a field of view, the field of view is configured to

view the surgical field within the field of view; and
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a first display for viewing an image within the field of view, the image
comprising a feature in coordination with the surgical field;
wherein the image is projected onto the surgical field and is superimposed
over or adjacent to the surgical field, the projected image is configured to produce the
image within the field of view for viewing the surgical field.

15. The medical apparatus of Claim 14, wherein the feature comprises at least one
feature selected from the group of fiducials, drawings, annotations, and virtual alignment of
implants.

16. The medical apparatus of Claim 14, further comprising one or more assistant
displays, a panel display viewable in the room, or one or more displays located remotely.

17. The medical apparatus of Claim 16, wherein the feature is configured to appear on
the one or more assistant displays, panel display viewable in the room, or one or more
displays located remotely.

18. The medical apparatus of Claim 14, wherein the feature comprises fiducial
markers, the fiducial markers comprise at least one fiducial marker selected from the group
of a mark, a pattern, a line, a set of marks, a set of lines, an image, and set of images.

19. The medical apparatus of Claim 14, wherein the feature comprises fiducial
markers, the fiducial markers comprise a ruler or a grid pattern.

20. The medical apparatus of Claim 14, wherein the feature comprises virtual
alignment of implants comprising an implant image, wherein the implant image can be
manipulated by a user to move the implant image over the surgical field.

21. The medical apparatus of Claim 20, wherein the implant image is stored or
retrieved based on user selection of the type of implant.

22. The medical apparatus of Claim 20, further comprising input controls utilized by
the user configured to move the implant image in any direction relative to the surgical field.

23. The medical apparatus of Claim 20, wherein the implant image is configured to be
displayed at a predetermined size corresponding to the actual size of the implant.

24. The medical apparatus of Claim 14, wherein the surgical field and the image are
calibrated electronically.

25. The medical apparatus of Claim 14, wherein the surgical field and the image are

mechanically calibrated by input controls utilized by a user.
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26. The medical apparatus of Claim 14, further comprising:

a second display for viewing a second image, wherein the second image is
superimposed over or adjacent to the image of the first display and the surgical field
to produce a single image within the field of view.

Example Optical Systems for Binocular Viewing Assemblies

1. A medical apparatus comprising:
one or more electronic displays comprising a plurality of pixels configured to
produce a two-dimensional image;
first and second imaging optics disposed respectively in first and second
optical paths from said one or more electronic displays to form respective first and
second collimated optical beams and images disposed at infinity;
a primary housing at least partially enclosing said displays and said imaging
optics;
wherein said first and second imaging optics are configured to direct said first
and second beams such that the beams are substantially parallel to each other and
have cross-sections with centers separated from each other by between about 22 mm
and 25 mm
(in some Claims, the housing can include an opening, and the first and second
imaging optics can be configured to direct the first and second beams through the
opening, and the first and second beams can be substantially parallel to each other at
the opening).
2. The medical apparatus of Claim 1, wherein said one or more electronic displays
comprise first and second electronic displays.
3. The medical apparatus of Claim 1, wherein said one or more electronic displays
comprise first and second portions of a single electronic display.
4. The medical apparatus of Claim 1, wherein said one or more electronic displays
comprise at least one emissive display or at least one spatial light modulator.
5. The medical apparatus of Claim 1, wherein said one or more electronic displays
comprise at least one liquid crystal display or at least one light emitting diode display.
6. The medical apparatus of Claim 1, further comprising a plurality of reflective

surfaces in the optical paths of the optical beams to fold the optical beams.
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7. The medical apparatus of Claim 6, wherein said plurality of reflective surfaces
comprise mirrors.

8. The medical apparatus of Claim 6, wherein said plurality of reflective surfaces
comprise between about 2 and 6 mirrors per side of said reflective surfaces in each of said
first and second optical paths.

9. The medical apparatus of Claim 1, further comprising a plurality of reflective
surfaces to fold the optical beams.

10. The medical apparatus of Claim 1, further comprising at least one mirror between
said one or more electronic displays and said imaging optics.

11. The medical apparatus of Claim 1, further comprising between 0 and 2 mirrors
between said one or more electronic displays and said imaging optics.

12. The medical apparatus of Claim 1, wherein said imaging optics comprise a
plurality of lenses.

13. The medical apparatus of Claim 12, further comprising at least one mirror
between said imaging optics and an exit pupil of said imaging optics.

14. The medical apparatus of Claim 13, wherein said at least one mirror comprises at
least one mirror between said electronic display and said imaging optics, and at least one
mirror disposed between lenses in said imaging optics, said former mirror being larger than
said latter mirror.

15. The medical apparatus of Claim 1, wherein said imaging optics comprise between
about 2 and 11 lenses.

16. The medical apparatus of Claim 1, wherein said imaging optics comprise positive
lenses.

17. The medical apparatus of Claim 1, wherein said imaging optics have positive
power.

18. The medical apparatus of Claim 1, wherein said imaging optics comprise a first
lens configured to reduce a cross-section of the first beam.

19. The medical apparatus of Claim 18, wherein said first lens is configured to
substantially collimate said first beam.

20. The medical apparatus of Claim 18, wherein said first lens has positive power.
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21. The medical apparatus of Claim 18, wherein a lens in said imaging optics other
than said first lens has an aperture size smaller than said first lens.

22. The medical apparatus of Claim 18, wherein lenses in said imaging optics other
than said first lens have aperture sizes smaller than said first lens.

23. The medical apparatus of Claim 1, wherein said imaging optics is configured to
produce a collimated view of the right eye and left eye display.

24. The medical apparatus of Claim 1, wherein said imaging optics has a field of view
between about 3-10° at the exit pupil side.

25. The medical apparatus of Claim 1, wherein said first and second imaging optics
have exit pupils and said first and second electronic displays are not parallel to said exit
pupils.

26. The medical apparatus of Claim 1, wherein said first and second imaging optics
have exit pupils having centers and said first and second electronic displays have centers,
said center of said exit pupils being displaced from said centers of said electronic displays.

27. The medical apparatus of Claim 1, wherein said first and second imaging optics
have exit pupils and an optical path length from said one or more electronic displays to said
exit pupils is between about 10 mm and 24 mm.

28. The medical apparatus of Claim 1, wherein an optical path length from said one
or more electronic displays to said imaging optics is between about 100 mm and 400 mm.

29. The medical apparatus of Claim 1, wherein the imaging optics comprise a
plurality of lenses including a first lens and a last lens in said optical paths and said imaging
optics has an optical path length from said first lens to the last lens that is between about 50
mm and 250 mm.

30. The medical apparatus of Claim 1, wherein the imaging optics comprise a
plurality of lenses including a first lens and an exit pupil in said optical paths and said
imaging optics has an optical path length from said first lens to the exit pupil that is between
about 10 mm and 50 mm.

31. The medical apparatus of Claim 1, wherein said one or more electronic displays
comprise first and second electronic displays having centers spaced apart by a distance,
Waisplay. Wherein said first and second imaging optics have exit pupils having centers spaced

apart by a distance a distance of about, Wey. paths, and wherein W gisplay > Weye paths.
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32. The medical apparatus of Claim 1, wherein said one or more electronic displays
comprise first and second electronic displays having centers spaced apart by a distance
between about100 mm and 200 mm.

33. The medical apparatus of Claim 1, wherein said first and second imaging optics
have exit pupils having centers spaced apart by a distance of between about 22 mm and 25
mm.

34. The medical apparatus of Claim 1, wherein said first and second imaging optics
have produce beams having centers spaced apart by a distance of between about 50 mm and
200 mm over most of a distance through the imaging optics.

35. The medical apparatus of Claim 1, wherein said first and second imaging optics
have optical axes spaced apart over most of a distance through the imaging optics by a
distance of between about 50 mm and 200 mm.

36. The medical apparatus of Claim 1, wherein said first and second beams have
cross-sections having centers spaced apart over most of a distance through the imaging optics
by a distance of between about 15 mm and 35 mm.

37. The medical apparatus of Claim 1, wherein said first and second imaging optics
have first and second exit pupils disposed a longitudinal distance along the length of the
beam that is between about 0 mm and 45 mm from the opening.

38. The medical apparatus of Claim 1, wherein said housing has internal sidewalls
darker than external sidewalls.

39. The medical apparatus of Claim 1, wherein said housing has dark internal
sidewalls.

40. The medical apparatus of Claim 1, wherein said housing has black internal
sidewalls.

41. The medical apparatus of Claim 1, further comprising baffles in said housing for
reducing stray light.

42. The medical apparatus of Claim 1, wherein said opening comprises a mounting
face configured to connect to a binocular assembly.

43. The medical apparatus of Claim 1, wherein said opening is between about 50 mm
and 100 mm wide.

44. The medical apparatus of Claim 1, wherein said opening is circular.
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45. The medical apparatus of Claim 1, wherein said opening is between about 66 mm
and 70 mm in diameter.

46. The medical apparatus of Claim 1, wherein said opening comprises a mounting
face having a size and shape configured to mate with a binocular assembly for a surgical
microscope. (in some Claims, wherein said opening and mounting face can be located on the
top, bottom or front face of the apparatus in some Claims.)

47. The medical apparatus of Claim 1, further comprising a binocular assembly
comprising first and second objectives, first and second beam positioning optics, and first
and second oculars.

48. The medical apparatus of Claim 47, wherein said binocular assembly has a
magnification at the ocular of between 8x and 13x.

49. The medical apparatus of Claim 47, wherein said binocular assembly has a
magnification at the ocular of between 10x and 12.5x.

50. The medical apparatus of Claim 47, wherein said imaging optics and said
binocular assembly including oculars provide an apparent field of view of between 100-120°.

51. The medical apparatus of Claim 47, wherein said imaging optics and said
binocular assembly including oculars provide an apparent field of view of about 110°.

52. The medical apparatus of Claim 47, wherein said imaging optics and said
binocular assembly including oculars provide an apparent field of view of between 60-70°.

53. The medical apparatus of Claim 47, wherein said first and second beam
positioning optics comprise prisms.

54. The medical apparatus of Claim 47, wherein said imaging optics have exit pupils
having centers and said binocular assembly have entrance pupils having centers, and said
centers of said entrance pupils are separated by a distance that is substantially the same as the
separation between said centers of said exit pupils.

55. The medical apparatus of Claim 47, wherein said binocular assembly has entrance
pupils having centers, and said centers of said entrance pupils are separated by a distance of
between about 22 mm and 25 mm.

56. The medical apparatus of Claim 47, wherein said imaging optics have exit pupils
and said binocular assembly have entrance pupils, and said entrance pupils are smaller than

said exit pupils.
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57. The medical apparatus of Claim 47, wherein said imaging optics have exit pupils
and said binocular assembly have entrance pupils, and said entrance pupils are the same size
as said exit pupils.

58. The medical apparatus of Claim 47, wherein said binocular assembly has entrance
pupils, and said entrance pupils are 15 mm to 20 mm in diameter.

59. The medical apparatus of Claim 47, wherein said oculars on said binocular
assembly have adjustable tilt to accommodate different heights of surgeons.

60. The medical apparatus of Claim 47, wherein said binocular assembly has a
housing with an opening and said opening is configured to interface with and connect to the
opening of said primary housing.

61. The medical apparatus of Claim 47, wherein said imaging optics have exit pupils
disposed in an exit pupil plane and said binocular assembly have entrance pupils disposed in
an entrance pupil plane, and said entrance pupil plane and said exit pupil plane are
substantially coplanar.

62. The medical apparatus of Claim 47, wherein said entrance pupil plane and said
exit pupil plane are separated by less than about O mm to 30 mm.

63. The medical apparatus of Claim 62, wherein said entrance pupil plane and said
exit pupil plane are separated by less than 0 mm to 15 mm.

64. The medical apparatus of Claim 1, further comprising an articulated arm
supporting said primary housing of said one or more electronic displays.

65. The medical apparatus of Claim 1, further comprising processing electronics
configured to communicate with said one or more electronic displays to provide images for
said one or more electronic displays.

66. The medical apparatus of Claim 65, wherein said electronics is configured to
receive images from one or more cameras on a surgical device.

67. The medical apparatus of Claim 65, wherein said electronics is configured to
receive images from one or more cameras on a surgical tool and/or endoscope.

68. The medical apparatus of Claim 65, wherein said electronics is configured to
receive images from one or more cameras on a surgical retractor.

69. The medical apparatus of Claim 65, wherein said electronics is configured to

receive images from one or more cameras that provide a surgical microscope view.
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70. The medical apparatus of Claim 69, wherein said camera is supported by an
articulated arm that supports said primary housing for said electronic displays.

71. The medical apparatus of Claim 69, wherein said primary housing for said
displays is supported by an articulated arm and said one or more cameras that provide a
surgical view are supported by a separate platform that is configured to be able to be
stationary with movement of said articulated arm.

72. The medical apparatus of Claim 65, wherein said first and second displays receive
input images from said processing electronics corresponding respectively to left and right
channels on a stereo camera and display said input images on said first and second electronic
displays respectively.

73. The medical apparatus of Claim 72, further comprising a binocular assembly that
receives said first and second beams from said first and second imaging optics and has
oculars that output images from said first and second electronics display so as to render a
three-dimensional image visible to a viewer peering through said oculars.

74. The medical apparatus of Claim 65, wherein said processing electronics are
configured to receive images from memory that store previously recorded images.

75. The medical apparatus of Claim 65, wherein said processing electronics are
configured to present images sources other than cameras.

76. The medical apparatus of Claim 65, wherein said processing electronics are
configured to present images sources other than cameras in addition to images from cameras
for simultaneous viewing by a viewer.

77. The medical apparatus of Claim 75 or 76, wherein said sources of images other
than cameras comprises Computer Aided Tomography (CAT) scan, MRI, x-ray, and
ultrasound imaging instruments.

78. The medical apparatus of Claim 75 or 76, wherein said source comprises a source
of artificially generated image data.

79. The medical apparatus of Claim 1, further comprising at least one beam splitter
disposed in one or both of said first and second optical paths configured to receiving images
to be viewable by a binocular assembly connected to said primary housing in addition to

images from said electronics displays.
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80. The medical apparatus of Claim 79, further comprising at least one separate
electronic display disposed with respect to said at least one beam splitter such that said one or
both of said first and second optical paths receives images produced on said at least one
electronic display through said at least one beam splitter for viewing through said binocular
assembly connected to said housing in addition so images from said electronics displays.

81. The medical apparatus of Claim 80, wherein said at least one beam splitter
comprises first and second beam splitters and said at least one separate electronic display
comprises first and second displays configured to display a pair of two-dimensional images
which together when viewed through said binocular assembly produces a three-dimensional
image.

82. The medical apparatus of Claim 1, further comprising an assistant display housing
containing at least one assistant electronic display and assistant display imaging optics for
imaging images produced on said at least one assistant electronic display.

83. The medical apparatus of Claim 82, wherein said assistant display housing
contains first and second assistant electronic displays and first and second assistant display
imaging optics for imaging images produced on said first and second electronic displays.

84. The medical apparatus of Claim 82, wherein said primary housing and said
assistant housing are supported by a common articulated arm.

85. The medical apparatus of Claim 82, wherein said assistant housing and said
primary housing are connected via a support post such that said assistant housing can rotate
with respect said primary housing.

86. The medical apparatus of Claim 82, wherein said assistant housing is configured
to rotate with respect to said primary housing without moving said primary housing.

87. The medical apparatus of Claim 82, wherein said assistant housing is configured
to rotate with respect to said primary housing to accommodate an assistant on opposite side
of surgeon facing surgeon.

88. The medical apparatus of Claim 82, wherein said assistant housing is configured
to rotate with respect to said primary housing to accommodate an assistant on left or right
sides of a primary surgeon.

89. The medical apparatus of Claim 82, wherein said assistant housing is configured

to rotate through at least 180° with respect to said primary housing.
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90. The medical apparatus of Claim 89, wherein said assistant housing can rotate
from +90° with respect to said primary housing to at least 270° with respect to said primary
housing.

91. The medical apparatus of Claim 82, wherein said assistant housing is smaller than
said primary housing.

92. The medical apparatus of Claim 82, wherein said at least one electronic display in
said assistant housing is smaller than said one or more electronic displays in said primary
housing.

93. The medical apparatus of Claim 82, wherein said imaging optics in said assistant
housing are smaller than said imaging optics in said primary housing.

94. The medical apparatus of Claim 82, wherein said primary housing and said
assistant housing are stacked, one over the other.

95. The medical apparatus of Claim 82, wherein said primary housing is disposed
over said assistant housing.

96. The medical apparatus of Claim 82, wherein said assistant housing is disposed
over said primary housing.

97. The medical apparatus of Claim 82, wherein said assistant housing is disposed
between said primary housing and a camera that provides surgical microscope views.

98. The medical apparatus of Claim 97, wherein said assistant housing is disposed
between said primary housing and movable support for said camera that provides surgical
Mmicroscope views.

99. The medical apparatus of Claim 82, wherein first and second optical paths in said
assistant display rotate with respect to first and second optical paths of said assistant
housing.

100. The medical apparatus of Claim 82, wherein said at least one electronic
displays in said assistant display rotates with respect to said at least one electronic display of
said assistant housing.

101. The medical apparatus of Claim 82, further comprising processing electronics
in communication with said at least one electronic displays in said assistant display

configured to adjust the images presented on said at least one electronic displays in said
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assistant display based on the orientation of the assistant display housing with respect to the
primary housing.

102. The medical apparatus of Claim 101, further comprising sensors to determine
an orientation of the assistant housing that provides input to said processing electronics to
adjust the images presented on said at least one assistant electronic display depending on said
orientation.

103. The medical apparatus of Claim 102, further comprising at least four cameras
for providing a surgical microscope view, said processing electronics selecting images from
different pairs of said four cameras depending on said orientation of said assistant housing.

104. The medical apparatus of Claim 103, wherein said least four cameras
comprise four cameras in a square 2 x 2 array and said electronics select a pair of said four
cameras depending on said orientation of said assistant housing.

105. The medical apparatus of Claim 1, wherein said primary housing has a width
between about 110 mm and 250 mm.

106. The medical apparatus of Claim 82, wherein said assistant housing has a
width between about 50 mm and 150 mm.

107.  The medical apparatus of Claim 1, wherein said primary housing has a length
between about 150 mm and 350 mm.

108. The medical apparatus of Claim 82, wherein said assistant housing has a
length between about 75 mm and 175 mm.

109. The medical apparatus of Claim 2, wherein said first and second electronic
displays present left and right two-dimensional images having parallax such that a viewer
viewing through a binocular assembly receiving light from said imaging optics can see a
three-dimensional image.

110. The medical apparatus of Claim 1, wherein said one or more electronic
displays comprise first and second electronic displays having centers spaced apart by a
distance, W gisplay. Of between about 75 mm and 200 mm.

111.  The medical apparatus of Claim 1 or 110, wherein said first and second
imaging optics have exit pupils having centers spaced apart by a distance a distance, Weye, of

between about 15 mm to 35 mm.
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112.  The medical apparatus of Claim 1, wherein said one or more electronic
displays comprise first and second electronic displays having centers spaced apart by a
distance, Waisplay, Wherein said first and second imaging optics have exit pupils having
centers spaced apart by a distance a distance of about, Wy, paths, and wherein the radio of
Wigisplay 10 Weye paths is between about 2 and 15.

113.  The medical apparatus of Claim 1, wherein said one or more electronic
displays comprise first and second electronic displays having centers spaced apart by a
distance, Waisplay, Wherein said first and second imaging optics have exit pupils having
centers spaced apart by a distance a distance of about, W, paths, and wherein the radio of
Wigisplay 10 Weye paths is between about 4 and 12.

114.  The medical apparatus of Claim 1, wherein there is no intermediate images of
said first and second display between the first and second display and said exit pupils.

115. The medical apparatus of Claim 1, wherein there is no intermediate images of
said first and second display between the first and second display and a field stop in said
binocular assembly.

116. The medical apparatus of Claim 1, wherein said binocular assembly has a
field stop between about 22 and 25 mm in sizes.

117.  The medical apparatus of Claim 1, wherein said first or second display is
between about 3 and 6 mm.

118. The medical apparatus of Claim 1, wherein said first or second display is
between about 5 mm.

119. The medical apparatus of Claim 1, wherein said binocular assembly has a
field stop and the ratio of the field stop to said first or second displays is between about 3 and
8.

120. The medical apparatus of Claim 1, wherein said binocular assembly has a
field stop and the ratio of the field stop to said first or second displays is between about 4 and
6.

121. The medical apparatus of Claim 1, wherein a real image of said first and
second displays is formed by light from said displays prior to exiting said oculars.

122. A medical apparatus comprising:
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one or more electronic displays comprising a plurality of pixels configured to
produce a two-dimensional image;

first and second imaging optics disposed respectively in first and second
optical paths from said one or more electronic displays to form respective first and
second substantially collimated optical beams;

a primary housing at least partially enclosing said displays and said imaging
optics;

an opening in said housing,

wherein said first and second imaging optics are configured to direct said first
and second beams through said opening.

Periscope Design

1. A medical apparatus comprising:

a plurality of electronic displays each comprising a plurality of pixels
configured to produce a two-dimensional image;

first and second imaging optics disposed respectively in first and second
optical paths from said plurality of electronic displays;

a primary housing at least partially enclosing said displays and said imaging
optics;

a pair of oculars coupled to the primary housing, the pair of oculars
configured to provide a view of the plurality of displays with a left eye and a right
eye,

wherein, in use, said plurality of electronic displays are positioned above said
pair of oculars.

2. The medical apparatus of Claim 1, wherein the first and second imaging optics
each comprise a mirror configured to redirect an optical axis from the plurality of electronic
displays to the pair of oculars.

3. The medical apparatus of Claim 2, wherein the mirrors of the respective first and
second imaging optics are configured to redirect the optical axis from being substantially
horizontal to being substantially vertical.

4. The medical apparatus of Claim 1, wherein, in use, the primary housing does not

extend below the shoulders of a surgeon looking through the pair of oculars.
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5. The medical apparatus of Claim 1, wherein the primary housing has a horizontal
depth that is less than its height.
Contoured BDU

1. A medical apparatus comprising:

one or more electronic displays each comprising a plurality of pixels
configured to produce a two-dimensional image;

first and second imaging optics disposed respectively in first and second
optical paths from said one or more electronic displays;

a primary housing at least partially enclosing said electronic displays and said
imaging optics;

a pair of oculars coupled to the primary housing, the pair of oculars
configured to provide a view of the one or more electronic displays with a left eye
and a right eye; and

a surgical microscope camera assembly configured to be positionable and/or
orientable independent of the position and/or orientation of the primary housing,

wherein the primary housing includes a contoured bottom surface that allows
the surgical microscope camera to be positioned below the primary housing without
contacting the housing such that, in use, a surgeon that is viewing the one or more
electronic displays through the pair of oculars is provided a surgical microscope view
acquired with the surgical microscope camera assembly positioned above a surgical
site,

wherein the surgeon can access the surgical site with surgical tools with arms
positioned in a comfortable and/or ergonomic manner.

2. The medical apparatus of Claim 1, wherein the surgeon’s arms are bent at
approximately 90 degrees at the elbow and the upper arm is approximately vertical.

3. The medical apparatus of Claim 1, wherein the surgical microscope camera is
configure to be positioned about 15 cm to about 45 cm above the surgical site.

4. The medical apparatus of Claim 1, wherein the primary housing is attached to a
first positionable structure and the surgical microscope camera assembly is coupled to a

second positionable structure.
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5. The medical apparatus of Claim 4, wherein each of the first and second
positionable structures are attached to a common support structure.

6. The medical apparatus of Claim 4, wherein each of the first and second
positionable structures are attached to separate support structures.

7. The medical apparatus of Claim 4, wherein each of the first and second
positionable structures are independently positionable.

8. The medical apparatus of Claim 1, wherein, in use, the surgical microscope
camera assembly is positioned adjacent to the primary housing at the contoured bottom
surface without contacting the primary housing.

9. The medical apparatus of Claim 1, wherein the surgical microscope camera
assembly is configured to move up and down to adjust a working distance of the surgical
microscope camera assembly.

10. The medical apparatus of Claim 9, wherein the working distance of the surgical
microscope camera assembly is less than or equal to about 45 cm when the surgical
microscope camera assembly is adjacent to the contoured bottom surface of the primary
housing.

11. A medical apparatus comprising:

one or more electronic displays each comprising a plurality of pixels
configured to produce a two-dimensional image;

first and second imaging optics disposed respectively in first and second
optical paths from said one or more electronic displays;

a primary housing at least partially enclosing said electronic displays and said
imaging optics;

a pair of oculars coupled to the primary housing, the pair of oculars
configured to provide a view of the one or more electronic displays with a left eye
and a right eye; and

a surgical microscope camera assembly configured to be positionable and/or
orientable independent of the position and/or orientation of the primary housing,

wherein the primary housing includes a contoured surface that allows the
surgical microscope camera to be positioned adjacent to the primary housing without

contacting the housing such that, in use, a surgeon that is viewing the one or more
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electronic displays through the pair of oculars is provided a surgical microscope view

acquired with the surgical microscope camera assembly positioned above a surgical

site,
wherein surgical microscope camera is configured to fit within a vacated
region formed by the contoured surface.

12. The medical apparatus of Claim 11, wherein the vacated region formed by the
contoured surface has a depth that is at least 30% and less than or equal to 70% of the depth
of the primary housing at a bottom surface.

13. The medical apparatus of Claim 11, wherein the vacated region formed by the
contoured surface has a height that is at least 20% and less than or equal to 60% of the height
of the primary housing at a distal surface of the primary housing.

14. The medical apparatus of Claim 11, wherein the surgeon’s arms are bent at
approximately 90 degrees at the elbow and the upper arm is approximately vertical.

15. The medical apparatus of Claim 11, wherein the surgical microscope camera is
configured to be positioned about 15 cm to about 45 cm above the surgical site.

16. The medical apparatus of Claim 11, wherein the primary housing is attached to a
first positionable structure and the surgical microscope camera assembly is coupled to a
second positionable structure.

17. The medical apparatus of Claim 16, wherein each of the first and second
positionable structures are attached to a common support structure.

18. The medical apparatus of Claim 16, wherein each of the first and second
positionable structures are attached to separate support structures.

19. The medical apparatus of Claim 16, wherein each of the first and second
positionable structures are independently positionable.

20. The medical apparatus of Claim 11, wherein, in use, the surgical microscope
camera assembly is positioned within the vacated region without contacting the primary
housing.

21. The medical apparatus of Claim 11, wherein the surgical microscope camera
assembly is configured to move up and down to adjust a working distance of the surgical

microscope camera assembly.
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22. The medical apparatus of Claim 21, wherein the working distance of the surgical
microscope camera assembly is less than or equal to about 45 cm when the surgical

microscope camera assembly is adjacent to the contoured surface of the primary housing.

Virtual User Interface and Display

1. A medical apparatus comprising:

one or more electronic displays each comprising a plurality of pixels
configured to produce a two-dimensional image;

first and second imaging optics disposed respectively in first and second
optical paths from said one or more electronic displays;

a primary housing at least partially enclosing said electronic displays and said
imaging optics;

a pair of oculars coupled to the primary housing, the pair of oculars
configured to provide a view of the one or more electronic displays with a left eye
and a right eye; and

a user interface projector configured to project images onto a surgical site;

a user interface camera configured to acquire images of a surgeon’s hands
and/or tools along with at least a portion of the projected images,

wherein images acquired with the user interface camera are processed to
determine virtual interactions between elements of the projected images with the
surgeon’s hands or tools.

Four Image Sensors

1. A medical apparatus comprising:

a common objective lens;

a left image acquisition optical system comprising imaging optics from the
common objective lens to first and second left channel image sensors;

a right image acquisition optical system comprising imaging optics from the
common objective lens to first and second right channel image sensors,

wherein the left image acquisition optical system comprises a spectral splitting

optical component configured to direct light within a first spectral band to the first left
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channel image sensor and to direct light within a second spectral band to the second
left channel image sensor,

wherein the right image acquisition optical system comprises a spectral
splitting optical component configured to direct light within a first spectral band to
the first right channel image sensor and to direct light within a second spectral band
to the second right channel image sensor.

2. The medical apparatus of Claim 1, wherein the first spectral band comprises
visible light and the second spectral band comprises near infrared light.

3. The medical apparatus of Claim 1, wherein the second spectral band comprises
fluoresced light.

4. The medical apparatus of Claim 1, wherein the first spectral band and the second
spectral band do not significantly overlap.

5. The medical apparatus of Claim 1, wherein the first spectral band and the second
spectral band at least partially overlap.

6. The medical apparatus of Claim 1, wherein each of the left image acquisition
optical system and the right image acquisition optical system comprise a zoom lens group.

7. The medical apparatus of Claim 6, wherein the left and right lens groups are
configured to provide collimated light.

8. The medical apparatus of Claim 6, wherein each of the left image acquisition
optical system and the right image acquisition optical system comprise first and second video
coupler lens groups positioned after the left and right spectral splitting optical components,
the first and second video coupler lens groups configured to generate respectively first and
second images for each of the left and right image acquisition optical systems.

9. The medical apparatus of Claim 8, wherein each of the left image acquisition
optical system and the right image acquisition optical system comprise an aperture positioned
between the zoom lens group and the spectral splitting optical component.

10. The medical apparatus of Claim 8, wherein each of the left image acquisition
optical system and the right image acquisition optical system comprise a first image sensor
and a second image sensor positioned on an image side of the first and second video coupler

lens groups at an image plane of said video coupler lens groups.
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11. The medical apparatus of Claim 6, wherein each of the left image acquisition
optical system and the right image acquisition optical system comprise a redirection element
positioned between the common objective lens and the zoom lens groups.

12. The medical apparatus of Claim 1, wherein the common objective lens comprises
an air-spaced triplet.

13. The medical apparatus of Claim 1, wherein the common objective lens comprises
doublet.

14. The medical apparatus of Claim 1, wherein the common objective lens comprises
an achromat.

15. The medical apparatus of Claim 1, wherein each of the left image acquisition
optical system and the right image acquisition optical system comprise an afocal zoom lens
group.

16. The medical apparatus of Claim 1, further comprising an illumination source
directed through the common objective lens to a surgical site.

17. The medical apparatus of Claim 1, wherein the first spectral band includes the
entire visible spectrum.

Switchable Ports

1. A medical apparatus comprising:

a first image acquisition system comprising a surgical microscope camera;

an input port for receiving video image data from an endoscope camera;

a plurality of electronic displays each comprising a plurality of pixels
configured to produce a two-dimensional image;

first and second imaging optics disposed respectively in first and second
optical paths from said plurality of electronic displays;

a primary housing at least partially enclosing said displays and said imaging
optics;

a pair of oculars coupled to the primary housing, the pair of oculars
configured to provide a view of the plurality of displays with a left eye and a right
eye,

wherein in a first mode the plurality of electronic displays are configured to

display video images acquired with the first image acquisition system and in a second
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mode the plurality of electronic displays are configured to display video images

acquired with the endoscope camera.

2. The medical apparatus of Claim 1, wherein a switch is used to switch between the
first mode and the second mode.

Remote Control

1. A medical apparatus comprising:

a surgical microscope camera configured to provide a surgical microscope
view of a surgical site, said surgical microscope camera not coupled to a direct view
surgical microscope;

a viewing assembly comprising a housing and separate left and right eye
portals for left and right eyes of a viewer, said left and right eye portals configured to
provide views of at least one display disposed in said housing;

an image processing system in communication with said surgical microscope
camera, and said at least one display, said image processing system comprising
processing electronics,

wherein said image processing system is configured to:

receive images acquired by said surgical microscope camera,

receive one or more signals corresponding to images from a plurality
of sources; and

present output images based on at least one of said received images or
one or more signals on said at least one display so that said output images are
viewable through said separate left and right eye portals by a viewer viewing
the surgical site; and

a control system configured to control at least the surgical microscope camera

or the viewing assembly based on monitoring eye or head movement of the viewer.

2. The medical apparatus of Claim 1, wherein the control system is disposed on the
medical apparatus.

3. The medical apparatus of Claim 1, wherein the control system comprises at least
one of an eye tracking system, a gaze tracking system, a head movement detecting system or

a gesture recognition system.
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4. The medical apparatus of Claim 3, wherein the control system comprises a pair of
handgrips with buttons, each handgrip disposed on a side of the viewing assembly.

5. The medical apparatus of Claim 4, wherein the control system is configured to
provide hands free control.

6. The medical apparatus of Claim 5, wherein the hands free control includes a
virtual touch screen or a voice command recognition system.

7. The medical apparatus of Claim 1, wherein at least one of the plurality of sources
comprises a camera disposed on a surgical tool.

8. The medical apparatus of Claim 7, wherein the surgical tool comprises an
endoscope.

9. A medical apparatus comprising:

a binocular display assembly comprising one or more display portions
configured to display one or more images of a surgical site;
electronics configured to receive one or more signals corresponding to images
from a plurality of sources and to drive said one or more display portions to produce
said one or more images of the surgical site, the electronics comprising a switching
module configured to switch between one or more of the plurality of sources to
produce said one or more images; and
a control system configured to control at least one parameter of the one or
more of the plurality of sources based on monitoring eye or head movement of a user
viewing the surgical site.

10. The medical apparatus of Claim 9, wherein at least one of the plurality of sources
comprises a camera disposed on a surgical tool.

11. The medical apparatus of Claim 9, wherein at least one of the plurality of sources
comprises a surgical microscope camera configured to provide a surgical microscope view of
the surgical site.

12. The medical apparatus of Claim 9, wherein the control system comprises at least
one of an eye tracking system, a gaze tracking system, a head movement detecting system or
a gesture recognition system.

13. The medical apparatus of Claim 9, wherein the control system is configured to

provide hands free control.
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14. The medical apparatus of Claim 13, wherein the hands free control includes a
virtual touch screen or a voice command recognition system.

Separate Display Controllers

1. A binocular display for viewing a surgical field, said binocular display
comprising:

a left-eye view channel comprising one or more left-eye display portions
configured to display one or more left-eye images of a surgical site;

a right-eye view channel comprising one or more right-eye display portions
configured to display one or more right-eye images of the surgical site;

a left-eye display controller comprising hardware electronics, the left-eye
display controller configured to receive one or more signals corresponding to images
from a plurality of sources and to drive said one or more left-eye display portions to
produce said one or more left-eye images of the surgical site; and

a right-eye display controller comprising hardware electronics, the right-eye
display controller configured to receive one or more signals corresponding to images
from the plurality of sources and to drive said one or more right-eye display portions
to produce said one or more right-eye images of the surgical site.

2. The binocular display of Claim 1, wherein the left-eye display controller further
comprises a left-eye switching module configured to switch between one or more of the
plurality of sources to produce said one or more left-eye images.

3. The binocular display of Claim 1, wherein the right-eye display controller further
comprises a right-eye switching module configured to switch between one or more of the
plurality of sources to produce said one or more right-eye images.

4. The binocular display of Claim 1, further comprising a viewing assembly
comprising a housing and first and second oculars for viewing said left-eye and right-eye
view images within said housing through said first and second oculars respectively.

5. The binocular display of Claim 4, further comprising optical elements in said left-
eye and right-eye view channels configured to direct light from said one or more left-eye and
right-eye display portions to said first and second oculars respectively.

6. The binocular display of Claim 5, wherein said optical elements include a mirror

or a lens.
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7. The binocular display of any of the preceding claims, wherein said left-eye view
image and said right-eye view image are different stereo views of said surgical site.

8. The binocular display of any of Claims 1-7, further comprising a remote control
configured to control said left-eye display controller, right-eye display controller or at least
one parameter of the one or more of the plurality of sources.

9. The binocular display of Claim 4-8, wherein said remote control is disposed on
said viewing assembly.

10. The binocular display of Claim 8 or 9, wherein said remote control includes a
handgrip, a handle, a joystick, buttons, haptics, or a touchpad.

11. The binocular display of any of Claims 8-10, wherein said remote control is
configured to control said left-eye or right-eye view image displayed on said one or more
left-eye and right-eye display portions.

12. The binocular display of any of the preceding claims, wherein the binocular
display is disposed on an articulating arm.

Display Designs

1. A medical apparatus comprising:

a binocular display assembly comprising one or more display portions
configured to display one or more images of a surgical site, the binocular display
assembly comprising:

a housing;
a left-eye view channel comprising imaging optics configured to direct
light from said one or more display portions to a left ocular disposed within

the housing and form one or more images of the surgical site on a retina of a

left-eye of a user viewing the surgical site; and

a right-eye view channel comprising imaging optics configured to
direct light from said one or more display portions to a right ocular disposed

within the housing and form one or more images of the surgical site on a

retina of a right-eye of the user viewing the surgical site; and

electronics configured to receive one or more signals corresponding to images
from a plurality of sources and to drive said one or more display portions to produce

said one or more images of the surgical site,
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wherein the left ocular and the right ocular and/or the optical elements of left-
eye view channel and the right-eye view channel respectively are configured to
correct optical aberrations in the one or more images of the surgical site formed on
the retina of the left-eye and the right-eye of the user.

2. The medical apparatus of Claim 1, wherein the one or more images of the surgical
site that are formed on the retina of the user viewing the surgical site are real images.

3. The medical apparatus of Claim 1, wherein the one or more images of the surgical
site are corrected for optical aberrations resulting from myopia, hyperopia and/or presbyopia.

4. The medical apparatus of Claim 1, wherein said imaging optics comprise a mirror
or a lens.

5. The medical apparatus of Claim 1, further comprising a left field stop disposed
between the imaging optics of the left-eye view channel and the left ocular.

6. The medical apparatus of Claim 1, further comprising a right field stop disposed
between the imaging optics of the right-eye view channel and the right ocular.

7. The medical apparatus of Claims 5 or 6, wherein the imaging optics of the left-
eye view channel and the right-eye view channel are configured to produce a real image at
the left and right field stops respectively.

8. The medical apparatus of Claim 7, wherein the left ocular and the right ocular are
configured to produce a conjugate image of the real image produced at the left and right field
stops respectively.

9. The medical apparatus of any of the preceding claims, wherein the imaging optics
of the left-eye view channel and the right-eye view channel are configured to collimate light
from said one or more display portions.

10. The medical apparatus of any of the preceding claims, wherein the left-eye view
channel and the right-eye view channel comprise optical elements configured to produce an
eye box comprising multiple laterally displaced pupils such that the user can view the one or
more display portions over a range of lateral positions.

11. The medical apparatus of Claim 10, wherein the left and the right eye of the user
can be positioned at a variable distance from the left ocular and the right ocular respectively.

12. The medical apparatus of Claim 10, wherein the optical elements comprise

reflective optical elements.
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13. The medical apparatus of Claim 10, wherein the optical elements comprise
aspheric optical elements.

14. The medical apparatus of Claim 10, wherein the optical elements are configured
to provide a secondary display outside the binocular display assembly.

15. The medical apparatus of Claim 14, wherein the secondary display optical
elements are configured to provide a secondary display outside the binocular display
assembly.

16. The medical apparatus of Claim 15, wherein the secondary display can be
laterally displaced from the binocular display assembly.

17. The medical apparatus of Claim 10, wherein the optical elements comprise a
partially transmissive mirror.

18. The medical apparatus of any of the preceding claims, wherein the one or more
images formed on the retina of said left-eye and said right-eye are different stereo views of
said surgical site.

19. The medical apparatus of any of the preceding claims, further comprising a left-
eye display controller comprising hardware electronics configured to drive said one or more
display portions to produce said one or more images of the surgical site on the retina of the
left-eye.

20. The medical apparatus of Claim 19, wherein the left-eye display controller further
comprises a left-eye switching module configured to switch between one or more of the
plurality of sources to produce said one or more images of the surgical site on the retina of
the left-eye.

21. The medical apparatus of any of the preceding claims, further comprising a right-
eye display controller comprising hardware electronics configured to drive said one or more
display portions to produce said one or more images of the surgical site on the retina of the
right-eye.

22. The medical apparatus of Claim 19, wherein the right-eye display controller
further comprises a right-eye switching module configured to switch between one or more of
the plurality of sources to produce said one or more images of the surgical site on the retina

of the right-eye.
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23. The medical apparatus of any of preceding claims, further comprising a remote
control configured to control said left-eye display controller, right-eye display controller or at
least one parameter of the one or more of the plurality of sources.

24. The medical apparatus of Claim 23, wherein said remote control is disposed on
said display assembly.

25. The medical apparatus of Claims 23 or 24, wherein said remote control includes a
handgrip, a handle, a joystick, buttons, haptics, or a touchpad.

Surgical Visualization System with Cameras Rotating About Central Aperture

1. A surgical visualization system comprising:

a primary surgeon optical assembly comprising a primary surgeon camera and
primary surgeon optics comprising an objective lens, the primary surgeon camera
configured to acquire images of a surgical site from outside the surgical site;

an assistant surgeon optical assembly comprising an assistant surgeon camera
configured to provide a view of the surgical site from outside the surgical site; and

a rotatable structure configured to rotate about a longitudinal axis of the
objective lens,

wherein the assistant surgeon optical assembly is mounted to the rotatable
structure.

2. The system of Claim 1, wherein the rotatable structure is attached to the objective
lens so that rotation of the rotatable structure causes the objective lens to rotate.

3. The system of Claim 1, wherein the rotatable structure is configured to rotate
while the objective lens remains stationary.

4. The system of Claim 1, wherein an optical axis of the primary surgeon optical
assembly and an optical axis of the assistant surgeon optical assembly are substantially
parallel.

5. The system of Claim 1, wherein an optical axis of the primary surgeon optical
assembly and an optical axis of the assistant surgeon optical assembly are configured to be
directed to a similar region of the surgical site.

6. The system of Claim 1 further comprising an electronic motor coupled to the

rotatable structure to control rotation of the rotatable structure.
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7. The system of Claim 1, wherein the rotatable structure is configured to be
manually manipulated.

8. The system of Claim 1 further comprising a pivoting system coupled to the
rotatable structure and the assistant surgeon optical assembly, the pivoting system configured
to provide additional degrees of freedom of movement for the assistant surgeon optical
assembly relative to the objective lens.

9. The system of Claim 1 further comprising a control system configured to control
rotation of the rotatable structure.

10. The system of Claim 9, wherein the control system is configured to determine
rotations of the rotatable structure that reduce a likelihood that cables become entangled.

11. The system of Claim 1, wherein the primary surgeon optical assembly is coupled
to a binocular display assembly.

12. A surgical visualization system comprising:

a primary surgeon optical assembly comprising a primary surgeon camera and
primary surgeon optics comprising a pair of converging optical trains, the primary
surgeon camera configured to acquire images of a surgical site from outside the
surgical site;

an assistant surgeon optical assembly comprising an assistant surgeon camera
configured to provide a view of the surgical site from outside the surgical site; and

a rotatable structure configured to rotate about an axis bisecting the pair of
converging optical trains,

wherein the assistant surgeon optical assembly is mounted to the rotatable
structure.

13. The system of Claim 12, wherein the rotatable structure is attached to the pair of
converging optical trains so that rotation of the rotatable structure causes the pair of
converging optical trains to rotate.

14. The system of Claim 12, wherein the rotatable structure is configured to rotate
while the pair of converging optical trains remains stationary.

15. The system of Claim 12, wherein an optical axis of the primary surgeon optical
assembly and an optical axis of the assistant surgeon optical assembly are substantially

parallel.
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16. The system of Claim 12, wherein an optical axis of the primary surgeon optical
assembly and an optical axis of the assistant surgeon optical assembly are configured to be
directed to a similar region of the surgical site.

17. The system of Claim 12 further comprising an electronic motor coupled to the
rotatable structure to control rotation of the rotatable structure.

18. The system of Claim 12, wherein the rotatable structure is configured to be
manually manipulated.

19. The system of Claim 12 further comprising a pivoting system coupled to the
rotatable structure and the assistant surgeon optical assembly, the pivoting system configured
to provide additional degrees of freedom of movement for the assistant surgeon optical
assembly relative to the pair of converging optical trains.

20. The system of Claim 12 further comprising a control system configured to control
rotation of the rotatable structure.

21. The system of Claim 20, wherein the control system is configured to determine
rotations of the rotatable structure that reduce a likelihood that cables become entangled.

22. The system of Claim 12, wherein the primary surgeon optical assembly is coupled
to a binocular display assembly.

Onptical Systems for Surgical Microscope Cameras

1. A surgical visualization system comprising:

a binocular viewing assembly comprising a housing and a pair of eyepieces,
said eyepieces configured to provide a view of at least one display disposed in the
housing;

an optical assembly configured to provide a surgical microscope view of a
surgical site, the optical assembly comprising an optical train configured to direct
light from the surgical site to an image sensor; and

an image processing system configured to receive video data of the surgical
site from the image sensor and to provide output video data of the surgical site to the
at least one display,

wherein the optical train comprises a zoom lens assembly and a field stop
positioned after the zoom lens assembly along an optical axis from the surgical site to

the image sensor,
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wherein the zoom lens assembly comprises lenses each having a diameter that

is less than or equal to half of a width of the image sensor.

2. The system of Claim 1, wherein the lenses of the zoom lens assembly each have a
diameter that is less than or equal to about 0.25 inches.

3. The system of Claim 1, wherein the width of the image sensor is less than or
equal to about 0.5 inches.

4. The system of Claim 1, wherein the optical train further comprises a beamsplitter
configured to split light into different spectral components.

5. The system of Claim 1, wherein the optical train further comprises filter block.

Autoclavable Microscope Head

1. A surgical visualization system comprising:

a binocular viewing assembly comprising a housing and a pair of eyepieces,
said eyepieces configured to provide a view of at least one display disposed in the
housing;

a microscope head comprising a housing;

an optical assembly positioned within the housing of the microscope head, the
optical assembly configured to provide a surgical microscope view of a surgical site,
the optical assembly comprising an optical train configured to direct light from the
surgical site to an image sensor; and

an image processing system configured to receive video data of the surgical
site from the image sensor and to provide output video data of the surgical site to the
at least one display,

wherein the microscope head is configured to be sterilized using an autoclave
between uses.

2. The system of Claim 1, wherein the microscope head comprises materials
configured to withstand heats and pressures in the autoclave.

3. The system of Claim 2, wherein the materials include one or more of
polypropylene, polymethylpentene, PTFE resin, polycarbonate, and polymethyl
methacrylate.

4. The system of Claim 1, wherein the microscope head is configured to be sealable.
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5. The system of Claim 1, wherein the optical assembly is configured to maintain
alignment after undergoing the autoclaving process.

6. The system of Claim 1, wherein the optical assembly is configured to maintain
focal location after undergoing the autoclaving process.

7. The system of Claim 1, wherein the microscope head is configured to maintain its
structural integrity after 100 times through an autoclaving process.

8. The system of Claim 1, wherein the microscope head is configured to maintain its
structural integrity after 200 times through an autoclaving process.

9. The system of Claim 1, wherein the microscope head is configured to maintain its
structural integrity after 300 times through an autoclaving process.

Degrees of Freedom of Movement

1. A medical apparatus comprising:

a viewing assembly comprising a pair of oculars and at least one display
viewable through the pair of oculars;

an optical assembly comprising at least one stereo camera configured to
provide a view of a surgical site;

a viewing assembly positioning system coupled to the viewing assembly and
configured to move the viewing assembly;

an optical assembly positioning system coupled to the optical assembly and
configured to move the optical assembly; and

an image processing system configured to receive input video from the at least
one stereo camera and to provide output video to the at least one display,

wherein the viewing assembly positioning system is configured to provide less
than or equal to five degrees of freedom of movement to the viewing assembly.

2. The medical apparatus of Claim 1, wherein the five degrees of freedom of
movement includes translation along three orthogonal axes and rotation about two of the
three orthogonal axes.

3. The medical apparatus of Claim 2, wherein the rotational degrees of freedom
include pitch and yaw.

4. The medical apparatus of Claim 2, wherein the rotational degrees of freedom do

not include roll.
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5. The medical apparatus of Claim 2, wherein the three orthogonal axes comprise:

an x-axis corresponding to a horizontal direction parallel to a line of site of a
person looking through the ocular;

a y-axis corresponding to a horizontal direction orthogonal to the x-axis; and

a z-axis corresponding to a vertical direction orthogonal to both the x-axis and
the y-axis,

wherein the viewing assembly positioning system is configured to rotate the
viewing assembly with the y-axis as the axis of rotation, to rotate the viewing
assembly with the z-axis as the axis of rotation, and to restrict rotation of the viewing
assembly with the x-axis as the axis of the restricted rotation.

6. The medical apparatus of Claim 1, wherein the viewing assembly positioning
system is configured to maintain the pair of oculars in a horizontal configuration.

7. The medical apparatus of Claim 1, wherein the viewing assembly positioning
system includes arms coupled to the viewing assembly to restrict roll of the viewing
assembly.

8. The medical apparatus of Claim 1, wherein movement of the viewing assembly
positioning system is decoupled from movement of the optical assembly positioning system.

9. A medical apparatus comprising:

a viewing assembly comprising a pair of oculars and at least one display
viewable through the pair of oculars;

an optical assembly comprising at least one stereo camera configured to
provide a view of a surgical site;

a viewing assembly positioning system coupled to the viewing assembly and
configured to move the viewing assembly;

an optical assembly positioning system coupled to the optical assembly and
configured to move the optical assembly; and

an image processing system configured to receive input video from the at least
one stereo camera and to provide output video to the at least one display,

wherein the optical assembly positioning system is configured to provide less

than or equal to five degrees of freedom of movement to the viewing assembly.
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10. The medical apparatus of Claim 9, wherein the five degrees of freedom of
movement includes translation along three orthogonal axes and rotation about two of the
three orthogonal axes.

11. The medical apparatus of Claim 10, wherein the rotational degrees of freedom
include pitch and yaw.

12. The medical apparatus of Claim 10, wherein the rotational degrees of freedom do
not include roll.

13. The medical apparatus of Claim 10, wherein the three orthogonal axes comprise:

an x-axis corresponding to a horizontal direction parallel to a line of site of a
person looking through the ocular;

a y-axis corresponding to a horizontal direction orthogonal to the x-axis; and

a z-axis corresponding to a vertical direction orthogonal to both the x-axis and
the y-axis,

wherein the optical assembly positioning system is configured to rotate the
optical assembly with the y-axis as the axis of rotation, to rotate the optical assembly
with the z-axis as the axis of rotation, and to restrict rotation of the optical assembly
with the x-axis as the axis of the restricted rotation.

14. The medical apparatus of Claim 9, wherein the optical assembly positioning
system is configured to maintain the at least one stereo camera in a horizontal configuration.

15. The medical apparatus of Claim 9, wherein the optical assembly positioning
system includes arms, positioners, or mounts coupled to the optical assembly to restrict roll
of the optical assembly.

16. The medical apparatus of Claim 9, wherein movement of the viewing assembly
positioning system is decoupled from movement of the optical assembly positioning system.

17. The medical apparatus of Claim 9, wherein the at least one stereo camera includes
an endoscope camera.

18. The medical apparatus of Claim 9, wherein the optical assembly is configured to
provide a surgical microscope view of the surgical site from outside the surgical site.

19. The medical apparatus of Claim 9, wherein the optical assembly positioning
system includes mechanical fixtures configured to limit the degrees of freedom of movement

of the at least one stereo camera.
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20. The medical apparatus of Claim 19, wherein the mechanical fixtures include a
mount configured to restrict roll of the at least one stereo camera to maintain a horizon of the
at least one stereo camera substantially constant throughout movements of the optical
assembly.

Fixed Working Distance Objectives

1. A surgical visualization system comprising:

a viewing assembly comprising a pair of oculars and at least one display
viewable through the pair of oculars, wherein the viewing assembly does not provide
an optical path from the pair of oculars to a surgical site;

an optical assembly configured to provide a surgical microscope view of a
surgical site, the optical assembly comprising a camera configured to acquire images
of the surgical site from outside the surgical site, the camera comprising an image
sensor and a microscope objective having a fixed working distance; and

an image processing system configured to receive input video from the
camera and to provide output video to the at least one display,

wherein the microscope objective has a first fixed work distance, and

wherein the optical assembly is configured to switch out the microscope
objective and replace it with a second microscope objective having a second fixed
work distance different from the first fixed work distance
2. The surgical visualization system of Claim 1, wherein the first and second fixed

working distance is at least 150 mm.

3. The surgical visualization system of Claim 1, wherein the first and second fixed
working distance is less than or equal to 450 mm.

4. The surgical visualization system of Claim 1, wherein the first and second fixed
working distance is at least 150 mm and less than or equal to 450 mm.

5. The surgical visualization system of Claim 1, wherein the camera is a stereo
camera and light for left and right channels of the stereo camera passes through the
microscope objective.

6. The surgical visualization system of Claim 1, wherein the camera is a stereo
camera and light for left and right channels of the stereo camera pass through respective left

and right microscope objectives.
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7. A surgical visualization system comprising:

a viewing assembly comprising a pair of oculars and at least one display
viewable through the pair of oculars;

an optical assembly configured to provide a surgical microscope view of a
surgical site, the optical assembly comprising a camera configured to acquire images
of the surgical site from outside the surgical site, the camera comprising an image
sensor and an interchangeable microscope objective; and

an image processing system configured to receive input video from the
camera and to provide output video to the at least one display,

wherein the camera is configured to receive different interchangeable

microscope objectives, individual interchangeable microscope objectives having a

fixed working distance.

8. The surgical visualization system of Claim 7, wherein the fixed working distance
of the individual interchangeable microscope objectives is at least 150 mm.

9. The surgical visualization system of Claim 7, wherein the fixed working distance
of the individual interchangeable microscope objectives is less than or equal to 450 mm.

10. The surgical visualization system of Claim 7, wherein the fixed working distance
of the individual interchangeable microscope objectives is at least 150 mm and less than or
equal to 450 mm.

11. The surgical visualization system of Claim 7, wherein the camera comprises a
mechanical interface to facilitate convenient interchangeability of the interchangeable
microscope objective.

12. The surgical visualization system of Claim 11, wherein the mechanical interface
comprises threading or clamps.

13. The surgical visualization system of Claim 7, wherein the camera is a stereo
camera and light for left and right channels of the stereo camera passes through the
microscope objective.

14. The surgical visualization system of Claim 7, wherein the camera is a stereo
camera and light for left and right channels of the stereo camera pass through respective left

and right microscope objectives.
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Laser Distance Positioning Guide

1. A surgical visualization system comprising:
a viewing assembly comprising a pair of oculars and at least one display
viewable through the pair of oculars;
an optical assembly configured to provide a surgical microscope view of a
surgical site, the optical assembly comprising:
a camera configured to acquire images of the surgical site from outside
the surgical site, the camera having a working distance; and
an alignment system configured to provide an indication of a position
of the camera with respect to the surgical site;
an optical assembly positioning system configured to move the optical
assembly so that the camera is positioned at a distance from the surgical site that is
substantially equal to the working distance; and
an image processing system configured to receive input video from the
camera and to provide output video to the at least one display.

2. The system of Claim 1, wherein the alignment system is configured to project
beams of light.

3. The system of Claim 2, wherein the projected beams of light intersect at a
position that has a distance from the camera that is substantially equal to the working
distance.

4. The system of Claim 2, wherein the projected beams of light intersect at a
position that is aligned near a center of a field of view of the camera and that has a distance
from the camera that is substantially equal to the working distance.

5. The system of Claim 2, wherein the projected beams of light are provided by
lasers.

6. The system of Claim 5, wherein the lasers comprise a pair of lasers mounted on
the optical assembly, the pair of lasers configured to provide laser beams that overlap at the
working distance from the camera.

7. The system of Claim 6, wherein the pair of laser beams form orthogonal lines that
intersect at the working distance from the camera to form a crosshair pattern.

8. The system of Claim 6, wherein the each laser beam forms a crosshair pattern.
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9. The system of Claim 2, wherein the projected beams of light have a spectral
output primarily within the infrared wavelength band.

10. The system of Claim 9, wherein the optical assembly further comprises an
infrared sensor and the image processing system is further configured to receive video from
the infrared sensor and to provide video acquired by the infrared sensor of the projected
beams of light on the at least one display.

11. The system of Claim 1, wherein the camera further comprises an objective lens
system.

12. The system of Claim 11, wherein the alignment system is configured to project a
beam of light through the objective lens system of the camera to focus the projected beam of
light.

13. The system of Claim 12, wherein the projected beam of light is focused at a
distance from the camera that is substantially equal to the working distance.

14. The system of Claim 11, wherein the alignment system is configured to project a
pair of parallel, collimated beams of light through the objective lens system of the camera.

15. The system of Claim 14, wherein the parallel beams of light are focused at a
distance from the camera that is substantially equal to the working distance.

16. The system of Claim 14, wherein the parallel beams of light are focused such that
they overlap at a distance from the camera that is substantially equal to the working distance.

17. The system of Claim 11, wherein the objective lens system of the camera is
configured to be interchangeable.

18. The system of Claim 1, wherein the alignment system comprises a laser range
finder.

19. The system of Claim 18, wherein output of the laser range finder is configured to
be displayed on the at least one display.

20. The system of Claim 18, wherein output of the laser range finder is configured to
be displayed a range finder display positioned outside the viewing assembly or mounted to
the viewing assembly.

21. The system of Claim 18, wherein output of the laser range finder is configured to

be projected onto a surface at the surgical site.
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22. The system of Claim 18, wherein output of the laser range finder is configured to
be used to display information corresponding whether it is necessary to increase or decrease
distance of the camera to the surgical site to match the working distance.

23. The system of Claim 22, wherein the displayed information includes an indication
when a distance between the camera and the surgical site substantially matches the working
distance.

Multi-View Switching Visualization System

1. A surgical visualization system comprising:

a first viewing assembly comprising a pair of oculars and at least one display
viewable through the pair of oculars when looking through the pair of oculars along a
first line of sight;

a second viewing assembly comprising a pair of oculars and at least one
display viewable through the pair of oculars when looking through the pair of oculars
along a second line of sight;

a first display positioned outside of the first viewing assembly;

a second display positioned outside of the second viewing assembly;

a plurality of cameras configured to acquire video of a surgical site;

an image processing system configured to receive input video from the
plurality of cameras and to provide output video to the at least one display in the first
viewing assembly and the at least one display in the second viewing assembly; and

a control system configured to receive user input to respectively control the
output video provided to the at least one display in the first viewing assembly and
provided to the at least one display in the second viewing assembly,

wherein the first display is positioned in a line of sight of a person looking
over the first viewing assembly in a direction parallel to the first line of sight,

wherein the second display is positioned in a line of sight of a person looking
over the second viewing assembly in a direction parallel to the second line of sight.

2. The system of Claim 1, wherein the plurality of cameras includes an endoscope.
3. The system of Claim 1, wherein the plurality of cameras includes an auxiliary

camera configured to provide a surgical microscope view of a surgical site.
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4. The system of Claim 1, wherein the first viewing assembly includes a user
interface feature to provide user input to the control system.

5. The system of Claim 4, wherein the user interface feature is configured to provide
user input to the control system to control the output video provided to the at least one
display in the first viewing assembly and provided to the at least one display in the second
viewing assembly.

6. The system of Claim 4, wherein the user interface feature is configured to provide
user input to the control system to control the output video provided to one of the at least one
display in the first viewing assembly or to the at least one display in the second viewing
assembly.

7. The system of Claim 4, wherein the user interface feature is configured to provide
user input to the control system to control a picture-in-picture feature of the at least one
display in the first viewing assembly or the at least one display in the second viewing
assembly.

8. The system of Claim 4, wherein the user interface feature comprises a button on a
handle of the first viewing assembly.

9. A surgical visualization system comprising:

a first viewing assembly comprising a pair of oculars and at least one display
viewable through the pair of oculars when looking through the pair of oculars along a
first line of sight;

a second viewing assembly comprising a pair of oculars and at least one
display viewable through the pair of oculars when looking through the pair of oculars
along a second line of sight;

a plurality of cameras configured to acquire video of a surgical site;

an image processing system configured to receive input video from the
plurality of cameras and to provide output video to the at least one display in the first
viewing assembly and the at least one display in the second viewing assembly; and

a control system configured to receive user input to respectively control the
output video provided to the at least one display in the first viewing assembly and
provided to the at least one display in the second viewing assembly.

10. The system of Claim 9, wherein the plurality of cameras includes an endoscope.
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11. The system of Claim 9, wherein the plurality of cameras includes an auxiliary
camera configured to provide a surgical microscope view of a surgical site.

12. The system of Claim 9, wherein the first viewing assembly includes a user
interface feature to provide user input to the control system.

13. The system of Claim 12, wherein the user interface feature is configured to
provide user input to the control system to control the output video provided to the at least
one display in the first viewing assembly and provided to the at least one display in the
second viewing assembly.

14. The system of Claim 12, wherein the user interface feature is configured to
provide user input to the control system to control the output video provided to one of the at
least one display in the first viewing assembly or to the at least one display in the second
viewing assembly.

15. The system of Claim 12, wherein the user interface feature is configured to
provide user input to the control system to control a picture-in-picture feature of the at least
one display in the first viewing assembly or the at least one display in the second viewing
assembly.

16. The system of Claim 12, wherein the user interface feature comprises a button on
a handle of the first viewing assembly.

17. The system of Claim 9, wherein user input received by the control system can be
configured to control the output video provided to the at least one display in each of the first
and second viewing assemblies.

18. The system of Claim 9, wherein user input received by the control system is
provided through a user interface element associated with the first viewing assembly and the
user input can be configured to control the output video provided to the at least one display in
the second viewing assembly.

19. The system of Claim 9, wherein user input received by the control system is
provided through a user interface element associated with the first viewing assembly and the
user input can be configured to only control the output video provided to the at least one
display in the first viewing assembly.

20. The system of Claim 9, wherein user input received by the control system can be

configured to control the output video provided to the at least one display in each of the first
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and second viewing assemblies so that the output video for each viewing assembly is the
same.

21. The system of Claim 9, wherein user input received by the control system can be
configured to control the output video provided to the at least one display in each of the first
and second viewing assemblies so that the output video for each viewing assembly is
different.

22. The system of Claim 1, wherein user input received by the control system can be
configured to control the output video provided to the at least one display in each of the first
and second viewing assemblies.

23. The system of Claim 1, wherein user input received by the control system is
provided through a user interface element associated with the first viewing assembly and the
user input can be configured to control the output video provided to the at least one display in
the second viewing assembly.

24. The system of Claim 1, wherein user input received by the control system is
provided through a user interface element associated with the first viewing assembly and the
user input can be configured to only control the output video provided to the at least one
display in the first viewing assembly.

25. The system of Claim 1, wherein user input received by the control system can be
configured to control the output video provided to the at least one display in each of the first
and second viewing assemblies so that the output video for each viewing assembly is the
same.

26. The system of Claim 1, wherein user input received by the control system can be
configured to control the output video provided to the at least one display in each of the first
and second viewing assemblies so that the output video for each viewing assembly is

different.

User Control Systems & Control of Image Intensity

1. A visualization system comprising:
a plurality of communication ports configured to be operatively coupled to a

plurality of image acquisition subsystem;
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at least one image output port configured to be operatively coupled to at least
one image display subsystem;

at least one user input port configured to be operatively coupled to at least one
user input device; and

at least one circuit operatively coupled to the plurality of communication
ports, the at least one image output port, and the at least one user input port, the at
least one circuit configured to receive data signals from the plurality of image
acquisition subsystems, to transmit control signals to the plurality of image
acquisition subsystems, and to transmit output image signals to the at least one image
display subsystem, the at least one circuit further configured to receive at least one
first user input signal and a plurality of second user input signals from the at least one
user input device, the at least one circuit responsive at least in part to the received at
least one first user input signal by:

selecting an image acquisition subsystem from the plurality of image
acquisition subsystems,

transmitting the output image signals to the at least one image display
subsystem in response to the data signals received from the selected image acquisition
subsystem, and

generating the control signals and transmitting the control signals to the
selected image acquisition subsystem.

2. The visualization system of claim 1, wherein the plurality of image acquisition
subsystems comprises a plurality of cameras configured to generate the data signals
indicative of an image of a surgical site, the at least one image display subsystem comprises a
display configured to present an image of the surgical site to a user in response to the output
image signals, the at least one user input device comprises a remote control device
configured to generate the first user input signal and configured to generate the plurality of
second user input signals.

3. The visualization system of claim 2, wherein the at least one circuit is within a
housing of the at least one image display subsystem or within a housing of the at least one

user input device.
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4. The visualization system of claim 2 or claim 3, wherein the at least one circuit
generates the control signals in response to the received at least one first user signal and the
received plurality of second user input signals.

5. The visualization system of claim 2 to 4, wherein the plurality of cameras
comprises at least one endoscope camera and at least one surgical microscope camera.

6. The visualization system of any of claims 2 to 5, wherein the camera is
responsive to the control signals by varying one or more features of the camera, the at least
one circuit further configured to respond to the received at least one first user input signal
being in a first state by generating control signals which vary a first set of features of the
camera and to respond to the received at least one first user input signal being in a second
state by generating control signals which vary a second set of features of the camera.

7. The visualization system of any of claims 2 to 6, wherein one or more image
acquisition subsystems of the plurality of image acquisition subsystems each comprises a
camera and a light source, wherein the camera is responsive to the control signals by varying
one or more features of the camera and the light source is responsive to the control signals by
varying one or more features of the light source.

8. The visualization system of any of claims 2 to 7, wherein the at least one circuit is
further configured to calculate a difference between an attribute of a first image provided by
a first camera of the plurality of cameras and to the attribute of a second image provided by a
second camera of the plurality of camera, the at least one circuit further configured to
respond to the difference by generating and transmitting control signals to at least one of the
first camera and the second camera to vary one or more features of the camera to reduce the
difference.

9. The visualization system of any of claims 2 to 8, wherein the at least one circuit is
further configured to calculate a difference between an attribute of a first image provided by
a first camera of the plurality of cameras and to the attribute of a second image provided by a
second camera of the plurality of camera, the at least one circuit further configured to
respond to the difference by generating and transmitting output image signals to the display
which reduce the difference of the attribute in the displayed first image and the displayed
second image.

10. A visualization system comprising:
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a plurality of communication ports configured to be operatively coupled to a
plurality of image acquisition subsystem;

at least one image output port configured to be operatively coupled to at least
one image display subsystem;

at least one user input port configured to be operatively coupled to at least one
user input device; and

at least one circuit operatively coupled to the plurality of communication
ports, the at least one image output port, and the at least one user input port, the at
least one circuit configured to receive data signals from the plurality of image
acquisition subsystems, to transmit control signals to the plurality of image
acquisition subsystems, and to transmit output image signals to the at least one image
display subsystem, the at least one circuit further configured to receive at least one
first user input signal and a plurality of second user input signals from the at least one
user input device, the at least one circuit responsive at least in part to the received at
least one first user input signal by:

selecting an image acquisition subsystem from the plurality of image
acquisition subsystems,

transmitting the output image signals to the at least one image display
subsystem in response to the data signals received from the selected image acquisition
subsystem,

calculating a difference between an attribute of a first image provided by a
first image acquisition subsystem of the plurality of image acquisition subsystems and
to the attribute of a second image provided by a second image acquisition subsystem
of the plurality of image acquisition subsystems, and

responding to the difference by either generating and transmitting control
signals to at least one of the first image acquisition subsystem and the second image
acquisition subsystem to vary one or more features of the image acquisition
subsystem to reduce the difference or generating and transmitting output image
signals to the display which reduce the difference of the attribute in the displayed first
image and the displayed second image.

11. A visualization system comprising:
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a plurality of communication ports configured to be operatively coupled to at
least one source of non-visible light and at least one sensor of non-visible light, the at
least one source configured to irradiate a surgical site with the non-visible light, the at
least one sensor having a capture rate and configured to detect emissions from the
surgical site;

at least one image output port configured to be operatively coupled to at least
one image display subsystem; and

at least one circuit operatively coupled to the plurality of communication ports
and to the at least one image output port, the at least one circuit configured to receive
data signals from the at least one sensor, to transmit output image signals to the at
least one image display subsystem, and to transmit control signals to the at least one
source, the control signals configured to adjust a pulse rate of the at least one source,
the at least one circuit determining the pulse rate by analyzing the data signals from
the at least one sensor and selecting a pulse rate.

12. The system of claim 11, wherein the at least one source comprises an infrared
light source, the at least one sensor comprises a fluorescence camera, and the at least one
circuit is configured to control the pulsing of the infrared light source so that the at least one
sensor captures a peak emission response from the surgical site.

13. A surgical visualization system comprising:

two or more image acquisition systems;

an electronic display system with one or more displays;

an integrated lighting system;

an electronic video switching system;

a controller; and

one or more remote control units that provide remote control of one or more
of the following functions for one or more of the image acquisition systems: zoom,
focus, iris, tilt, pan, and acquisition selection, wherein the one or more functions
provided by the remote control unit automatically change to a image acquisition
system selected for display, such that one remote control unit is able to function for

multiple image acquisition systems.
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14. The system of claim 13, wherein the two or more image acquisition systems
comprise at least one camera or at least one sensor.

15. The system of claim 13, wherein the remote control unit incorporates one or more
indicators that operate the same function on each image acquisition system.

16. The system of claim 15, wherein the one or more indicators comprises one or
more switches, buttons, or touchscreens.

17. The system of claim 13, wherein the remote control unit incorporates one or more
indicators that operate a first function when a first image acquisition system is selected and a
second function when a second image acquisition system is selected.

18. The system of claim 13, wherein a first remote control unit operates a variety of
functions with a reduced number of indicators by using a first indicator to change the
function of a second indicator.

19. The system of claim 18, wherein when the first indicator is open, the second
indicator affects a first function and when the first indicator is closed, the second indicator
affects a second function.

20. The system of claim 18, wherein initially the second indicator affects a first
function, but when the first indicator is operated, the controller is changed so the second
indicator affects a second function, and when the first indicator is operated again, the
controller is changed so the second indicator operates a third function.

21. The system of claim 20, wherein after further operation of the first indicator, the
controller is changed so the second indicator operates the first function.

22. A surgical visualization system comprising:

two or more image acquisition systems;

an electronic display system with one or more displays;

an integrated lighting system;

an electronic video switching system; and

a control unit that allows the user to switch which image acquisition system
presents an image in the display, wherein the lighting system has programmed
settings for a particular light intensity of each light source to match the optical

demands of each image acquisition system, and wherein the control unit switches the
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lighting system to the programmed setting for the selected image acquisition system

in conjunction with switching the display to the selected image acquisition system.

23. The system of claim 22, wherein the two or more image acquisition systems
comprise at least one camera or at least one sensor.

24. The system of claim 22, wherein the light intensity is adjusted by turning a
portion of the light sources in the system on while leaving an additional portion off.

25. The system of claim 22, wherein the light intensity is adjusted by cycling at least
one light source rapidly between off and on with the apparent intensity related to the ratio of
the cycle time the light is on versus the cycle time the light is off.

26. The system of claim 22, wherein the light intensity of at least one light source is
variable.

27. The system of claim 22, wherein at least one light source generates non-visible
light.

28. The system of claim 27, wherein the non-visible light is in the infrared spectrum.

29. The system of claim 27, wherein the non-visible light has a wavelength from
about 700 nm to about 1000 nm.

30. The system of claim 27, wherein the non-visible light is in the near infrared
spectrum.

31. The system of claim 27, wherein the non-visible light has a wavelength from
about 700 nm to about 800 nm.

32. The system of claim 27, wherein the non-visible light is in the ultraviolet
spectrum.

33. The system of claim 27, wherein the non-visible light has a wavelength from
about 10 nm to about 400 nm.

34. The system of claim 27, wherein the non-visible light is in the near ultraviolet
spectrum.

35. The system of claim 27, wherein the non-visible light has a wavelength from
about 300 nm to about 400 nm.

36. The system of claim 27, wherein the control unit cycles at least one non-visible

light source with a rapid rate between off and on.
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37. The system of claim 36, wherein the rate is concurrent with and synchronized to
the image capture rate of the camera.
38. The system of claim 36, wherein the rate is selected such that the fluorescence
response is captured by the image acquisition system.
39. The system of claim 22, wherein the control unit allows for adjustment of the
programmed settings of the lighting system.
40. A visualization system comprising:
a plurality of communication ports configured to be operatively coupled to a
plurality of image acquisition subsystems configured to image a surgical site;
at least one image output port configured to be operatively coupled to at least
one image display subsystem;
at least one user input port configured to be operatively coupled to at least one
user input device; and
at least one circuit operatively coupled to the plurality of communication
ports, the at least one image output port, and the at least one user input port, the at
least one circuit configured to receive data signals from the plurality of image
acquisition subsystems, to transmit control signals to the plurality of image
acquisition subsystems, and to transmit output image signals to the at least one image
display subsystem, the at least one circuit further configured to receive at least one
first user input signal and a plurality of second user input signals from the at least one
user input device, the at least one circuit responsive at least in part to the received at
least one first user input signal by:
selecting an image acquisition subsystem from the plurality of image
acquisition subsystems,
transmitting the output image signals to the at least one image display
subsystem in response to the data signals received from the selected image acquisition
subsystem,
calculating a difference between an attribute of a first image provided by a
first image acquisition subsystem of the plurality of image acquisition subsystems and
to the attribute of a second image provided by a second image acquisition subsystem

of the plurality of image acquisition subsystems, and
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responding to the difference by either generating and transmitting control
signals to at least one of the first image acquisition subsystem and the second image
acquisition subsystem to vary one or more features of a light source illumination the
surgical site to reduce the difference or generating and transmitting output image
signals to the display subsystem which reduce the difference of the attribute in the
displayed first image and the displayed second image.

41. The visualization system of any of claims 10, wherein the image acquisition
subsystem comprises a light source configured to provide illumination to a surgical site and
varying one or more features of said image acquisition subsystem comprises varying one or
more features of said light source illumination.

42. The visualization system of any of claims 10, wherein the image acquisition
subsystem comprises an optical sensor configured to detect light and varying one or more
features of said image acquisition subsystem comprises varying one or more features of said
optical sensor.

43. The visualization system of any of claims 10, wherein varying one or more
features of said optical sensor comprising varying gain.

44. A visualization system comprising:

a plurality of communication ports configured to be operatively coupled to a
plurality of image acquisition subsystems configured to image a surgical site;

at least one image output port configured to be operatively coupled to at least
one image display subsystem;

at least one user input port configured to be operatively coupled to at least one
user input device; and

at least one circuit operatively coupled to the plurality of communication
ports, the at least one image output port, and the at least one user input port, the at
least one circuit configured to receive data signals from the plurality of image
acquisition subsystems, to transmit control signals to the plurality of image
acquisition subsystems, and to transmit output image signals to the at least one image
display subsystem, the at least one circuit further configured to receive at least one

first user input signal and a plurality of second user input signals from the at least one
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user input device, the at least one circuit responsive at least in part to the received at
least one first user input signal by:

selecting an image acquisition subsystem from the plurality of image
acquisition subsystems,

transmitting the output image signals to the at least one image display
subsystem in response to the data signals received from the selected image acquisition
subsystem,

calculating a difference between an attribute of a first image provided by a
first image acquisition subsystem of the plurality of image acquisition subsystems and
to the attribute of a second image provided by a second image acquisition subsystem
of the plurality of image acquisition subsystems, and

responding to the difference by either generating and transmitting control
signals to at least one of the first image acquisition subsystem and the second image
acquisition subsystem to vary one or more features of at least one image display
subsystem to reduce the difference of the attribute in the displayed first image and the
displayed second image.

45. The system of any of the preceding claims, comprising a binocular viewing
assembly including at least one display disposed in a housing and oculars, at least one of said
oculars providing a view of first and second display portions for viewing images of a surgical
site, wherein said oculars do not provide an optical path to said surgical site.

46. The system of any of the preceding claims, wherein at least one of said display
portions is configured to display a surgical microscope view of said surgical site provided by
a surgical microscope camera, wherein said surgical microscope camera does not have a
direct optical path to said surgical site through said housing.

47. The system of any of the preceding claims, wherein said system is configured to
switch among input received from a plurality of different cameras disposed to image a
surgical site.

48. The system of any of the preceding claims, further comprising a camera providing

a surgical microscope view.
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49. The system of any of the preceding claims, wherein said camera providing a
surgical microscope view is not associated with a direct view surgical microscope that
includes oculars do provide an optical path to said surgical site.

50. The system of any of the preceding claims, wherein said camera providing a
surgical microscope view has a work distance in the range of from 150 mm to 450 mm.

51. The system of any of the preceding claims, wherein said camera providing a
surgical microscope view comprises a stereo camera.

52. The system of any of the preceding claims, wherein said system is configured to
switch among input received from an endoscope camera and said camera providing surgical

Mmicroscope views.

User Control Systems & Control of Image Intensity-I1

1. A surgical visualization system comprising:

a plurality of cameras configured to provide video of a surgical site;

a viewing assembly comprising a pair of oculars and at least one display
viewable through the pair of oculars, wherein the viewing assembly does not provide
an optical path from the pair of oculars to the surgical site;

an image processing system configured to receive acquired video of the
surgical site from the plurality of cameras and to provide output video to the at least
one display of the viewing assembly; and

at least one user input device configured to be operatively coupled to the
image processing system;

wherein the image processing system is configured to:

select a camera from the plurality of cameras;

generate output video based on video acquired with the selected camera;

transmit the output video to the at least one display

generate control signals; and

transmit the control signals to the selected camera.

2. The system of claim 1, wherein the at least one user input device comprises a

remote control device configured to generate a plurality of user input signals.
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3. The system of claim 2, wherein the image processing system is within a housing
of the viewing assembly or within a housing of the at least one user input device.

4. The system of claim 2 or claim 3, wherein the image processing system generates
the control signals in response to the received plurality of user input signals.

5. The system of claim 2 to 4, wherein the plurality of cameras comprises at least
one endoscope camera and at least one surgical microscope camera.

6. The system of any of claims 2 to 5, wherein the camera is responsive to the
control signals by varying one or more features of the camera, the image processing system
further configured to respond to the received user input signals by generating control signals
which vary a first set of features of the selected camera.

7. The system of any of claims 2 to 6, wherein one or more cameras includes a light
source, wherein the selected camera is responsive to the control signals by varying one or
more features of the camera and the light source is responsive to the control signals by
varying one or more features of the light source.

8. The system of any of claims 2 to 7, wherein the image processing system is
further configured to calculate a difference between an attribute of a first image provided by
a first camera of the plurality of cameras and to the attribute of a second image provided by a
second camera of the plurality of camera, the image processing system further configured to
respond to the difference by generating and transmitting control signals to at least one of the
first camera and the second camera to vary one or more features of the camera to reduce the
difference.

9. The system of any of claims 2 to 8, wherein the image processing system 1is
further configured to calculate a difference between an attribute of a first image provided by
a first camera of the plurality of cameras and to the attribute of a second image provided by a
second camera of the plurality of camera, the image processing system further configured to
respond to the difference by generating and transmitting output image signals to the display
which reduce the difference of the attribute in the displayed first image and the displayed
second image.

10. A surgical visualization system comprising:

a plurality of communication ports configured to be operatively coupled to a

plurality of cameras configured to provide views of a surgical site;
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at least one image output port configured to be operatively coupled to at least
one display housed in a viewing assembly comprising a pair of oculars, the viewing
assembly configured to not provide an optical path from the pair of oculars to the
surgical site;

at least one user input port configured to be operatively coupled to at least one
user input device; and

an image processing system comprising at least one circuit operatively
coupled to the plurality of communication ports, the at least one image output port,
and the at least one user input port, the at least one circuit configured to receive data
signals from the plurality of cameras, to transmit control signals to the plurality of
cameras, and to transmit output image signals to the at least one display, the at least
one circuit further configured to receive at least one first user input signal and a
plurality of second user input signals from the at least one user input device, the at
least one circuit responsive at least in part to the received at least one first user input
signal by:

selecting a camera from the plurality of cameras,

transmitting the output image signals to the at least one display in response to
the data signals received from the selected camera,

calculating a difference between an attribute of a first image provided by a
first camera of the plurality of cameras and to the attribute of a second image
provided by a second camera of the plurality of cameras, and

responding to the difference by either generating and transmitting control
signals to at least one of the first camera and the second camera to vary one or more
features of the camera to reduce the difference or generating and transmitting output
image signals to the display which reduce the difference of the attribute in the
displayed first image and the displayed second image.
11. A surgical visualization system comprising:

a plurality of communication ports configured to be operatively coupled to at
least one source of non-visible light and at least one sensor of non-visible light, the at

least one source configured to irradiate a surgical site with the non-visible light, the at
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least one sensor having a capture rate and configured to detect emissions from the
surgical site;
at least one image output port configured to be operatively coupled to at least
one camera configured to acquire video of the surgical site; and
an image processing system comprising at least one circuit operatively
coupled to the plurality of communication ports and to the at least one image output
port, the at least one circuit configured to receive data signals from the at least one
sensor, to transmit output image signals to the at least one camera, and to transmit
control signals to the at least one source, the control signals configured to adjust a
pulse rate of the at least one source, the at least one circuit determining the pulse rate
by analyzing the data signals from the at least one sensor and selecting a pulse rate.
12. The system of claim 11, wherein the at least one source comprises an infrared
light source, the at least one sensor comprises a fluorescence camera, and the at least one
circuit is configured to control the pulsing of the infrared light source so that the at least one
sensor captures a peak emission response from the surgical site.
13. A surgical visualization system comprising:
two or more cameras configured to acquire video of a surgical site;
an electronic display system with one or more displays housed in a viewing
assembly comprising a pair of oculars configured to provide a view of the one or
more displays, wherein there is no optical path from the pair of oculars to the surgical
site;
an integrated lighting system;
an electronic video switching system;
a controller; and
one or more remote control units that provide remote control of one or more
of the following functions for one or more of the cameras: zoom, focus, iris, tilt, pan,
and acquisition selection, wherein the one or more functions provided by the remote
control unit automatically change to a camera selected for display, such that one
remote control unit is able to function for multiple cameras.
14. The system of claim 13, wherein the two or more cameras comprise at least one

camera or at least one sensor.
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15. The system of claim 13, wherein the remote control unit incorporates one or more
indicators that operate the same function on each camera.

16. The system of claim 15, wherein the one or more indicators comprises one or
more switches, buttons, or touchscreens.

17. The system of claim 13, wherein the remote control unit incorporates one or more
indicators that operate a first function when a first camera is selected and a second function
when a second camera is selected.

18. The system of claim 13, wherein a first remote control unit operates a variety of
functions with a reduced number of indicators by using a first indicator to change the
function of a second indicator.

19. The system of claim 18, wherein when the first indicator is open, the second
indicator affects a first function and when the first indicator is closed, the second indicator
affects a second function.

20. The system of claim 18, wherein initially the second indicator affects a first
function, but when the first indicator is operated, the controller is changed so the second
indicator affects a second function, and when the first indicator is operated again, the
controller is changed so the second indicator operates a third function.

21. The system of claim 20, wherein after further operation of the first indicator, the
controller is changed so the second indicator operates the first function.

22. A surgical visualization system comprising:

two or more cameras;

an electronic display system with one or more displays;

an integrated lighting system;

an electronic video switching system; and

a control unit that allows the user to switch which camera presents an image in
the display, wherein the lighting system has programmed settings for a particular light
intensity of each light source to match the optical demands of each camera, and
wherein the control unit switches the lighting system to the programmed setting for
the selected camera in conjunction with switching the display to the selected camera.

23. The system of claim 22, wherein the two or more cameras comprise at least one

camera or at least one sensor.
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24. The system of claim 22, wherein the light intensity is adjusted by turning a
portion of the light sources in the system on while leaving an additional portion off.

25. The system of claim 22, wherein the light intensity is adjusted by cycling at least
one light source rapidly between off and on with the apparent intensity related to the ratio of
the cycle time the light is on versus the cycle time the light is off.

26. The system of claim 22, wherein the light intensity of at least one light source is
variable.

27. The system of claim 22, wherein at least one light source generates non-visible
light.

28. The system of claim 27, wherein the non-visible light is in the infrared spectrum.

29. The system of claim 27, wherein the non-visible light has a wavelength from
about 700 nm to about 1000 nm.

30. The system of claim 27, wherein the non-visible light is in the near infrared
spectrum.

31. The system of claim 27, wherein the non-visible light has a wavelength from
about 700 nm to about 800 nm.

32. The system of claim 27, wherein the non-visible light is in the ultraviolet
spectrum.

33. The system of claim 27, wherein the non-visible light has a wavelength from
about 10 nm to about 400 nm.

34. The system of claim 27, wherein the non-visible light is in the near ultraviolet
spectrum.

35. The system of claim 27, wherein the non-visible light has a wavelength from
about 300 nm to about 400 nm.

36. The system of claim 27, wherein the control unit cycles at least one non-visible
light source with a rapid rate between off and on.

37. The system of claim 36, wherein the rate is concurrent with and synchronized to
the image capture rate of the camera.

38. The system of claim 36, wherein the rate is selected such that the fluorescence

response is captured by the camera.
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39. The system of claim 22, wherein the control unit allows for adjustment of the
programmed settings of the lighting system.
40. A surgical visualization system comprising:

a plurality of cameras configured to provide video of a surgical site;

at least one light source configured to provide illumination to the surgical site;

a viewing assembly comprising a pair of oculars and at least one display
viewable through the pair of oculars, wherein the viewing assembly is not associated
with a direct view surgical microscope having an optical path from the pair of oculars
to the surgical site;

an image processing system configured to receive acquired video of the
surgical site from the plurality of cameras and to provide output video to the at least
one display of the viewing assembly; and

wherein the image processing system is configured to:

switch between providing output video based on video acquired by a first
camera of the plurality of cameras to providing output video based on video acquired
with a second camera of the plurality of cameras;

determine a difference between the video acquired with the first camera and
the video acquired with the second camera; and

adjust a property of the camera, the at least one display, or the at least one
light source to reduce the determined differences.

41. A surgical visualization system comprising:

a plurality of cameras configured to provide video of a surgical site;

a viewing assembly comprising a pair of oculars and at least one display
viewable through the pair of oculars, wherein the viewing assembly is not associated
with a direct view surgical microscope having an optical path from the pair of oculars
to the surgical site;

an image processing system configured to receive acquired video of the
surgical site from the plurality of cameras and to provide output video to the at least
one display of the viewing assembly; and

wherein the image processing system is configured to:
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switch between providing output video based on video acquired by a first
camera of the plurality of cameras to providing output video based on video acquired
with a second camera of the plurality of cameras;
determine a difference between the video acquired with the first camera and
the video acquired with the second camera; and
adjust a property of the camera, the at least one display, or the at least one
light source to reduce the determined differences.
42. The surgical visualization systems of any of Claim 1 or 2, wherein the property of
the camera includes a sensor gain, the property of the at least one display includes display
brightness, and the property of the property of the at least one light source includes light

intensity.

Additional Numbered Example Embodiments

[0006] The following is a numbered list of example embodiments that are within
the scope of this disclosure. The example embodiments that are listed should in no way be
interpreted as limiting the scope of the embodiments. Various features of the example
embodiments that are listed can be removed, added, or combined to form additional
embodiments, which are part of this disclosure:

1. A stereo viewing system in which multiple sources of synchronized or a-
synchronized video streams emanating from endoscopes, proximal cameras, external sources
or stand-off cameras can be seen as a pair of stereo views with a right eye and left eye
perspectives to an object comprising:

an eye path comprised respectively of lenses, mirrors and beam combiners merging
one or more independent video sources to one or more displays.

a second eye path comprised respectively of lenses, mirrors and beam combiners
merging one or more independent video sources to one or more displays.

said right and left eye paths have at least one display panel, such as a liquid crystal
display or DMD containing a convergent perspective view from a source so that when
viewed the 2 eye paths yield a stereo or 3D image.

2. The Stereo viewing system of claim 1, wherein each of the said eye paths to each

eye contains alignment means, such as beam splitters or pellicle mirrors to register the 2 or

-88-



WO 2016/154589 PCT/US2016/024330

more displays with respect to each other so that all or part of the combined pair of displays
for each eye are seen by the viewer as one scene for each eye, the combined eye paths yield a
stereo or 3D view.

3. The Stereo viewing system of claim 1, wherein the said combined eye paths
contain a pair of displays, among the combined displays, displaying an object in the visible
waveband, nominally 400-700nm, as seen by 2 or more detectors producing a convergent
perspective excited by a visible source.

4. The Stereo viewing system of claim 1, wherein the said combined eye paths
contain a pair of displays, among the combined displays, displaying an object in the visible
waveband, nominally 400-700nm, as seen by one detector which receives a right eye image
on one portion of the detector and a left eye image on the remainder of the detector
producing a convergent perspective excited by a visible source.

5. The Stereo viewing system of claim 1, wherein the said combined eye paths
contain a pair of displays, among the combined displays, displaying an object in the near
infrared waveband, nominally 700-1100 nm, as seen by two or more detectors producing a
convergent perspective excited by an infrared source.

6. The Stereo viewing system of claim 1, wherein the said combined eye paths
contain a pair of displays, among the combined displays, displaying an object in the near
infrared waveband, nominally 700-1100 nm, as seen by one detector which receives a right
eye image on one portion of the detector and a left eye image on the remainder of the
detector producing a convergent perspective excited by an infrared source.

7. The Stereo viewing system of claim 1, wherein the said combined eye paths
contain a pair of displays, among the combined displays, displaying an object in the visible
waveband, nominally 400-700nm, as seen by two or more detectors producing a convergent
perspective excited by visible source with filters selected to pass light of wavelengths of
440nm to 460nm and 540 to 560nm, or other subsets of 400-700nm, to the object of interest.

8. A stereo viewing system in which multiple light sources can be independently
powered to produce images illuminated entirely by visible light, or subset of visible, e.g.,
narrow band imaging such as 440nm to 460nm and 540nm to 560nm, or by near infrared

sources.
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9. A stereo viewing system in which multiple light sources can be coordinated by
control means to combine simultaneous sources of different wavebands to be selectively
displayed to each eye to form visible images with overlays of subsets of visible or altered
visible or infrared images and whose emphasis can be controlled by means of regulating the
power provided to the different light sources.

10. A stereo viewing system in which multiple displays can be combined by means of
pellicle mirrors, beamsplitters, optics and prisms to add text or graphics or notations over a
primary scene for one or both eyes.

11. A stereo viewing system in which one or more displays can wirelessly transmit its
view to an external monitor.

12. A stereo viewing system in which the brightness contrast gamma and other
camera and light source and system settings are projected by means of a pico projector into
part of the sterile field so that the user does not break sterile field to control the system.

13. A stereo viewing system in claim 12, wherein the projected controls are visible in
the stereo display system by means of one or more cameras so that the operator does not look
away from the display.

14. A stereo viewing system in claim 12, wherein the projected controls are touched
by the user and an image processing unit detects the users hands and fingers and actives or
adjusts the buttons or other projected menus of the system.

15. A stereo viewing system in which each eye paths components, lenses, mirrors,
prisms, pellicles, and discrete displays lie substantially above the users line of sight or eye
level to permit a direct view of the patient when the user is not looking into the eye ports.

16. A stereo viewing system in which each eye path is comprised of an ocular unit
directed to a real image at a field stop of between 16 and 30mm yielding an apparent field of
view of between 50 degrees and 90 degrees with an eye relief of at least 18mm.

17. A stereo viewing system where the backlit display panels are replaced by
deformable mirror arrays and RGB illumination directed at each DMD with prisms, beam
splitters or pellicle mirrors to combine 2 or more DMD's per eye driven by synchronous or a-

synchronoussource&
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18. A stereo viewing system where the backlit display panels are illuminated by
LED's continuously on the back side of the panel with high power, e.g. 1 W, 2-4W's, or 5-
6W's.

Combinations
1. Any of the above Claims as part of a surgical visualization system comprising:

a binocular viewing assembly comprising a housing and a pair of eyepieces,
said eyepieces configured to provide a view of at least one display disposed in the
housing;

an optical assembly configured to provide a surgical microscope view of a
surgical site, the optical assembly comprising at least one auxiliary camera;

a positioning system, the binocular viewing assembly attached to the
positioning system, the positioning system configured to allow adjustment of a
position and/or orientation of the binocular viewing assembly and/or the optical
assembly; and

an image processing system in communication with the display, the image
processing system comprising at least one physical processor,

wherein the image processing system is configured to:

receive video images acquired by at least the auxiliary camera,

provide output video images based on the received video images, and

present the output video images on the display so that the output video images
are viewable through the eyepiece,

wherein the optical assembly is configured to provide a working distance that
is between about 15 cm and about 45 cm.

[0007] The systems, methods and devices described herein each have innovative
aspects, no single one of which is solely responsible for the desirable attributes disclosed

herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Throughout the drawings, reference numbers can be reused to indicate

general correspondence between reference elements. The drawings are provided to illustrate
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example embodiments described herein and are not intended to limit the scope of the
disclosure.

[0009] FIG. 1 illustrates an embodiment of the surgical visualization system
having an imaging system that can be configured to provide imagery similar to a direct-view
surgery microscope.

[0010] FIG. 2 illustrates an example surgical viewing system attached to an
articulating arm, the system including one or more cameras mounted on a binocular viewing
platform.

[0011] FIGS. 3A and 3B illustrate an example surgical viewing system that
includes an isocenter positioning system attached to the binocular viewing platform.

[0012] FIGS. 4A and 4B illustrate an embodiment of a surgical visualization
system having an optical imaging system mounted under the binocular viewing platform.

[0013] FIG. 5A illustrates an example embodiment of an optical imaging system
for use in a stereoscopic surgical viewing system, such as those illustrated in FIGS. 4A and
4B.

[0014] FIG. 6A is a front view of an embodiment of a surgical visualization
system, a movement control system, and an imager.

[0015] FIG. 6B is a front view of the embodiment of FIG. 6A with the movement
control system and imager shifted.

[0016] FIG. 6C is a partial section view of the embodiment of a movement
control system of FIG. 6A.

[0017] FIG. 7 is a side view of an embodiment of a surgical visualization system,
a movement control system, and an imager.

[0018] FIG. 8 is a rear view of an embodiment of an embodiment of a movement
control system.

[0019] FIG. 8A illustrates a perspective view of an example gimbal system for an
imager, the gimbal system coupled to a viewing assembly comprising two pairs of oculars.

[0020] FIG. 8B illustrates a perspective view of a second example gimbal system
for an imager, the gimbal system coupled to a viewing assembly.

[0021] FIGS. 9A-9B illustrate example display optical systems configured to

provide a view of a display or a pair of displays through oculars.
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[0022] FIG. 10 is a schematic illustration of a surgical visualization system
including an assistant display.

[0023] FIG. 11 schematically illustrates an example medical apparatus in
accordance with certain embodiments described herein.

[0024] FIGS. 12A-12C schematically illustrate another example medical
apparatus in accordance with certain embodiments described herein.

[0025] FIG. 13A illustrates a schematic of an example of a composite image with
a picture-in-picture (PIP) view of a surgical field.

[0026] FIG. 13B schematically illustrates a front view of an embodiment of a
medical apparatus incorporating left and right assemblies to produce a composite image of
two or more images for both left and right eyes.

[0027] FIG. 13B1 shows an illustration of an example medical apparatus
according to certain embodiments described herein.

[0028] FIG. 13B1-a shows a larger view of the side view of FIG. 13B1.

[0029] FIG. 13B1-b shows a larger view of the front view of FIG. 13B1.

[0030] FIG. 13B1-c shows the example medical apparatus of FIG. 13B1.

[0031] FIG. 13B1-d shows an illustration of a beam combiner, a first camera, and
a second camera.

[0032] FIGS. 13Bl-e and 13B1-f illustrate example display units and optical
paths of a medical apparatus.

[0033] FIG. 13C illustrates a schematic of an example view of multiple images of
a surgical field combined adjacent to one another.

[0034] FIG. 14A shows a schematic of an example medical apparatus comprising
a frame 510 disposed above a surgical site of a mock patient.

[0035] FIG. 14A1l-a, FIG. 14A1-b, and FIG. 14Al-c schematically illustrates
cameras mounted to a circular frame, a square frame, or a L-shaped frame respectively.

[0036] FIG. 14B1-a shows an illustration of an imaging system comprising a
camera, fiber optics, and a laparoscope.

[0037] FIG. 14B1-b shows an illustration of certain embodiments of a medical

apparatus having one or more proximal camera D on a frame.
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[0038] FIG. 14B2-a schematically illustrates imaging optics of an example
imaging system compatible with certain embodiments of cameras as described herein.

[0039] FIG. 14B2-b shows an illustration of an example top-down view of certain
embodiments disclosed herein.

[0040] FIG. 14B2-c shows an illustration of an example side-view of one optical
channel of the apparatus shown in FIG. 14B2-b.

[0041] FIG. 14B2-d shows an illustration of an example proximal camera
arrangement in accordance with certain embodiments described herein.

[0042] FIG. 14B2-e schematically illustrates a display viewable through portals.

[0043] FIG. 14B2-f shows an illustration of an example planar four-bar
mechanism.

[0044] FIG. 14B2-g shows an illustration of the side-view of FIG. 14B2-f.

[0045] FIG. 14B3 shows an illustration of an oblique camera orientation.

[0046] FIGS. 15-21 schematically illustrate examples of a medical apparatus that
utilize a mobile display device in accordance with certain embodiments described herein.

[0047] FIG. 22 shows an example medical apparatus having multiple displays
within the field of view of an ocular.

[0048] FIG. 23 illustrates an example embodiment of a mobile display device in
communication with a docking port disposed on a binocular display unit.

[0049] FIGS. 24-25 illustrate example headsets or head mounted displays used to
view images from a mobile display device.

[0050] FIGS. 26-30 illustrate various example display optics designs in
accordance with certain embodiments described herein

[0051] FIG. 31 illustrates a laser distance positioning guide in accordance with
certain embodiments described herein.

[0052] FIGS. 32-33 illustrate example embodiments on producing multiple
images in different wavelength bands.

[0053] FIG. 34 illustrates an example optical imaging system or camera in
accordance with certain embodiments described herein

[0054] FIG. 35 illustrates various embodiments for fluorescence imaging.

[0055] FIG. 36 illustrates various embodiments for narrow band imaging.
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[0056] FIGS. 37A-B illustrates an example ergonomically beneficial binocular
viewing assembly for providing a surgeon with video of a surgical site.

[0057] FIGS. 38-39 illustrate an example ergonomically beneficial binocular
viewing display having oculars beneath corresponding displays.

[0058] FIG. 40 illustrates an example surgical visualization system that includes a
primary surgeon camera and an assistant camera that is rotatable around a central aperture.

[0059] FIG. 41 illustrates an example binocular viewing assembly that includes
surgeon oculars and assistant oculars.

[0060] FIG. 42 illustrates an example optical imaging system for providing a
surgical microscope view of a surgical site.

[0061] FIG. 43 illustrates an example optical imaging system for providing a
surgical microscope view of a surgical site using a common objective for left and right
optical paths, wherein each optical path is split to at least two image sensors.

[0062] FIG. 44 illustrates an example of a low profile surgical microscope camera
assembly including a housing.

[0063] FIG. 45 illustrates an example visualization system with two binocular
display units configured for multi-view switching.

[0064] FIG. 46 illustrates an example binocular viewing display unit with camera
controls integrated with a handle.

[0065] FIG. 47 illustrates an example embodiment of an electro-mechanical
circuit diagram that has multiple switches which control one function.

[0066] FIG. 48 illustrates an example algorithm that demonstrates how a small set
of buttons can be configured to operate a larger number of functions.

[0067] Figure 49 schematically illustrates an example of an imaging system in a
simplified operating room configuration.

[0068] Figure 50A schematically illustrates an example visualization system
controller in accordance with certain embodiments described herein.

[0069] Figure 50B schematically illustrates a partial view of an example
visualization system controller operatively coupled to a first image acquisition subsystem
comprising a first camera and to a second image acquisition subsystem comprising a second

camera in accordance with certain embodiments described herein.
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[0070] Figure 50C schematically illustrates a partial view of an example
visualization system controller operatively coupled to first and second image acquisition
subsystems each comprising a camera and a light source in accordance with certain
embodiments described herein.

[0071] Figure 51 schematically illustrates an example camera comprising motors
and gears mounted to adjust pan, tilt, and focus in accordance with certain embodiments
described herein.

[0072] Figure 52 schematically illustrates an example remote control device
comprising a plurality of selector mechanisms (e.g., switches and buttons) in accordance with
certain embodiments described herein.

[0073] Figures 53A and 53B schematically illustrate example remote control
devices comprising a plurality of selector mechanisms (e.g., a rocker switch and a plurality of
buttons) configured to be operated by hand and by foot, respectively, in accordance with
certain embodiments described herein.

[0074] Figures 54A and 54B schematically illustrate an example remote control
device configured to be operated by hand in accordance with certain embodiments described
herein.

[0075] Figure 55 schematically illustrates an example surgical visualization
system utilizing a visualization system controller in accordance with certain embodiments
described herein.

[0076] Figure 56 schematically illustrates an example surgical visualization
system utilizing a visualization system controller comprising an image analyzer in
accordance with certain embodiments described herein.

[0077] Figure 57 is a flowchart of an example process for switching the image
acquisition subsystem selected to be the video source for the displayed image in accordance
with certain embodiments described herein.

[0078] Figure 58 is a flowchart of an example process for analyzing the image to
be displayed and adjusting the brightness of the image to be displayed in accordance with

certain embodiments described herein.
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[0079] Figure 59 is a flowchart of an example process for analyzing the image to
be displayed for peak emission response due to a duty cycle on a non-visible light source in

accordance with certain embodiments described herein.

DETAILED DESCRIPTION

[0080] The following description is directed to certain embodiments for the
purposes of describing the innovative aspects of this disclosure. However, a person having
ordinary skill in the art will readily recognize that the teachings herein can be applied in a
multitude of different ways. The described embodiments may be implemented in any device
or system that can be configured to provide visualization of a surgical site. Thus, the
teachings are not intended to be limited to the embodiments depicted solely in the figures and
described herein, but instead have wide applicability as will be readily apparent to one

having ordinary skill in the art.

Surgical Visualization System

[0081] To provide improved visualization of a surgical site, a surgical device can
be provided with multiple integrated cameras. Each of the cameras may capture a distinct
view of the surgical site. In some embodiments, imagery from the plurality of cameras may
be displayed to facilitate operation in a surgical site. Tiled, individual, and/or stitched
imagery from the multiple cameras can provide the user with a view of the surgical site. The
user can select the imagery to be displayed and the manner in which it is displayed for
enhanced utility during surgery. As used herein, the term imagery and images includes video
and/or images captured from one or more video cameras. Images from video are often
referred to as video images or simply images. The term images may also refer to still images
or snap shots. Video feed or video stream may also be used to describe the video images
such as video images from a camera.

[0082] The video cameras may comprise, for example, CCD or CMOS sensor
arrays or other types of detector arrays. A frame grabber may be configured to capture data
from the cameras. For example, the frame grabber may be a Matrox Solios eA/XA, 4 input
analog frame grabber board. Image processing of the captured video may be undertaken.

Such image processing can be performed by, for example, the Matrox Supersight E2 with
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Matrox Supersight SHB-5520 with two Intel Six Core Xeon E5645 2.4 GHz processors with
DDR3-1333SDRAM. This system can be designed to support eight or more camera inputs
using two Matrox Solios eA/XA, 4 input, analog frame grabber boards. More or fewer
cameras may be employed. In some implementations, a field programmable gate array
(“FPGA”) can be used to capture and/or process video received from the cameras. For
example, the image processing can be performed by Xilinx series 7 FPGA boards. Other
hardware devices can be used as well, including ASIC, DSP, computer processors, a graphics
board, and the like. The hardware devices can be standalone devices or they can be
expansion cards integrated into a computing system through a local computer bus, e.g., a PCI
card or PCle card.

[0083] FIG. 1 shows an example embodiment of a surgical visualization system
1. As illustrated, the system 1 includes a console and electronics 3 from which three arms 5,
7 and 7b extend. The first arm 7 has mounted to its distal end a viewing platform 9. The
viewing platform may include two oculars 11 and be configured similarly to a standard
surgical microscope viewing platform. In some embodiments, however, unlike a
conventional surgical microscope or a head mounted display the viewing platform 9 is not a
direct view device where the surgeon or other user sees directly through the platform, e.g., an
aperture in the platform. In some embodiments, regardless whether the user can view
directly through the viewing platform, the surgical visualization system 1 can be configured
to display video in a manner that the video displayed is decoupled from movement of the
surgical microscope cameras such that a user can adjust the position and/or orientation of the
surgical microscope cameras without moving the oculars 11 or the user adjusting position.
As discussed in more detail below, the viewing platform 9 may include displays that receive
signals from cameras that the surgeon or user employs to view the surgical site.

[0084] In some embodiments, cameras can be mounted to the viewing platform 9
and the cameras can be configured to provide imagery of the surgical site. Accordingly, the
cameras can be used to provide imagery similar to a conventional surgical microscope. For
example, the cameras on the viewing platform 9 can be configured to provide a working
distance, or a distance from the viewing platform 9 to the patient, that can vary using
zooming. The virtual working distance can vary, where the working distance can be at least

about 150 mm and/or less than or equal to about 450 mm, at least about 200 mm and/or less
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than or equal to about 400 mm, or at least about 250 mm and/or less than or equal to about
350 mm. The working distance can be selected and/or changed by the surgeon. In some
embodiments, changing the working distance does not affect the position and/or orientation
of the oculars 11 with respect to the user or surgeon. In various embodiments, different
objectives having different work distances can be employed for different procedures. One
objective can be switched out for another objective to provide a different work distance for a
different procedure. In some embodiments, zoom lens systems are included to provide the
ability to vary working distance. In some embodiments, the cameras mounted on the viewing
platform 9 can be used to provide gesture recognition to allow a surgeon to virtually interact
with imagery provided by the display using the surgeon’s hands, a surgical tool, or both, as
described in greater detail herein.

[0085] The second arm 5 has mounted to its distal end an input and display device
13. In some embodiments, the input and display device 13 comprises a touchscreen display
having various menu and control options available to a user. In some embodiments, the
touchscreen can be configured to receive multi-touch input from ten fingers simultaneously,
allowing for a user to interact with virtual objects on the display. For example, an operator
may use the input device 13 to adjust various aspects of the displayed image. In various
embodiments, the surgeon display incorporating a video camera providing a surgical
microscope view may be mounted on a free standing arm, from the ceiling, on a post, or the
like. The flat panel display touch screen 13 may be positioned on a tilt/rotate device on top
of the electronics console.

[0086] A surgical tool 17 can be connected to the console 3 by electrical cable 19.
The surgical tool 17 includes, for example, a cutting tool, a cleaning tool, a device used to cut
patients, or other such devices. In other embodiments, the surgical tool 17 may be in
wireless communication with the consle 3, for example via WiFi (e.g., IEEE 802.11a/b/g/n),
Bluetooth, NFC, WiGig (e.g., IEEE 802.11ad), etc. The surgical tool 17 may include one or
more cameras configured to provide imagery, e.g., image and/or video data. In various
embodiments, video data can be transmitted to a video switcher, camera control unit (CCU),
video processor, or image processing module positioned, for example, within the console 3.
The video switching module may then output a display video to the viewing platform 9. The

operator may then view the displayed video through the oculars 11 of the viewing platform 9.
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In some embodiments, the binoculars permit 3D viewing of the displayed video. As
discussed in more detail below, the displayed video viewed through the viewing platform 9
may comprise a composite video formed (e.g., stitched or tiled) from two or more of the
cameras on the surgical tool 17.

[0087] In use, an operator may use the surgical tool 17 to perform open and/or
minimally invasive surgery. The operator may view the surgical site by virtue of the
displayed video in the viewing platform 9. Accordingly, the viewing platform (surgeon
display system) 9 may be used in a manner similar to a standard surgical microscope
although, as discussed above, the viewing platform 9 need not be a direct view device
wherein the user sees directly through the platform 9 to the surgical site via an optical path
from the ocular through an aperture at the bottom of the viewing platform 9. Rather, in
various embodiments, the viewing platform 9 includes a plurality of displays, such as liquid
crystal or light emitting diode displays (e.g., LCD, AMLCD, LED, OLED, etc.) that form an
image visible to the user by peering into the ocular. Accordingly, one difference, however, is
that the viewing platform 9 itself need not necessarily include a microscope objective or a
detector or other image-capturing mechanisms. Rather, the image data can be acquired via
the cameras of the surgical tool 17. The image data can then be processed by a camera
control unit, video processor, video switcher or image processor within the console 3 and
displayed imagery may then be viewable by the operator at the viewing platform 9 via the
display devices, e.g., liquid crystal or LED displays, contained therein. In some
embodiments, the viewing platform 9 can provide a view similar to a standard surgical
microscope using cameras and displays and can be used in addition to or in conjunction with
a standard surgical microscope optical pathway in the viewing platform. In certain
embodiments, the viewing platform 9 can provide a surgical microscope view wherein
changes in the viewing angle, viewing distance, work distance, zoom setting, focal setting, or
the like is decoupled from movement of the viewing platform 9. In certain embodiments,
changes in the position, pitch, yaw, and/or roll of the imaging system 18 are decoupled from
the viewing platform 9 such that the imaging system 18 can move and/or re-orient while the
surgeon can remain stationary while viewing video through the oculars 11.

[0088] The third arm 7b can include an imaging system 18 that can be configured

to provide video similar to a direct-view surgery microscope. The imaging system 18 can be
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configured, then, to provide a surgical imaging system configured to provide an electronic
microscope-like view that can comprise video of the work site or operational site from a
position above the site (e.g., about 15 — 45 cm above the surgical site) or from another
desired angle. By decoupling the imagers 18 from the display, the surgeon can manipulate
the surgical imaging system to provide a desired or selected viewpoint without having to
adjust the viewing oculars. This can advantageously provide an increased level of comfort,
capability, and consistency to the surgeon compared to traditional direct-view operating
microscope systems. In some embodiments, as described herein, the imagers 18 can be
located on the viewing platform 9, on a dedicated arm 7b, on a display arm 5, on a separate
post, a separate stand, supported from an overhead structure, supported from the ceiling or
wall, or detached from other systems. The imagers 18 can comprise a camera configured to
be adjustable to provide varying levels of magnification, viewing angles, monocular or stereo
imagery, convergence angles, working distance, or any combination of these.

[0089] The viewing platform 9 can be equipped with wide field-of-view oculars
11 that are adjustable for refractive error and presbyopia. In some embodiments, the oculars
11, or eyepieces, may additionally include polarizers in order to provide for stereoscopic
vision. The viewing platform 9 can be supported by the arm 7 or 7b, such that it may be
positioned for the user to comfortably view the display 13 through the oculars 11 while in
position to perform surgery. For example, the user can pivot and move the arm 7 or 7b to re-
orient and/or re-position the viewing platform 9. In some embodiments, the viewing platform
9 can be positioned above the patient while in use by the surgeon or other user. The surgeon
can then be positioned next to the patient while performing surgery.

[0090] In some embodiments, the image processing system and the display
system are configured to display imagery placed roughly at infinity to reduce or eliminate
accommodation and/or convergence when viewing the display. For example, the display
system can be configured with sufficient eye relief for the user to reduce fatigue associated
with using the display system. A display optical system can include one or more lenses and
one or more redirection elements (e.g., mirrors, prisms) and can be configured to provide
light from the display that can be imaged by a binocular viewing assembly comprising a pair
of oculars, objectives, and/or turning prisms or mirrors. The display devices such as liquid

crystal displays can be imaged with the objective and the pair of oculars and display optical
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system within the viewing platform 9. The binocular assembly and display optical system can
be configured to produce an image of the displays at infinity. Such arrangements may
potentially reduce the amount of accommodation by the surgeon. The oculars can also have
adjustments (e.g., of focus or power) to address myopia or hyperopia of the surgeon.
Accordingly, the surgeon or other users may view the displays through the oculars without
wearing glasses even if ordinarily prescription glasses were worn for other activities.

[0091] In certain implementations, the display optical system does not include a
pair of oculars but instead includes two or more chambers that are optically separate to form
left and right eye paths. In such implementations, the display optical system can be baffled
to prevent light communication between the left and right eye channels. To adjust for
different accommodations, the displays within the display system can be configured to move
toward and/or away from the viewer along the optical path. This can have an effect similar
to varying focal lengths of lenses in an ocular system. In some embodiments, the display
housing with the electronic displays can change to move the displays closer or further from
the viewer along the optical path. In some embodiments, both the display housing and the
electronic displays are configured to be adjustable along the optical path to adjust for
accommodation.

[0092] In some embodiments, the viewing platform 9 can include one or more
imagers configured to provide electronic microscope-like imaging capabilities. FIG. 2
illustrates an example surgical imaging system 51 attached to an arm 7, the system 51
including one or more cameras 18 mounted on a viewing platform 9. The cameras 18 can be
configured to provide imagery of a worksite. The image data can be presented on a display
that the user can view using oculars 11 mounted on the viewing platform 9. This design can
be used to mimic other direct-view microscopes, but it can also be configured to provide
additional capabilities. For example, the surgical imaging system 51 can be configured to
have a variable working distance without adjusting the viewing platform 9 or the articulating
arm 7. In some embodiments, the working distance can be adjusted by adjusting one or more
elements of imaging optics of the camera(s) 18 mounted on the viewing platform 9. In
certain implementations, the working distance can be adjusted by adjusting a zoom or focal
length of a zoom optical apparatus. The surgical imaging system 51 can be configured to

provide image processing capabilities such as electronic zooming and/or magnification,
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image rotation, image enhancement, stereoscopic imagery, and the like. Furthermore, the
imagery from the cameras 18 can be combined with imagery from cameras on the surgical
device 17. In some embodiments, the surgical imaging system 51 can provide fluorescence
images.

[0093] Although the discussion considers images from surgical tools, numerous
embodiments may involve at least one auxiliary video camera 18 and one or more other
cameras that are not disposed on surgical tools but are disposed on other medical devices.
These medical devices may include devices introduced into the body such as endoscopes,
laparoscopes, arthroscopes, etc.

[0094] Accordingly, one or more displays such as the at least one display 13
included in the viewing platform 9 may be used to provide a surgical microscope view using
one or more cameras such as the auxiliary video camera(s) 18 as well as to display views
from one or more cameras located on such medical devices other than surgical tools. In
some embodiments, cameras from a variety of sources, e.g., surgical tools and other medical
devices, in any combination, may be viewed on the display(s) on the surgical platform
together with the surgical microscope view from the auxiliary video cameras 18. As
described herein, the displays may provide 3D thus any of the images and graphics may be
provided in 3D.

[0095] In various embodiments, a virtual touchscreen may be provided by the
auxiliary video cameras 18 or other virtual touchscreen cameras mounted to the viewing
platform 9. Accordingly, in some embodiments a user may provide a gesture in the field of
view of the auxiliary video cameras and/or virtual touchscreen cameras and the processing
module can be configured to recognize the gesture as an input. Although the virtual display
has been described in the context of the auxiliary video cameras 18, other cameras, e.g.,
virtual reality input cameras, possibly in addition to the auxiliary video cameras 18 may be
used. These cameras may be disposed on the viewing platform 9 or elsewhere, such as the
third arm 7b. As described herein the displays may provide 3D thus the virtual reality
interface may appear in 3D. This may increase the immersive quality of the viewing
experience, enhancing the detail and/or realistic presentation of video information on the

display.
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[0096] In some embodiments, as illustrated in FIG. 3A, the surgical imaging
system 51 includes an isocenter positioning system 52 attached to the viewing platform 9.
The isocenter positioning system 52 can include a single track or guide configured to move
and orient the cameras 18 such that they are substantially pointed at a single point 53, the
isocenter. In some embodiments, a second track or guide can be attached to the first guide in
an orthogonal manner to provide movement along two dimensions while substantially
maintaining the pointing angle towards the isocenter 53. Other configurations can be used to
provide isocenter pointing capabilities, such as articulating arms, electro-mechanical
elements, curved friction plates, etc. In some embodiments, as illustrated in FIG. 3B, the
imaging system is configured to move in an isocenter manner. This can be used to enhance
dexterity of the user of the system because hand-eye coordination is increased or maximized.
Such enhanced dexterity can be vital for prolonged and/or difficult surgery. In the displayed
embodiment, the horizons of the acquisition systems are configured to be horizontal to match
the horizon of the display system and the user. As shown in FIG. 3B, in various
embodiments, a stereo imaging system may be maintained in a horizontal configuration as it
is moved across a range of locations to avoid confusion for the user viewing the video from
the stereo camera. By maintaining a common relative horizon between the display and the
acquisition system, the user can relatively easily translate hand motion to manipulation of
objects in the display, which may not be the case where translation of the acquisition system
is accompanied by a relative rotation between the display and the acquisition system.

[0097] In the embodiments illustrated in FIGS. 3A and 3B, the isocenter
assemblies can be a part of the display system or a separate, independent system. For
example, the viewing platform 9 can be mounted on a separate arm from the cameras 18.
Thus, the display and the image acquisition of the surgical imaging system can be decoupled,
similar to the embodiment illustrated in FIG. 1. By decoupling the isocenter cameras 18
from the display ergonomic benefits are provided such as, for example, the surgeon does not
need to be looking through binoculars for an extended period of time or at an uncomfortable
position or angle. In various embodiments, a common relative horizon for both the display
and the acquisition system may also be employed.

[0098] In some embodiments, the distance between the surgical site of interest

and the imagers, e.g., the working distance, can be at least about 20 cm and/or less than or
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equal to about 450 cm, at least about 10 cm and/or less than or equal to about 50 cm, or at
least about 5 cm and/or less than or equal to about 1 m, although values outside this range are
possible.

[0099] The user can interact with the surgical imaging system 51 to select a
working distance, which can be fixed throughout the procedure or which can be adjusted at
any point in time. Changing the working distance can be accomplished using elements on a
user interface, such as a graphical user interface, or using physical elements such as rotatable
rings, knobs, pedals, levers, buttons, etc. In some embodiments, the working distance is
selected by the system based at least in part on the cables and/or tubing being used in the
surgical visualization system. For example, the cables and/or tubing can include an RFID
chip or an EEPROM or other memory storage that is configured to communicate information
to the surgical imaging system 51 about the kind of procedure to be performed. For an
ENT/Head/Neck procedure, the typical working distance can be set to about 40 cm. In some
embodiments, the user’s past preferences are remembered and used, at least in part, to select
a working distance.

[0100] In some embodiments, the working distance can be changed by translating
an imaging lens or imaging lenses along a longitudinal axis (e.g., a z-axis parallel to gravity).
The imaging lens(es) can be translated in an orthogonal and/or transverse direction (e.g., x-
and/or y-axis) to adjust a convergence angle with changes in the working distance. In this
way, the viewing platform 9 and/or the position of the cameras 18 can remain relatively fixed
with changes in working distance. This can also provide for stereoscopic image acquisition,
thereby providing 3D video to the surgeon while being able to change working distance.

[0101] In some embodiments, gross focus adjustment can be accomplished
manually by positioning the cameras 18 and arm 7. The fine focus adjustment can be done
using other physical elements, such as a fine focusing ring, or it can be accomplished
electronically.

[0102] In some embodiments, the magnification of the surgical imaging system
51 can be selected by the user using physical or virtual user interface elements. The
magnification can change and can range between about 1x and about 6x, between about 1x
and about 4x, or between about 1x and about 2.5x. Embodiments may be able to change

between any of these such as between 2.5x and 6x or between 2.5x and 6x. Values outside
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these ranges are also possible. For example, the system 51 can be configured to provide
magnification and demagnification and image inversion, with a range from about -2x to
about 10x, from about -2x to about 8x, from about -2x to about 4x, from about -0.5x to about
4x, or from about -0.5x to about 10x. The surgical imaging system 51 can be configured to
decouple zoom features and focus adjustments, to overcome problems with traditional
operating room microscopes. In some embodiments, the surgical visualization system 51 can
be used to provide surgical microscope views. In some embodiments, the surgical imaging
system 51 can decouple instrument myopia by providing an electronic display instead of a
direct view of a scene. The electronic displays can be configured to be focused at varying
levels of magnification allowing the user to view the displays without adjusting the oculars
between magnification adjustments. Moreover, in various embodiments, the oculars can be
configured to provide continuous views at infinity. In some embodiments, however, the
principal user of the surgical imaging system may select an accommodation level for the
oculars, rather than using a relaxed view provided by the electronic displays. The electronic
displays, in various embodiments, however, can remain in focus and the ocular adjustments
do not affect the focus of the various video acquisition systems. Thus, adjustments by the
principal user do not affect the views of the other users of the system viewing, for example,
other displays showing the video, as the cameras/acquisition systems can remain focused. In
some embodiments, the surgical imaging system 51 can be focused at a relatively close
working distance (e.g., a distance with a relatively narrow depth of field) such that the image
remains focused when moving to larger working distances (e.g., distances with broader depth
of field). Thus, the surgical imaging system 51 can be focused over an entire working range,
reducing or eliminating the need to refocus the system after magnification or zoom
adjustments are made.

[0103] In some embodiments, the surgical imaging system 51 includes an afocal
zoom assembly to provide changes in magnification. The afocal zoom assembly comprises
an afocal system that can be used to provide variations in magnification at a fixed working
distance and/or to provide variations in magnification with changes in working distance. In
certain embodiments, the surgical imaging system 51 includes a common objective for left
and right optical paths (e.g., left and right lens systems) corresponding to left and right

imaging sensors configured to produce images for the left and right eyes of the user. The left
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and right lens systems can each comprise one or more lenses or lens groups disposed in each
of the respective left and right paths. The common objective (e.g., a single lens, compound
lens, or lens group) can be configured to have a focal length corresponding to a distance to
the object. The afocal zoom assembly can thus receive collimated light from the objective
and produce collimated light while changing a magnification of the optical system of the
surgical imaging system 51. The zoom or variable magnification can provide selectable
magnification or zoom. In certain embodiments, the surgical imaging system 51 includes a
variable diaphragm to adjust the aperture of the optical system. The variable diaphragm can
be adjusted to increase or decrease the f-number of the optical system or the variable
diaphragm can be adjusted to maintain a relatively constant f-number with changes in the
magnification of the optical system.

[0104] In some embodiments, the surgical imaging system 51 includes a zoom
optical system that functions to change working distance and/or magnification. The surgical
imaging system 51 can also include a zoom objective lens and one or more afocal zoom
assemblies.

[0105] The surgical imaging system 51 can include a gimbal system to point the
camera(s), for example, objective as desired. In various embodiments, the gimbal system is
configured to provide isocentric views of the worksite or surgical site. The gimbal system
can be configured to change the relative position and/or orientation of imaging optics to
maintain a isocentric views. In some embodiments, the gimbal system can be configured to
move the imaging system (e.g., the optical assembly) while maintaining the isocentric view
while also maintaining the position and/or orientation of the oculars of the surgical imaging
system 51 relatively motionless.

[0106] FIGS. 4A and 4B illustrate an embodiment of the surgical imaging system
51 having an optical system 53 mounted under the viewing platform 9. As illustrated, the
optical components are shown as free-standing to show the structure of the components, but
in practice the optical components 53 will be mounted within or on a structure attached to the
viewing platform. In some embodiments, the optical system 53 and/or the cameras 18
(discussed above) can be modular and can be selected and swapped for use with the surgical

imaging system 51.
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[0107] The optical system 53 is configured to provide stereo image data to the
imaging system 51. The optical system 53 includes a turning prism 54 to fold the optical
path underneath the viewing platform 9 to decrease the physical extent (e.g., length) of the
imaging system under the viewing platform 9. The turning prism 54 can be configured to fold
the optical path from vertical to horizontal. This design can reduce the thickness (e.g.,
vertical dimension) of the optical system 53. This configuration can also reduce the size of
any housing used to house the optical system 53. This approach can also reduce the size of
the viewing platform 9, for example, where the optical system is incorporated into the
housing of the viewing platform 9.

[0108] The optical system 53 can include, in some embodiments, an objective
lens or objective lens group, an afocal zoom lens group, an imaging lens or lens group, and
an image sensor or other similar detector. The afocal zoom lens group can be adjusted or
manipulated to receive and produce a collimated beam wherein the adjustments alter the
zoom or magnification of the optical system 53. The optical system 53 can include a
common objective lens or objective lens group for both right and left optical paths (e.g.,
corresponding to right and left eye views for a stereoscopic display). Alternatively, the
optical system 53 can include a separate objective lenses or lens groups for both right and left
optical paths (e.g., corresponding to right and left eye views for a stereoscopic display). In
various embodiments, the objective provides a collimated beam to the afocal zoom. The
afocal zoom may also output a collimated beam in certain embodiments. In some
embodiments, the optical system 53 is configured to translate the imaging lens or imaging
lens group along a longitudinal axis or vertical axis (e.g., a z-axis) to change the working
distance. The optical system 53 can also be configured to translate the imaging lens or
imaging lens group along a transverse or horizontal axis (e.g., a x- and/or y-axis) to alter the
convergence angle. In some implementations, alterations of the convergence angle
correspond to changes in the working distance to maintain appropriate convergence at a
targeted location or distance. For example, as the working distance decreases, the
convergence angle can be made to increase. In certain embodiments, the convergence angle
of the optical system 53 can be about 3 degrees at about 300 mm working distance, or

between about 2 degrees and about 5 degrees at between about 150 mm and about 500 mm
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working distance, or between about 1 degree and about 10 degrees at between about 50 mm
and about 1000 mm working distance. Values outside these ranges are also possible.

[0109] In some embodiments, the optical system 53 includes a zoom optical
system that functions to change working distance and/or magnification. The optical system
53 can also include a zoom objective lens and one or more afocal zoom assemblies.

[0110] In some embodiments, the optical system 53 comprises a Greenough-style
system wherein the optical paths for each eye have separate optical components. In some
embodiments, the optical system 53 comprises a Galilean-style system wherein the optical
paths for each eye pass through a common objective. The Greenough-style system may be
preferable where imaging sensors are being used to capture and convey the image data as
compared to the Galilean-style system. The Galilean system can introduce aberrations into
the imagery by virtue of the rays for each eye’s optical path passing through a periphery of
the objective lens. This does not happen in the Greenough-style system as each optical path
has its own optics. In addition, the Galilean system can be more expensive as the objective
used can be relatively expensive based at least in part on the desired optical quality of the
lens and its size.

[0111] The optical system 53 can include two right-angle prisms 54, two zoom
systems 55, and two image sensors 56. This folding is different from a traditional operating
room microscope because the optical path leads to image sensors rather than to a direct-view
optical system.

[0112] In some embodiments, the optical system 53 can have a relatively constant
F-number. This can be accomplished, for example, by varying the focal length and/or
aperture of the system based on working distance and/or magnification. In one embodiment,
as the focal length changes, the eye paths can move laterally apart (or together), the prisms
54 can rotate to provide an appropriate convergence angle, and the apertures can change their
diameters to maintain the ratio of the focal length to the diameter a relatively constant value.
This can produce a relatively constant brightness at the image sensor 56, which can result in
a relatively constant brightness being displayed to the user. This can be advantageous in
systems, such as the surgical visualization systems described herein, where multiple cameras
are being used and changing an illumination to compensate for changes in focal length,

magnification, working distance, and/or aperture can adversely affect imagery acquired with
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other cameras in the system. In some embodiments, the illumination can change to
compensate for changes in the focal length and/or the aperture so as to provide a relatively
constant brightness at the image sensors 56. In some embodiments, illumination can be
provided through the objective lens or objective lens group of the optical assembly 53.

[0113] The optical assembly 53 can include a zoom system 55 configured to
provide a variable focal distance and/or zoom capabilities. A Galilean-style stereoscopic
system generally includes a common objective for the two eye paths. When this optical
system is imaged with image sensors 56, it can create aberrations, wedge effects, etc. that can
be difficult to compensate for. In some embodiments, the surgical imaging system 51 can
include a Galilean-style optical system configured to re-center at least one of the stereo paths
to a central location through the objective lens, which can be advantageous in some
applications.

[0114] In some embodiments, the real-time visualization system utilizes a
Greenough-style system. This can have separate optical components for each stereo path.
The optical assembly 53 can be configured to provide variable magnification and/or afocal
zoom and can be configured to operate in a magnification range from about 1x to about 6x,
or from about 1x to about 4x, or from about 1x to about 2.5x.

[0115] The distal-most portion of the Greenough assembly 53 can be similar in
functionality to an objective lens of a typical, direct-view operating room microscope with
the working distance set approximately to that of the focal length. The working distance, and
in some implementations the focal length, can be between about 20 cm and about 40 cm, for
example. In some embodiments the work distance may be adjustable from 15 cm to 40 cm or
to 45 cm. Other values outside these ranges are also possible. In some embodiments, the
surgical imaging system 51 includes an opto-mechanical focus element configured to vary
the focal length of a part of the optical assembly 53 or the whole optical assembly 53.

[0116] FIGS. 5A illustrates an example embodiment of an optical assembly 53 for
use in a stereoscopic surgical imaging system, such as those described herein with reference
to FIGS. 4A-4B. FIG. 5A illustrates a side view of an example optical assembly 53
configured to use a turning prism 54 to fold an optical path from a tissue 57 to a sensor 56
along a lens train 55 that is situated near or adjacent to a viewing platform 9. This can

advantageously provide a relatively long optical path in a relatively compact distance.
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[0117] In some embodiments, the optical assembly 53 includes a source of
illumination, such as a fiber optic or light emitting diode (LED) or other type of light source
providing light through one or more of the optical elements of the optical assembly 53. In
certain implementations, the light source (e.g., fiber optic, LED, etc.) provides illumination
through the objective lens or objective lens group to provide illumination to the worksite. (A
beamsplitter or beam combiner may be used to couple light into the optical path or the light
source may itself be disposed in the optical path.) This arrangement can be useful as the light
from the light source (e.g., fiber optic, LED, etc.) can be directed to the worksite along a
similar optical path as light arriving from the worksite. This configuration can help the user
to control the location and/or amount of illumination provided by the light source (e.g. fiber
optic, LED, etc.). For example, the user can direct the illumination to the same location that
the user is viewing. As another example, changes in the relative positions of the objective
lens and light source (e.g., fiber optic, LED, etc.) can change the divergence of the light to
increase or decrease the amount of light per unit area at the worksite. As another example,
changes in the focal length of the objective lens group can change the divergence of the light
from the light source (e.g., fiber optic, LED, etc.) to control illumination at the worksite. In
some embodiments, additional optics such as beam shaping optics may be included for the
light source. One or more lenses may for example be disposed forward of the fiber optic or
LED or other light source and may be adjustable, to control divergence and/or beam size.

[0118] In some embodiments, the source of illumination can be controlled using a
gimbal. The light source may be mounted on a gimbal or one or more other
translation/rotation devices to provide the ability to controllably redirect the beam into
different directions. The gimbal or other orientation control device may be moved manually
or have electrically driven actuators to control movement of the system and the direction of
the beam. The gimbal can be used to provide illumination with variable pitch. The gimbal
can also be used to steer the illumination to provide light at a targeted location, with a
targeted intensity, and/or from a desired or selected angle.

[0119] Multiple light sources may be employed. These multiple light sources
may, for example, be on opposite sides of the optical path. In some embodiments, different
light sources are mounted on different gimbals (or motion and/or orientation control systems)

such as described above and elsewhere herein. Accordingly, a plurality of beams may be
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controlled so that a first beam from a first light source may be directed in a first direction
(possibly using a first gimbal system) and a second beam from a second light source may be
directed in a second different direction (possibly using a second gimbal system) and the first
and second light sources and directions can be separately changed subsequently. In some
embodiments, the size of the beam at the object is less than the field of view of the camera
imaging the object. The multiple light sources can be used to fill a larger portion of that field
of view that is larger than the beam from a single light source. In various embodiments, the
plurality of beams from the plurality of light sources fills at least as large as the field of view
of the one or more cameras imaging the object.

[0120] In various embodiments, as the optical assembly changes zoom or
magnification, the illumination from the light source (e.g., fiber optic or LED) can change.
For example, variable divergence of the illumination can accompany changes in zoom of the
optical assembly 53 to place more light energy in an area for imaging that area. In some
implementations, the fiber optic illumination source can be adjusted to maintain a relatively
constant divergence with changes in zoom of the optical assembly 53 by placing the
illumination at a place in the optical assembly 53 or elsewhere where the optical properties
remain relatively constant with changes in zoom.

[0121] In some embodiments, the optical assembly 53 can include a common
objective lens with one or more zoom lenses (e.g. Galilean configuration) or can have
separate objectives for separate left and right optical paths (e.g., Greenough configurations)
with the fiber optic illumination or other illumination. This arrangement can be used to
transform the effective numerical aperture of the fiber optic (or other type of light source) to
achieve targeted or desired illumination effects. In some embodiments, the source of
illumination is remote from the optical assembly 53 and may be delivered to the worksite
through the fiber optic. In other embodiments, however, as described above, instead of
employing a fiber optic, a light source such as a light emitting diode (LED) or other emitter
(e.g., solid state emitter), with or without beam shaping optics (e.g., one or more lenses) can
be employed instead of a fiber. One or more fibers and one or more light sources (such as
multiple LEDs) can be employed, for example, at different location such as on opposite sides
of the optical path or surgical site. Similar combination of one or more fiber and one or more

light source such as one or more LEDs can be used. As described above, these can be
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included in the optical system in some embodiments such that the light from the fiber or light
source propagates through the camera optics used for imaging (e.g., objective, afocal zoom,
and/or imaging lens) to illuminate the surgical site or a portion thereof. In various
embodiments, the light from the light source propagates through the objective (and not the
afocal zoom and/or imaging lens) prior to being incident on the object. Such a configuration
can reduce the amount of back reflected from the optical surfaces that results in light incident
on the sensor. In various embodiments, a beam splitter or beam combiner (e.g., prism) may
be use to couple the illumination beam into the optical path of the camera. In other cases, the
light source may be disposed itself in the optical path. In some embodiments the light source
(e.g., fiber, LED, etc.) is disposed adjacent to the camera and does not couple light such that
the light propagates through the camera optics prior to being incident on the surgical site.
[0122] Light sources may be used in connection with providing illumination of
the object for the one or more proximal cameras disposed above the surgical site or body by,
e.g., 25-40 mm, for one or more cameras mounted on a surgical tool, as well as for one or
more cameras that provide a surgical microscope view, for other cameras or for any
combination thereof. The light sources and illumination configurations including for
example the gimbals or other positioning orientation devices may be useful for any of these
applications (e.g., one or more proximal cameras, one or more cameras on a surgical tool(s),
etc.) and may be used for other types of cameras (stereo or otherwise) as well. As discussed
above, the cameras may have a Galilean or Greenough like configuration and illumination
may be provided through at least a portion of the camera optics (e.g., one or more camera

lenses) in either the left or right channels or both in the case of stereo cameras.

Movement Control System

[0123] FIGS. 6A-C illustrate embodiments of components of a movement control
system 10100 that can be configured to allow an operator of the surgical visualization system
1, such as a medical professional or assistant, to control the movement of one or more
imagers 18. Such imagers may comprise cameras that provide a surgical microscope view
through the oculars 11 or eyepieces of the binocular display unit 9. In various embodiments,
the movement control system can enable the imagers 18 to be moved without changing the

positioning of oculars 11, and thus an operator can remain in an ergonomic position while

-113-



WO 2016/154589 PCT/US2016/024330

changing the view provided by the imager 18. The imager 18 can be on the binocular display
unit 9 or located elsewhere such as on a separate platform or articulated arm. Additionally,
unlike conventional articulated optical systems which are generally unwieldy, complex, and
have the potential for introducing optical aberrations, use of the movement control system
10100 with the surgical visualization system 1 can result in a simplified system with greater
optical clarity and range of movement. It should be appreciated by one of skill in the art that,
while the description of the movement control system 10100 is described herein in the
context of medical procedures, the movement control system 10100 can be used for other
types of visualization and imaging systems. Movement of the imagers 18 can be performed
prior to and/or during the activity, such as surgical procedures, dental procedures, and the
like. Movement of the imagers 18 can advantageously allow a medical professional or other
operator to alter the view through oculars 11, for example, to provide different surgical
microscope-like electronic visualizations which might be beneficial during the course of a
medical procedure or for different surgical procedures.

[0124] In some embodiments, control of the movement of the imager 18 can be
achieved using a single control member such as 10110. This provides the advantage of
allowing single-handed operation of the movement control system 10100 which can, for
example, allow a medical professional to move one or more imagers 18 using only one hand
while using a second hand for other tasks such as performing surgical techniques. It should
be appreciated by one of skill in the art that, while the description of the movement control
system 10100 is described herein in the context of medical procedures, the movement control

system 10100 can be used for other types of visualization and imaging systems.

Operation
[0125] As illustrated in FIGS. 6A-C, in some embodiments, the control member,

such as a joystick, 10110 can be used to translate the imager 18, adjust the pitch, yaw, and/or
roll of the imager 18, and/or adjust the working distance of the imager 18. In some
embodiments, the oculars 11 can remain immobile when translating the imager 18, adjusting
the pitch, yaw, and/or roll of the imager 18, and/or adjusting the working distance of the
imager 18. The ability for a single control member 10110 to control translation, adjustments

to pitch and/or yaw, and/or adjustments to the working distance can beneficially simplify
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operation of the device as an operator need not release the control member 10110 to control
multiple aspects of its operation. For example, an operator can translate the imager 18 and
subsequently adjust the pitch and/or yaw without having to release the control member 10110
thereby increasing ease-of-use of the system and enhancing efficiency when using this
system.

[0126] As shown in FIG. 6C, one or more control members of the movement
control system 10100, such as control member 10110, and/or one or more imager arms (see
FIG. 7) can be attached to a component of the movement control system 10100 using various
types of joints and/or can be remote from the movement control system 10100 such as a
remote joystick or toggle. In some embodiments, the control member 10110 can include a
joint for attachment to the movement control system 10100. For example, as shown in the
illustrated embodiment, control member 10110 can include joint 10111. In some
embodiments, one or more of the joints can include components for detecting movement of
the control member and/or an imager arm. For example, one or more of the joints can
include one or more sensors for detecting rotation and/or translation of the control member
and/or the imager arm about the joint. The signals from these sensors can be used to control
other components of the movement control system, such as one or more electromechanical
components.

[0127] For purposes of this disclosure, rotation about joints, such as joint 10111,
around the x-axis is hereinafter termed “pitch” or “tilt” and rotation about joints, such as joint
10111, around the y-axis is hereinafter termed “yaw” or “pan.”

[0128] As shown in the illustrated embodiment, the joint 10111 can be spherical
joints received in a socket formed in the member 10220 thereby forming a ball-and-socket
attachment. As should be apparent to one of ordinary skill in the art, other types of mounting
mechanisms may be used for attaching control member 10110 as well as an imager arm to
components of the movement control system 10100. For example, joints such as gimbals can
be used which limit the rotational degrees of freedom about the gimbal. Other types of joint
can be used depending on the types of movement the movement control system is designed
to allow. For example, if only pitch is needed without yaw, one can use a joint having a
single rotational degree of freedom. In some embodiments, the control member 10110 can

be positioned remotely from the movement control system 10100.
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General Embodiment

[0129] With continued reference to FIGS. 6A and 6B, in some embodiments, the
movement control system 10100 can be attached to an attachment structure, such as
binocular display unit 9, and support one or more imagers 18. As shown in the illustrated
embodiment, the movement control system 10100 can be oriented generally underneath the
binocular display unit 9 and in some embodiments can be sized such that the movement
control system 10100 does not extend significantly beyond the outer housing of the binocular
display unit 9. This can advantageously provide a smaller form factor thereby reducing the
likelihood that the movement control system 10100 will interfere with the medical
professionals and assistants during a medical procedure. In other embodiments, the
attachment structure can be other components of the surgical visualization system 1 such as,
but not limited to, a dedicated articulating arm or a display arm. In some embodiments, the
movement control system 10100 can extend significantly beyond the outer housing of the
binocular display unit 9 or any other platform to which it is attached. This can be
advantageous in situations where a greater degree of movement of the imagers 18 is desired
or in embodiments where the control member 10110 is located above the attachment point
between the movement control system 10100 and binocular display unit 9.

[0130] With continued reference to FIGS. 6A and 6B, as discussed in part above,
the movement control system 10100 can be configured to allow translation of one or more
attached imagers 18 along a plane relative to the binocular display unit 9. In some
embodiments, the binocular display unit 9 can be immobile while the one or more imagers 18
are translated. For example, when attached to the binocular display unit 9 with the
movement control mechanism 10100 parallel to an operating table 10101, the one or more
imagers 18 can be translated along a plane parallel to the operating table 10101. As shown in
the illustrated embodiment, the movement control system 10100 can be translated along both
the x-axis and the y-axis (which projects perpendicularly through the sheet). This can
advantageously allow the medical professional to position the view of oculars 11 for
comfortable viewing by the surgeon thereby reducing physical strain on the surgeon during

long procedures.
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[0131] In some embodiments, defining an imager 18 centered on the movement
control system 10100 (as shown in FIG. 6A) as having an x-axis, y-axis, and z-axis
coordinate of zero, the movement control system 10100 can have a range of translation
relative to the binocular display unit 9, of approximately + 500mm along the x-axis and y-
axis at full extension, approximately + 400mm along the x-axis and y-axis at full extension,
approximately + 300mm along the x-axis and y-axis at full extension, approximately =+
200mm along the x-axis and y-axis at full extension, or approximately + 100mm along the x-
axis and y-axis at full extension. In some embodiments, full extension along one axis can be
greater than full extension along the other axis. For example, in some embodiments, full
extension along the x-axis may be approximately + 175mm whereas the y-axis extension can
be three-quarters full extension of the x-axis, one-half full extension of the x-axis, one-
quarter full extension of the x-axis, or any other ratio between unity and zero. In some
embodiments, the range of translation relative to the binocular display unit 9 along the y-axis
can be approximately + 87.5mm. This can be advantageous in cases where allowing the y-
axis to have a full range of motion may interfere with the medical professional and/or
assistants.

[0132] These ratios can be reversed such that the range of translation of the x-axis
can be three-quarters full extension of the y-axis, one-half full extension of the y-axis, one-
quarter full extension of the y-axis, or any ratio between unity and zero. Additionally, in
some embodiments, the imager 18 can translate further in the *“positive” direction than the
“negative” direction. For example, along the x-axis, the imager 18 may move from -100mm
to 500mm. Ranges of motion outside these ranges are also possible. As should be apparent
to one of ordinary skill in the art, the maximum translation relative to the binocular display
unit 9 along the x-axis and y-axis can be chosen to provide a balance between greater
maneuverability, the yaw and/or pitch angles, working distances, size constraints, and other
such factors.

[0133] As described in part above and as will be discussed in greater detail below,
in some embodiments, translation of the imagers 18 can be performed by translating one or
more control members, such as control member 10110, in the desired direction. In some
embodiments, the control member 10110 can be electrically coupled to the movement control

system 10100 to provide translation via an electromechanical system utilizing stepper
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motors, linear motors, or the like. For example, a joint of the control member 10110 can
include components for detecting translation of the control member 10110. The signals from
these sensors can be used to control other components of the movement control system, such
as one or more electromechanical components such as stepper motors, linear motors, or the
like to translate the imager 18. The electromechanical components can be coupled to a
moveable platform to which the imager 18 can be attached. In some embodiments, the
control member 10110 can be physically connected to the movement control system 10100
without any electromechanical assistance.

[0134] As should be appreciated by one of ordinary skill in the art, the movement
control system 10100 need not translate solely along a plane parallel to the operating table
10101 or the x-y plane as set forth in the illustrated embodiment. In some embodiments, the
plane of translation can be defined by the orientation of the mount to which the movement
control system 10100 is connected. In some embodiments, the movement control system
10100 can be configured for non-planar translation and/or translation along more than one
plane. In some embodiments, for example, a tip and tilt stage provides angular motion. A
rotary stage can also be used to provide rotary motion.

[0135] With continued reference to FIGS. 6A and 6B, as described in part above,
the movement control system 10100 can be configured to allow rotation of the one or more
attached imagers 18 about a joint which can be attached to components of the movement
control system 10100 and/or remotely from the movement control system 10100. In some
embodiments, the movement control system 10100 can be designed to allow the control
member, such as control member 10110, as well as the imager 18 and/or imager armto
“pitch” or “tilt” and “yaw” or “pan” relative to the binocular display unit 9. In some
embodiments, the binocular display unit 9 can be immobile while the “tilt” and “yaw” or
“pan” of the one or more imagers 18 are adjusted.  Pitch or yaw can allow the imager 18 to
have a line of sight that is centered (e.g., focused) on the surgical site after the imager 18 is
translated. This can advantageously allow the medical professional or assistant to adjust the
viewing angle during a medical procedure. This can be beneficial in circumstances where a
medical professional is unable to adequately view an object due to another element

obstructing the view. Under such circumstances, a medical professional can translate the
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imager 18 and adjust the viewing angle of the imager 18 such that the same general area is
viewed from a different angle.

[0136] In some embodiments, defining an imager 18 in a perpendicular
orientation to the movement control system 10100 (as shown in FIG. 6A) as having an a
pitch and yaw of zero (i.e., as shown in FIG. 6A), the movement control system 10100 can
allow both pitch and yaw adjustments relative to the binocular display unit 9 within the range
of approximately + 60 degrees each, by approximately + 50 degrees each, by approximately
+ 40 degrees each, by approximately + 30 degrees each, by approximately + 20 degrees each,
or approximately + 10 degrees each. In some embodiments, the pitch and yaw can have
different adjustment ranges. For example, in some embodiments, the yaw can have an
adjustment range of approximately + 40 degrees whereas the pitch can have an adjustment
range of approximately three-quarters that of the yaw, one-half that of the yaw, one-quarter
that of the yaw, or any other ratio between unity and zero. In some embodiments, the pitch
can have an adjustment range of approximately + 20 degrees.

[0137] The adjustment range of yaw and pitch can correspond to the distance at
full extension along both the x-axis and the y-axis. For example, in some embodiments, the
pitch and yaw can be chosen such that the imager 18 can remain centered on the surgical site
when the movement control system 10100 is fully extended in any direction. In some
embodiments, the working distance between the imager 18 and the surgical site can be
approximately 200mm, with a range of translation along the x-axis of approximately +
175mm, and a range of translation along the y-axis of approximately + 87.5mm. In order to
remain centered on the surgical site, the pitch adjustment range can be + 20 degrees and the
yaw adjustment range can be + 40 degrees. As such, because the full extension need not be
the same in both directions, the pitch and yaw adjustment ranges can also be different to
match the differences in extension. In other embodiments, such as those in which the
working distance can be adjusted, the pitch and yaw adjustment range can be chosen such
that the imager 18 can remain centered on the surgical site when the movement control
system 10100 is fully extended in any direction at least one working distance. For example,
in embodiments where the working distance can be adjusted between approximately 200mm
and 400mm, the pitch and yaw adjustment range can be approximately + 20 degrees and

approximately + 10 degrees respectively to allow centering at a working distance of 400mm.
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[0138] Additionally, in some embodiments, the imager 18 can adjust further in a
“positive” angle than a “negative” angle. For example, the yaw may range from -5 degrees
to 15 degrees.

[0139] As described in part above and as will be discussed in greater detail below,
in some embodiments, increasing or decreasing the pitch and/or yaw of the imagers 18
relative to the binocular display unit 9 can be achieved by increasing or decreasing the pitch
and/or yaw of the one or more control members, such as control member 10110. In some
embodiments, the control member 10110 can be electrically coupled to the movement control
system 10100 to provide pitch and yaw via an electromechanical system utilizing stepper
motors, linear motors, or the like. For example, a joint of the control member 10110 can
include components for detecting pitch and/or yaw of the control member 10110. In some
embodiments, the joint of the control member 10110 can be gimbals which can detect pitch
and/or yaw of the control member 10110. The signals from these sensors can be used to
control other components of the movement control system, such as one or more
electromechanical components such as stepper motors, linear motors, or the like to adjust the
pitch and/or yaw of the imager 18. As should be appreciated by one of ordinary skill in the
art, in some embodiments, the movement control system 10100 can be configured to allow
rotation along other axes such as the z-axis. In some embodiments, the control member
10110 can be physically connected to the movement control system 10100 without any
electromechanical assistance.

[0140] Additionally, in some embodiments, the movement control system 10100
can be configured to adjust the working distance between the imagers 18 and the surgical
site. In some embodiments, the binocular display unit 9 can remain immobile while the
working distance of the imagers 18 is adjusted. In some embodiments, the working distance
can range from between approximately lm to approximately 10mm, from between
approximately 800mm to approximately 50mm, from between approximately 600mm to
approximately 100mm, or from between approximately 400mm to approximately 200mm. In
some embodiments, the control member 10110 can be electrically coupled to the movement
control system 10100 to provide working distance adjustment via an electromechanical
system utilizing stepper motors, linear motors, or the like. For example, a joint of the control

member 10110 can include components for detecting rotation of the control member 10110
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about the longitudinal axis. The signals from these sensors can be used to control other
components of the movement control system, such as one or more electromechanical
components such as stepper motors, linear motors, or the like to adjust the pitch and/or yaw
of the imager 18. In some embodiments, the control member 10110 can be physically
connected to the movement control system 10100 without any electromechanical assistance.

[0141] In some embodiments, the movement control system 10100 can include a
translation system for translating an imager 18 and/or an imager arm, a pitch-yaw adjustment
system for adjusting the pitch and/or yaw of the imager 18 and/or an imager arm, a control
member, such as control member 10110, and one or more imager arms to which the imager
18 can be attached. In some embodiments, a working distance adjustment system can be
included which can allow adjustments in working distance of the imager 18 and/or an imager
arm. It should be appreciated by one of ordinary skill in the art that the translation system,
the pitch-yaw adjustment system, and/or the working distance adjustment system can be used
separately or in any combination.

[0142] Operation of the translation, pitch-yaw adjustment, and/or working
distance adjustment systems can be performed using a control member, such as control
member 10110. In some embodiments, control member 10110 can be operatively coupled to
the translation, pitch-yaw adjustment, and/or working distance adjustment systems. For
example, as described above, in some embodiments, the control member can be coupled to
an electromechanical system for controlling the translation, pitch-yaw adjustment, and/or
working distance adjustment systems. The control member can be directly attached to a
component of the movement control system 10100 or can be remotely positioned (e.g., a
toggle or joystick on a separate module). In some embodiments, the control member can be
coupled directly to the translation, pitch-yaw adjustment, and/or working distance adjustment
systems such that no electromechanical devices are used. In some embodiments, the operator
can be given the option of controlling the translation, pitch-yaw adjustment, and/or working
distance adjustment systems with or without electromechanical devices. For example, the
operator can control the translation, pitch-yaw adjustment, and/or working distance
adjustment systems without electromechanical devices for certain portions of a procedure
and use such electromechanical devices for controlling the translation, pitch-yaw adjustment,

and/or working distance adjustment systems during other portions of a procedure. As
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another example, in some embodiments coarse control of the movement control system
10100 can be achieved without use of electromechanical devices whereas fine control of the
movement control system 10100 can be achieve with use of electromechanical devices, vice-
versa, or a combination of the two.

[0143] In some embodiments, the movement control system 10100 can include a
control system which controls functions of the electromechanical devices. In some
embodiments, the electromechanical components can be programmed such that the
electromechanical components can orient the translation, pitch-yaw adjustment, and/or
working distance adjustment systems in certain positions based on the operator’s input. For
example, the electromechanical components can be programmed such that it goes to reverts
back to a pre-set or previous position upon receiving a command from the operator. As
another example, the electromechanical components can be programmed such that an
operator can specify a desired position for the imager 18 and the control system can control
the electromechanical devices coupled to the translation, pitch-yaw adjustment, and/or
working distance adjustment systems orient the imager 18 in the desired position.

[0144] With reference to Figure 7, in some embodiments, the imager arm 10120
and the imager 18 can be attached such that the imager 18 can be directed towards the side of
the head of a patient. For example, in some embodiments, the imager 18 can be attached to
the imager arm 10120 using a yoke 10125 which can be designed to allow for coarse and/or
fine control of pitch, yaw, and/or roll of the imager 18. In some embodiments, the yoke
10125 can have one or more pivots which can be configured to allow the imager 18 to have a
viewing angle parallel to the operating room floor such that an operator can view the side of
the head. In some embodiments, the yoke 10125 can be configured to allow the imager 18 to
rotate such that the imager can be directed to a portion of the back of the head.

[0145] In some embodiments, the imager 18 can be positioned on a movement
control system 10130 providing at least two rotational degrees of freedom and/or at least one
translational degree of freedom. In some embodiments, movement control system 10130 can
provide two rotational degrees of freedom and at least two translation degrees of freedom.
For example, as shown in FIG. 8, the movement control system 10130 can allow for rotation
along axis 10135 of the movement control system 10130 and/or along axis 10140 (which can

be parallel with the z-axis). Moreover, as shown in the illustrated embodiment, the
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movement control system can allow translation along both the x-axis and y-axis. In some
embodiments, apparatus 10130 can provide at least one translational degree of freedom.

[0146] As shown in the illustrated embodiment, the movement control system
10130 can include a one or more control members, such as control member 10145. Control
member 10145 can be positioned such that the longitudinal axis of the control member 10145
is parallel with and/or collinear with axis 10135. This can advantageously allow the imager
18 to be rotated about axis 10135 by rotating the control member 10145. In some
embodiments, the control member 10145 can be mechanically coupled to the imager 18. In
some embodiments, the control member 10145 can be coupled to the imager 18 via an
electromechanical system. For example, the control member 10145 can include sensors for
detecting rotation of the control member 10145 and use data received from the sensors to
rotate the imager 18 via electromechanical components such as stepper motors, linear motors,
or the like.

[0147] As shown in the illustrated embodiment, the movement control system
10130 can include a first plate element 10150 and a second plate element 10155 which can
be rotatable coupled. The second plate element 10155 can include first and second supports
10160, 10165 to which the imager 18 can be attached. In some embodiments, the first and
second plate elements 10150, 10155 can be rotatable coupled such that the axis of rotation of
the two plate elements 10150, 10155 is parallel and/or collinear with axis 10140.

[0148] In various embodiments, the gimbal advantageously allows movement of
the camera without movement of the display such as the binocular display. Such movement
can include pitch or yaw, as well as possibly, x, y, or z motion or any combination thereof.
Despite such movement of the camera that provides surgical microscope views, the binocular
display need not move similarly. Accordingly, in various embodiments a joint is provided
between the camera and binocular display that permits pitch or yaw, as well as possibly, x, vy,
or z or any combination thereof of the stereo surgical microscope view camera without
requiring the same motion (include pitch or yaw, as well as possibly, x, y, or z or any
combination thereof) of the binocular display. The binocular display is thus decoupled from
the camera. Such a decoupling of motion is possible, even if the camera is connected to the
binocular display. For example, the camera may move laterally in the x direction and or up

and down in the y direction or may be rotated about the x or y axis to introduce yaw and/or to
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introduce pitch, however, the binocular display (and the oculars) need not move similarly or
need not move at all such that the surgeon need not reorient his or her head to view the
images on the display. Movement and/or positioning and/or orientation control systems,
other than gimbal systems may be employed as well. By decoupling the movement of the
camera from that of the binocular display, even for camera’s mounted on or connected to the
binocular display, ergonomic benefits can be achieved. For example, the surgeon need not
contort their neck in positions that are uncomfortable for long surgical procedures.

[0149] In various embodiments, the gimbal does not provide roll of the camera(s),
for example, about the axis 10140. If for example the camera comprises a stereo camera with
separate left and right cameras, such roll would raise the left channel above the right or vice
versa. A horizontal line through the line of sight of the left and right channels might not
therefore be parallel with the floor (perpendicular to the gravity vector). This roll might
therefore cause disorientation and/or discomfort for the viewer. Accordingly, various
embodiments of the gimbal or other positioning/orientation system for the camera’s that
provide surgical microscope views are configured not to such roll. Substantially reducing or
eliminating roll might apply to use for the camera for surgery either or both in the downward
view (for example, for spine surgery) as well as the oblique view (for temporal approach into
the skull). Such configurations that substantially reduce or eliminate roll may be applicable
for gimbal systems for other cameras including one or more proximal cameras disposed
outside the surgical site a distance from the patient’s body but in close proximity thereto (for
example on a stereotactic frame, etc.), such as for example, a distance of between 5 mm and
50 mm, between about 20 mm and 40 mm (e.g., between 10 mm to 25 mm) from the
patient’s body and/or surgical site. A plurality of cameras including possibly a plurality of
stereo cameras and possibly one or more mono-cameras (for example at 3, 6, 9, and 12
o’clock positions) can be repositioned and/or reoriented using positioning and orientations
devices potentially in x, y, and z directions as well as in pitch and yaw and any combination
thereof. However, in various embodiments such positioning and/or orientation devices do
not permit the amount of roll to exceed that which would cause disorientation or do not
provide for roll of the left and right channels of the stereo cameras altogether so as to reduce

disorientation for the viewer.
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[0150] In some embodiments, the control member 10145 can include one or more
switches and/or actuators 10170 for controlling movement of the device. For example, the
actuator 10170 can be coupled to mechanisms which can unlock the apparatus 10130 such
that the movement control system 10130 can be manipulated to rotate and/or translate the
imager 18. In some embodiments, the switches and/or actuators can be coupled to an
electromechanical system to rotate and/or translate the movement control system 10130.

[0151] FIG. 8A illustrates a perspective view of an example gimbal system 12000
for an imager 18, the gimbal system 12000 coupled to a viewing assembly 9 comprising 2
pairs of oculars, 12005, 12010. The first pair of oculars 12005 is configured to adjust its
orientation about an axis 12007. The second pair of oculars 12010 is configured to adjust its
orientation relative to an axis 12012 as well as relative to the first pair of oculars 12005. For
example, the second pair of oculars 12010 can be oriented such that users of the two pairs of
oculars face one another when using the viewing assembly 9, such as when a doctor and an
assistant are on opposite sides of a patient. The second pair of oculars 12010 can also be
oriented such that it is at about 90 degrees relative to the first pair of oculars 12005. Other
relative orientations are also available, such as any value between about 15 degrees to about
180 degrees between the first and second pairs of oculars 12005, 12010.

[0152] The gimbal system 12000 can include a pair of handles 12002a, 12002b to
allow a user to change the orientation of the imager 18. As illustrated, the user can adjust the
pitch and yaw of the imager 18 using the handles 12002a, 12002b.

[0153] FIG. 8B illustrates a perspective view of a second example gimbal system
12020 for an imager 18, the gimbal system 12020 coupled to a viewing assembly 9. The
support structure 12024 for the imager 18 is configured to allow a user to change the
orientation and position of the imager 18.

[0154] In some embodiments, the handles 12022a, 12022b are used to
mechanically alter the position and/or orientation of the imager 18. In certain embodiments,
the handles 12022a, 12022b are used as electronic controls to control one or more motor
systems to orient and position the imager 18. In some embodiments, the handles 12022a,
12022b are a convenience or comfort for a user, and other separate controls are used to

control the position and/or orientation of the imager 18 relative to the viewing assembly 9.
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[0155] In some embodiments, one or more handles 12022 can include controls for
controlling features of the overall system. For example the handle can include one or more
controls, e.g., button(s), for altering the illumination, zoom, focus, work distance, camera
view provided, arrangement of camera views or any combination of these feature or other
features in the alternative or in addition.

[0156] Although a gimbal system is shown, other types of systems for position
(e.g., X, y, and/or z) and orienting (e.g., pitch, yaw, and possibly roll), may be employed. In
some embodiments, encoders or sensors provide signals with regard to the position and/or
orientation of the camera. In some embodiments, the gimbal or positioning and/or
orientation system may include motors or actuators that can be controlled by control
electronics. In some embodiments the control electronics can be configured to cause to
gimbal or other positioning and/or orientation system to return to a preset position and
orientation. Memory, may for example be included that record certain preset positions
and/or orientations. Such preset positions and/or orientations may be positions and/or
orientations for certain types of surgical procedures, for certain surgeons, or combinations of
both. Selection of the particular procedure or indication of the particular surgeon may cause
the gimbal or postion/orientation system to go to the appropriate preset position stored in
memory. Such preset positions and/or orientations may also include a storage position.

[0157] Other types of positioning and/or orientation systems may include a
hexapod and/or an articulated arm.

[0158] In some embodiments, light weight material may be used to form the
display and/or console such as the housing. A honeycomb structure may for example be
employed as a housing or cover.

[0159] The discussions above or elsewhere herein may be applicable to other
types of cameras and positioning and/or orientation systems for other types of cameras
including but not limited to one or more cameras on a surgical tool(s), one or more proximal
cameras disposed outside a patient but within a close proximity to the patient and/or surgical
site, such as 5 mm, 10 mm, 20 mm, 25 mm to 30 mm, 40 mm, 45 mm or any ranges
therebetween. The distance of the proximal cameras to the patient’s body and or surgical site

may be greater or less than these values recited above.
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Optical Systems for Displays

[0160] FIGS. 9A-9B illustrate example display optical systems 11005 configured
to provide a view of displays 11010 through oculars (not shown) that receive light from the
last lens 11015 in the display optical system 11005. The display optical system 11005 forms
an exit pupil at or near the entrance pupil of the surgeon binoculars. These pupils are closely
matched, for example, in size and shape. In some embodiments, the exit pupil of the display
optical system 11005 can be the same size or smaller than the entrance pupil of oculars used
to view the display. The oculars form an exit pupil that is matched (e.g., in size and shape) to
the entrance pupil of the surgeon’s eye(s). In some embodiments, the display optical system
11005 is configured to produce a beam that has a relatively constant cross-section between
the first lens element 11012 and the last lens element 11015, where the cross-section is
relatively small. Advantageously, this allows the display optical system 11005 to be
included in a relatively small or compact package and use relatively small optical elements.
In some embodiments, the last lens 11015 collimates the beam leaving the display optical
system 11005. The termination of the rays shown in FIG. 9A to the left of lens 11015 is the
exit pupil of the display optical system 11005. In some embodiments, the exit pupil of the
display optical system 11005 is configured to be the same size or smaller than, and
positioned at the same location, as an entrance pupil of a binocular viewing assembly
configured to allow a user to view the display 11010.

[0161] The lenses in the display optical system 11005 form a highly color-
corrected view of the display by forming the exit pupil in a position favorably disposed for
the user and the binoculars. A combination of singlets and bonded lenses provide such
correction. The display optical system 11005 may be designed to provide such correction
while keeping a small beam column or ray bundle, which permits adding mirrors and
obtaining a compact package. In various embodiments, producing an undistorted image can
be difficult without such a group of lenses designed properly to provide such correction.
This correction includes both color correction as well as distortion correction.

[0162] The display optical system 11005 advantageously allows a relatively
small, compact lens assembly to provide a view of a relatively large display 11010. The
display optical system 11005 can be configured to work with displays 11010 of varying

sizes, including, without limitation, displays with a diagonal that is less than or equal to about
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0.86 in. (22 mm), at least about 0.86 in. (22 mm) and/or less than or equal to about 10 in., at
least about 1 in. and/or less than or equal to about 9 in., at least about 2 in. and/or less than or
equal to about 8 in., or at least about 4 in. and/or less than or equal to about 6 in. The display
may, for example, have a diagonal of about 5 inches or about 8 inches in some embodiments.
The display can be configured to have a relatively high pixel count (e.g., 1920x1080 pixels,
1280x720 pixels, 3840x2160 pixels, etc.). The total optical path length of the display optical
system 11005 can be less than or equal to about 9 in., at least about 9 in. and/or less than or
equal to about 20 in., at least about 10 in. and/or less than or equal to about 19 in., at least
about 14 in. and/or less than or equal to about 18 in. The display optical system 11005 can
include lenses, mirrors, prisms, and other optical elements configured to direct and
manipulate light along an optical path. The display optical system 11005 can be used in
conjunction with a primary display, a surgeon display, an assistant display, possibly other
displays, or any combination of these.

[0163] The example display optical system 11005 illustrated in FIG. 9A has a
total optical path length of about 16.2 in. (412 mm). It is configured to provide an image of a
5 in. display 11010. The display optical system 11005 can include a lens 11012 configured
to direct the light from the display 11010 along a path wherein light from the display 11010
is directed along a path with a relatively narrow cross-section. In various embodiments, the
light received from the display is initially substantially reduced in beam size for example by
the lens 11012 or lenses closest to the display and a more narrow beam is produced. In
certain embodiments, for example, the lens 11012 or lenses closest to the display collect light
at an angle (half angle) in excess of 20°, 25°, 30° and reduce the beam size of the light. This
design is advantageous because it allows for the elements in the display optical system 11005
to be relatively small and compact. In some embodiments, the cross-section of the optical
beam after the lens 11012 in the display optical system 11005 can be configured to be
relatively constant. This configuration allows folding or redirecting mirrors present in the
optical path to remain small.

[0164] FIG. 9B illustrates a binocular display optical system 11005 configured to
provide a view of stereo displays 11010a, 11010b through a pair of oculars. The binocular
display optical system 11005 can be based on the optical design illustrated in FIG. 9A, and

can include one or more elements 11014 in the optical path before the lens 11012 to reduce
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the physical size of the optical system while maintaining the length of the optical path.
These elements can include mirrors, prisms, and/or other optical elements configured to
redirect the light from the displays 11010a, 11010b to the lens 11012. In some embodiments,
the elements 11014 include curved mirrors which redirect the optical path and converge the
rays from the displays 11010a, 11010b. In some embodiments, the elements 11014 include
mirrors or prisms (for example that may have planar reflecting surface) that do not
substantially affect the convergence of the light rays, but redirect the optical path. In some
embodiments, because of the shape of the beam incident on the reflective surface, for
example, mirror, the reflective surface or cross-section of the mirror is non-circular, and is,
for example, elliptical. Accordingly, in various embodiments the cross-section of the mirror
or other reflective surface is possibly being longer in one direction than in another, for
example, orthogonal direction. These elements may fold the optical path to provide for a
more compact system. Such a system may therefore have an optical path length from display
to ocular that is longer than the length and/or width of the viewing platform of the
combination thereof.

[0165] In some embodiments, the display optical system 11005 can include at
least four mirrors, or less than or equal to four mirrors. In certain implementations, two
mirrors can be used to fold the optical path from the display 11010 to the exit pupil, the two
mirrors positioned between the first lens 11012 and the display 11010. In some
embodiments, the display optical system 11005 includes at least four lenses or less than or
equal to four lenses.

[0166] In some embodiments, the display optical system 11300 can include at
least four baffles or less than or equal to four baffles. In certain implementations, four
baffles can be included in the optical path between the first lens and the display 11310. In
some implementations, two mirrors can be included in the optical path between the first lens
and the display 11310. In some embodiments, the optical path can include, in order from the
display 11310, a first baffle, a first mirror, a second baffle, a second mirror, and a third baffle
prior to the first lens.

[0167] In some embodiments, the display optical system can include binoculars
having an optical power of about 10x. The binoculars can have a field of view of about 80

degrees to about 90 degrees. The binoculars can be configured to provide a field of view that

-129-



WO 2016/154589 PCT/US2016/024330

is relatively wide (e.g., panoramic) without producing a noticeable “kidney bean effect.” The
binoculars can also be configured to provide a view of the display without viewing the field
stop. In some embodiments, the binoculars have a focal length of about 10 mm. The display
optical system can include a field stop in the oculars. The display optical system can include
a circular exit pupil with rectangular baffles.

[0168] The optics of the display optical system can include one or more optical
elements configured to output collimated rays. In some embodiments, the optical elements,
however, can be configured to not produce collimated light within the lens train of the
display optical system. By incorporating a converging lens near the display in the display
optical system, the light tube can be configured to be relatively small compared to the size of
the display. This can allow the size of the viewing assembly to be relatively compact.

[0169] In some embodiments, the display can be a curved surface, for example
either a projection display or recent generation of flexible LCD or OLED displays having
high-resolution (e.g., in excess of 300ppi). A curved display may provide two advantages:
the imaging optics for the display can be less complex than for flat panels, and the cone or
numerical aperture of each picture element in the display can be directed towards the viewing
optics and in the periphery of the display, thereby providing a brighter image less subject to
vignetting.

[0170] In some embodiments, the display can be a volumetric display comprising
two or more transmissive display panels having a single backlight wherein the transmissive
display panels are stacked to provide different planes of focus for a surgeon. The
transmissive displays can be active matrix liquid crystal displays (“AMLCD”) or other types
of transmissive displays. The backlight can be a fluorescent lamp, LEDs, or other suitable
light source. By having displays positioned in different focal planes, image data from
different focal planes may be presented to the surgeon with relatively less image processing
and/or compression compared to a system which combines data from multiple focal planes
into a single image. In some embodiments, a number of cameras can be positioned at varying
depths or having varying focal distances such that the displays at different focal planes are
configured to display image data from cameras positioned or focused at different depths to
create a display that assists the surgeon in identifying positions of features within displayed

images.
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[0171] The display can show, as an overlay, pre-operative CT, MR, or other 3D
image datasets from, for example, conventional surgical navigation systems (e.g., the
Medtronic StealthStation or Treon, Stryker Surgical Navigation System, or Brainlab, among
others). In various embodiments, in addition to images, the display can additionally provide
numerical data and/or text. For example, in various embodiments, the display can overlay
information such as distance or tool measurements, transparent tool renderings, camera
identification information (e.g., the portion of the composite image attributable to a specific
optical sensor may generate an identifying border around that portion), up/down orientation,
elapsed time, and/or one or more still images captured from one or more optical sensors from
a previous time in the operation The tracking system can provide 5-DOF (degrees of
freedom) or 6-DOF position and orientation information to conventional surgical navigation
systems. Other information, graphic, alpha numeric, or otherwise, can be provided.

[0172] The tool image can be magnified with respect to the wide-field view
image, and change in image scaling will occur as the tool is moved in and out. In some
embodiments, a visual metaphor for embodiments of the display is that of a hand-held
magnifying glass for inspecting and doing work on a smaller region of a larger workpiece,
while seeing the larger workpiece with lower magnification (if any) in more peripheral
regions of the visual field to provide situational awareness. Tool images, for example, can be
superimposed on the background image thereby blocking that portion of the background
image. In various embodiments, the tool images may be stereo.

[0173] FIG. 10 is a schematic illustration of a surgical visualization system and
an assistant display. In some embodiments, a separate assistant display may be provided for
use by a surgical assistant or observer. As illustrated in FIG. 10, the assistant display 10035
comprises a binocular viewing platform 10036 for the assistant that includes oculars 10039
mounted on a lockable articulated arm 10037, which extends from a support post 10041. For
example, the assistant 10031 and surgeon 10029 may be positioned on opposite sides of the
patient 10033, as in the illustrated arrangement. In such an arrangement, the image provided
in the assistant display 10035 may be rotated 180 degrees with respect to that provided to the
surgeon 10029. The assistant may be at other locations, for example, in other procedures.
The assistant may, for example, be located at a location 90 degrees with respect to the

surgeon, as opposed to 180 degrees with respect to the surgeon. Likewise, the image
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provided in the assistant display 10035 may be rotated 90 degrees with respect to that
provided to the surgeon 10029. Similarly the image may be reoriented as needed, possibly
based on the location/position and perspective of the assistant. Additionally, the assistant
display can be provided with any of the features described elsewhere herein.

[0174] In some embodiments fluorescence images can be collected and displayed.
These fluorescence images may be viewed superimposed on images of the surgical site not
based on fluorescence. Cameras that image in different wavelengths, such as infrared, could
image the surgical site or objects contained therein. In some embodiments, features could be
made to fluoresce, for example, by injecting fluorescent chemical and illuminating the area
with light that will induce fluorescence. For example, in certain embodiments anatomical
features may contain fluorescent dye that fluoresces, for example, when exposed to short
wavelength radiation such as UV radiation. Such a technique may be useful to identify
and/or highlight the location and/or boundaries of specific features of interest such as tumors,
etc. The fluorescence or other wavelength of interest may be detected by the one or more
cameras imaging the surgical field such as one or more camera providing a surgical
microscope view or one or more cameras on a surgical tool providing a surgical tool view.
For example, an optical detector that is sensitive to the wavelength of the fluorescent
emission may be employed to view the fluorescent image. In some embodiments, the
wavelength of fluorescent emission is in the infrared. In certain embodiments sensors
sensitive to different wavelengths may be employed. In particular, one or more sensors
sensitive to the fluorescing wavelength (e.g., IR) may be used in conjunction with one or
more sensors not sensitive or less sensitive to the fluorescing wavelength but sensitive or
more sensitive to other useful wavelengths (e.g. visible light). Light can be collected and
distributed to both types of detectors for example using a beamsplitter such as a wavelength
dependent beamsplitter that reflects one wavelength and passes another. The fluorescent and
non-fluorescent images can be recorded by the respective sensors. In some embodiments, the
fluorescent and non-fluorescent images can be superimposed when displayed on electronic
displays that receive image data from both types of sensors. In various embodiments, the
cameras, including fluorescent and/or non-fluorescent cameras, that provide a surgical
microscope view, a surgical tool view (e.g., from a camera on a tool), or other view of the

surgical site, may comprises stereo cameras and the displays may comprise stereo displays.
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[0175] In some embodiments, images produced by fluorescence or other
wavelengths of interest are superimposed on one or more images from other camera(s).
Filtering could be provided to remove unwanted wavelengths and possibly increase contrast.
For example, the filter can be used to remove excitation illumination. In some embodiments,
emission image content, (e.g., fluorescing tissue) can be parsed and superimposed on image
content that is not emitting (e.g., tissue that is not fluorescing), or vice versa.

[0176] In some embodiments, IR fluorescence images are superimposed over
non-IR (e.g. visible) images. Other wavelengths such as other fluorescence wavelengths may
be employed. In various embodiments, such as where the fluorescing wavelength is not
visible (e.g., for fluorescence in the infrared), an artificial color rendition of the fluorescing
content can be used in place of the actual fluorescing color so as to enable the fluorescing
tissue to be visible.

[0177] FIG. 11 schematically illustrates an example medical apparatus in
accordance with certain embodiments described herein. The medical apparatus 2100 can
comprise a display (or display portion) 2110, a plurality of cameras 2120, and one or more
processors 2130. The plurality of cameras 2120 can include at least one first camera 2121a
configured to image fluorescence in a surgical field, and at least one second camera 2122a
configured to produce a non-fluorescence image of the surgical field. The processor 2130
can be configured to receive images from the plurality of cameras 2121a, 2122a, and to
display on the display 2110 a fluorescence image from the at least one first camera 2121a and
to display on the display 2110 the non-fluorescence image from the at least one second
camera 2122a. As shown in FIG. 11, the processor 2130 can advantageously include a
plurality of processors 2131a, 2132a, e.g., a separate processor for each camera within the
plurality of cameras 2120. For example, at least one first processor 2131a can be configured
to receive an image from at least one first camera 2121a and to display on the display 2110 a
fluorescence image. In addition, at least one second processor 2132a can be configured to
receive an image from at least one second camera 2122a and to display on the display 2110
the non-fluorescence image.

[0178] The display 2110 can be a primary display, a surgeon display, an assistant
display, possibly other displays, or any combination of these. The display 2110 can include a

display portion, a display, or display device as described herein. For example, in some
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embodiments, the display 2110 can include a display (or display portion) to be viewed
through one or more oculars, e.g., a display within the viewing platform 9 of the surgical
viewing system 1 shown in FIGS. 1, 2, 3A, 4A and 4B. The display (or display portion)
could be within a housing. In other embodiments, the display 2110 can include a display
mounted on a display arm from the ceiling or on a post, e.g., a display device 13 on display
arm 5 of the surgical viewing system 1 shown in FIG. 1 or be mounted on the wall. In
various embodiments, such displays comprise panel displays having a length of, for example,
be between 15-70 inches, or larger or smaller.

[0179] In various embodiments, the plurality of cameras 2120 can include a
camera to provide a surgical microscope view of the surgical field. In some embodiments,
the plurality of cameras 2120 can include a camera disposed on a surgical tool or on another
medical device. The plurality of cameras 2120 can include at least one first camera 2121a
and at least one second camera 2122a configured to form a left-eye view of the surgical field.
The plurality of cameras 2120 can also include at least one first camera 2121b and at least
one second camera 2122b configured to form a right-eye view of the surgical field. In some
embodiments, the left and right-eye views are for stereoscopic viewing of the surgical field
and the cameras can be angled to provide desired convergence mimicking the human eye.
One or more cameras 2121a, 2121b, 2122a, and/or 2122b of the plurality of cameras 2120
can include optical assemblies as described herein. For example, one or more cameras
2121a, 2121b, 2122a, and/or 2122b can include a turning prism 54, a lens train 55, and/or a
sensor 56 as shown in FIG. 5A.

[0180] As described herein, for the left-eye view, the at least one first camera
2121a can be configured to image fluorescence in a surgical field, and the at least one second
camera 2122a can be configured to produce a non-fluorescence image of the surgical field.
Similarly, for the right-eye view, the at least one first camera 2121b can be configured to
image fluorescence in a surgical field, and the at least one second camera 2122b can be
configured to produce a non-fluorescence image of the surgical field.

[0181] In some embodiments, the first camera 2121a and/or 2121b can be
sensitive to infrared wavelengths, ultraviolet wavelengths, or other fluorescence wavelengths.
For example, an optical detector, e.g., sensor 56 or an array of sensors, of the first camera

2121a and/or 2121b can be sensitive to fluorescence wavelengths. In some embodiments, the
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first camera 2121a and/or 2121b sensitive to fluorescence wavelengths can include an
infrared, ultraviolet, or other fluorescence light source. In some embodiments, illumination
using an optical fiber can be used to provide pump radiation to induce fluorescence. In some
embodiments, a filter may be used to selectively direct fluorescence wavelengths to the first
camera 2121a and/or 2121b sensitive to fluorescence wavelengths. In some embodiments,
the second camera 2122a and/or 2122b may not be sensitive to fluorescence wavelengths.

[0182] In some embodiments, the processor 2130 can be configured to
superimpose the fluorescence image over the non-fluorescence image. In other
embodiments, the processor 2130 can be configured to superimpose the non-fluorescence
image over the fluorescence image. In various embodiments, the processor 2130 can
electronically process and synchronize the fluorescence and non-fluorescence images
together. For example, the processor 2130 can read, align, and combine together the images.

[0183] The processor 2130 can include a general all-purpose computer and in
some embodiments, a single processor may drive both the left and right display portions
2110. However, various embodiments of the medical apparatus 2100 can include separate
processing electronics for the left-eye and right-eye views. Such separate processing for the
left and right channels can be advantageous over a processor with single processing
electronics or the general all-purpose computer since time is critical in surgical procedures.
For example, in some embodiments, having separate dedicated processing electronics for
each channel can provide pure parallel processing, which results in faster processing of
images, thereby reducing latency. In addition, addressing a failure of a general all-purpose
computer may entail rebooting of the computer and involve some downtime. Furthermore,
with separate processing electronics in left-eye and right-eye view channels, if one of the
processing electronics were to fail, the processing electronics in the other channel can
continue to provide images to the surgeon. Such redundancy can also be incorporated into a
monocular viewing system. For example, in some embodiments of a monocular viewing
system, two channels similar to a binocular viewing system can be provided. Images for the
monocular viewing system can be split into each channel, with each channel having its own
processing electronics.

[0184] Furthermore, in some even more advantageous embodiments, as shown in

FIG. 11, the medical apparatus 2100 can include separate processing for each camera within
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each channel to further increase processing of images and reduce latency. For example, for
the left-eye view, processor 2131a can be configured to receive an image from camera 2121a
and to display on the display 2110 a fluorescence image from camera 2121a. Processor
2132a can be configured to receive an image from camera 2122a and to display on the
display 2110 the non-fluorescence image from camera 2122a. The fluorescence and non-
fluorescence images can be superimposed optically on the display 2110. Similarly, for the
right-eye view, processor 2131b can be configured to receive images from camera 2121b and
to display on the display 2110 a fluorescence image from camera 2121b. Processor 2132b
can be configured to receive images from camera 2122b and to display on the display 2110
the non-fluorescence image from camera 2122b. The fluorescence and non-fluorescence
images can be superimposed optically on the display 2110.

[0185] In certain embodiments, each of the separate processing electronics can be
configured for image manipulation, e.g., to receive image data, process the image data, and
output the images for display. For example, each of the processing electronics can be
configured to receive one or more user inputs, receive one or more input signals
corresponding to images from one or more cameras, and/or select which image to display.
Each of the processing electronics can also resize, rotate, or reposition the selected image
based at least in part on one or more user inputs or provide any combination of these
operations. The processing electronics can also produce one or more output signals to drive
one or more displays to produce one or more images. For example, each processing
electronics can include a microprocessor, a field programmable gate array (FPGA), or an
application specific integrated circuit (ASIC). Each processing electronics can also include a
graphics processing unit (GPU) and random access memory (RAM). The processing
electronics can also control the color balance, brightness, contrast, etc. of the one or more
images or provide any combination of these operations.

[0186] In some embodiments, instead of superimposing fluorescence and non-
fluorescence images, an image at a first wavelength range can be superimposed with an
image at a second wavelength range. For example, one or more sensors can capture a first
image at a first wavelength range, and one or more sensors can capture a second image at a
second wavelength range. The first and second images can be superimposed optically as

disclosed herein. As another example, the image at a first wavelength can be provided by
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narrow band imaging instead of fluorescence imaging. For example, a filter in some
embodiments can allow imaging with the use of ambient light at blue (about 440 to about 460
nm) and/or green (about 540 to about 560 nm) wavelengths for the image at the first
wavelength. Imaging at or near these wavelengths can improve visibility of features since
the peak light absorption of hemoglobin occurs at these wavelengths. The image at the
second wavelength can be provided without narrow band imaging (e.g., use of ambient light
without a filter).

[0187] In further embodiments, the plurality of cameras 2120 can include
different cameras for multiple views of the surgical site instead of or in addition to cameras
mainly for imaging at different wavelengths. For example, in some embodiments, the
plurality of cameras 2120 can include a camera providing a surgical microscope view, a
camera disposed on a surgical tool (e.g. cutting tool), and a camera disposed on another
medical device to provide different views of the surgical site or any combination thereof.
Some embodiments can also include a switch or switching module to determine which views
are to be displayed, for example, as superimposed, overlapping, adjacent, stereo or as a
monocular view, etc. One or more image could also be from other sources, e.g., a data file, a
computed tomography (CT) scan, a computer aided tomography (CAT) scan, magnetic
resonance imaging (MRI), an x-ray, ultrasound imaging instrument, etc.

[0188] FIG. 12A schematically illustrates another example medical apparatus in
accordance with certain embodiments described herein. Some such embodiments can also
advantageously decrease the time to produce an image for viewing, which can be important
in certain surgical procedures. For example, the medical apparatus 2200 can include a
plurality of displays (or display portions), a plurality of cameras, and one or more beam
combiners. As shown in FIG. 12A, to form a left-eye view, the plurality of cameras can
include at least one first camera 2221a configured to produce a fluorescence image onto a
first display 2211a and at least one second camera 2222a configured to produce a non-
fluorescence image onto a second display 2212a. In some embodiments, the cameras 2221a,
2222a can produce the images onto the plurality of displays 2211a, 2212a, e.g., with a
processor. However, in such embodiments, an electronic processor need not perform the
combining of images. A beam combiner 2230a can be configured to receive the fluorescence

and non-fluorescence images from the first 2211a and second 2212a displays and to combine
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or superimpose optically the fluorescence and non-fluorescence images for left-eye viewing,
e.g., within a housing through an ocular or on a display device.

[0189] As shown in FIG. 12B, to form a right-eye view, the plurality of cameras
can also include another first camera 2221b configured to produce a fluorescence image onto
another first display 2211b and another second camera 2222b configured to produce a non-
fluorescence image onto another second display 2212b. In some embodiments, the cameras
2221b, 2222b can obtain images that can be viewed on the plurality of displays 2211b,
2212b, for example, using processing electronics. However, in such embodiments, an
electronic processor need not perform the combining of images. Combining images into a
single display, for example, may involve a central processor working to a single clock.
Instead, a beam combiner 2230b can be configured to receive the fluorescence and non-
fluorescence images from the first 2211b and second 2212b displays and to superimpose the
fluorescence and non-fluorescence images for right-eye viewing, e.g., within a housing
through an ocular or on a display device. By optically combining multiple images from
various sources, with or without stereo convergent characteristics, differently timed imaging
signals (for example, with different frame rates) or differently resolved imaging signals
(wherein, for example, the pixel count can be the full pixel count or a subset of the full pixel
count) can be sent to their respective displays and viewed by the viewer as optically
compatible without the need for them to be electrically made time or resolution compatible.
For example, screens of different resolution such as a 5 inch screen having 1080x1920 pixels
may be combined with a display for a fluorescence image wherein the display has 800x520
pixels. The different spatial resolution (and/or size) of the two displays are combined
optically by the beam combiner and processed by the eye. Such an example could apply for
either or both the right eye and/or left eye. Other variations in the displays are possible such
as displays with different timing. For example, a high definition (HD) display operating at
60 frames per second can be optically combined with images from a fluorescence camera
operating at 30 frames a second. Instead of speeding up or slowing down one of the signals
with respect to the other in a single processor, images from the separate displays having
different timing can be combine optically with a beamsplitter or beamcombiner. More than
two displays having such different features (e.g., size, resolution, timing) can be combined

optically in this manner for either or both the left eye and/or right eye.
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[0190] In various embodiments, the beam combiner 2230 can include a
beamsplitter (e.g., a 45 degree or other angle splitter used in reverse), a dichroic beamsplitter,
a prism, or other optical structure to combine the beams. As an example, a beam combiner
2230a can be placed within the left-eye optical path to receive the fluorescence and non-
fluorescence images from the first 2211a and second 2212a displays and to superimpose the
fluorescence and non-fluorescence images for left-eye viewing, e.g., within a housing
through an ocular or on a display device. Similarly, another beam combiner 2230b can be
placed in the right-eye optical path to receive the fluorescence and non-fluorescence images
from the first 2211b and second 2212b displays and to superimpose the fluorescence and
non-fluorescence images for right-eye viewing. Some embodiments can further include
imaging optics (e.g., an optics assembly) disposed to collect light from the displays to enable
the images to overlap. The imaging optics can be configured to form images at infinity. The
imaging optics can be configured to be seen by an observer as though the viewer is seeing the
displays at infinity with relaxed accommodation. FIG. 12C schematically illustrates a top
view of an embodiment of a medical apparatus incorporating the example left and right
assemblies from FIGS. 12A and 12B.

[0191] In some embodiments, instead of superimposing fluorescence and non-
fluorescence images, an image at a first wavelength range can be superimposed with an
image at a second wavelength range. For example, a first camera 2221a can produce a first
image at a first wavelength range onto a first display 2211a, and a second camera 2222a can
produce a second image at a second wavelength range onto a second display 2212a. The
beam combiner 2230a can optically superimpose the first and second images. As another
example, the image at a first wavelength can be provided by narrow band imaging instead of
fluorescence imaging, and the image at the second wavelength can be provided without
narrow band imaging as described herein.

[0192] In addition, images from two different cameras of the same or
substantially the same wavelength, but having other properties can be superimposed. For
example, one image could be a natural image of tissue, and another view could be an
unnatural image (e.g., an image with false color or an image with exaggerated or extreme
contrast). In some embodiments, such superimposed images can advantageously show

margins between healthy and unhealthy tissue. The example embodiments of the medical
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apparatuses shown in FIGS. 12 and 12A-12C can also be modified to produce a composite
image of two or more images. FIG. 14A illustrates a schematic of an example composite
image 2500, where a first (e.g., a background) image 2501 is produced on a first portion 2511
of the composite image 2500, and a second (e.g., a picture-in-picture (PIP)) image 2502 is
produced on a second portion 2512 of the composite image 2500. In some embodiments, the
images can include a fluorescence image and a non-fluorescence image. However, in other
embodiments, the images are not necessarily fluorescence and non-fluorescence images. For
example, one image can be a surgical microscope view of the surgical field from a camera
producing the surgical microscope view. The other image can be the image of the surgical
field from a camera disposed on a surgical tool (e.g. cutting tool) or other medical device.
One or more image could also be from sources other than cameras, e.g., a data file, a
computed tomography (CT) scan, a computer aided tomography (CAT) scan, magnetic
resonance imaging (MRI), an x-ray, ultrasound imaging instrument, etc. FIG. 14B
schematically illustrates a front view of an embodiment of a medical apparatus incorporating
the example left and right assemblies from FIG. 11 or 12A-12C to produce a composite
image of two or more images for both left and right eyes.

[0193] Referring to the example embodiment shown in FIG. 11, for the left-eye
view, the first camera 2121a can be a camera producing a surgical microscope view, and the
second camera 2122a can be a camera disposed on a surgical tool (e.g. cutting tool) or other
medical device. Similarly, for the right-eye view, the first camera 2121b can be another
camera producing a surgical microscope view, and the second camera 2122b can be another
camera disposed on a surgical tool (e.g. cutting tool) or other medical device. For each eye’s
view, the first camera 2121a, 2121b can produce the background image 2501 of the
composite image 2500, and the second camera 2122a, 2122b can produce the PIP image
2502 in the composite image 2500. For the left-eye view, the processor 2131a can be
configured to receive an image from the first camera 2121a and to display on the display
2110 the image as the background image 2501 of the composite image 2500. In addition, the
processor 2132a can be configured to receive an image from the second camera 2122a and to
display on the display 2110 the image as the PIP image 2502 of the composite image 2500.
For the right-eye view, the processor 2131b can be configured to receive an image from the

first camera 2121b and to display on the display 2110 the image as the background image
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2501 of the composite image 2500. In addition, the processor 2132b can be configured to
receive an image from the second camera 2122b and to display on the display 2110 the image
as the PIP image 2502 of the composite image 2500. As shown in FIG. 13B, the position of
the PIP image 2502 in the composite image 2500 can be in the same or different location
from that illustrated in the figures. Additional cameras or sources can also be used to
produce a multiple PIP images.

[0194] Referring to the example embodiment shown in FIGS. 12A-12C, a beam
combiner 2230a, 2230b can be placed within each eye’s optical path to produce the
composite image 2500. In some embodiments, the background image from a camera can be
resized or the row count of pixels of the background image can be reduced. For example, the
background image can be resized from the full frame to the size of the first portion 2511
(e.g., about 1/2, 2/3, 3/4, etc., or any range therebetween) of the composite image 2500. The
beam combiner 2230a, 2230b in each eye’s optical path between the viewer and the displays
can superimpose the background image with a PIP image such that the background image
appears on the first portion 2511 of the composite image 2500, and the PIP image forms
within the remaining portion 2512 (e.g., about 1/2, 1/3, 1/4, etc., or any range therebetween)
of the composite image 2500. In some embodiments, the remaining portion 2512 can include
a border 2513 having a thickness (e.g., 1%, 2%, 3%, 5%, 10%, or 15%, of the width of the
image, or any range therebetween) surrounding the PIP image 2502 to help prevent the
viewer from seeing similar types of images as being falsely contiguous (e.g., similar types of
tissues from multiple sources).

[0195] With reference to FIG. 12A, an example illustration using the left-eye
view will be provided. The example illustration can also apply to the right-eye view in
certain embodiments. For example, a first camera 2221a for providing a surgical microscope
view can provide the background image on a first display 2211a, and a second camera 2222a
disposed on a surgical tool or other medical device can provide the smaller image on a
second display 2212a. The beam combiner 2230a can produce the background image from
the first display 2211a as the first portion 2511 (e.g., about 2/3) of the composite image 2500.
The beam combiner 2230a can also combine the PIP image from the second display 2212a as
part of a second portion 2512 (e.g., about 1/3) of the composite image 2500. As shown in
FIG. 13A, the background image 2501 can be produced in the majority (e.g., about 2/3) of
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the composite image 2500. The PIP image 2502 can be produced as part of, e.g., within the
remaining portion 2512 (e.g., about 1/3) of the composite image 2500.

[0196] The display 2211a for the background image can be a 5 display. The
smaller PIP image from the second camera 2222a can be displayed on a smaller panel viewed
off from the beam combiner 2230a, or could be displayed on a 5 display using only a
portion of the display (e.g., about 1/3 of the display or about part of 1/3 of the display). After
properly baffling the optical pathways, the viewer can see the smaller image 2502 adjacent
the background image 2501 as though it were a picture-in-picture.

[0197] The beam combiner 2230 can also produce additional PIP images from
other displays as part of the composite image 2500. For example, multiple images (e.g., two,
three, four, five, six, nine, twelve, etc., or any range therebetween) from multiple displays
(e.g., two, three, four, five, six, nine, twelve, etc., or any range therebetween) can be viewed
for each eye’s view by using one or more beam combiners 2230.

[0198] In some embodiments, the smaller images can be superimposed with a
dark (e.g., black) or light (e.g., clear) border to prevent the viewer from seeing similar images
as being falsely contiguous (e.g., similar types of tissues from multiple sources). For
example, after resizing the background image (e.g., to about 2/3 size), the remaining portion
(e.g., about 1/3) of the image can be left black. The smaller images from other displays can
be superimposed onto the black portion of the background image such that the images do not
appear falsely contiguous. In addition, the border can help facilitate the beam combiner 2230
arrangement, making the alignment less critical in some embodiments. In various
embodiments, the border to can have a thickness of between of 2% to 5% or 3% to10% of the
width of the images or larger. In some embodiments, the smaller images could be
superimposed onto the background image. For example, the background image could
include additional superimposed or overlapping images. Some embodiments can include a
switch or switching module to determine which image to be displayed. For example, the
background image could be switched off and not be displayed so that a different image(s) can
be displayed in the first portion 2511 of the view 2500.

[0199] As described herein, two images can form a composite image. For
example, two non-latent images, e.g., two real-time images of the surgical field, can form a

composite image. In various embodiments, when the horizontal line of sight is maintained,
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merging of images is possible. In addition, one non-latent image (e.g., a real-time image of
the surgical field) and one latent image (e.g., a data file, a CT scan, a CAT scan, an MRI, an
x-ray, ultrasound image, etc.) can form a composite image. In various embodiments, the
latent and/or non-latent images can be seen individually by both eyes; and one or more of the
images can have convergence information for a stereo or 3D effect. For example, the images
can be displayed on 2D displays that represent 2D images from the input cameras. However,
with convergence information, the brain can allow the eyes to see a 3D image.

[0200] FIG. 13B1 shows an illustration of an example medical apparatus
according to certain embodiments described herein. FIG. 13B1-a shows a larger view of the
side view of FIG. 13B1; and FIG. 13B1-b shows a larger view of the front view of FIG.
13B1. Example dimensional (e.g., in millimeters) values are provided. However, the
dimensions are not particularly limited. As shown in FIG. 13B1-a, the example embodiment
of the medical apparatus 3000 includes an imaging optics assembly 3003, a beam combiner
3004, a first display 3005a, and a second display 3006a. In some embodiments, the first
display 3005a can be the same size as the second display 3006a. In some embodiments, one
of the displays 3005a can be a combination of smaller displays with a corresponding outer
dimension equal to the other display 3006a. In some other embodiments, the first display
3005a can have a different size than the second display 3006a. In some embodiments, the
imaging optics assembly 3003 can include a mirror 3007 to relocate the optical path from the
viewing oculars, chambers, ports or portals to a direction upwards (e.g. vertically) to the
displays 3005a, 3006a. This can allow for the optical path from the viewing oculars,
chambers, ports or portals to be of a suitable length without moving the oculars, chambers,
ports or portals further (e.g., horizontally) from the surgical site. In some embodiments, the
imaging optics assembly 3003 can have a periscope design with a first mirror or reflector
configured to direct the optical path from the ocular or portal upward or vertically and
another reflector, possibly a partially reflecting partially transmitting beamsplitter to reflect at
least a portion of the optical path horizontally similar to a periscope. In some embodiments,
the surgeon can advantageously be positioned to view the surgical site and to manipulate
tools in an ergonomic way with the surgeon’s arms sufficiently close to the surgical site so as
not to need to stretch his or her arms, which can be especially uncomfortable for long

surgical procedures. Accordingly, in some embodiments, 70% to 95% (e.g., 75% to 90%) of
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the height of the viewing assembly 3000 can be located above the viewing oculars, chambers,
or ports. In some embodiments, the horizontal distance from the entrance of the ocular or
portal to the display is not larger than the vertical distance from the entrance of the ocular or
portal to the display 3005a.

[0201] As illustrated in the example embodiments, the distance between the
ocular or eye portal optics and the display where the distance is the vertical distance or the
distance along an axis perpendicular to the optical axis of the ocular or eye portal can be
about 173 mm or between about 100 mm and about 250 mm, between about 120 mm and
about 225 mm, or between about 140 mm and about 200 mm or any range between any of
these values. The distance between the ocular or eye portal optics and the display where the
distance is the horizontal distance or the distance along an axis parallel to the optical axis of
the ocular or eye portal can be less than the vertical distance. In some embodiments, the
horizontal distance is about 100 mm or between about 50 mm and about 200 mm, between
about 75 mm and about 150 mm, or between about 90 mm and about 125 mm or any range
between any of these values. In some embodiments, the horizontal distance is about 50% of
the vertical distance, or between about 40% and about 90% of the vertical distance, between
about 50% and about 80% of the vertical distance, or between about 60% and about 70% of
the vertical distance or any range between any of these values. In some embodiments, the
display housing of the medical apparatus has greater than or equal to about 50% of the
display housing volume above the oculars or eye portals. In some embodiments, the display
housing of the medical apparatus has greater than or equal to about 60% of the display
housing volume above the oculars or eye portals, greater than or equal to about 70% of the
display housing volume above the oculars or eye portals, greater than or equal to about 80%
of the display housing volume above the oculars or eye portals, or greater than or equal to
about 90% of the display housing volume above the oculars or eye portals, or greater than or
equal to about 70% and/or less than or equal to about 95% of the display housing volume
above the oculars or eye portals. As described herein, the displays can be positioned above
the center of the oculars or eye portals where above the center of the oculars or eye portals
can be any position above a plane defined by the optical axis at the exit window (e.g., lens or
transparent window) from the display to the eye of the user in the ocular or eye portal. When

the plane defined by the optical axis at the exit window is horizontal (e.g., perpendicular to
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gravity), then an object is above that plane when it is displaced along an axis perpendicular to
the defined plane in a direction opposite the direction of gravity. If the display unit rotates to
change the orientation of the defined plane, then, in some instances, the relative orientation
of the components remains substantially fixed.

[0202] FIG. 13B1-c shows the example medical apparatus of FIG. 13B1 with
aneye 3001 viewing into an ocular 3002. The medical apparatus includes an imaging optics
assembly 3003, a beam combiner 3004, and first and second displays 3005a, 3006a. As
described herein, the first display 3005a can display an image with a portion (e.g., bottom 1/4
of the display) left black. The second display 3006a can display another image with a
portion (e.g., top 3/4 of the display) left black. FIG. 13B1-c also shows an alternative
example of a first display 3015a with a 1/4 corner left black, and a second display 3016a with
the remaining 3/4 portion left black. Other examples are possible.

[0203] As described herein, each eye can merge the two images together such that
the two displays appear as one. For example, the eye can form a composite image including
a background image and a PIP image. In various embodiments, the predominant image (e.g.,
from the first display 3005a) can be a non-latent image (e.g., a surgical microscope view of
the surgical field), while the supplementary view, supplementary information, supplementary
text, and/or supplementary overlays (e.g., from the second display 3006a) can be another
non-latent image (e.g., an image of the surgical field from a surgical tool) or a latent image
(e.g., a data file, a CT scan, a CAT scan, an MRI, an x-ray, an ultrasound image, etc.). In
some embodiments, the two images can be separated from each other by a black bar or the
two images can substantially overlap (e.g., in the form of a fluorescence image or a near IR
image that goes through a processing box).

[0204] FIG. 13B1-d shows an illustration of a beam combiner arrangement 3004,
a first camera 3008a, and a second camera 3009a. The first camera 3008a is in
communication with a first camera controller 3010a, and the second camera 3009a is in
communication with a second camera controller 3011a. The first camera controller 3010a
can receive signals from the first camera 3008a, and the second camera controller 3011a can
receive signals from the second camera 3009a. A graphical user interface (GUI) controller
3012 and switcher 3013 can communicate how to produce the images on the displays 3005a,

3006a (e.g., which portions to leave black) with the first and second camera controllers
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3010a, 3011a. In certain embodiments of the medical apparatus, such processing does not
introduce latency for real-time images because such resizing is not a latency-causing activity
or function. For example, in some embodiments, the processing can be performed by a video
switcher and/or controller and not by a single central processing unit. In various
embodiments, the first and/or second camera controllers 3010a, 3011a can include image
processors and/or camera control units. In some embodiments, the first and/or second camera
controllers 3010a, 3011a can have modest functions. For example, in some embodiments,
the first and/or second camera controllers 3010a, 3011a do not have to include computers.
As an example, some embodiments include two non-latent lines, signals, or channels.

[0205] Certain embodiments of the medical apparatus can receive and display
images based on the request from the GUI. For example, upon request, some embodiments
can receive a latent image to be displayed. As an example, a static image of an x-ray, a CAT
scan, an MRI, or an image from a computer can be received from a source, such as in a
format like DICOM (Digital Imaging and Communications in Medicine). A non-latent
image can also be received from another source. In some embodiments, the predominant
image can be the non-latent image. However, in some instances, the predominant image can
be the latent image. For example, a surgeon may wish to view the MRI. The surgeon would
know that the MRI is not in real-time. However, the surgeon may wish to have the real-time
image of the surgical site in view. In some such instances, the surgeon can switch, via the
GUI, the predominant image to the MRI and keep the image of the surgical site as a PIP
image. Various embodiments of the medical apparatus do not include a direct optical
connection between the two displays (e.g., a decoupled display system) and are not
configured in the same way as an operating room microscope.

[0206] Certain embodiments of the medical apparatus can include four displays
(e.g., two displays for each eye). As disclosed herein, some embodiments can include three
or more displays for at least one eye. For example, instead of the second display being as
equal to the first, the second display could be a matrix of four smaller screens from four
source channels. From a processor standpoint, a section of the display can be designed as
non-latent, and can receive a non-latent image from another portion of the display or from
another source. In some embodiments, two non-latent real-time images can be imposed as a

PIP view in one display, and the transformation can be performed by either the camera or the
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display system, by multiple cameras or the display system, or by a controller. In some
embodiments, when two non-latent images are superimposed and/or overlaid, there can be
varying degrees of transparency. In addition, in some embodiments, the images can be
registered with both the left and right eyes. For example, the PIP images for the left and right
eyes can be placed in the same relative space (e.g., upper right hand corner for both left and
right eyes).

[0207] In some embodiments, a latent image can be displayed on one display and
the non-latent image on another display. In some embodiments, a latent image can be
inserted into a non-latent image. For example, the images can be processed through a
computer or a computer-like device (e.g., a same computer with the same display). Certain
embodiments of the medical apparatus can include two or more displays to provide images
(latent and/or non-latent) overlaid or integrated and merged in each eye. The advantage of
certain embodiments is the ability to view images (latent and/or non-latent) from multiple
sources, e.g., distal cameras, proximal cameras, external sources, etc.

[0208] In addition, sources with different formats can be combined. For example,
one display can include an image from a digital source and the other display can include an
image from an analog source. As one example, one camera can be a digital 3G SDI camera
and the other camera can be an analog camera. If one of the displays was set up for an
analog format and the other display was set up for a digital format, certain embodiments of a
medical apparatus can mix formats without having to convert them into a common format.
Accordingly, certain embodiments of a medical apparatus can provide a way of merging
digital and analog formats in the same view without translation. In various embodiments,
dissimilar and/or incompatible imaging sources can be combined by the user in each eye. In
some embodiments, each eye’s combined view might differ only by virtue of the
convergence angle at the source. As an example, a near IR image can allow one to see within
the tissue, e.g., within 1 cm in some cases from the surface. The convergence angles can be
parallel, but lie outside the convergence angle of the visible image. The images on the
display can be overlaid and displaced to match the convergence depth.

[0209] FIG. 13C illustrates that the images are not restricted to PIP images. FIG.
13C shows, for example, a schematic of an example view 2600 of multiple images (e.g., from

multiple sources) of the surgical field disposed adjacent to one another. For example, a first
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(e.g., a background) image 2601 is produced on a first portion 2611 of the view 2600, and a
second (e.g., a smaller or of similar size) image 2602 is produced on a second portion 2612
of the view 2600 such that the images do not necessarily overlap one another or do not need
to substantially overlap, or one image does not need to be substantially contained within the
other images. In such embodiments, the images can appear adjacent to one another or tiles in
a manner that is not restricted to a PIP arrangement. As described above, more than two
images may be included, for example, tiled with respect to each other. Additionally, more
than one beam combiner and more than two displays may be employed in various
embodiments to combine images, for example, for the left eye (or for the right eye).

[0210] As described herein, some embodiments as shown in FIG. 12A-12C can,
by the use of beam combiners 2230, advantageously can reduce latency by decreasing the
time to produce an image for viewing. For example, multiple images can be tiled to view the
multiple images from a variety of sources as opposed to being aligned and combined using
an image processing technique that consumes computing power. In addition, an advantage of
additional displays in each eye’s path in certain embodiments can present to the viewer
superimposed images without the complexity of electrical registration and timing issues. In
some such embodiments, the brain can also merge the images if the additional displays are
reasonably aligned optically.

[0211] In some embodiments, the above combination of images can be
secondarily or additionally run through a central processor to produce a single composite
(e.g., tiled, or picture-in-picture, etc.) view for a single display. Such a combination of
differing sources may produce latency, however, the resultant image can be provided to other
viewers in the room besides the operating surgeon. Such viewers or observers, such as staff,
in the room may have less reason to require a low latency combination of images however
such viewers may still benefit from seeing the surgery. For example, staff may be able to
anticipate tools that the surgeon will request upon viewing the progress of the surgery. A
central processor could produce stereo images for monitors plus goggles and/or auto
stereoscopic monitors to be used by the ancillary medical personnel (e.g., staff).

[0212] In some embodiments, one or more of the separate signals directed to the
separate displays can be accessed for use such as for recording. In some such configurations,

one of the outputs from the cameras that are sending video to the respective display(s) could
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be used separately as the images are electronically separate. For example, the video signal
directed to one of the displays can be recorded separately without being combined with
images from another display in the recording. A recording device, such as a USB recorder or
other storage device could be connected to a port associated with that camera or display
allowing recording of the one or more images provided to that display. The user could
control the segment of image signal recorded or otherwise used. For example, a still image
or a segment of video of any duration (e.g., 1, 2, 3, 4, 5, 10, 20 or more seconds or minutes,
or any range between any of these values) could be recorded. Input from the surgeon may be
provided via a user interface to record for a certain duration such as for 1 to 10, 20, or 30
seconds or 30 seconds to a minute or from 1 to 2, 3, 5, or 10 minutes or longer. The signal
that is recorded or otherwise obtained and used could be obtained from the separate camera
or display for any duration and accessed at different times. Such a feature may be provided
for one or more of the cameras and/or displays such that the surgeon may select which
camera (based on viewing the respective display receiving video from that camera) from
which to draw the signal for recording or other use without needing to obtain the signal
(video) electronically combined with video displayed on the other displays. Each camera
could, for example, have associated therewith a USB recorder or a port for such a recorder.
As described above, the recording can be done locally on any or all input signals. The user
could therefore edit (and possibly reorient and reposition) and/or emphasize a particular
event for teaching or documentation purposes.

[0213] In various embodiments, the different displays have stages or platforms or
are otherwise configured to be repositioned and/or reoriented mechanically to display for the
surgeon respective video at different positions and orientations. In some embodiments, one
or more of the different displays could be moved physically with respect to one another by
the user. The displays could be mounted so as to be movable and/or reoriented by the
surgeon either by hand or electronically. The user could thus move one display from one
location on the left or top to another location on the right or bottom (or vice versa) of the
view seen by the user. The user can thus reposition so overlay is re-registered. This may be
done mechanically and optical (with a beam combiner) rather than electronically (although
the displays may be moved electronically). In some cases a camera may be zoomed in (or

out) and the zoomed view shown on the display may be repositioned (and/or reoriented) by
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physically moving the display on which the zoomed image is shown with respect to an image
or information provided by another display. This capability may allow the surgeon to
selectively emphasize or de-emphasize certain views or inputs from cameras or other sources
displayed on the respective displays as desired (for example by placing the display more or
less toward the center of the field of view of the viewer). As discussed above, the displays
may include images from cameras, images from other sources such as other medical imaging
devices (MRI, x-ray, CAT, etc.) or other data. The surgeon may also cause one or more of
the inputs to be scaled up or down or enlarged or reduced to an area of interest (for example,
reduced to a subset of a fluorescent or narrowband image), which can then be superimposed
over another image or moved with respect to another image by moving one display relative
to another. The beam combiner will combine the images such that they appear superimposed
or otherwise juxtaposed with respect to each other based on the relative locations of the
respective displays. In this manner, the surgeon can edit or emphasize particular views, for
example, for surgery as well as edit or emphasize a particular event for teaching or
documentation purposes.

[0214] As described elsewhere in this application and shown, for example, in
FIGS. 1 and 11, as well as FIGS. 12A-12C and other figures, the display assembly need not
be a direct view display providing an optical path from the user’s eye to the surgical site.
Instead, the viewer may view displays that show images captured by cameras viewing the
surgical site. Likewise, the view can move about more independently and not be limited to
the location and/or orientation of the camera. Accordingly, the viewer might be 2, 3, 4, 5 or
more feet from the surgical site. The camera may be less than 1 foot or 2 feet (possibly less

than 3 feet) from the surgical site in some such cases.

Cooperative Surgical Display Systems

[0215] As part of the surgical visualization systems described herein, a surgical
display system can be configured to provide advantageous viewing features to a surgeon,
assistant, or other operator of the surgical visualization system. A surgical display system
can be configured to provide displays and optical components to view the displays. These
displays can be configured to provide views of video captured with one or more cameras of

the surgical visualization system. These displays can also be configured to provide views of
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other information, such as text data, images, or the like provided by another electronic
device. A surgical display system can provide ports, portals, or oculars, transparent plates,
lenses, prisms, mirrors, chambers, baffles, and the like to provide optical paths for a viewer
to view the displays of the surgical display system.

[0216] In some embodiments, a surgical display system includes one or more
displays (e.g., flat panel displays or FPDs) that are configured to be viewed by a surgeon. In
the surgical display system, the optical paths to each eye include a combination of lenses
configured to provide a view along a right eye optical path and a left eye optical path. Each
optical path can be directed to the same display (e.g., to different parts of a single display) or
to different displays, for example and without limitation. On the one or more displays, video
images can be displayed from a collection of sources. Sources can include camera systems
of a surgical visualization system. Examples of sources include one or more cameras on
endoscopes, one or more cameras providing surgical microscope views of a surgical site, one
or more proximal cameras mounted on a frame near or adjacent to the surgical site, one or
more cameras on a surgical tool, and the like.

[0217] In some embodiments, a surgical display system includes one or more
displays that are viewable in a particular optical path for an eye. For example, the right eye
optical path can lead to one or more displays and the left eye optical path can lead to one or
more separate displays. In such embodiments, each image acquisition camera system can be
registered and aligned to produce a substantially identical view of a scene differing only in
waveband selection. The images can be processed to enhance distinctive features or to
differentiate between the images provided in the different wavebands. In some
implementations, insertion and registration of pre-surgical information produced by an
external source can be included on the one or more displays.

[0218] In some embodiments, a surgical display system includes one or more
displays per eye optical path, wherein a display of information or image in a first display
corresponds to a black area in a second display. This can allow the displays to combine to
create a seemingly unitary image without ghosting or visual overlapping of different images.
The black portion of the screen can be advantageous as it emits little to no light to reduce the

contrast of the image provided on the first display.
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[0219] In some embodiments, a surgical display system is provided that includes
one or more displays per eye optical path. In such embodiments, a second image or portion
of a second image can be registered to a first image on a first display. In this way, the first
and second images can be combined visually to produce a coherent image.

[0220] In some embodiments, the surgical display systems disclosed herein are
configured so that the right eye path (or right eye view) and the left eye path (or left eye
view) provide different perspectives of the same image or images. The surgical display
systems can be configured so that the exit pupil produced by the system for each eye path is
nominally about 2-9 mm. The surgical display systems can be configured so that the field
stop produced by the system for each eye is between about 18 mm and about 28 mm. The
surgical display systems can be configured so that the apparent field of view associated with
the exit pupil is between about 45 degrees and about 100 degrees. The surgical display
systems can be configured so that the eye relief for each eye path is nominally between about
15 mm and about 30 mm. The surgical display systems can be configured so that the total
path or track length of the optical path between any display and the viewer’s eye (or exit
pupil) is at least about 50 mm and/or less than or equal to about 400 mm. The surgical
display systems can be configured so that the total track or path length of the optical path
between any display and the viewer’s eye (or exit pupil) contains one or more reflecting
surfaces. The surgical display systems can be configured so that the total path length of the
optical path between any display and the viewer’s eye (or exit pupil) contains one or more
prisms, for example, utilizing total internal reflection. The surgical display systems can be
configured so that the one or more displays include more than one display per eye path and
two or more displays are combined with a pellicle or thin glass mounted beamsplitter or
combiner coating comprising one or more layers. In such embodiments, a thin glass mounted
beamsplitter or combiner can be utilized and the ratio of diameter to substrate thickness can
be less than about 100 to 1. In such embodiments, the beamsplitter or combiner coating can
for example be made of a metalized layer, a patterned layer, or dielectric coating that has

multiple layers.
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Binocular Display Unit

[0221] Various embodiments include a binocular display unit including a pair of
oculars that produces (for example, for each eye) an exit pupil in space. This can be a small
zone where the marginal rays of the corners of the field of view cross the optical axis. A
person’s eye naturally chooses this spot when viewing scenes. At this position, a person sees
a black margin around the field of view. For a modified Wheatstone configuration, the
binocular display unit can be configured to utilize a rectangular display to take advantage of
the natural tendencies of the viewer’s vision.

[0222] Some embodiments employ a display with an exit pupil (as opposed to a
large eye box). A rectangular field stop can be included in the ocular. In some
implementations, rectangular baffles can be included in the display for rejection of stray
light. These features can be combined with a rectangular panel display for each eye wherein
the rectangular panel displays its half of a stereo image. The display can be positioned at a
conjugate position with the field stop in the ocular. A near-eye display places the display at
the field stop of the ocular.

[0223] The eye relief, e.g., the position of the exit pupil relative to the last surface
of the ocular, is a factor that determines how close a viewer is to the device when viewing the
displays. When the eye relief is greater than about 15 mm to about 20 mm, the observer can
comfortably wear spectacles during use of the device.

[0224] The oculars of the binocular display unit can be used to provide a view
with a larger apparent field of view. The ocular can be configured to provide the power and
magnification to produce an exit pupil at a desired or targeted location thereby providing
desired or targeted eye relief from a field stop. This can produce this apparent field of view.

[0225] Beyond a certain field of view (where field of view 1is inversely
proportional to the focal length of the ocular), the output of the ocular does not generally
couple with the pupil of an eye and a viewer typically fails to see part of the field. This
effect can be referred to as a kidney bean effect, as the portion not seen has a kidney bean
shape. A 10x magnification operating room microscope ocular, for example, has a wide field
of view and comfortable exit pupil position. In the binocular display unit, the last

components of the display system (e.g., the oculars), enable the apparent field of view.
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[0226] Another consideration when designing a display unit that uses an eye box
rather than an exit pupil is illumination. As the apparent field of view increases, the relative
brightness of the display decreases. So, as the exit pupil grows until it becomes an eye box,
the display panels decrease in apparent brightness because the area (of the eye box) is larger.
Accordingly, the disclosed binocular display units put a significant amount of the total
illumination into a useful sized exit pupil (as opposed to an eye box). This facilitates
interoperability and integration into a surgical environment as the exit pupil of operating
room microscopes is a well-established and accepted size.

[0227] Various embodiments of the binocular display unit provide a compact unit
with ergonomic adjustments at or near the oculars. These display units can be configured to
be less massive than other display units meaning that it can be easier to move and adjust.

[0228] In some embodiments, a display unit can include a display housing, an
opening in the display housing, at least two chambers within the display housing (one for the
left eye and one for the right eye), and at least one electronic display disposed the display
housing, each of the at least one electronic display comprising a plurality of pixels
configured to produce a two-dimensional image. The separate left and right optical paths
together provide stereo viewing. The display housing is further configured to separate a right
eye path from a left eye path to the at least one electronic display so that light intended to be
viewed with a right eye from the at least one electronic display does not travel down the left
eye path and vice versa. The medical apparatus includes an imaging system disposed on the
display housing, the imaging system configured to generate images of a surgical site from
outside the surgical site. The view of the display within the housing can be configured to
provide a stereoscopic image to a viewer, as discussed above. In some embodiments, the
housing further includes lenses and/or a transparent plate between the eyes of a viewer and
the at least one electronic display. In some embodiments, the housing further includes a
baffle or other structure to separate the left eye path and the right eye path. In some
embodiments, each chamber is baffled to prevent light from one channel to communicate to
the other eye path. In some embodiments, at least a portion of the chambers comprise
oculars.

[0229] In certain implementations, the display unit can be baffled to prevent light

communication between the left and right eye channels. To adjust for different
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accommodations, the displays within the display system can be configured to move toward
and/or away from the viewer along the optical path. This can have an effect similar to
varying focal lengths of lenses in an ocular system. In some embodiments, the display
housing with the electronic displays can change to move the displays closer or further from
the viewer along the optical path. In some embodiments, both the display housing and the
electronic displays are configured to be adjustable along the optical path to adjust for
accommodation.

[0230] In certain implementations, the binocular display unit can be configured to
receive video images acquired with an endoscope and display these video images within the
unit. These images can be combined (e.g., stitched, tiled, switched, etc.) with video from
other sources by an operator so that video images from one or more sources, including the

endoscope video images, can be viewed with the binocular display unit.

Display Unit with Folded Optical Path

[0231] Various embodiments include a display unit including optical elements
configured to redirect an optical path from a viewer’s eye to a display such that the display is
positioned above the viewer’s eye when the viewer is looking substantially horizontally (e.g.,
where horizontal is perpendicular to gravity which is vertical) into the display unit. FIG.
13B1-a illustrates an example of such a configuration for a display unit wherein optical
components direct and focus images from displays 3005a and 3006a to the viewer using a
beamsplitter/combiner 3004 and mirror or reflector 3007. This allows the displays 3005a and
3006a to be positioned above the level of the eye when the viewer is looking substantially
horizontally (e.g., with gravity vertical) into the display unit. This may also be the case
where the majority or all of the optical components are not above the level of the eye when
the viewer is looking substantially horizontally into the display unit.

[0232] In some embodiments, the display unit includes oculars through which the
viewer looks to view images provided by the displays 3005a, 3006a. In some embodiments,
the display unit includes eye portals through which the viewer looks to view images provided
by the displays 3005a, 3006a. In either of these embodiments, the oculars or eye portals and
the display unit can include optical components configured to direct the optical path from the

displays to the oculars or eye portals as well as to provide imaging functionality. In some
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embodiments, dimensions of the display housing include the oculars or eye portals and in
some embodiments, dimensions of the display housing exclude the oculars or eye portals.
[0233] To facilitate the description of the configuration of the display unit, a
coordinate system will be adopted that is fixed to the display unit. The coordinate system
will take the optical axis through the oculars or eye portals as the x-axis (an example of
which is illustrated in FIGS. 13B1-e and 13B1-f) and the optical axis after the redirection
optical component (e.g., the mirror or reflector 3007 in FIG. 13B1-a) as the y-axis (an
example of which is illustrated in FIGS. 13B1-e and 13B1-f), the x-axis being perpendicular
to the y-axis. The physical distance along the x-axis from the display to the oculars can be a
fraction of the distance along the y-axis from the display to the oculars. For example, the
distance along the x-axis to the display can be less than or equal to 90% of the distance along
the y-axis to the display, less than or equal to 80% of the distance along the y-axis to the
display, less than or equal to 70% of the distance along the y-axis to the display, less than or
equal to 60% of the distance along the y-axis to the display, or less than or equal to 50% of
the distance along the y-axis to the display or any ranges therebetween. In some
embodiments, after the optics of the oculars or eye portals, the majority of the optical
components can be positioned above (e.g., in a positive direction along the y-axis as defined)
the oculars or eye portals. In some embodiments, a majority of the length of the optical path
can be positioned above the oculars or eye portals. For example, the total length of the
optical path can be taken as the distance from a first optical component (e.g., window where
a window may be a lens or planar transparent plate) of the oculars or eye portal to the display
3005a or 3006a. In some embodiments described herein, less than 50% of that total length is
the length of the optical path before the mirror 3007 or the optical component that redirects
the optical path from being substantially along the x-axis to being substantially along the y-
axis. In some embodiments, the optical axis does not travel downward along the y-axis. In
some embodiments, the optical axis does not travel downward along the y-axis prior to being
redirected upward along the y-axis toward the displays. These features can allow for a
display unit that is larger in height than in depth. This may be advantageous to allow for a
display unit that can be moved around in an operating room environment without
substantially interfering with the positioning of other display units, camera assemblies,

and/or personnel.
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[0234] To further describe the configuration of the display unit, the coordinate
system defined above can include a plane that is perpendicular to the y-axis, referred to as the
viewing plane, where the viewing plane intersects the optical axis at the oculars or eye
portals. In some embodiments, the display unit can be configured so that a majority of the
optical path is not below this viewing plane. In some embodiments, the display unit can be
configured so that a majority of the optical path is above this viewing plane. In some
embodiments, the display unit can be configured so that at least 40%, at least 50%, at least
60%, at least 70%, at least 80%, or at least 90% of the optical path is above the viewing plane
or any value therebetween. In some embodiments, the display unit can be configured so that
at least 40% and/or less than or equal to about 99%, at least 50% and/or less than or equal to
about 95%, at least 60% and/or less than or equal to about 90%, or at least 70% and/or less
than or equal to about 85% of the optical path is above the viewing plane. In some
embodiments, the display unit can be configured so that a majority of the optical components
are above the viewing plane. In some embodiments, the display unit can be configured so
that the displays are above the viewing plane. In some embodiments, the display unit can be
configured so that a majority of the display housing volume is above the viewing plane. In
some embodiments, the display unit can be configured so that at least 40%, at least 50%, at
least 60%, at least 70%, at least 80%, or at least 90% of the display housing volume is above
the viewing plane. In some embodiments, the display unit can be configured so that at least
40% and/or less than or equal to about 99%, at least 50% and/or less than or equal to about
95%, at least 60% and/or less than or equal to about 90%, or at least 70% and/or less than or
equal to about 85% of the display housing volume is above the viewing plane.

[0235] In some embodiments, the display units can be positioned so that their
display panels are substantially perpendicular to one another, as illustrated in FIG. 13B1-e.
In some embodiments, the display units can be positioned so that their display panels are
substantially parallel to one another, as illustrated in FIG. 13B1-f. In such an embodiment,
an additional mirror 3004b can be included above the beamsplitter/combiner 3004 to redirect
the optical axis to the other display.

[0236] The display unit can have a depth, d, (e.g., the extent of the display unit
housing along the x-axis) and a height, &, (e.g., the extent of the display unit housing along
the y-axis) that forms an aspect ratio (d:h) that is less than 1. The aspect ratio of the depth to
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height can be less than or equal to about 0.95, 0.9, 0.85, 0.8, 0.75, 0.7, 0.65, 0.6, 0.55, 0.5,
0.45, or 0.4 or ranges therebetween any of these values (e.g., 0.95-0.6 or 0.9-0.65).

[0237] To facilitate the description of other configurations of the display unit,
another coordinate system will be adopted that is fixed relative to gravity. The coordinate
system will take gravity as the y-axis and the x-axis lies within the horizontal plane
perpendicular to gravity, the x-axis being the projection of the optical axis at the exit window
(e.g., final lens element of the oculars or eye portal) on the horizontal plane. In this
coordinate system, the height of the display unit can be taken as the dimension of the display
housing along the y-axis (e.g., the direction parallel to gravity) and the depth can be the
dimension taken along the x-axis (e.g., the direction perpendicular to gravity and parallel to
the projected optical path at the ocular or eye portal). With this convention, the display unit
can have a depth, d, (e.g., the extent of the display unit housing along the x-axis) and a
height, A, (e.g., the extent of the display unit housing along the y-axis) that forms an aspect
ratio (d:h) that is less than 1. The aspect ratio of the depth to height can be less than or equal
to about 0.95, 0.9, 0.85, 0.8, 0.75, 0.7, 0.65, 0.6, 0.55, 0.5, 0.45, or 0.4 or ranges
therebetween any of these values (e.g., 0.95-0.6 or 0.9-0.65). In some implementations, the
optical path of the oculars or eye portals can form an angle that is less than or equal to about
30 degrees with the horizontal plane, less than or equal to about 15 degrees with the
horizontal plane, less than or equal to about 10 degrees with the horizontal plane, less than or
equal to about 5 degrees with the horizontal plane, or less than or equal to about O degrees
with the horizontal plane.

[0238] In some embodiments, the display housing can have a height that is larger
than its depth. For example, the depth can be less than or equal to about 90% of the height,
less than or equal to about 80% of the height, less than or equal to about 70% of the height,
less than or equal to about 60% of the height, less than or equal to about 50% of the height,
or less than or equal to about 40% of the height. In some embodiments, the display housing
can be longer than it is deep. For example, the display housing can be at least 10% longer
than it is deep, at least 25% longer than it is deep, at least 50% longer than it is deep, or at
least 100% longer than it is deep. In some implementations, the optical path within the
display housing can be longer along its height than along its depth. For example, the optical
path along the height can be at least 10% longer than along its depth, at least 25% longer than
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along its depth, at least 50% longer than along its depth, or at least 100% longer than along
its depth or any range of values therebetween.

[0239] In some embodiments, the display unit can include an optical system (e.g.,
lenses) with one or more two-dimensional displays and illumination sources, the optical
system configured to direct rays from the displays and illumination sources towards the eyes
of a viewer, the optical system configured to produce a collimated virtual image of the one or
more displays for each eye. A majority or all of the optical system of the display unit can be
near or above a plane that is parallel to the viewer’s line of site when looking through oculars
or eye portals into the display unit to see the displays. In certain implementations, the
collimated rays can be disposed at an angle relative to a vertical plane that is substantially
perpendicular to the plane parallel to the viewer’s line of site. In some implementations, the
display unit includes one or more fold mirrors or prisms or reflectors that are positioned
between the displays and the optical system enabling the use of displays that are wider than
the center-to-center spacing of the ocular or eye portals or the viewer’s eyes, an example of
which is illustrated in FIGS. 13B1 and 13B1-b. In some implementations, the one or more
fold mirrors or prisms or reflectors lie within the optical system rather than between the
optical system and the displays. In some implementations, the optical system includes one or
more fold mirrors or prisms or reflectors configured to permit displacement (e.g., in the z-
direction) of each eye’s opto-mechanical axis to permit a compact overall design and
ergonomic adjustment. In some implementations, one or more fold mirrors or prisms or
reflectors are positioned between the displays and the optical system, the one or more fold
mirrors or prisms configured to permit displacement (e.g., in the z-direction) of each eye’s

opto-mechanical axis to permit a compact overall design and ergonomic adjustment.

Accommodation Differences

[0240] In some embodiments, a display unit can include a display housing, an
opening in the display housing, at least two chambers within the display housing, and at least
one electronic display disposed in the display housing, each of the at least one electronic
display comprising a plurality of pixels configured to produce a two-dimensional image. The
display housing is further configured to separate a right eye path from a left eye path to the at

least one electronic display so that light intended to be viewed with a right eye from the at
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least one electronic display does not travel down the left eye path and vice versa. The
medical apparatus includes an imaging system disposed on the display housing, the imaging
system configured to generate images of a surgical site from outside the surgical site. The
view of the display within the housing can be configured to provide a stereoscopic image to a
viewer. In some embodiments, the housing further includes lenses and/or a transparent plate
between the eyes of a viewer and the at least one electronic display. In some embodiments,
the housing further includes a baffle or other structure to separate the left eye path and the
right eye path. In some embodiments, each chamber is baffled to prevent light from one
channel to communicate to the other eye path. In some embodiments, at least a portion of the
chambers comprise oculars.

[0241] In certain implementations, the display unit can be baffled to prevent light
communication between the left and right eye channels. To adjust for different
accommodations, the displays within the display system can be configured to move toward
and/or away from the viewer along the optical path. This can have an effect similar to
varying focal lengths of lenses in an ocular system. Similarly, lenses or other optical
components can be moved in the system to provide for different accommodations. In some
embodiments, accommodation adjustment can be made by moving the screens relative to the
lenses inside the display unit. In certain implementations, by lengthening the housing with
the screens attached, or by moving the screens within a fixed housing relative to the lenses
and user, or by moving the position and/or the separation of lenses or groups of lenses,
accommodation can be adjusted. Additional adjustments between the two chambers can be
accomplished by physically moving the two chambers laterally, e.g., by separating or moving
the chambers closer together to adjust for inter pupillary distance differences between users.

[0242] In some embodiments, the display housing with the electronic displays can
change to move the displays closer or further from the viewer along the optical path. In some
embodiments, both the display housing and the electronic displays are configured to be
adjustable along the optical path to adjust for accommodation.

[0243] In certain implementations, the binocular display unit can be configured to
receive video images acquired with an endoscope and display these video images within the

unit. These images can be combined (e.g., stitched, tiled, switched, etc.) with video from
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other sources by an operator so that video images from one or more sources, including the

endoscope video images, can be viewed with the binocular display unit.

Camera Providing Surgical Microscope Views

[0244] The beginning, middle and end of a surgical case may involve differing
visualization goals. As the case begins, the surgeon may be interested in surveying and
viewing the area for the surgery. At skin level the surgeon may use surgical tools and the
operating room microscope to guide their progress into the body to the surgical site. This
means what is desirable is an image acquisition system functioning like an operating room
microscope (OR scope) until such time as they choose to use views from other cameras (e.g.,
one or more cameras on a surgical tool(s), endoscope(s), one or more proximal cameras,
etc.).

[0245] With this display design a number of surgical microscope camera
functions are enabled. As described herein, the difference between using an exit pupil versus
using an eye box results in differing apparent fields of view. Similarly, the choice of an
electronic acquisition system that is not optically connected to the displays, as is the case in
typical OR microscopy, makes many features possible.

[0246] An optically coupled microscope may have huge arms and complicated
motions to position the microscope in positions required for surgery, in particular for
neurosurgery. Some stands give the operating room microscopes a wide range of
counterbalanced motions. Decoupling the optical system acquisition from the display, allows
for a far greater range of motion, and this motion is closer to the optical elements of the
system rather than the stand. Such a decoupled optical system can enable a compact system
that can eliminate most or all counterbalancing efforts due at least in part to the reduced size
and mass. Similarly, decoupling image acquisition of the surgical microscope view and
providing an electronic display with no direct optical path from the oculars to the surgical
site affords the opportunity to make a compact and ergonomic system.

[0247] Oblique surgical microscope views are useful, for example, for
neurosurgery. One challenge to overcome in such systems is if there is a rotation of the
surgical microscope views for oblique views there may be a roll component with the

following result. The surgeon’s eyes are in a plane parallel with the horizon and parallel with
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the display. Adding an oblique view in the right eye and left eye path’s rolling, meaning the
right eye and left eye may rock up and down with respect to one another as the mechanism is
repositioned.

[0248] If the pitch is in a line coincident with the primary surgeon’s gaze, from
vertical to oblique, yaw around a central axis position-able in x and y, a collar to rotate
surgical microscope cameras to switch views between the pairs of optics or alternatively the
upper gimbal can be rotated 90 degrees and the view through the right eye left eye pairs can
be switched electronically to give a roll motion in a vertical position. The pitch and yaw and
collar gimbals are can be motor driven controlled by a joystick on one of the handles that
manually control x and y of the assembly. A fine focus z adjustment can be manual or motor
driven from controls or mechanisms on one handle or on one of the 2 handles on either side
of the assembly. Zoom functions, illumination controls, fixing gaze position etc. can be
controlled from the handles as well. The one handle or the 2 handles can reposition the entire
mechanism under the display in x and y without disturbing the position of the display.

[0249] This assembly does not introduce roll in an oblique view, but could be
positioned in a vertical position to have some roll if that is desired. For example, if one
wants to roll the view slightly to one side or another so one or the other eye’s view is not
obstructed by tool use in the surgical opening when the surgical microscope camera is used
in a substantially vertical position.

[0250] In some embodiments, an electronic surgical microscope for one or more
surgeons to view a stereo pair of images in an electronic display from a surgical site is
provided that includes a right eye path and a left eye path through a common objective. The
electronic surgical microscope can be configured to be used at the focal length of the
objective.

[0251] In a further embodiment, the electronic surgical microscope can include a
right eye path comprising a view through a common objective and an afocal zoom assembly
as well as a left eye path comprising a view through a common objective and an afocal zoom
assembly.

[0252] In a further embodiment, the electronic surgical microscope can include a

right eye path comprising a view through a common objective and an afocal zoom assembly
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and an adjustable diaphragm as well as a left eye path comprising a view through a common
objective and an afocal zoom assembly and an adjustable diaphragm.

[0253] In a further embodiment, the electronic surgical microscope can include a
right eye path comprising a view through a common objective and an afocal zoom assembly
and an adjustable diaphragm and a focusing lens assembly as well as a left eye path
comprising a view through a common objective and an afocal zoom assembly and an
adjustable diaphragm and a focusing lens assembly.

[0254] In a further embodiment, the electronic surgical microscope can include a
right eye path comprising a view through a common objective and an afocal zoom assembly
and an adjustable diaphragm and a focusing lens assembly forming an image on a detector.
In a further embodiment, the electronic surgical microscope can include a left eye path
comprising a view through a common objective and an afocal zoom assembly and an
adjustable diaphragm and a focusing lens assembly forming an image on a detector.

[0255] In a further embodiment, the electronic surgical microscope can include 2
or more real time video camera systems coupled to the right eye and left eye paths for
processing signals from the right eye and left eye detectors, wherein electronic signals of
each eye path produce resolution compatible with HD displays, e.g. 7201, 720p, 1080i,
1080p, and 4k.

[0256] In a further embodiment, the electronic surgical microscope can be
configured so that neither eye path produces an aerial image suitable for direct viewing.

[0257] In a further embodiment, the electronic surgical microscope can include a
system to divide the output of each detector, right and left eye, and vertically flip the images
to a second right eye and left eye display for an assistant surgeon at 180 degrees to the
primary surgeon.

[0258] In a further embodiment, the electronic surgical microscope can include a
second pair of stereo paths that include a right eye path comprising a view through a common
objective and an afocal zoom assembly and an adjustable diaphragm and a focusing lens
assembly forming an image on a detector, a left eye path comprising of a view through a
common objective and an afocal zoom assembly and an adjustable diaphragm and a focusing
lens assembly forming an image on a detector, where both stereo paths are rotated 90 degrees

from the first stereo pair paths to permit a second surgeon to view through the common
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objective and sit at 90 degrees to the primary surgeon. In addition, it can be configured so
that neither eye path produces an aerial image suitable for direct viewing. In yet a further
embodiment, the right eye path and the left eye path to their respective detectors permit an
assistant surgeon to sit at right angles to the primary surgeon. Similarly, the output of the
right eye and left eye detector of the assistant surgeon’s detector may be vertically flipped to
display the stereo scenes appropriately whether the assistant surgeon sits on the right or left
side of the primary surgeon. Likewise, the surgical microscope can include a collar to
support the stereomicroscope permitting the 4 eye paths to be rotated around the line of sight
within the collar plus or minus 90 degrees or more and a system to switch stereo pairs
displayed in the viewer from assistant surgeon to primary surgeon.

[0259] In some embodiments, a surgical microscope image acquisition system
can be provided for acquiring stereo images of a surgical site to be displayed for one or more
surgeons without a direct path optically between the lens elements of the acquiring system
and surgeon’s eyes. In a further embodiment, the surgical microscope image acquisition
system can be suspended below an electronic display system for surgery and attached to a
plane parallel with the horizon. The plane is the bottom surface of an electronic display for
viewing the output of the stereomicroscope image acquisition system. In some embodiments,
the plane is integral with a proximal column providing rotation, yaw, for integral displays
and one or more stereomicroscope image acquisition systems. In a further embodiment, the
column attaches to an arm which provides x y and z positioning movement for entire
acquisition and display system at, over or adjacent to the patient. In a further embodiment,
the arm attaches to a vertical column supporting all of the above which provides z, rotation
and yaw. In some embodiments, the column can provide gross positioning and focusing
without the need of counter balance measures as seen in operating room microscope stands,
due to the lack of a directly optical pathway from the surgical site to the doctor’s eyes.

[0260] Decoupling image acquisition from display in a Wheatstone like stereo
display results in less mass and less movement of the display(s) that can result in an
ergonomic viewing position for long cases. The primary positioning of a surgical view can
be by the gimbaled image acquisition system. The positioning elements can be moved from
adjacent to column in competing solutions to adjacent to the image acquisition system

described herein that provides surgical microscope views.
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[0261] In some embodiments, a surgical microscope image acquisition system
whose stereo pair eye paths view a surgical site through a common objective contains one or
more zoom (or just ‘lens’) assemblies to transform the numerical aperture of one or more
fiber optic cables from a remote source(s) also functioning through a common objective. By
this means the divergence of the illumination light may be altered to illuminate a scene as
either the imaging zoom changes, or to place more energy in an area.

[0262] In some embodiments, a surgical microscope image acquisition system is
provided where the fiber optic illumination zoom functioning through a common objective
has a gimbal mechanism so that the illumination may be steered within the surgical opening,
or on the patient.

[0263] Various embodiments include a gimbaled image acquisition system, which
has a working distance range and stereo separation of an operating room microscope, without
an optical through path to the surgeon’s eyes. The acquisition system is mounted in a collar
(described above) in a gimbal system so that four zoom paths can be rotated 90 degrees
around the line of sight to switch stereo paths between assistant surgeon and primary
surgeon.

[0264] The acquisition system and collar attach to a yoke, which allows the
surgical microscope image acquisition system to pitch, e.g., view closer to or further away
from the surgeon.

[0265] An electronic stereomicroscope for one or more surgeons is provided to
view a stereo pair of images in an electronic display from a surgical site having separate right
eye and left eye paths (e.g., a Greenough configuration) with a variable convergence. In
some embodiments, the electronic stereomicroscope can include a right eye path comprising
tilted afocal zoom assembly providing variable convergence angle option as well as a left eye
path comprising tilted afocal zoom assembly providing variable convergence angle option.

[0266] FIGS. 8A-8B illustrate views of a camera providing a surgical microscope
view rotated around a central axis from the point of view of the primary surgeon. The x y
stage under the display allows the surgical camera view mechanism to be shifted from one
side to another giving the surgeon better access to the surgical site for tool use. The assistant
scope can be moved from one side of the device to the other, e.g., +/- 90 degrees, from the

position of the primary surgeon. The gimbal on the yoke allows the device to see retrograde
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from vertical. The gimbal system can be positioned for an oblique side view. The device
can be configured for oblique views which may be particularly advantageous for

neurosurgery.

Frame and Proximal Cameras

[0267] Certain embodiments include a medical apparatus comprising one or more
proximal and/or distal cameras. In some cases (e.g., in some cases of brain surgery), minimal
retraction and/or momentary retraction may be desired. Accordingly, certain embodiments
of a medical apparatus comprising a frame, which is not a retractor, can be beneficial.
Accordingly, various embodiments of a medical apparatus can comprise a frame that is not a
retractor. The frame may be configured to be disposed above a surgical site of a patient. The
frame can be mounted to a bed or to the patient and in some embodiments, anchored outside
the surgical site of the patient. The medical apparatus can also include one or more cameras
(e.g., a stereo camera, a mono camera, a camera providing a surgical microscope view, etc.)
mounted to the frame. The one or more cameras can be configured to image the surgical site.

[0268] FIG. 14A shows a schematic of an example of such a medical apparatus
500 comprising a frame 510 disposed above a surgical site 501 of mock patient. The mock
patient includes an opening 505 in the skull 507, material 509 representing brain, and
material 511 representing white tissue. A hand retractor 513 is shown as lifting the material
509 representing brain to show the skull base tissue 511. The frame 510 can be configured to
be disposed above the surgical site 501 of the patient. One or more cameras 520 can be
mounted to the frame 510. For example, referring to FIG. 14A, one or more cameras 520 can
be mounted to the frame 510 via mounts, clamps, and/or fingers 525 (with or without
gimbals 530).

[0269] In various embodiments, the frame 510 can be configured to be mounted
to a bed (e.g., to a gurney) or to the patient. For example, the frame 510 can be configured to
be mounted to the bed (e.g., to the bed rail) and/or to the patient via a Mayfield clamp or a
Mayfield mount. The frame 510 can be configured to be disposed outside the patient but
within a close proximity to the patient and/or surgical site 501. For example, the frame 510
can be configured to be disposed above the surgical site 501 and/or above the patient by a

distance of Imm, 5 mm, 10 mm, 15 mm, 20 mm, 25 mm, 30 mm, 35 mm, 40 mm, 45 mm, 50
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mm, 75 mm, 100 mm, 120 mm, 130 mm, 140 mm, 150 mm, 175 mm, 200 mm, 250 mm, 300
mm or any value in between these values. Accordingly, in various embodiments, the frame
510 can be configured to be disposed, for example, I mm to 50 mm, 5 mm to 40 mm, 5 mm
to 50 mm, 10 mm to 25 mm, 10 mm to 40 mm, 10 mm to 50 mm, 50 mm to 75 mm, 50 mm
to 100 mm, 50 mm to 120 mm, 50 mm to 130 mm, 50 mm to 140 mm, 50 mm to 150 mm,
100 mm to 200 mm, (or any range formed by any of the values from 1 mm to 300 mm) above
the surgical site 501 and/or above the patient. In various embodiments, the camera location
can be configured to be disposed above the surgical site 501 and/or above the patient by a
distance of Imm, 5 mm, 10 mm, 15 mm, 20 mm, 25 mm, 30 mm, 35 mm, 40 mm, 45 mm, 50
mm, 75 mm, 100 mm, 120 mm, 130 mm, 140 mm, 150 mm, 175 mm, 200 mm, 250 mm, 300
mm or any value in between these values. Accordingly, in various embodiments, the frame
510 can be configured to be disposed, for example, I mm to 50 mm, 5 mm to 40 mm, 5 mm
to 50 mm, 10 mm to 25 mm, 10 mm to 40 mm, 10 mm to 50 mm, 50 mm to 75 mm, 50 mm
to 100 mm, 50 mm to 120 mm, 50 mm to 130 mm, 50 mm to 140 mm, 50 mm to 150 mm,
100 mm to 200 mm, (or any range formed by any of the values from 1 mm to 300 mm) above
the surgical site 501 and/or above the patient. In some embodiments, the camera can extend
close to and/or inside the surgical site even if the frame 510 is located above the surgical site.

[0270] The one or more cameras 520 can include any of the cameras described
herein. For example, the one or more cameras 520 can include a mono view camera, e.g., a
single camera with one field of view with a circular, rectangular, or square image output. In
various embodiments, the one or more cameras 520 can provide a left-eye view and a right-
eye view. In some such embodiments, the one or more cameras 520 can be configured to
provide stereo imaging. For example, the one or more cameras 520 can include a stereo view
camera, stereo assemblies, a pair of cameras, or a split sensor with one-half providing the
right-eye view and the other half providing the left-eye view. The one or more cameras 520
can include one or more illumination sources.

[0271] Various embodiments of the medical apparatus 500 include a frame 510
for the purpose, partially or predominantly, of holding one or more cameras 520 (e.g., one or
more cameras as described herein). Because the frame 510 is not a retractor and does not
move or retract tissue, a hand retractor 513 can be used to move tissue in the surgical site

501. In various embodiments, one or more cameras 520 can be configured to be mounted to
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the frame 510. In some embodiments, the one or more cameras 520 can face inwardly and/or
downwardly into the surgical site. The size of the frame 510 is not particularly limited and
can depend on the size of the surgical site 501 and/or the type of surgical procedure. The
shape of the frame 510 is also not particularly limited. As some examples, the frame 510 can
have a cross-sectional shape comprising a round shape (e.g., a circle, an oval, etc.), a regular
polygon (e.g., a square, a rectangle, a hexagon, an octagon, etc.), or an irregular polygon
(e.g., an L-type shape). FIGS. 14Al-a, 14A1-b, and 14Al-c schematically illustrate an
example circular frame 510a, an example square frame 510b, and an example L-shaped
frame 510c respectively.

[0272] Various embodiments of the medical apparatus 500 can include one or
more cameras 520 mounted to the frame 510 to provide one or more perspectives of the
surgical site 501. In some embodiments, proximal cameras can be mounted to the frame 510
providing at least two or at least four different perspectives. As one example, four cameras
520 can be mounted to the frame 510 at 3 o’clock, 6 o’clock, 9 o’clock, and 12 o’clock
positions. As shown in FIGS. 14A1-a, cameras 520a are mounted to frame 510a at 3, 6, 9,
and 12 o’clock positions. In addition, as shown in FIGS. 14A1-b, cameras 520b are mounted
to frame 510b at 3, 6, 9, and 12 o’clock positions. In various embodiments, referring to FIG.
14A, the cameras 520 can be positioned 90 degrees (or other angles) apart from each other.
Accordingly, referring to FIG. 14A, the cameras 520 can be positionable around the frame
510, for example, around a ring or around a square. In some instances, the cameras 520 can
be symmetrically positioned around the frame 510. In other instances, the cameras 520 can
be asymmetrically positioned around the frame 510. As additional examples, cameras 520
can be mounted to an L shape of one kind or another. In FIGS. 14Al-c, cameras 520c are
mounted to the L-shaped frame 510c.

[0273] By being mounted to the frame 510, the one or more cameras 520 can
image the surgical site 501. Certain embodiments described herein can include one or more
mounts (or clamps or fingers) 525 connecting the one or more cameras 520 to the frame 510.
Although the cross-sectional shape of the mounts 525 in FIG. 14A is schematically shown as
rectangular, the shape of one or more mounts 525 is not particularly limited.

[0274] Various embodiments of the medical apparatus 500 can include one or

more gimbals 530 and/or movement control systems (e.g., other positioning and/or
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orientation systems similar to any of those described herein) to couple a camera 520 to the
frame 510 and to change the positioning and/or orientation of the camera 520. In some
embodiments, the one or more gimbals 530 can provide gimballing motions similar to those
described for cameras providing a surgical microscope view underneath a display. For
example, various embodiments utilize a gimbal system similar to those from under the
camera providing a surgical microscope view, yet can be relatively smaller and disposed on
mounts, clamps, or fingers 525. As will be described herein, various embodiments can
include attachment points 515 for four-bar or other x-y-z mechanisms (see, e.g., FIGS. 14A1-
a, 14A1-b, and 14Al-c).

[0275] Accordingly, in various embodiments, one or more cameras 520 can
include first and second cameras configured to move relative to the surgical site 501. For
example, certain embodiments of the medical apparatus 500 include one or more gimbals 530
mounted to one or more mounts 525. The one or more gimbals 530 can be configured to
allow positioning of one or more proximal cameras 520, such as those not inside the surgical
site 501 but viewing into it. Such embodiments can have some advantageous positions.
Thus, in various embodiments, one or more gimbals 530 can be configured to move the one
or more cameras 520 relative to the frame 510. Some embodiments can include knobs or
heads to turn one or more cameras 520 in and out. Some embodiments can also include some
features to drive one or more cameras 520 in a precise manner (e.g., sub-millimeter range of
motions). In some embodiments, three, four, or more knobs can be provided on either side
on the external side (e.g., the outboard side) of the frame 510. By turning the knobs, one or
more gimbals 530 can be oriented to move in one axis or the other axis, or move in an x axis
or move in a y axis, or move in a z axis, which can be a very advantageous situation. In
some embodiments, one or more cameras 520 can be configured to move electronically.

[0276] As described herein, the one or more cameras 520 can include any of the
cameras described herein. For example, the one or more cameras 520 can include a stereo
view camera, stereo assemblies, a pair of cameras, or a split sensor with one-half providing
the right-eye view and the other half providing the left-eye view.

[0277] One of the advantages of stereo imaging is the ability to provide great
depth perception. One of the downsides of any kind of surgery inside the body is becoming

disoriented. To give an orientation of location inside the body, surgeons can look at surgical
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landmarks, the direction of a light source, an external part of an endoscope (e.g., outside the
body), and/or a cable coming out of the scope. Additionally, an anatomical landmark relative
to others can also be used. However, tissue with very different functions can look very
similar, thus resulting in disorientation. Stereo imaging, while it can give great depth
perception, can actually add to confusion. If surgeons can be certain that they are always in a
horizontal orientation, it can be an extremely advantageous feature, because at least surgeons
can know they were not rotated. For example, surgeons may still have some orientation issue
about location. However, knowing that the right eye and left eye are seeing things as though
standing on the floor and upright, with the right eye and left eye in the same plane, can be
extremely advantageous to avoid becoming disoriented.

[0278] Utilizing one or more gimbals 530 (and/or other positioning and/or
orientation systems), e.g., including those having six degrees of freedom, can allow the
horizontal line of sight, e.g., right eye and left eye, to have the same orientation as the
viewer. For example, certain embodiments can maintain the horizontal in a way that does
not allow any other motion other than keeping the right eye and left eye horizontal
orientation, whether looking straight down or in an oblique situation. As described herein,
this can be advantageous in some instances. If a surgeon has an obstruction, it may be
desired to angle the surgeon’s view to see around the distraction, but to maintain a horizontal
line of sight or at least not to introduce roll.

[0279] Accordingly, in certain embodiments, the one or more cameras 520 can
include first and second cameras configured to move relative to the surgical site 501 and to
maintain a same horizontal orientation with respect to each other. For example, referring to
FIG. 14A, the mounts 525 can hold the six degrees of freedom (or however many degrees of
freedom desired) to create a gimbal that moves around (e.g., to allow a gimbal 530 to move
around) but, can in various embodiments, maintain the horizontal orientation of right eye and
left eye in the same plane or allow the viewer to not feel the right eye or left eye higher than
or lower than the other eye. With continued reference to FIG. 14A, in certain embodiments,
a camera 520 can be relatively smaller than the mount 525. The gimbal 530 can have a
relatively small pitch yaw rotation structure that can move the camera 520 to direct its line of
sight in six degrees of freedom. Certain embodiments provide x-y-z and pitch, yaw, and roll

mainly both to position the camera 520 but also to maintain the horizontal axis of the two eye
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views. For example, in various embodiments, the one or more gimbals 530 can be
configured to potentially allow for repositioning in (transverse) X, y, or (longitudinal) z
direction as well as pitch or yaw (rotation), or any combination thereof. Various
embodiments, however, might not enable roll so as to reduce the disorientation that may
result when the left and right channels of a stereo camera are rolled (e.g., the horizontal line
through the left and right channels are not parallel to the ground). Accordingly, the one or
more cameras 520 can be configured to move with respect to an x direction, a y direction, or
a z direction. In some embodiments, one or more cameras 520 can be configured to move
with respect to a pitch or yaw. For example, one or more cameras 520 can be configured to
move with respect to a pitch and/or yaw, and without roll.

[0280] As described herein, in various embodiments, the frame 510 can be
configured to be mounted (directly or indirectly) to a bed (e.g., a gurney) and/or to the patient
and anchored outside the surgical site of the patient. In some embodiments, the frame 510
can be configured to be mounted to the bed (e.g., to the bed rail) and/or to the patient via a
Mayfield clamp or a Mayfield mount. In some embodiments, the frame 510 can be
configured to provide a stereotactic planning system. For example, a system that provides a
frame of reference, e.g., a coordinate system associated with many positions in that region
can be used. Certain embodiments can be drilled right into or otherwise attached to a patient
(e.g., skull for brain surgery). If the patient moves (e.g., coughs), the whole device moves.
Accordingly, in certain embodiments, the frame of reference may not get disoriented by
involuntary or voluntary movement of the patient. In various embodiments, the frame 510
can be a stereotactic frame. In various embodiments, the frame 510 can be mounted to a
stereotactic system. In various embodiments, the frame 510 can be mounted to the patient
and connected indirectly to a stereotactic system.

[0281] Certain embodiments of the medical apparatus 500 can be supported by
the bed, by a Mayfield clamp, by a Mayfield mount, or by the frame 510 (e.g., a stereotactic
frame). For example, in certain embodiments, a stereotactic frame or the bed provides a
supporting structure. In some embodiments, a stereotactic frame can mount on the patient’s
skull, and some other support mechanism can mount to the bed.

[0282] Certain embodiments of the medical apparatus 500 can include more distal

cameras than the proximal cameras 520. For example, a more distal camera than the
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proximal camera 520 can be mounted to the frame 510, e.g., on a finger 525 that goes down
into the surgical site 501. The cameras 520 can be mounted to face inward with respect to
each other (and/or possibly downward into the surgical site). Various embodiments
including cameras 520 on a frame 510, such as a stereotactic frame or a bed-mounted frame,
can include features applicable to other technology including but not limited to distal and
proximal cameras.

[0283] In certain embodiments of proximal cameras 520 on frames 510, the
proximal cameras 520 can be positioned just outside and adjacent to the surgical site 501
(e.g., between 5 mm and 50 mm, between 10 mm and 25 mm above the patient, between 10
and 40 mm above the patient, between 10 and 50 mm above the patient, between 50 mm and
75 mm, between 50 mm and 100 mm, between 50 mm and 120 mm, between 50 mm and 130
mm, between 50 mm and 140 mm, between 50 mm and 150 mm, between 100 mm and 200
mm, etc.). Accordingly, the field of view for various embodiments of proximal cameras 520
on frames 510 can be different than the field of view of distal cameras within a surgical site
(e.g., distal cameras on a surgical tool). For example, for a distal camera within a surgical
site, in order to provide an image from within a surgical site, a wide as possible field of view
is desired even if not in the center of field. Whereas for certain embodiments having a
proximal camera 520 on a frame 510, the field of view can be narrower because the camera
520 may not be in the surgical site 501.

[0284] Accordingly, certain embodiments of a proximal camera 520 on a frame
510 can have a different optical function than a distal camera (e.g., a distal camera on a
surgical tool). Some such embodiments of a proximal camera 520 can be relatively small
like an endoscope but behave structurally like certain embodiments of a gimbal camera as
described herein for a surgical microscope view camera. In certain embodiments, the
proximal camera 520 can be used with a camera providing a surgical microscope view, such
as for example described elsewhere in this application. Accordingly, a distal camera can be
useful for endoscopic procedures. However, certain embodiments having a camera (e.g., a
proximal camera and/or a more distal camera than a proximal camera) mounted to a frame
510 can be useful for procedures that are endoscopic, as well as those that are not critically

endoscopic, but that are microscopic-like, such as for some brain surgical procedures.
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[0285] In some instances, cameras positioned within the surgical site may
compromise the cameras’ imaging ability, e.g., being in the wrong position. For proximal
cameras 520 mounted to a frame 510 being just outside and adjacent to the surgical site 501,
certain embodiments can include precision controls on the proximal cameras 520 that may
not be placed on small distal cameras inside the surgical site 501. For various embodiments
including a proximal camera 520, the frame 510 and mount 525 (or clamp or finger) may
remain still with only the gimbal 530 being adjusted.

[0286] FIG. 14B1-a shows an illustration of an imaging system 540 comprising a
camera 541, fiber optics 542 and a laparoscope 545 (which can also be representative of an
endoscope) going inside the abdomen 546 through the abdominal wall 547 at a port 548 of
entry (e.g., a trocar or cannula insertion point). The laparoscope 545 can have a field of view
549 of the area 550 of interest. Because the laparoscope 545 goes inside the body some
distance, the port 548 of entry can become a rotation point around that fulcrum (e.g., at the
insertion point). Whether the laparoscope 545 is going through a single port, a laparoscope
545 and tools going through the same port, or the laparoscope 545 and tools going through
different ports, a lever arm on the laparoscope 545 and/or tools from the point 548 of entry in
the imaging system 540 can create disadvantageous imaging issues. Thus, having a lever
arm from the port 548 of entry can be an optical disadvantage for endoscopes and
laparoscopes. Further, a laparoscope 545 used through the abdominal wall 547 is typically
positioned at zero degree, with spin not desired. For example, rotation of the horizon with
the laparoscope 545 is typically not desired. Because of the entry point 548 of the abdominal
wall 547, a gimbal system and/or imaging movement may generally be not possible in certain
embodiments.

[0287] FIG. 14B1-b shows an illustration of certain embodiments of a medical
apparatus having one or more proximal cameras D on a frame G. Some such embodiments
can be useful where the surgical site opening is bigger and not similar to an opening through
an abdominal wall 547. Certain such embodiments can have an optical advantage of no
lever arm from an entry point of the body. Other optical advantages of some such
embodiments include the ability to use gimbals F similar to one’s own vision (e.g., eye, head,

neck combination), a stationary ergonomic display, gimbals for stereo cameras, and/or planar
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four-bar mechanisms for positioning without disturbing horizontal positions of right and left
eye acquisition for horizontal viewing in display.

[0288] When not going through the abdominal wall 547, skull-based surgery,
sinus surgery, knee surgery, or surgery in various other constrained body passages can be
performed without a trocar opening. Often, such surgery (e.g., sinus surgery, neurosurgery,
laparosurgery, or orthopedic surgery) can involve rotation and result in disorientation. With
such rotation, the surgeon may have to keep the eye/brain combination working to know
one’s location in space. Thus, in various instances, maintaining the horizon without roll is
desired.

[0289] In FIG. 14B1-a, when viewing the area 550 of interest with a laparoscope
545, a surgeon may be restricted by the port 548 of entry through the abdomen 546. In FIG.
14B1-b, when viewing the area E of interest, a medical apparatus 600 including one or more
proximal cameras D on a frame G, a gimbal systtem F can allow maintenance of the
horizontal right eye/left eye configuration. A surgeon C can view through an ocular B to
view an inside view of the body on the diplay A. The gimbal system F can comprise a
mechanism configured to provide movement of the proximal cameras D while maintaining
the horizon (e.g., right eye/left eye parallel with the right eye/left eye in the display).

[0290] FIG. 14B2-a schematically illustrates imaging optics of an example
imaging system compatible with certain embodiments of cameras as described herein. FIG.
14B2-b shows an illustration of an example top-down view of certain embodiments disclosed
herein. In certain such embodiments, the center I of rotation is at the end of the gimbal of the
proximal camera D instead of at the abdomen wall 547. In certain embodiments, such
movement H can be analogous to rotating one’s eyes in their socket or rotating one’s head
around the axis of the neck. Movement laterally and longitudinally of the gimbal mechanism
can occur at the center I of rotation. The rotation H around the center I (e.g., side-to-side
movement) can maintain the horizon in some embodiments. FIG. 14B2-c¢ shows an
illustration of an example side view of one optical channel of the apparatus shown in FIG.
14B2-b. In the example side view, the proximal camera D can rotate around J. Such
movement can be analogous to the head-and-neck combination (e.g., up-and-down

movement).
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[0291] FIG. 14B2-d shows an illustration of an example proximal camera
arrangement. Two proximal cameras D are shown here, e.g., at 12 o’clock and 6 o’clock on
a plane of the frame G. There could be four cameras, e.g., also in an orientation of 3 o’clock
and 6 o’clock and still maintain their stereo movement. FIG. 14B2-e shows an illustration of
a display A viewable through portals (e.g., oculars B) by a surgeon C. FIG. 14B2-f
illustrates a top-view of a left proximal camera Dy, providing a left line L, of sight and a right
proximal camera Dg providing a right line Ly of sight. FIG. 14B2-f also illustrates an
example planar four-bar mechanism K that can allow movement of proximal cameras Dy, Dg
in one orientation and then tip and turn without inducing roll. For example, yaw (movement
around 1), pitch (movement around J), and the motion (from the four-bar mechanism K) that
can represent the lateral movement around in space are shown. In certain embodiments,
motion for the proximal cameras Dy, Dg can include pitch and yaw, but not roll. If there
were roll on the acquisition cameras, the line-of-sight of the right eye and left eye in the
display can be different from the right eye and left eye of the acquisition system. FIG. 14B2-
g shows an illustration of the side view of FIG. 14B2-f. FIG. 14B2-g shows pivots P of the
four-bar mechanism K and mount M to the frame.

[0292] Some embodiments can include sensors and cameras that can be
automatically rotated if the right eye and left eye of the display system is rotated (e.g., roll).
In some such embodiments, if a camera tipped, the display can follow the camera up to a
certain point. For example, if a camera tipped at 15 degrees, the display can tip 15 degrees.
If roll were induced in the acquisition system in the proximal cameras and the display were to
follow the roll, the cameras providing a surgical microscope view underneath the display can
stay constant in certain embodiments (or might roll as well). In some embodiments, the
surgical microscope cameras can roll with roll of the display (as may potentially the proximal
cameras). However, in many embodiments, the ability for the proximal cameras (and/or the
surgical microscope view cameras) to roll may not be provided or may be limited to reduce
disorientation.

[0293] FIG. 14B3 is an illustration of certain embodiments described herein
showing an oblique camera orientation. The motion F can allow one or more proximal
cameras D to image from multiple views. In some embodiments, unlike the endoscope or

laparoscope 545 where pitch can be typically dictated by the port 548 of entry, the pitch is
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about the point J of rotation at a proximal camera D. Such motion F can be similar to an eye
locating in a socket. Motion F can represent the ability of a proximal camera D to move
around its own axis, supported by the frame G (e.g., on a non-laparoscopic device). The one
or more proximal cameras D can include a relatively small pair of cameras such as stereo
cameras. Providing only yaw, only pitch, a four-bar mechanism, and a z motion can
maintain the horizontal line through the lines of sight of the left and right cameras,
eliminating roll in some embodiments.

[0294] As described herein, certain embodiments can include the x and y motion
of a four-bar mechanism. In other embodiments, other x-y-z mechanisms besides a four-bar
mechanism can be used. In some embodiments, the pitch and yaw can be moved to a
proximal camera on a frame independent of a display. By providing one or more proximal
cameras with gimballing motion, and in some embodiments, with all motions except roll,
near the opening of the body, various embodiments can be different than endoscopes and not
comparable with microscopes.

[0295] An endoscope typically can have a 50 degree field of view to 110 degree
field of view. An operating room microscope (e.g., a camera providing a surgical
microscope view) can have typically a smaller field of view, for example, the area of interest
can be 50 mm in diameter and 300 mm away from the vertex of the acquisition system.

[0296] In some embodiments, a proximal camera as described herein can be in
between those two ranges. Thus, some embodiments of a proximal camera can be described
as being sometimes endoscope-like and sometimes microscope-like. Some such proximal
cameras can have a narrower field of view than an endoscope and a wider field of view than
a microscope. Some such proximal cameras can also be positioned closer to the patient than
a surgical microscope because the sensors and cameras can be much smaller. In addition,
compared to loupes, various embodiments of proximal camera and display can be more
advantageous by having the opportunity to be in an ergonomic position and the ability to see
additional views.

[0297] An endoscope, sinus scope, neuro scope, and/or laparoscope might have a
working distance from 10 mm to 100 mm, and might have a field of view between 50
degrees and 110 degrees. An operating room microscope might have a field of view as seen

on the patient (e.g., not in an angled space) from 35 mm to 200 mm, and at a working
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distance of 200 mm to 450 mm. In various embodiments, proximal cameras can be from 10
degree field of view to 50 degree field of view with working distances of 5 mm to 50 mm, 40
mm to 100 mm, 40 mm to 150 mm, 50 mm to 100 mm, 50 mm to 150 mm, 100 mm to 200
mm (e.g., something that allows you to be close to the patient). In some embodiments, the
workspace can be determined by the opening into the body, the depth of the wound or the
surgical passageway, and the surgeon’s hands and tools. Surgeons typically may not take a
tool like forceps with scissor action in their hand, but may take a tool like pistol grips. In
addition, surgeons typically may not run their hands into the body. Accordingly, there may
be a standoff working distance, e.g., a 150 mm tool, at a minimum, for a 100 mm passage. In
addition, there may be some surplus of space between the surgeon’s hand and the opening of
the body, e.g., to accommodate a drape for example. The frame (e.g., 125 mm in diameter)
can be positioned above this working distance, e.g., within 10 mm, 25 mm, 40 mm, 50 mm,
75 mm, 100 mm, 130 mm, 140 mm, 150 mm, 175 mm, or 200 mm in some instances, above
the surgical opening to have this proximal camera. Thus, certain embodiments of proximal
cameras can be disposed at the opening of the passageway and view down in the surgical
opening, with a narrower field of view than an endoscope, but a closer working distance than
a microscope. In some embodiments, the working distance can be between 1 mm to 50 mm,
5 mm to 40 mm, 5 mm to 50 mm, 10 mm to 25 mm, 10 mm to 40 mm, 10 mm to 50 mm, 50
mm to 75 mm, 50 mm to 100 mm, 50 mm to 120 mm, 50 mm to 130 mm, 50 mm to 140 mm,
50 mm to 150 mm, 100 mm to 200 mm, 100 mm to 300 mm (or any ranges formed by any
values between 1 mm and 300 mm). In addition, in some embodiments, the field in the
object plane can be between 25 mm to 200 mm or between 25 mm to 250 mm (or any ranges
formed by any values between 25 mm and 250 mm).

[0298] Additionally, any of the features or embodiments described in connection
with the surgical tools, surgical visualization systems and components thereof, may be used
with, combined with, incorporated into, be applicable to, and/or are otherwise compatible
with one or more embodiments of a medical apparatus including one or more proximal
cameras mounted to a frame disposed above the patient and/or surgical site as described
herein.

[0299] For example, in various embodiments of a medical apparatus can include

one or more cameras. At least one of the cameras can include a surgical microscope camera
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configured to provide a surgical microscope view of the surgical site. In various
embodiments, the surgical microscope camera is not coupled to a direct view surgical
microscope. As also described herein, the medical apparatus can include a binocular viewing
assembly comprising a housing and a plurality of portals (e.g. oculars). The plurality of
portals or oculars (e.g., separated left and right portals or oculars) can be configured to
provide views of at least one display disposed in the housing. The left and right portals (e.g.
oculars) can be separated by sidewalls, baffling, tubing, etc. that reduces optical cross-talk
therebetween. For example, light from a display or display portion associated with the left
portal or ocular is blocked so as to not propagate into the right portal or ocular, and vice
versa. Similarly, light from a display or display portion associated with the right portal or
ocular is blocked so as to not propagate into the left portal or ocular. The medical apparatus
can further include an image processing system (e.g., comprising processing electronics) in
communication with the camera (e.g., the camera including the surgical microscope camera)
and the one or more displays. As also described herein, the image processing system can be
configured to receive images acquired by the camera (e.g., the camera including the surgical
microscope camera), and to present output images based on the received images on the one

or more displays so that the output images are viewable through the plurality of oculars.

Mobile Display Devices

[0300] As described herein, various embodiments of a medical apparatus can
switch between and/or combine (e.g., dispose as adjacent to one another, tile, overlap,
superimpose, dispose as PIP, etc.) images from different sources. For example, the images
can include a view of the surgical site (e.g., a surgical microscope view, an image from an
endoscope, an image from a proximal camera, an image from a surgical tool, an image from
a camera on a retractor, etc.) combined with other information such as a data file, a computed
tomography (CT) scan, a computer aided tomography (CAT) scan, magnetic resonance
imaging (MRI), an x-ray, ultrasound imaging, fluorescence imaging, neuro-monitoring, vital
sign monitoring, etc. Such information can be images taken in real time or can be stored on a
device such as a general all-purpose computer. The device can be a desktop computer, a

laptop, or a notebook, etc.
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[0301] The device can include equipment belonging to the hospital. However,
some surgeons (or other medical personnel) may travel between different hospitals and/or
offices and have all patient records/data on one’s own device. Accordingly, in certain
embodiments disclosed herein, the device can include a surgeon’s own portable equipment.
For example, in certain embodiments as disclosed herein, the medical apparatus can include
information from a mobile display device such as a cellular telephone (e.g., a “cell phone”
such as a smartphone), a tablet, an Internet enabled portable device, a network connected
portable device, or any mobile device with a display capable of displaying images including
text (e.g., devices known in the art or yet to be developed). The mobile display device can
include software applications (e.g., for navigational guidance and ergonomic control), pre-
recorded information, and memory for recording and storing information from other devices.
The mobile display device can include 3D volume data sets (e.g., functional MRI, CT, etc.),
as well as 2D information.

[0302] In certain embodiments, it may be beneficial for a surgeon (or other
medical personnel) to view additional information during surgery without having to take
one’s eyes away from the surgical site (e.g., from the viewing assembly described herein). In
one example, the surgeon can view additional information about the same patient undergoing
surgery. As another example, in situations where the surgeon could be in the operating room
for very long hours, the surgeon can view additional information concerning another patient
and/or other important affairs. The additional information can include an e-mail message, a
text message, a medical communication, medical data, news, financial data, business
information, business data, photographs, etc. For example, the surgeon’s mobile display
device may include pre-recorded clinical images from medical devices, reference data,
navigational device data in real time, streaming text of patient data, hospital or other medical
communication, Twitter feeds, and/or other feeds through wired or wireless communication.
In some embodiments, the mobile display device could include pico projectors as described
herein for projecting fiducials or virtual touch screen images (e.g., buttons, icons, thumbnails,
etc.) for the surgeon to see. As described above, some embodiments include a virtual touch
screen where the surgeon’s or user’s movement in free space is detected. The surgeon could

move his/her hand or instrument so as to touch an image, e.g., a virtual button, icon,
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thumbnail, etc. The surgeon’s movement could be tracked to record selection of an option
and/or to provide an input via the virtual touch screen.

[0303] Accordingly, various embodiments of a medical apparatus are configured
to allow the surgeon or medical personnel to view an image of the surgical site and additional
information from a mobile display device simultaneously. In addition, since the mobile
display device has a separate controller (e.g., processing electronics), certain embodiments
described herein may reduce latency. In some such embodiments, the medical apparatus can
include a docking station configured to receive the mobile display device.

[0304] FIG. 15 shows an example embodiment of such an apparatus. The
medical apparatus 4100 can include a first display 4211a (or display portion) configured to
display a first image of a surgical site. The medical apparatus 4100 can also include a
controller (e.g., processing electronics) configured to receive one or more signals
corresponding to the first image from a camera (not shown) and to drive the first display
4211a to produce the first image. Each signal path from the camera to the first display 4211a
can include a control unit to control various parameters (e.g., brightness, intensity, gamma,
chroma, area of interest, subtraction, edge enhancement, text forms, graphics, etc. or
combinations thereof). The camera can include a camera as described herein. For example,
in some embodiments, the camera can include a camera providing a surgical microscope
view. The camera can have a work distance between 150 to 400 mm or to 450 mm. Other
values outside these ranges are also possible. The camera can provide an image of a field (or
lateral dimension). In some other embodiments, the camera can be a visualization device
such as an endoscope, a proximal camera, a camera disposed on a surgical tool, a camera
disposed on a retractor, etc.

[0305] The medical apparatus 4100 can also include a docking station 4230
(shown in FIG. 18) configured to receive a mobile display device (e.g., a cell phone or
tablet). The docking station can be disposed on the viewing assembly or at a distance away
from the viewing assembly. The location/orientation of the docking station 4230, e.g., with
respect to the viewing assembly, is not limited. The docking station 4230 can be in electrical
and/or optical communication with the mobile display device. For example, the docking
station 4230 can include a port for electrical and/or optical communication with the mobile

display device. The docking station 4230 can also include a port providing power to the
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mobile device. In some embodiments, the docking station can be in wireless communication
with the mobile display device. As shown in FIG. 15, the mobile display device can include a
second display 4212a (or display portion) having a second image. The second image can
include information as described above (e.g., e-mail message, a text message, a medical
communication, medical data, news, financial data, business information, business data,
photographs, etc.) from the mobile display device.

[0306] In some embodiments, the surgeon sees the second display 4212a through
a set of lenses and/or mirrors or other optical elements so that the surgeon can be at or near
the patient, while the location of the mobile display device and docking station is not
particularly limited. Similar to the embodiments shown in FIGS. 12A-13C, a beam combiner
4230a can be configured to receive and combine the first image of the surgical site or at least
a portion thereofand at least a portion of the second image from the mobile display device.
Various embodiments of the medical apparatus 4100 can include imaging lenses for imaging
the displays. For example, as shown in FIG. 15, one or more imaging lenses 4235 can be
disposed between respective beam combiners 4230a and displays 4211a, 4212a. In various
embodiments, pellicle mirrors can also be used.

[0307] In certain embodiments, the combined images can be viewed within a
housing of a viewing assembly through a first ocular 4241a. In some examples, as shown in
FIG. 15, the combined images can be viewed through the first ocular 4241a to provide a left-
eye view. In other examples, the combined images can be viewed through the first ocular
4241a to provide a right-eye view. The combined images can be viewed as a picture-in-
picture (PIP) as shown in FIG. 13A or as adjacent to one another as shown in FIG. 13C, or
can facilitate easy switching from one image to another. For example, in some embodiments,
the medical apparatus may darken an image while allowing another image to be visible.
Shutters can also be used in some embodiments to block or attenuate one image and not
block or not attenuate (or attenuate less) the other image.

[0308] In various embodiments, the second image from the mobile display device
can change between different images. As an example, the second image can include medical
data shown adjacent to the first image of the surgical site or as a PIP or in the same field of
view but spaced apart e.g., by borders. During surgery, the surgeon could receive

notification of an emergency text message. In some such embodiments, since the latency of
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the second image from the mobile display device may be less critical than the first image of
the surgical site, the surgeon or other medical personnel could switch the second image from
the medical data to the text message. For example, some embodiments can be configured to
allow the second image to automatically switch to the text message or to a portion of the text
message (e.g., while still displaying the first image). As another example, some
embodiments can be configured to allow the text message or a portion of the text message to
be viewed with the second image as a PIP. In some such embodiments, if desired, the
surgeon or other medical personnel could switch the second image from the medical data to
the text message (e.g., while still displaying the first image).

[0309] Since the surgery room is a sterile environment, in certain embodiments,
the medical apparatus 4100 can include a remote control configured to control the mobile
display device. As an example, the remote control can be configured to control the second
image displayed on the second display 4212a of the mobile display device. For example, the
remote control can allow the user to switch the second image and/or adjust the size, contrast,
brightness, zoom, etc. The remote control can be any user interface which allows control of
the mobile display device, for example, from a distance away from the device (e.g.,
wirelessly and/or without the user physically touching the device). In some embodiments,
the remote control can be disposed on or near the viewing assembly and controls thereof used
by the user. For example, the remote control can include one or more handgrips on either
side of the viewing assembly. The one or more handgrips can include buttons, a joystick, etc.
Alternatively, the remote control can include a joystick (e.g., with buttons), a handle, buttons,
haptics, a touchpad, etc. In some embodiments, the remote control or another control can
control the first image. Such control can control the camera providing the first image or
control the first display producing the first image. For example, the control can adjust size,
contrast, brightness, zoom, iris size, auto gain, illumination, etc., e.g., using a series of
buttons on a handle such as a handle on the binocular display assembly.

[0310] With continued reference to FIG. 15, the medical apparatus 4100 can
further include a third display 4211b (or display portion). The third display 4211b can be
configured to display a third image. In some embodiments, the third image can be viewed
within the housing of the viewing assembly through the second ocular 4241b. The medical

apparatus 4100 can include another controller (e.g., additional electronics as described
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herein) configured to receive one or more signals corresponding to the third image from a
camera and to drive the third display to produce the third image. As an example, the third
image can comprise another image of the surgical site, e.g., from a camera providing a
surgical microscope view, from a visualization device such as an endoscope, from a proximal
camera, from a camera disposed on a surgical tool, from a camera disposed on a retractor,
etc. The first and third displays 4211a, 4211b can be configured to provide 3D viewing of
the images of the surgical site through the first and second oculars 4241a, 4241b. For
example, the cameras can provide different views from different stereo perspectives to
produce 3D visualization for a viewer viewing the first and third displays 4211a, 4211b
through the first and second oculars 4241a, 4241b. In some embodiments, the viewing
assembly can be ergonomically decoupled from the camera that provides video to the first
and/or third display 4211a, 4211b. As described herein, in various embodiments, the
viewing assembly of the medical apparatus 4100 does not provide a view of the surgical site
through the first and second oculars 4241a, 4241b via an optical pathway that passes through
the housing. For example, certain embodiments are not associated with a direct view surgical
microscope.

[0311] In certain embodiments, the mobile display device can operate as a
controller, processor, or computer, for the surgical visualization apparatus, possibly assisting
for example, in controlling various components (e.g., cameras, motors for orienting cameras,
displays, lighting, etc.), performing processing (e.g., imaging processing, graphic user
interface control, etc.) and or other electronic functions including electronic computing or
process functions. In some embodiments, the docking station 4230 can be configured to
allow the mobile display device to provide navigational guidance and/or ergonomic control.
For example, using a software application residing on the mobile display device, a user can
interact with the mobile display device communicating through the docking station (e.g., via
a port) or wirelessly to the medical device to guide the camera units, control their orientation,
selection of cameras or view, or other. In addition, the docking station 4230 can be
configured to allow the portion of the second image from the mobile display device to be
displayed on an external monitor. Furthermore, in various embodiments, the docking station
4230 can be configured to allow the mobile display device to receive and record images, €.g.,

of the surgical site, using the mobile display device’s camera. The mobile display device can
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also receive and record images from the other displays. In some embodiments, such
functions can be controlled by a remote control (e.g., using controls on the viewing
assembly) as described herein so as to not need to move locations and/or to touch the mobile
display device during surgery.

[0312] FIG. 16 shows another example embodiment of a medical apparatus 4100.
While the schematic of FIG. 15 illustrates that certain embodiments of the medical apparatus
4100 can provide a mono view (as opposed to a stereo view) of the image from the mobile
display device in one eye (e.g., in the first ocular 4241a), certain embodiments can provide a
mono view of the image from the mobile device in both eyes. As shown in FIG. 16, the
image from the mobile display device can be combined with both the first image of the
surgical site from the first display 4211a and the third image of the surgical site from the
third display 4211b and be viewable within the housing of the viewing assembly through the
first ocular 4241a and second ocular 4241b respectively. For example, the medical apparatus
4100 can include a beamsplitter 4240 configured to separate and direct at least a portion of
the second image from the mobile display device to two optical paths (e.g., toward the first
and second oculars 4241a, 4241b). The medical apparatus 4100 can include a beam
combiner 4230a configured to receive and combine at least a portion of the second image
from the mobile display device and at least a portion of the first image of the surgical site for
viewing through the first ocular 4241a. The medical apparatus 4100 can also include one or
more additional beam combiners 4230b configured to receive and combine at least a portion
of the second image from the mobile display device and at least a portion of the third image
of the surgical site for viewing through the second ocular 4241b. The combined images can
be switched in and out of the field of view, viewed as adjacent to one another in the field of
view (e.g., space apart but within the field of view), or viewed as a PIP.

[0313] FIGS. 17 and 17B show another example embodiment of a medical
apparatus 4100. In this example, the medical apparatus 4100 can provide a stereo view of an
image from the mobile display device in both eyes (e.g., using two oculars). Such
embodiments can include an imaging lens 4235 configured to provide two different views of
the image from the mobile display device, e.g., from two different angular perspectives. In
some embodiments, two imaging lenses can be used to provide images from the mobile

display device, as shown in FIG. 17B. The medical apparatus 4100 can include a beam
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combiner 4230a configured to receive and combine an image of the surgical site from a first
display 4211a with at least a portion of the image from the mobile display device (e.g., one
view from the second display 4212a of the mobile display device). The medical apparatus
4100 can also include another beam combiner 4230b configured to receive and combine a
third image of the surgical site from a third display 4211b and at least a portion of the image
from the mobile display device (e.g., a different view from the second display 4212a of the
mobile display device). The images from the mobile display device combined with the
images from the first and third displays 4211a, 4211b can be different perspectives of the
image from the mobile display device. The different perspectives can be different stereo
views of the image from the mobile display device such as to provide 3D viewing. The
combined images can be switched in and out of the field of view, viewed as adjacent to one
another in the field of view (e.g., space apart but within the field of view), or viewed as a
PIP.

[0314] FIG. 17 shows an example embodiment utilizing a single imaging lens
4235 to provide two different angular views of an image from the mobile display device.
Some embodiments can include multiple imaging lenses 4235, e.g., an imaging lens for the
left eye view and another imaging lens for the right eye view. Furthermore, in some
embodiments, the display 4212a of the mobile display device can provide multiple images,
e.g., a split screen providing the left and right eye views.

[0315] As shown in FIGS. 15-17B, the second display 4212a is a portion of the
display of the mobile display device. In some such embodiments, the medical apparatus
4100 can include an optical pathway between the second display 4212a and beam combiner
4230a or 4230b such that the beam combiner 4230a or 4230b is capable of optically
receiving the portion of the second image from the second display 4212a. In other
embodiments, as shown in FIG. 18, the medical apparatus 4100 can include a fourth display
4212b to display the second image or a portion of the second image. For example, the
medical apparatus 4100 can include a controller (e.g., electronics) configured to receive one
or more signals corresponding to the second image or a portion of the second image and
drive the fourth display 4212b to produce the portion of the second image. In some such
embodiments, the docking station 4230 can transmit the signals from the mobile display

device to the fourth display 4212b. A beam combiner 4230a can be configured to receive the
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second image or a portion of the second image from the fourth display 4212b. For example,
as shown in FIG. 18, the beam combiner 4230a can be configured to receive and combine the
first image of the surgical site from the first display 4211a and the portion of the second
image from the fourth display 4212b.

[0316] In addition, similar to FIG. 15, a first image from the first display 4211a
and a third image from a third display 4211b can comprise images of the surgical site, e.g.,
from a camera providing a surgical microscope view, from a visualization device such as an
endoscope, from a proximal camera, from a camera disposed on a surgical tool, from a
camera disposed on a retractor, etc. The first and third displays 4211a, 4211b can be
configured to provide 3D viewing of the images of the surgical site through the first and
second oculars 4241a, 4241b. For example, the cameras can provide different views from
different stereo perspectives to produce 3D visualization for a viewer viewing the first and
third displays 4211a, 4211b through the first and second oculars 4241a, 424 1b.

[0317] Certain embodiments can include additional beamsplitters, beam
combiners, mirrors (e.g., pellicle mirrors), lenses, and/or displays. For example, as shown in
FIGS. 20-22, the medical apparatus 4100 can include a fifth display 4211c configured to
display a fifth image. The medical apparatus 4100 can include an additional controller (e.g.,
electronics as described herein) configured to receive one or more signals corresponding to
the fifth image from a camera and to drive the fifth display 4211c to produce the fifth image.
In some instances, the fifth image can include another image of the surgical site. The
medical apparatus 4100 can include another beam combiner 4230c configured to receive and
combine the first, second, and fifth images or portions of the first, second, and fifth images
for viewing within the housing of the viewing assembly through the first ocular 4241a. The
medical apparatus 4100 can also include a sixth display 4211d configured to display a sixth
image, a controller (e.g., electronics as described herein) configured to receive one or more
signals corresponding to the sixth image from a camera and to drive the sixth display 4211d
to produce the sixth image, and/or a beam combiner 4230d configured to receive and
combine at least the third and sixth images or portions of the third and sixth images for
viewing within the housing of the viewing assembly through the second ocular 4241b. In
some instances, the fifth and sixth displays are configured to provide stereo images to

provide 3D viewing of images of the surgical site through the first and second oculars 424 1a,
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4241b. The cameras can provide different views from different perspectives of the surgical
site to produce 3D visualization for the viewer viewing the fifth and sixth displays through
the first and second oculars 4241a, 4241b. In other embodiments, the images from the
additional display portions can include other information such as a data file, a computed
tomography (CT) scan, a computer aided tomography (CAT) scan, magnetic resonance
imaging (MRI), an x-ray, ultrasound imaging, fluorescence imaging, information from a
mobile display device, neuro-monitoring, vital sign monitoring, etc. The images from the
different displays can be switched between different images, disposed adjacent to one
another, or disposed as a PIP.

[0318] Various embodiments described herein utilizing images from mobile
display devices have the advantage of having a separate controller for the image displayed by
the mobile display device, which may reduce latency. Certain embodiments described herein
can be applied to a primary display, a surgeon display, an assistant display, possibly other
displays, or any combination of these. The images that the surgeon sees can also be
projected onto other displays for other medical personnel and staff to see.

[0319] FIG. 23 shows an example embodiment of a mobile display device in
communication with a docking port disposed on a binocular display unit. The docking port
may comprise an electrical connection for electrical communication with other components
in the system. The location/orientation of the docking port and/or mobile display device with
respect to the binocular display unit is not limited. In addition, additional docking ports can
be disposed on the binocular display unit or at a distance away from the binocular display
unit. For example, in various embodiments, a docking port can be provided for the mobile
display device of an assistant surgeon (or other medical personnel). In such embodiments,
images from the assistant surgeon’s mobile display device can be displayed on the assistant
display. In some embodiments, the assistant surgeon can view images combined with other
images or can switch between images without changing the images seen by the primary
surgeon.

[0320] Furthermore, FIG. 24 shows an example headset or head mounted display
that can be used to view images from a mobile display device (e.g., an Oculus Virtual Reality
type display), alone or in combination with other images from other displays or devices. The

headset or head mounted display may comprise an immersive display and/or other near eye
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display. In some such embodiments, the display of the mobile display device can provide
multiple images, e.g., a split screen providing left and right eye views, for viewing through
the left and right eyepieces of the headset.

[0321] In various embodiments, the docking port can be included on any side of
the binocular viewing assembly. For example, with reference to FIGS. 23 and 24, the
docking port can be on the side opposite to the side where the docking port is shown in FIGS.
23 and 24. The docking port can be on the side opposite to the side where oculars are
closest. Similarly, multiple docking ports can be included. For example, one docking port
may be on any 1, 2 or 3 of these sides. Such configuration accommodates one or more
assistants positioned opposite of the surgeon or on the surgeon’s left or right or any
combination of these locations.

[0322] FIG. 25 shows another example headset or head mounted display that can
be used to view images from a mobile display device. This example is similar to the
embodiments described with respect to FIG. 24, yet the docking port is on the same side of
the binocular display unit (and slightly above) as the primary surgeon’s oculars. Such
embodiments can allow the primary surgeon to view the images on the mobile display device
without moving far from the surgical site. Various embodiments can include a headset for
the primary surgeon in combination with one or more assistant headsets as shown in FIG. 24.
As described herein, various elements and combinations of elements for viewing multiple
images from one or more displays, e.g., including one or more mobile display devices, are

possible.

Remote Control

[0323] As described herein, certain embodiments of a surgical visualization
system can include a control (e.g., disposed on the viewing assembly) configured to control a
camera, a display, mobile display device, or other medical device. For example, as described
herein, the control can adjust size, contrast, brightness, zoom, iris size, auto gain,
illumination, etc. In some embodiments, the control can include a pair of handgrips with
buttons on either side of the viewing assembly so that the surgeon would not need to move

away from the surgical site. In some embodiments, the control can include a single handgrip
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with buttons which allows the surgeon to not have to move both hands from the surgical site
even momentarily.

[0324] In further embodiments, the control can allow hands free control so that
the surgeon would not need to put down surgical tools from both hands. Such hands free
controls can include a virtual touch screen as described herein and/or voice command
recognition. Such hands free controls can also include eye and/or head tracking. For
example, the control can include eye and/or head tracking systems that monitor the eye
movements and/or head movements of the user. An electronic processing system in
communication with the control can include algorithms that can interpret the user’s eye
movements and/or head movements. The control can be configured to vary at least one
parameter (e.g., size, contrast, brightness, zoom, iris size, auto gain, illumination, etc.) of a
camera, a display, mobile display device, or other medical device based on the eye
movements and/or head movements of the user to adjust the displayed images. In some such
embodiments, the control can be configured to measure the position and/or movement of one
or more of the user’s eyes, and/or measure the position and/or movement of the user’s head.
For example, in some embodiments, the control can monitor the user’s gaze interaction with
the surgical site, a virtual screen with icons, and/or other object. Based on such interactions,
e.g., number of gazes, period of gaze, winking, etc., the control can control the camera,

display, or other medical device that the user’s gaze is directed towards.

Efficient Surgical Imaging Systems

[0325] Various surgical microscopes can provide a direct view of the surgical
field. In such microscopes, the visible light from the illumination source is typically split
(e.g., via a beamsplitter) between the direct view and the camera. Accordingly, the amount
of visible light provided to the camera is reduced, which can affect the quality of the images
(e.g., brightness) as seen by the user.

[0326] As disclosed herein, certain embodiments of a surgical imaging system
providing a surgical microscope view can be configured to be decoupled from the camera
providing the video to the display, e.g., FIGS. 2 and 3A. In various such embodiments, since
the camera is decoupled from the viewing assembly, a large portion (e.g., substantially all) of

the light from a light source can be directed to the camera without the need for a
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beamsplitter, which can also result in light loss. As such, various embodiments described
herein can provide highly efficient surgical imaging systems compared to direct-view
surgical microscopes. Quality well lit images can be provided without needing excessive

illumination of the patient.

High Intensity Displays

[0327] As described herein, certain embodiments can include a plurality of
displays (or display portions), e.g., a plurality of displays 2211a, 2212a for a left-eye view
and a plurality of displays 2211b, 2212b for a right-eye view as shown in FIGS. 12A-12B.
The displays can be illuminated by a source of illumination (e.g., a fiber optic, LED, etc.) or
can be emissive displays. In some embodiments incorporating optical elements (e.g.,
beamsplitter, beam combiners, etc.), the image viewed through an ocular can have a
reduction in the screen brightness. Accordingly, in various embodiments, the displays are
configured to be brighter than certain conventional displays to compensate for loss in passing
through optical elements like beamsplitters and beam combiners. Certain embodiments of
the medical apparatus described herein, for example, include one or more displays having a
relatively high brightness. In certain embodiments, the medical apparatus can include one or
more light sources to illuminate a display. The one or more light sources can provide a
power between about 0.5 watt to about 10 watts (e.g., 0.5 watt, 1 watt, 2 watts, 3 watts, 4
watts, 5 watts, 6 watts, 7 watts, 8§ watts, 9 watts, 10 watts of power, or any value
therebetween) or any ranges in between (e.g., 2-4 watts, 3-7 watts, 5-6 watts, etc.).
Consequently, the output from one of the displays can be between about 0.5 watt to about 10
watts (e.g., 0.5 watt, 1 watt, 2 watts, 3 watts, 4 watts, 5 watts, 6 watts, 7 watts, 8 watts, 9
watts, 10 watts of power, or any value therebetween) or any ranges in between (e.g., 2-4
watts, 3-7 watts, 5-6 watts, etc.). In some embodiments, the light source(s) (e.g., an LED)
can provide the higher power instead of the typical power (e.g., about 250mW). In some
other embodiments, the one or more light sources can include one or more auxiliary light
sources (e.g., an additional LED backlight, edge light, or frontlight) that provide additional
power. As one example, the display can include a backlit or edge lit display panel
illuminated continuously by a plurality of LEDs on the back side or edge of the panel with
power such as 0.5 W, 1W, 2-4 W, or 5-6 W. Such light sources(s) can be run off a battery or

-190-



WO 2016/154589 PCT/US2016/024330

line voltage. Utilizing one or more light sources to provide more power can provide certain

embodiments with displays having sufficient and/or relatively higher brightness.

Neuro-monitoring and Vital Sign Monitoring

[0328] As described herein, various embodiments of a medical apparatus can
include a view of the surgical site (e.g., from a camera providing a surgical microscope view,
from a visualization device such as an endoscope, from a proximal camera, from a camera
disposed on a surgical tool, from a camera disposed on a retractor, etc.) combined with other
information such as a data file, a computed tomography (CT) scan, a computer aided
tomography (CAT) scan, magnetic resonance imaging (MRI), an x-ray, ultrasound imaging,
fluorescence imaging, information from a mobile display device, etc. As described herein,
the medical apparatus can include additional information stored in a device or received in
real time. Furthermore, the medical apparatus can include a view of information providing
neuro-monitoring, €.g., using neurological metrics. For example, the information can include
electroencephalography (EEG) to record electrical activity of the brain. As another example,
the information can include electromyography (EMG) to record electrical activity of muscles
to evaluate the muscles and the nerves that control the muscles. The information can also
include a monitor of vital signs, such as the heart rate, blood pressure, body temperature,
weight, etc. In some embodiments, the information provided in various embodiments can
include a graph of signals as a function of time. In some other embodiments, the information
can be colored light, an LED light, a signal, graphics, or text when a certain threshold has
been reached as the surgeon takes action during the procedure. With neuro-monitoring
and/or vital sign monitoring in real time, the surgeon and/or other medical personnel can
receive direct feedback during the surgery, e.g., when surgery is near a nerve, or otherwise to
give biofeedback or status of vital signs. The information can viewed on a primary display,
surgeon display, and/or assistant display, etc. Neuro-monitoring information can be provided
on a separate display, a same display as the image or a separate display and a beam combiner

as described herein.

Pair of Mobile Display Devices
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[0329] As described herein, various embodiments of a medical apparatus, e.g., a
binocular display, can provide a stereoscopic view of the surgical site using a pair of displays
(e.g., left and right displays) for viewing through a pair of oculars (e.g., left-eye view and
right-eye). Some examples are shown in FIGS. 9A-9B. Each of the pair of displays can
display an image from a respective camera. One or more optical elements can be included in
each optical path to direct light from each respective display to the respective ocular. In
certain embodiments described herein, a cell phone (or other mobile display device such as a
tablet) including a camera and display can be used for left and right channels. For example,
the display of a first cell phone can be used as the display for the left-eye view (e.g., to
display the image for the left-eye view). The display of a second cell phone can be used as
the display for the right-eye view (e.g., to display the image for the right-eye view). The
cameras of the first and second cell phones can provide the image of the surgical site to be
displayed on each respective display (e.g., may be a surgical microscope having a work
distance between 150 and 450 mm). In some embodiments, one or more optical elements
can be added to one or both of the cameras. For example, a lens could be added to provide
increased or decreased magnification or work distance. In addition, one or more optical
elements (e.g., one or more mirrors, lenses, etc.) can be included in each optical path to direct
light from each respective cell phone display to the respective ocular. The provided images
can be different perspectives of the surgical site to provide a stereo view (e.g., 3D viewing)
of the surgical site. In some embodiments as described herein, the cell phones can be
controlled by a remote control (e.g., a handgrip, a joystick, a handle, buttons, haptics, a
touchpad, etc.). In certain embodiments, also as described herein, each cell phone can have
its own controller (e.g., processing electronics) to receive signals corresponding to the image
from its camera and to drive its display to produce the image. Advantageously, having

separate controllers for each of the left and right cameras and displays may reduce latency.

Separate Display Controllers

[0330] As described herein, certain embodiments of surgical visualization
systems may reduce latency by using one or more beam combiners, e.g., FIGS. 12A-13C and
15-21, to receive images from displays and to combine the images for viewing through

oculars. In such embodiments, the images are provided optically for viewing. In various
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other embodiments, the images can be provided electronically by separate controllers (e.g.,
processing electronics) to separate displays in the left and right eye channels. For example,
different displays in the left and right eye channels can have a separate dedicated controllers
which can allow for reduced latency. Furthermore, with separate controllers for the separate
displays, if one of the controllers were to fail, the controller in the other channel can continue
to provide images to the surgeon. Likewise the left and right eye channels have separate

controllers which can also allow for reduced latency.

Multiple Displays in Field of View

[0331] As described herein, various embodiments of a medical apparatus can
switch and/or combine (e.g., dispose as adjacent to one another, tile, overlap, superimpose,
dispose as PIP, etc.) images (including graphics and/or text) from different sources as shown
in FIGS. 13A and 13C. In some such embodiments, the images can be presented within a
central portion of the view of an ocular. For example, the images can be visible within a
central rectangular portion within a circular or oval field of view of an ocular because
displays are typically rectangular. The shapes and sizes of the central portion and/or the field
of view of the ocular are not particularly limited.

[0332] In some embodiments as shown in FIG. 22, the medical apparatus 2700
can include multiple displays 2701, 2702, 2703 within the field of view 2704 of the ocular.
In this example, a first image is displayed on a first display 2701. A second image is
displayed on a second display 2702, and a third image is displayed on a third display 2703.
A first controller can receive one or more signals corresponding to the first image from a
camera or display and drive the first display 2701 to produce the first image. A second
controller can receive one or more signals corresponding to the second image from a camera
or display and drive the second display 2702 to produce the second image. Furthermore, a
third controller can receive one or more signals corresponding to the third image from a
camera or display and drive the third display 2703 to produce the third image. Utilizing
separate displays with separate controllers for each display may reduce latency. The example
shown in FIG. 22 illustrates a first display 2701 as a central rectangular display extending
over a substantial portion of the view with the second and third displays 2702, 2703 as

smaller peripheral rectangular displays.
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[0333] However, the displays can be in any location and have any shape, size,
and/or aspect ratio. In addition, the displays can have the same or different shape, size,
and/or aspect ratio from each other. The number of displays within the field of view is also
not limited. For example, the number of displays can include 2, 3, 4, 5, 6, 7, 8, etc. The
displays can be, for example, an LED light, an LCD, an LED display, an OLED display, a
DMD display, or an emissive display although other displays are possible. The images can
include a view of the surgical site (e.g., a surgical microscope view, an image from an
endoscope, an image from a proximal camera, an image from a surgical tool, an image from
a camera on a retractor, an image from a mobile display device, etc.). The images can also
include information such as a data file, a computed tomography (CT) scan, a computer aided
tomography (CAT) scan, magnetic resonance imaging (MRI), an x-ray, ultrasound imaging,
fluorescence imaging, information from a mobile display device, neuro-monitoring, vital sign
monitoring, graphics, text, etc.

[0334] As an example, an image of the surgical site can be presented on a display
within a central portion of the field of view of the ocular. Another image can be presented on
a smaller peripheral display outside the central portion but within the field of view of the
ocular. The peripheral image can be, for example, a text message provided by a cell phone.
The cell phone can have for example, a four inch, five inch, six inch, or any size display.
The text message displayed on the cell phone can be presented on a smaller (e.g., 1 inch, 1.5
inch, 2 inch, etc.) display within the field of view of the ocular. Accordingly, some such
embodiments can include a docking station as described herein, configured to receive the
mobile display device. As also described herein, since the latency of one of the images may
not be as critical as the image of the surgical site, certain embodiments can include a
switching system configured to switch an image to another image (e.g., from another source).
In some such embodiments, the displays can be controlled by a remote control (e.g., a
handgrip, a joystick, a handle, buttons, haptics, a touchpad, etc.). For example, the images
can be switch from one image from one source to another image from a different source.
Thus, various embodiments include multiple displays in the field of view of a single ocular to
provide multiple images simultaneously with reduced latency.

[0335] Certain embodiments can include another ocular having a plurality of

displays within the field of view. For example, the medical apparatus can include first and
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second oculars (e.g., left-eye view and right-eye view). As an example, both the left-eye
view and right-eye view can have four displays each within its field of view, for a total of
eight displays. Various displays within certain embodiments of the medical apparatus can be
configured to provide 3D viewing of the images of the surgical site through the first and
second oculars. As described herein, in various embodiments, the medical apparatus can
include a viewing assembly comprising a housing and the oculars. In some embodiments,
the medical apparatus does not provide a view of the surgical site through the first and
second oculars via an optical pathway that passes through the housing. For example, certain
embodiments are not associated with a direct view surgical microscope. In some instances,
the medical apparatus can provide a mono view of the surgical site. Various examples are

possible.

Display Designs

[0336] Various embodiments of the binocular display assembly described herein
form a real image of first and second displays (e.g., LCD) displays. This real image is
imaged onto the retina of a viewer (e.g., the surgeon) with the aid of the oculars. FIG. 26
shows a system that does not form real image. Instead, a virtual image that is viewed by the
eye is formed by the optics. Similarly the system in FIG. 27 is not configured to form a real
images, rather a virtual image that is viewed by the eye is formed by the optics.

[0337] In contrast, FIG. 28 illustrates an embodiment such as described herein
wherein a real image is formed by the imaging optics. This real image of the display is
formed at the location of the field stop by the imaging optics. In FIG. 28, this field stop is
shown located between the imaging optics and the oculars. A conjugate image of the real
image located at the field stop is formed onto the retina with the aid of the oculars.
Advantageously, in various embodiments, the ocular can be adjusted for doctors having
impaired visual acuity such as myopia or hyperopia. The optical path distance through the
ocular may be adjusted, for example, to bring the intermediate real image at the field stop in
focus for the surgeon even when the surgeon is not wearing corrective eyeglasses. Such
adjustments may be made without creating vignetting problems.

[0338] FIG. 29 illustrates another embodiment such as described herein wherein

the optics that images the display has an exit pupil where the image of the display is
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collimated. This portion of the system is referred to in the drawing as an infinite conjugate
section as collimated light is output by the optics. The exit pupil can match up with entrance
pupil of the ocular or binocular assembly including the ocular. In this system, a real
intermediate image of the display is formed at the field stop. This real image is imaged onto
the retina of the viewer with the aid of in the binocular assembly. The binocular assembly
including the oculars is referred to as a binocular infinite conjugate section as the collimated
light is received by this section. In some embodiments described herein, a mounting fixture
enables the binocular assembly including the ocular to be connected to the display assembly
that forms a collimated image of the display. As discussed above, in various embodiments,
the ocular can be adjusted for doctors having impaired visual acuity such as myopia or
hyperopia. The optical path distance through the ocular may be adjusted, for example, to
bring the intermediate real image at the field stop in focus for the surgeon even when the
surgeon is not wearing corrective eyeglasses. Such adjustments may be made without
creating vignetting problems.

[0339] In some embodiments, an eye box can be created that allows the eye to
move about a distance from the display assembly and still see the image produced by the
display. Figure 30 illustrates a configuration for producing such an eye box. In this
example, a cell phone is shown as the display as is described herein, however, other displays
may be employed. As shown in Figure 30, a combination of optical elements forms a
collimated beam, e.g., an image at infinity. The eye can focus this beam down onto the retina
and thereby see an image of the cell phone display.

[0340] As illustrated, multiple laterally disposed pupils are created such that the
eye can see the display over a range of lateral positions. Excessive lateral movement may
produce vignetting. However, the image will be visible to the viewer for a range of head
positons.

[0341] Three optical elements are shown in FIG. 30, each comprising reflective
optical elements (e.g., mirrors). However, a different number of optical elements may be
employed. Lens may also be used. A combination of elements make up of one or more
reflective elements and one or more lenses may also be used. The curvatures of the optical

elements may be aspherics and may be freeform shapes.
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[0342] In the configuration shown, a real image of the object (e.g., the cell phone)
is formed between in the optical path between M1 and M3.

[0343] Such a display configuration may be useful for an assistant display. Such
an assistant display can be provided, as described herein, for assistants and other allied health
professional to view during surgery. The display may be located, for example, on the outside
of the binocular viewing assembly that the primary surgeon views through or otherwise (e.g.,
on different arms and/or stands). The display can be in various locations/orientation
including for example, 90°, 180°, -90° with respect to the view of the surgeon viewing
through oculars. One or more such display may be used. Such a display as shown in Figure
30 can allow the viewer to stand off at some distance and still see stereo. This may permit
the viewer to move more freely and provide increased situational awareness.

[0344] In certain configurations, mirror M3 could be semitransparent, meaning
you could see the patient through the mirror. Such a design might additionally provide
increased situational awareness.

[0345] In some embodiments, one or more of the optical elements could be
adjustable, for example, to allow the user to adjust the distance at which the user can see the

image.

Degrees of Freedom of Movement

[0346] In various embodiments described herein the binocular display assembly
is configured to move in five degrees of freedom as seen from the position where the eyes
meet the oculars. In particular, the binocular display unit can translate up/down (x), left/right
(y) and forward or backward (z) and can pitch (tilt upward or downward) and yaw (rotate left
or right). In various embodiments, the binocular display unit and the oculars cannot roll, that
is rotate clockwise or counter-clockwise as seen from the position where the eyes meet the
oculars. Roll can cause the viewer, e.g., surgeon, to become nauseas. Accordingly, in
various embodiments the binocular display assembly (and oculars) are physically restricted
from roll movements. For example, arms from which the binocular display assembly is
supported may restrict roll from degrees of freedom of movement and keep the combination

of the left and right oculars horizontal (parallel with the floor).
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[0347] Similarly in various embodiments described herein the stereo cameras
(such as the cameras that provide surgical microscope views) are configured to move in five
degrees of freedom as seen from the view provided by the stereo camera. In particular, the
stereo cameras can translate up/down (x), left/right (y) and forward or backward (z) and can
pitch (tilt upward or downward) and yaw (rotate left or right). In various embodiments, the
cameras cannot roll, that is rotate clockwise or counter-clockwise as seen from the view
provided by the cameras. As discussed above, roll can cause the viewer, e.g., surgeon, to
become nauseas. Accordingly, in various embodiments the cameras are physically restricted
from roll movements. For example, the cameras may be disposed on arms, positioners
and/or mounts that restrict roll from the degrees of freedom of movement and that keep the
combination of the left and right camera views horizontal (parallel with the floor).

[0348] In various embodiments, the five degrees of freedom of movement of the
binocular display assembly and oculars are decoupled from the five degrees of freedom of
movement of the surgical microscope view cameras and/or other cameras. Accordingly, in
certain embodiments, the oculars and/or binocular display assembly can move in five degrees
of freedom without relying on movement of the surgical microscope view cameras or other
cameras. Similarly, in certain embodiments, the surgical microscope view cameras and/or
other cameras can move in five degrees of freedom without relying on movement of the
oculars and/or binocular display assembly.

[0349] In various embodiments, mechanical fixtures can limited the degrees of
freedom of movement of stereo cameras to, for example, avoid roll of that would cause the
viewer to become nauseas. For example, mechanical fixtures can limit the roll of stereo
endoscopes. In some embodiments, for example, the stereo endoscope or other stereo camera
can be affixed to a mount such as a ring in a manner to restrict roll and keep the horizon of
the stereo camera substantially constant. Other types of guides that limit the stereo camera
from rolling can also be used. Accordingly, for some embodiments, five degrees of freedom
or less (e.g., one or more of x, y, z translation and pitch and yaw) may be provided to the
stereo cameras such as for stereo endoscope. Limiting to five degrees of freedom instead of
six degrees of freedom, such as by removing roll and keeping the horizon substantially
constant can reduce discomfort and disorientation for the viewer such as the surgeon or

assistant.
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Fixed Working Distance Objectives

[0350] In various embodiments, the camera configured to provide surgical
microscope views may include a microscope objective with a fixed working distance. This
fixed working distance may correspond to a fixed focal length. This objective, may have for
example a work distance or focal length, of 150 mm to 450 mm, such as 150 mm, 200 mm,
250 mm, 300 mm, 350 mm, 400 mm, 450 mm, or values therebetween. Other work
distances, including those described elsewhere herein may be possible. Although the
objective may have a fixed work distance, the objective may permit zoom/variable
magnification. The camera may be configured to receive different objectives having
different working distances, which may be selected by the surgeon for different surgical
procedures. One objective with a fixed working distance or focal length of 400 mm may be
switched out for another objective having a fixed working distance or focal length or 150 mm
to accommodate different circumstances, different types of surgery or based on the surgeons
preference. Other objectives with different working distances or focal lengths may be
used. In various embodiments, therefore the surgical microscope camera is configured to
have the objective conveniently be removed and replaced with another microscope objective
having a different working distance or focal length. The mechanical interface, for example,
threading to screw the objective in place, clamps, etc. may be configured to facilitate such
convenient interchangeability. As described herein, in certain embodiments for a stereo
system, light for both left and right channels pass through a single objective. In other
embodiments, two objectives, one for the left channel and one for the right channel, may be

used.

Laser Distance Positioning Guide

[0351] As discussed above, various embodiments include at least one camera that
provides surgical microscope views. Some of these cameras have a work distance between
175 mm and 450 mm. Certain embodiments are equipped with a system for enabling the
user to set the proper distance between the cameras and the surgical site. The camera
providing a surgical microscope view may, for example, be suspended from an articulated

arm which enables the distance of the surgical microscope camera from the patient and
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surgical site to be adjusted to match the working distance of the surgical microscope camera.
A system that informs the person (e.g., physician, nurse, technician, etc.) positioning the
surgical microscope camera with respect to the patient may be useful for giving that person
guidance as to whether to increase or decrease the separation of the between patient and the
surgical microscope view camera. Such a system may also aid in lateral alignment.

[0352] Some such systems rely on projecting beams of light onto the patient at
the surgical site. For example, lasers may be mounted on the assembly with the left and right
surgical microscope view stereo cameras. The lasers may be configured to direct a pair of
laser beams that converge onto a spot at the proper distance between the surgical site and the
cameras. Accordingly, if the distance between the camera(s) and the surgical site is not
correct, the beams will be incident on the patient at two spaced apart locations. Two separate
laser beam spots will be formed on the patient. In contrast, if the distance between the
patient at the surgical site and the camera that provide a surgical microscope view are correct,
the laser beams are configured to overlap. In some embodiments, one laser beam may be
configured as a line oriented in one direction while the other laser bean is configured as a line
oriented in a perpendicular direction. Likewise, when the two laser beams overlap, a
crosshair pattern is formed. In other embodiments, both beams may be cross-hairs that
overlap when the proper distance is established between the patient and the surgical
microscope view cameras. Other configurations and beam patterns are possible. In some
embodiments, the laser outputs an infrared laser beam and is visible by viewing a display
such as in the binocular display assembly that is coupled to an infrared sensor that may form
part of the surgical microscope view camera assembly. In other cases, visible light sources
can be used. The person positioning the surgical microscope view camera with respect to the
surgical site may see the light beams on the patient without the aid of a display

[0353] In some embodiments as shown in FIG. 31, light sources can emit light
that passes through the objective and are thereby focused by the objective down to a spot,
which corresponds to the work distance and/or the proper distance between the cameras and
the surgical site. In some cases, the laser module output collimate beams that are parallel to
each other. These parallel beams are focused by the objective (and thereby caused to
overlap) at a distance that corresponds to the focal length and, hence working distance, of the

surgical microscope cameras. Accordingly, for such systems, if the objective is switched out,
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for example, for another procedure, the beam will be focused by the new objective at the
focal length and working distance of that new objective. This feature is convenient as the
distance where the beams converge to a common location will chance to the proper location
when the objective is switched out to a new objective for a different procedure or preference
of the surgeon.

[0354] The systems described above that employ light beams such as laser beams
to establish the proper distance between the patient/surgical site and the surgical microscope
view cameras may also be configured to provide for laterally aligning the surgical
microscope view camera as well. The location where the beams overlap may, for example,
correspond to the field of view (e.g., the center of the field of view) of the surgical
microscope view camera. Thus, one can use the position where the beams overlap on patient
to laterally align the surgical microscope camera as well. Other laser beam pointing based
systems can be use.

[0355] Other types of systems to aid in positioning the surgical microscope view
camera with respect to the patient may also be employed. For example, a range finder may
be used to establish the proper distance between the patient and the surgical microscope view
camera. A laser rangefinder may, for example, be incorporated into the assembly in some
embodiments. In certain implementations, the output of the rangefinder can be displayed
using the binocular display and be viewable by looking through the oculars. In some
implementations, the output of the rangefinder may be viewed without looking through the
oculars. For example, a display may be disposed on the outside of the binocular viewing
assembly (e.g., on the housing) that provides distance or positioning data based on the laser
rangefinder. This display may indicate whether to increase or decrease the separation and
may show when the separation is correct and matched to the working distance of the surgical
microscope view camera. A display located elsewhere may also be used. For example, this
information may alternatively or in addition be sent to a panel display. In certain
embodiments, this information may be projected onto a surface such as onto the patient for
viewing.

[0356] Accordingly, in various embodiments, feedback for setting the proper
distance (and possibly lateral alignment) may be provided by looking at a display in the

binocular viewing assembly such as when looking through one or both of the oculars.
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Additionally, feedback for setting the proper distance (and possibly lateral alignment)
without looking through one or both of the oculars and may be provided by looking at the

patient or a display, for example, located on the binocular viewing assembly or elsewhere.

Software/Image Processing

[0357] In some embodiments as described herein, multiple displays can be
utilized together to allow viewing of an image of the surgical field. The images can thereby
be superimposed over each other. The multiple displays and images can provide features that
would be helpful for the user or assist in the surgical procedures. For example, a two display
system can be used where one of the displays allows viewing of an image of the surgical
field. The second display can superimpose an image over the first surgical field display using
a beam combiner as described in detail herein. The ability to superimpose or display both
images at the same time utilizing the beam combiner as described herein can allow for the
elimination of the delay present when images are added through the use of a computer
processor. By allowing for the multiple displays to be superimposed or adjacent to each other
through combination of the multiple displays, the multiple displays can be viewed together as
a single real time image. This can allow for viewing of fiducials, drawings and/or
annotations, virtual alignment of implants, and/or display of other features in coordination
with a display of an image of the surgical field. In various embodiments, the image of the
fiducial, drawings, annotations, implants, etc., can also appear on one or more assistant
displays, and/or on a panel display viewable by others in the room or by one or more displays
located remotely. In some embodiments, an image can be projected directly onto the patient
and/or surgical site. This can allow viewing of fiducials, drawings and/or annotations, virtual
alignment of implants, and/or display of other features directly onto the surgical site or
patient’s body. This method of projecting directly onto the surgical site may eliminate the
need for the second display of the surgical site as described previously and utilize only the
overlaid image and/or images onto the surgical site itself. In some embodiments, a projector
system may including a small projector such as a handheld projector, a pico projector, mobile
projector, pocket projector, mini beamer, or other projector can be used.

[0358] In some embodiments, an image can be used to measure features of the

surgical field. The image can be superimposed or adjacent to a first surgical field display or
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projected adjacent to and/or on the surgical field itself. Fiducials as described herein can be
used in the image to measure portions or positioning of multiple aspects of the surgical field.
The fiducial markers can be a marking or pattern on the image displayed, for example, the
fiducial markers can be a mark, a line, a set of marks, a set of lines, image, and/or set of
images. Other known points or features can be used as a fiducial markers as well. In some
embodiments, for example, the image can include a ruler or grid pattern that can be displayed
adjacent to and/or superimposed on the first displayed image of the surgical field or projected
adjacent to and/or on the surgical field.

[0359] The multiple images or a single image can be calibrated and/or scaled to
the same size or to a known size to ensure accurate measurements and/or accurate viewing of
the images. Additionally, the overlaid images can be calibrated to the surgical site itself. The
calibration can involve employing a calibration piece, €.g., a ruler or grid, and placing the
calibration piece at the location of the surgical site and imaging the calibration piece to
obtain the proper image size for the fiducial. An image of the fiducial of proper size can then
be stored and the stored image of the fiducial can be reproduced on the second display.
Proper adjustment of the scaling of the first and second display, to match each other may be
undertaken as well. Other approaches to calibration may also be employed. The calibration
can utilize predetermined distances automatically applied or applied through user input. The
calibration can be performed electronically by electronics that identifies the image of the
surgical field, the surgical field itself, and/or an aspect of the image or surgical field and
provides scaling or magnification accordingly. Additionally, input controls can be utilized by
the user to calibrate or scale the images to match each other in size or match the scale of the
surgical field itself or features therein. For example, a user (e.g., a technician) can manipulate
the displays by moving them in any direction increasing or decreasing the magnification so
that the image fields of the display(s) are lined up and scaled to the correct size. This can be
done by utilizing knobs, buttons, touch screens, virtual touch screens, voice or other input
controls from a control unit and manipulated by the user. The control unit can be integrated
into the binocular display assembly. In other embodiments, the control unit can be remote
from the binocular display assembly.

[0360] In some embodiments, an image can be used to display drawings or other

markings drawn by or inserted by the surgeon or assistant on the surgical field. The
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drawing(s) and other marking(s) can be superimposed on or displayed adjacent to a display
of an image of the surgical field or projected adjacent to and/or on the surgical field. For
example, a surgeon can introduce a drawing and/or annotation onto an image of the surgical
field to annotate the image as desired. In some embodiments, the drawings or annotations can
be projected onto the surgical field or onto the patient. In some embodiments, a computer
processor receives the drawings or annotation produced or selected by the surgeon and
identify where the annotations or drawings are being inserted relative to the display of the
surgical field image or relative to the surgical field itself. In some embodiments, the
computer processor can save and/or reuse these drawings or annotations. In various
embodiments, the drawings and/or annotation can also appear on one or more assistant
displays, and/or on a panel display viewable by others in the room or by one or more displays
located remotely.

[0361] In some embodiments, an image can be used to simulate placement of
implants in the surgical field. The image of the implant can allow for the implant to be
aligned virtually with an image of the surgical field and/or the surgical field. For example, an
overlay of a spinal implant can be used to illustrate and/or determine the desired positioning
of the spinal implant within the surgical area. In some embodiments, the spinal implant
image can be manipulated by the user to move the implant image over the surgical area or
surgical field display. In various embodiments, a variety of implant images can be stored or
retrieved based on user selection of the type of implant. In some embodiments, input
controls can be utilized by the user to move the image of the surgical implant relative to the
surgical field. In some embodiments, the movement of the image of the surgical implant can
be performed by an input of the user to move the image of the surgical implant in any
direction as desired by the user. For example, the user can manipulate the image displays by
moving them in any direction. This can be done by utilizing knobs, buttons, touch screens,
virtual systems and methods, voice, or other input controls from a control unit manipulated
by the user. The control unit can be integrated into the binocular display assembly. In other
embodiments, the control unit can be remote from the binocular display assembly. In some
embodiments, the image of the implant can be magnified or scaled to the appropriate size by
a computer processor or by other mechanical control or inputs as described previously.

Alternatively, the implant image can be displayed at a predetermined size corresponding to
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the actual size of the implant. In various embodiments, the image of the implant can also
appear on one or more assistant displays, and/or on a panel display viewable by others in the

room or by one or more displays located remotely.

Ilumination

[0362] Various implementations described herein can include an imaging system
to generate images of a surgical site. The imaging system can include a common objective
for left and right eye optical paths. The common objective can collimate light from the
surgical site. The optical path of the collected collimated light can be redirected by a prism,
fold element, or beamsplitter. The collimated light can be configured to pass through a zoom
lens group (e.g. afocal zoom), an aperture, and other optical elements to direct portions of the
collimated light within the left and right eye optical paths, as shown in FIG. 43 described
herein and/or FIGS. 29A and 29B of U.S. Application No. 14/581,779 filed on December 23,
2014 entitled “SURGICAL VISULAIZATION SYSTEMS,” which published as U.S.
Publication No. 2015/0297311. U.S. Application No. 14/581,779 and U.S. Publication No.
2015/0297311 1is incorporated by reference herein in its entirety for all that it discloses. For
each left and right eye optical paths, the imaging system can be configured to generate
images of the surgical site. The imaging system can include a sensing system configured to
detect the images formed in the left and right eye optical paths. For example, in some
embodiments, the sensing system can be configured to detect the images formed in the left
eye optical path on portion of the sensing system, and to detect the generated images in the
right eye optical path on another portion of the sensing system.

[0363] Each left and right eye optical paths of the imaging system can include a
plurality of optical paths for imaging at different wavelength ranges. In some embodiments,
the optical paths can lead to sensors sensitive to the different wavelength ranges. In various
embodiments, the plurality of optical paths can be used for imaging, for example, in infrared
(IR), near infrared (NIR), visible wavelengths or bands (about 400 to about 700 nm). As
described herein, features (e.g., tumors) could be made to fluoresce by injecting fluorescent
chemical (e.g., dye) and illuminating the feature with light that induces fluorescence (e.g.,
UV, visible, or in IR radiation). As another example, imaging at blue (about 440 to about

460 nm) and/or green (about 540 to about 560 nm) wavelengths can improve visibility of
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features since the peak light absorption of hemoglobin occurs at these narrow band
wavelengths. Use of other bands of wavelengths are possible.

[0364] In certain embodiments, the imaging system can switch between imaging
at different wavelengths. For example, in some embodiments, the imaging system can switch
between imaging at narrow band wavelengths and visible wavelengths. As another example,
in some embodiments, the imaging system can switch between imaging at NIR and IR.
Thus, certain embodiments can switch between wavelengths or wavelength bands in two or
more or all of infrared (IR), near infrared (NIR), visible, and ultraviolet (UV). By switching
between different wavelength ranges (e.g., illuminating the surgical site with different
wavelength ranges in sequence), the surgeon or assistant may be able to detect subtle
differences between the two images. If the images are registered, the surgeon would be able
to see and know a sense of direction. Also, by switching illumination on and off, the sensors
can remain on and detect the appropriate wavelengths when present based on the illumination
that is switched on. As an example, certain embodiments can include a sensor sensitive to
visible light and another sensor sensitive to IR light. When the visible light source is on, the
sensor sensitive to visible light can detect the visible light, and when the IR light source is
on, the sensor sensitive to IR light can detect the IR light. Furthermore, some embodiments
can include a single sensor with multiple illumination (e.g., dual visible illumination).

[0365] In some such embodiments, the imaging system can include an
illumination control configured to control the light provided to the surgical site such that the
provided light switches between the light of different wavelength ranges. For example, the
surgical site can be illuminated by at least one illumination source, such as one or more
lasers, light emitting diodes, or white-light light sources. The illumination source can include
multi-spectral illumination sources to provide visible light or white light whose color
temperature can be varied. The illumination source can also include other sources configured
to provide infrared, near infrared, visible, ultraviolet, and or other bands of wavelengths. The
illumination control can control the light provided to the surgical site by controlling one or
more illumination sources. For example, the illumination control can adjust the position of
an illumination source (e.g., position of a fiber optic) and/or turn on/off an illumination
source or block the illumination (e.g., with a shutter or modulator). As another example, the

illumination control can include a filter (e.g., a bandpass, low pass, or high pass filter) such
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that the sensors are provided light of the different wavelength ranges. The illumination
control can include at least one knob, dial, button, handle, switch, joystick, haptic, or
touchpad. In some embodiments, the illumination control can be disposed on the binocular
viewing assembly including a housing and oculars such as on handles on the housing such
that the user need not remove one’s eyes from the oculars.

[0366] Alternatively, instead of controlling the light being provided to the
surgical site, some embodiments of imaging systems can control the received light from the
surgical site. For example, each of the left eye and right eye optical paths can include one or
more filters (e.g., a notch filter) configured to remove unwanted wavelengths from the
received light to remove unwanted wavelengths from the light being provided to the surgical
site. For example, a notch filter may be used in front of the different sensors to block the
pump light uses to excite fluorescence, which may possibly saturate the sensors. The
different wavelengths ranges can include wavelengths in two or more or all of infrared (IR),
near infrared (NIR), visible, and/or ultraviolet (UV), as described herein.

[0367] Various embodiments described herein include an imaging system
configured to generate images of the surgical site at different wavelength ranges. The
imaging systems can be used for the primary display, surgeon display, the assistant display,
possibly other displays, or any combination of these. For example, in some embodiments,
the assistant can switch to and from a fluorescence image on the assistant display. In some
cases, the assistant can switch the images that the assistant sees from fluorescence images to
visible images and back or combinations of thereof, without changing the images seen by the
primary surgeon. In various embodiments described herein, the generated images in the left
eye and right eye optical paths can be different stereo views of the surgical field. In some
embodiments, the imaging system can provide a surgical microscope view. As for various
embodiments described herein, the imaging system need not be associated with a direct view

surgical microscope.

Additional Discussion on Producing Multiple Images in Different Wavelength Bands

[0368] Accordingly, in various embodiments, one or more cameras, such as the
camera that provides a surgical microscope view (e.g. having a working distance and/or focal

length of 150-450 mm) can be configured to receive images of different wavelengths. The
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cameras may, for example, receive fluorescence images as well as non-fluorescence images
or narrow band images such as blue images (e.g., about 440 to about 460 nm wavelength)
and/or green image (about 540 to about 560 nm wavelength) as well as broad band visible
wavelength images (e.g., that extend across the visible spectrum) wherein the surgical site is
illuminated with white light. Such a visible wavelength image may be used as a reference
view used by the surgeon most of the time in performing the surgery. This view may
resemble the view seen through a direct view surgical microscope.

[0369] Likewise, the cameras may have sensors that are sensitive to different
wavelength bands. For example, a visible detector array and an infrared detector array (e.g.,
NIR) may be employed. Or different types of sensors sensitive to different portions of the
infrared spectrum may be used. Similarly, different types of sensors sensitive to different
portions of the visible spectrum may be used.

[0370] Alternatively (or in combination), multiple sensors having similar spectral
response can be used. Additional wavelength selective optics may be used to enable the
different sensors to detect different wavelengths. For example, multiple visible detectors
with the same spectral responsivity can be used. Similarly, multiple infrared detectors with
the same spectral responsivity may be use. One or more wavelength selective filters may be
associated with one or more of the sensors and may be included in the optical path to the
respective sensors. For example, a first filter or filter combination may be included in the
optical path to a first sensor and a second different filter or filter combination may be
included in the optical path to a second sensor. In this manner, the two sensors may be
sensitive to two different spectral bands, e.g., blue and green respectively. In some cases,
one of the sensors may not have any filters associated therewith or may otherwise be
configured to be sensitive to a broader wavelength spectrum that is different from the other
optical sensor. For example, a first filter or filter combination may be included in the optical
path to a first sensor and while no filter is included in the optical path to a second
sensor. Again, the two sensors will be sensitive to two different spectral bands, e.g., green
and the entire visible spectrum respectively. This later configuration may be useful, for
example, to see a fluorescence peak on a first sensor and a broad band image (e.g., reference
view) across the entire visible spectrum that is produced by illuminating the surgical site with

white light on a second sensor.
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[0371] Accordingly, one or more of the sensors may have associated therewith a
filter or filter combination to provide wavelength selectivity. The different filters for the
sensors may comprise band pass filters, low pass filters, high pass filters, notch filters, or any
combination thereof.

[0372] In some embodiments, the wavelength selectivity may be included in one
or more beamsplitting element (e.g., a beamsplitter such as a dichroic beamsplitter). Such an
optical element may enable the separation of light having two different spectra into two
separate beams. For example, light of having a first spectra may be directed (e.g., reflected)
in a first direction while light having another different second spectra may pass
through. Accordingly, additional filters need not be added in the optical paths of the sensors
although in some embodiments such additional filters may be included. Use of wavelength
selective beamsplitters or deflectors can provide increased efficiency in comparison to a
50:50 beamsplitter with filters to remove unwanted light. Instead of removing unwanted
wavelengths, such as by using absorption filters, the wavelengths are redirected. However,
in various embodiments that employ wavelength selective beamsplitters or deflectors, filters
may still be employed to further tailor the spectrum.

[0373] Additionally, as described herein switching illumination on and off may
provide the wavelength selectivity. For example, a first light source having a first
wavelength spectra may be turned on while a second light source having a second spectra is
shut off or blocked from reaching the surgical site at a first time. The light or resulting
fluorescence response signal reaches the one or more sensors to provide an image
corresponding to the first wavelength spectra. At a second later time, the second light source
is turned on or permitted to reach the surgical site while the first light source is turned off or
blocked from reaching the surgical site. This light then reaches the one or more sensors to
provide an image corresponding to the second wavelength spectra.

[0374] In some such embodiments, a single sensor may be used to collect light
from either light source if the sensor is sensitive to both light sources. In other embodiments
multiple sensors may be employed. One sensor may, for example, be more sensitive to the
first wavelength spectra and another sensor may be more sensitive to the second wavelength
sensor. One or more wavelength selective beamsplitter or deflector may be used to direct the

light of the different wavelengths to the different sensors.
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[0375] Instead of switching the light sources on and off, in certain embodiments
both light sources can remain on and the images from respective sensors can be sent to
different displays. Or the viewer can switch from showing the image from the first sensor on
the display to showing the image from the second sensor on the display and vice
versa. Accordingly, the viewer can switch back and forth between views of the surgical site
having different wavelength distributions. Switching back and forth may enable the viewer to
more readily detect distinctions between the two images.

[0376] Alternatively, in certain embodiments, the viewer can view both images
from both cameras at the same time, for example, in a picture in picture (PIP) configuration
or next to each other, etc. As described herein, the surgical visualization system may be
configured for the viewer to select which format to view the images, for example, one at a
time with ability to switch from one image to the other, or both at the same time juxtaposed
on the display.

[0377] The visualization system may be configured to provide the primary
surgeon these different images in different spectral images either at the same time or to
switch between them. The surgeon can control what image he or she sees.

[0378] Similarly, the visualization system may be configured to provide the
assistant or other viewer besides the primary surgeon the ability to view the different images
in different spectral either at the same time or to switch between them. The assistant or other
viewer can control what image he or she sees regardless of what views or images that
primary surgeon elects to see. For example, the assistant may be interested in seeing only a
fluorescence image or only a narrow band blue or green image while the primary surgeon is
interested in switching back and forth between the fluorescence image or a narrow band blue
or green images and a broad band visible image covering the width of the visible spectrum.

[0379] In some embodiments, the illumination directed onto the surgical site
passes through the imaging optics for receiving light from the surgical site before being
incident on the surgical site. For example, the light source is disposed with respect to the
imaging optics (or a portion thereof) to form a path from the light source through the imaging
optics (or a portion thereof) to the surgical site. This light may first then pass through, for
example the objective and/or the zoom system prior to being incident on the surgical site. A

portion of this light after being reflected or a fluorescence response signal from the surgical
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site will then pass again through the imaging optics and be directed to the one or more
Sensors.

[0380] Additionally, in various embodiments more than two optical sensors may
be employed. For example, more than two detector arrays for the left channel in a stereo
camera may be employed. Likewise, more than two detector arrays for the right channel in a
stereo camera may be employed. As discussed above, multiple sensors may increase the
spectral information provided by the system as many spectral regions may be separately
measured and be available to the viewer for comparison.

[0381] In certain embodiments, for example, 4 cameras sending signal to 4
displays (e.g., 2 cameras and displays for each of left and right channels). Alternatively, 6
cameras could send signal to 6 displays (e.g., 3 cameras and displays for each of left and
right channels). Alternatively, 8 cameras could send signal to 8 displays (e.g., 4 cameras and
displays for each of left and right channels). The number of cameras and displays may be
more or less. Additionally, mono cameras (as compared to stereo cameras) may be included.
The number of cameras and displays also need not be the same. Similarly, the number of
camera’s and/or displays associated with the left channel need not be identical to the number
of camera’s and/or displays in the right channel.

[0382] Various combination of the features described above and elsewhere herein

may be used.

Example Embodiments on Producing Multiple Images in Different Wavelength Bands

[0383] FIGS. 32 and 33 show example embodiments of a combination of a
beamsplitter and one or more filters which can be used in an imaging system as described
herein to generate images of a surgical site in different wavelength ranges. In certain
embodiments, the imaging system can include a filter block (or a filter cube, cartridge, or
assembly) to hold a beamsplitter and one or more filters. For example, as shown in FIG. 34,
the filter block or assembly can be placed in the optical path from the surgical site to the
sensing system. In particular, the filter assembly comprising the dichroic beamsplitter is
shown in the optical path between the focusing optics and the sensing system. The filter
block can be moved in and out of the imaging system allowing the beamsplitter and one or

more filters to be changed or allowing the filter block comprising the beamsplitter and one or
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more filters to be replaced with another filter block comprising a beamsplitter and one or
more filters.

[0384] As shown in FIG. 32, the filter block, cartridge, or assembly can include
an excitation blocking filter, a dichroic beamsplitter, and a clean-up filter. In this example,
one or more light sources can provide visible light and near infrared (NIR) light to illuminate
the surgical site. This visible and NIR may include pump light for exciting fluorescence.
Optical fluorescence in the form of NIR light in this example may be emitted from the
surgical site. As described herein, an excitation blocking filter can be used in front of the
sensing system to block the pump light used to excite fluorescence, which may possibly
saturate the sensing system. The dichroic beamsplitter (used alone or in combination with
one or more filters) can separate the visible light and NIR light into two optical paths. In this
example, a clean-up filter is used in one of the optical paths. Such a filter may, for example,
reduce contribution from wavelengths different from the fluorescence signal. The sensing
system, which may include one or more sensors in each optical path, can be used to detect
the separated visible and/or NIR fluorescence light. The imaging system can generate the
images of the surgical site based on the detected light. For example, the imaging system can
generate an image of the surgical site in the visible range, and another image of the surgical
site in the near infrared range. This visible image may be a useful reference view which the
surgeon uses for most of the surgery and provides a visible image akin to what the surgeon is
accustomed to when viewing a patient through a surgical microscope with a white
illumination light source.

[0385] As shown in FIG. 33, one or more light sources can be used to illuminate
the surgical site with visible and near infrared light. This visible and NIR may include pump
light for exciting fluorescence. Optical fluorescence in the form of visible light in this
example may be emitted from the surgical site. The dichroic beamsplitter can separate the
light into two optical paths with one or more filters in each optical path. In this example, in
one optical path, a NIR blocking filter is used to block the NIR light such that only the
visible light is sent to the first optical path. In the other optical path, a clean-up filter is used
such that mostly only or only the visible fluorescence light is sent to the other optical path.
The sensing system, which may include one or more sensors, can be used to detect the light

in each of the two paths.
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[0386] Advantageously one filter block or assembly having first spectral
characteristics can be switched out (e.g., by a nurse, technician, orderly, doctor or surgical
staff) for a second filter block or assembly having second spectral characteristics.
Accordingly, different filter assemblies can be used for different circumstances, for example,
if different fluorescence dyes and fluorescent peaks are used such as for different procedures.
In some embodiments, the filter block or assembly may simply comprise a dichroic or
wavelength selective beamsplitter. In other embodiments, the filter block or assembly may
comprise filters such as band pass filters and/or notch filters. As described above, one filter
assembly can be switched out for another filter assembly for different circumstances. For
example, the dichroic beamsplitters in FIG. 34 can be switched out for other dichroic
beamsplitters having different spectral properties such that although the first dichroic filter
might split light into first and second beams having first and second spectral distributions, the
second dichroic filter might split light into first and second beams having different third and
four spectral distributions. An opening or door in the side or top or bottom of the housing of
the camera may permit the filter assembly to be switched out.

[0387] Other combinations of light sources, beamsplitters, filters, and wavelength
bands are possible. As described herein, in various embodiments, the imaging system can
generate images in different wavelength bands. The imaging system can combine (e.g.,
dispose as adjacent to one another, tile, overlap, superimpose, dispose as PIP, etc.) and/or

switch between the images.

Fluorescence and Narrow Band Imaging

[0388] FIG. 35 (lower portion) illustrates various embodiments where the surgical
microscope view camera obtains a fluorescence image as well as a visible reference
image. Light collected by the microscope objective is passed through a dichroic beamsplitter
and directed into two paths. The first path (channel 1) for light passing through the
beamsplitter is for the fluoresce signal. A sensor is included in channel 1 that is sensitive to
the fluorescent signal. The second path (channel 2), reflected by the beamsplitter, is for a
broad band visible wavelength reference view. The broad band image might resemble an
image seen by a surgeon when viewing a patient illuminated with white light through a direct

view surgical microscope. A sensor is included in channel 2 that is sensitive to visible
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light. The wavelength selective beamsplitter may be used to separate the light into the two
paths. A blocking filter configured to block the pump wavelength used to induce
fluorescence is also included.

[0389] As discussed elsewhere herein the dichroic beamsplitter may be
interchangeable. For example, one dichroic beamsplitter can be switched out for another if a
different fluorescence wavelength is to be examined or a different type of image or images
are to be obtained. For example, different procedures using different fluorescing materials
such as dyes may result in different fluorescent wavelengths. Accordingly, the wavelength
selective beamsplitter may be different. An opening in the housing for easy substitution of
one dichroic filter for another may be used. Similarly, the blocking filter may be switched
out, for example, if the pump wavelength is different. The blocking filter and dichroic
beamsplitter may be included in a single assembly that is switched out in certain
embodiments.

[0390] FIG. 35 (upper portion) also shows a display assembly such as a binocular
display assembly that includes multiple optical channels (channel 1 and channel 2) and
associated display screens (e.g., LCD, OLED). A beam combiner combines the optical paths
to each of the display screens. One of the display screens (channel 1) can be in electrical
communication with the sensor receiving the fluorescence signal. The other display screen
(channel 2) can be in electrical communication with the sensor receiving the visible reference
image.

[0391] FIG. 36 (lower portion) illustrates various embodiments configured for
narrow band imaging, for example, using blue and green wavelengths. These wavelengths
may, for example, be between 440 to 460 nm and 540 to 560 nm, respectively. FIG. 36
shows the surgical microscope view camera configured to obtain narrow band images as well
as visible reference images. Light collected by the microscope objective is passed through a
dichroic beamsplitter and directed into two paths. The first path (channel 1) for light passing
through the beamsplitter is for the narrow band imaging signal. A sensor is included in
channel 1 that is sensitive to the narrow band imaging signal. The second path (channel 2),
reflect by the beamsplitter is for a broad band visible wavelength reference view. The broad
band image might resemble an image seen by a surgeon when viewing a patient illuminated

with white light through a direct view surgical microscope. A sensor is included in channel 2
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that is sensitive to visible light. The wavelength selective beamsplitter may be used to
separate the light into the two paths. A narrow band imaging filter configured to further
attenuate unwanted wavelengths, for example, outside 440 to 460 nm and 540 to 560 nm, is
also included.

[0392] As discussed elsewhere herein the dichroic beamsplitter may be
interchangeable. For example, one dichroic beamsplitter useful for narrow band imaging can
be switched out for another useful for fluorescence imaging. Accordingly, the wavelength
selective beamsplitter may be different. An opening in the housing for easy substitution of
one dichroic filter for another may be used. Similarly, the filter may be switched out through
an opening. The filter and dichroic beamsplitter may be included in a single assembly that is
switched out in certain embodiments.

[0393] In certain embodiments, a beamsplitter that is not a dichroic beamsplitter
may be used. The narrow band imaging filter may be used to filter our light outside the
narrow band imaging wavelengths to accomplish narrow band imaging.

[0394] FIG. 36 (upper portion) also shows a display assembly such as a binocular
display assembly that includes multiple optical channels (channel 1 and channel 2) and
associated display screens (e.g., LCD, OLED). A beam combiner combines the optical path
to each of the display screens. One of the display screens (channel 1) can be in electrical
communication with the sensor receiving the narrow band imaging signal. The other display
screens (channel 2) can be in electrical communication with the sensor receiving the visible
reference image.

[0395] A wide range of variations are possible. Various features may be

excluded and/or combined with other features disclosed elsewhere herein.

Binocular Viewing Assembly

[0396] [0396] The disclosure generally describes a binocular viewing
assembly for providing a surgeon with video of a surgical site. The binocular display can
include a plurality of displays in a housing and a plurality of oculars for viewing those
displays. The binocular viewing assembly can be configured to show views of video images
of the surgical site. The binocular viewing assembly can be further configured to show

images from the surgeon’s cell phone or tablet. In some embodiments, the binocular viewing
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assembly includes optical components configured to direct video images from the plurality of
displays to the oculars, wherein the video images are acquired with stereo electronic
microscope cameras configured to provide a surgical microscope view of the surgical site.
The optical components can be configured so that the optical axis from the oculars is not
aligned with (e.g., does not intersect) the stereo electronic microscope cameras.

[0397] In some embodiments, the binocular viewing assembly can be combined
with one or more displays positioned outside of the housing, wherein the display can be
viewed by an assistant or other personnel in the operating room. The one or more displays
can be flat panel displays or images projected onto a screen or other surface so that a person
not looking through the oculars of the binocular viewing assembly can see video images on
the one or more displays. In certain implementations, the video images on at least one of the
one or more displays can include the view that is being provided in the binocular viewing
assembly. In some implementations, a plurality of displays can be configured to display the
video images provided by the plurality of displays in the binocular viewing assembly. In
certain embodiments, the displays are mounted on the housing. In some embodiments, one
or more of the displays can be configured to provide stereo video images. In some
embodiments, the binocular viewing assembly can include a fiber optic light source to direct
light to the surgical site. In some embodiments, the binocular viewing assembly can be
configured to provide views of video acquired with one or more endoscopes.

[0398] In some embodiments, the surgical visualization system can include one or
more endoscopes, one or more cameras positioned on a retractor and/or one or more cameras
positioned proximal to the surgical site in addition to the stereo microscope camera. The
various cameras can have different optical properties to provide different imaging
functionality to the surgical visualization system. For example, the one or more cameras
positioned on the retractor can have a relatively wide field of view and can be positioned at a
distance that is multiple focal lengths from the surgical site. The one or more cameras on the
retractor can thus be configured to provide a relatively short focal length and wide field of
view, to provide images suitable for working more obliquely. As another example, the stereo
microscope camera can be configured to have a longer focal length than the cameras on the
retractor and/or the proximal cameras. The stereo microscope camera can be configured to

be positioned about one focal length away from the surgical site. The stereo camera can be

-216-



WO 2016/154589 PCT/US2016/024330

configured to provide zooming functionality. The stereo microscope camera can be
positioned to allow a surgeon to put tools and/or proximal cameras between the surgical
microscope camera and the surgical site. The stereo microscope camera can have a relatively
narrow field of view. In certain implementations, the proximal cameras can be positioned on
a structure so that the proximal cameras are positioned outside of the surgical site and below
the stereo microscope camera and the binocular viewing assembly, wherein the structure is
positioned so that a surgeon can put tools between the structure and the stereo microscope
camera.

[0399] In certain implementations, the surgical visualization system can include
one or more projectors configured to project images on a patient. The images can be of user
interface elements to allow virtual manipulation by a surgeon utilizing the binocular viewing
assembly. The surgical visualization system can include a user interface camera configured
to acquire video images of the patient and the hands of the surgeon with the projected
images. The user interface camera can be operably coupled to an image processing system to
determine whether movements by the surgeon’s hands correspond to virtual manipulation of
the user interface elements of the projected images.

[0400] The disclosure also provides for a binocular viewing display having
oculars beneath corresponding displays. The binocular viewing display can be configured in
a manner similar to a periscope. For example, the displays can be positioned above the
oculars with optical components configured to deliver images of the displays positioned
underneath the displays.

[0401] The disclosure also provides for a binocular display assembly comprising
a contoured housing. The contoured housing can include, for example, at least an indentation
on a bottom portion of the housing, wherein the indentation is configured to provide a place
to attach or otherwise position a camera for acquiring images of a surgical site.

[0402] The disclosure also provides for a surgical visualization system that
includes a primary surgeon camera and an assistant camera, the primary surgeon camera and
the assistant camera positioned to acquire images of a surgical site from outside the surgical
site. The surgical visualization system can include an optical system associated with the
primary surgeon camera and the assistant camera, wherein the optical system includes a

central objective that is rotatable around a central aperture. The primary surgeon camera and
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the assistant camera are configured to rotate about the central aperture that encircles the
common objective or pairs of converging optical trains.

[0403] The disclosure also provides for a microscope head that can be used with
one or more of the surgical visualization systems disclosed herein, wherein the microscope
head is autoclavable. For example, the microscope head can be made of materials that can
withstand heats and pressures present in an autoclave used to sterilize devices and/or objects
for use in surgery. The materials can include polymers such as, for example and without
limitation, polypropylene, polymethylpentene, PTFE resin, polycarbonate, polymethyl
methacrylate, and the like. Other materials include, for example and without limitation,

metals, plastics, rubber, and other such materials or combinations of materials.

Example Binocular Viewing Assembly

[0404] FIGS. 37A-B illustrate an example binocular viewing assembly 3700 for
providing a surgeon 3720 with video of a surgical site 3730. The binocular viewing
assembly 3700 can include a housing 3705 attached to a support structure 3702 through arm
3703a that allows a position and/or orientation of the binocular viewing assembly 3700 to be
manipulated. The binocular viewing assembly 3700 includes oculars 3707 configured to
provide a view of a binocular display positioned in the housing 3705. The binocular display
can comprise one or more electronic displays. The binocular display can comprise one or
more electronic displays for each of a left eye and a right eye optical viewing path from the
oculars 3707. The binocular viewing assembly 3700 includes a stereo surgical microscope
camera assembly 3710 coupled to the support structure 3702 through arm 3703b. The
housing 3705 can include handles 3709 to facilitate manipulation of the housing 3705. The
arm 3703b can allow for independent manipulation of the position and/or orientation of the
stereo surgical microscope camera assembly 3710 (e.g., independent of the movement,
position, and/or orientation of the housing 3705).

[0405] The stereo surgical microscope camera assembly 3710 can include a stereo
microscope camera configured to acquire video images of a surgical site or other work site.
The stereo microscope camera can be configured to provide a surgical microscope view of
the surgical site. The stereo microscope camera can be configured to be positioned from the

surgical site at least about 150 mm and/or less than or equal to about 450 mm, at least about
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175 mm and/or less than or equal to about 400 mm, or at least about 200 mm and/or less than
or equal to about 300 mm. By providing these ranges of working distance, this can allow the
surgeon to place tools and/or other cameras between the stereo surgical microscope camera
assembly 3710 and the surgical site. The stereo microscope camera can be configured to
have a focal length that is about the same as the working distance. The stereo microscope
camera can be configured to provide a zoom functionality to allow for magnification of video
images of the surgical site. For example, at a fixed working distance the stereo microscope
camera can be configured to zoom in and out of the surgical site to allow magnification of
different portions of the surgical site. The stereo microscope camera can be configured to
have a relatively narrow field of view. For example, where the working distance and/or focal
length of the stereo microscope camera is about 300 mm, the field of view of the stereo
microscope camera can allow visualization of an area of about 30 mm in diameter. The field
of view of the stereo microscope camera can be between, for example and without limitation,
about 50 mm and about 100 mm. The field of view of the stereo microscope camera can be,
for example and without limitation, at least about 5 degrees and/or less than or equal to about
15 degrees.

[0406] In some embodiments, the binocular viewing assembly 3700 provides a
view of one or more additional cameras. For example, one or more cameras can be
positioned on an endoscope or a retractor and at least one of the plurality of displays of the
binocular viewing assembly 3700 can be configured to display images from the one or more
cameras on the endoscope or retractor. The one or more cameras on the endoscope or
retractor can be configured to have a relatively short focal distance and/or a relatively wide
field of view, compared to the stereo microscope camera. For example, a camera positioned
on the endoscope or retractor can have a focal length of about 3 mm. The one or more
cameras positioned on the endoscope or retractor may also be positioned multiple focal
lengths from the portion of the surgical site to be imaged. For example, where the focal
length of an endoscope or retractor camera is about 3 mm, the camera can be positioned
about 10 mm from the patient or portion of the patient to be imaged. Thus, the endoscope or
retractor cameras can be in relatively close proximity to the object to be imaged and provide

a wide field of view.
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[0407] In some embodiments, the binocular viewing assembly 3700 provides a
view of one or more additional cameras positioned on a standoff structure, positioned
proximal to the worksite or surgical site. These proximal cameras can be configured to
provide images of a human body or part thereof from outside of the surgical site, but from a
relatively close distance thereto. For example, the standoff structure and/or the positioning
of the proximal cameras can be such that a surgeon cannot easily put a tool or their hands
between the structure (or the cameras) and the surgical site so that the surgeon can work
freely in that space.

[0408] The binocular viewing assembly 3700 can be configured to show views of
video images of the surgical site. The video images can be acquired with the stereo
microscope camera, endoscope cameras, retractor cameras, proximal cameras, or any
combination of these. The plurality of displays can be configured to provide images acquired
with a particular camera. For example, one display can be configured to provide images
from a single camera (e.g., a stereo camera). In certain implementations, the oculars 3707
provide views of a plurality of displays, each display configured to display video images
acquired by a particular camera. In some embodiments, the oculars are configured to
combine first and second video images at the oculars from first and second displays to
provide a combined image to the viewer. This can be done to optically superimpose images
with a relatively small latency between image acquisition and image display. This can be
beneficial for a surgeon due to rapid or nearly instantaneous visual feedback between actions
and what is viewed through the oculars 3707.

[0409] In some embodiments, the optical axis from the oculars 3707 does not
form a straight line to the stereo electronic microscope cameras to provide a surgical
microscope view. For example, the stereo electronic microscope camera can be positioned
below the line of sight of the oculars 3707 and be directed at different pitch angles (and/or
yaw angles) and possibly be offset in x, y, and/or z.

[0410] FIG. 37B illustrates the surgical microscope camera assembly 3710
configured for providing a surgical microscope view of a surgical site 3730 from a temporal
approach. The surgical microscope camera assembly 3710 can be rotated and positioned to
acquire video images of the surgical site 3730 wherein the optical axis from the surgical

microscope camera assembly 3710 to the surgical site is substantially horizontal. In some
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embodiments, the optical axis can be inclined with respect to the horizon. In certain
implementations, the optical axis is substantially orthogonal to the surgical site.

[0411] When configured for use with a temporal approach, the surgical
microscope camera assembly 3710 can be configured to be positioned substantially below the
housing 3705. In certain implementations, the surgical microscope camera assembly 3710
can be positioned between a surgeon’s hands and/or arms during surgery. The surgical
microscope camera assembly 3710 can be configured to be relatively small so that the
surgical microscope camera assembly 3710 does not significantly impede with free
movement of the surgeon’s hands, arms, and/or tools. In certain implementations, the
surgeon can use tools 3731 that are relatively long (e.g., between about 150 mm and about
300 mm). Thus, the surgical microscope camera assembly 3710 can be positioned to provide
a working distance between about 150 mm and about 450 mm when positioned between the
surgeon’s hands or arms and long tools are utilized.

[0412] The surgical microscope camera assembly 3710 can be configured to be
smaller than the binocular viewing assembly 3700. For example, the surgical microscope
camera assembly 3710 can have a linear dimension of less than or equal to about 6 inches
and at least 4 inches or less than or equal to about 140 mm and at least about 65 mm. In
particular, some embodiments of the surgical microscope camera assembly 3710 include a
housing with a depth of about 5.5 inches, a height of about 5.2 inches, and a width of about 4
inches or a depth of about 140 mm, a height of about 100 mm (or about 65 mm for a lens
assembly), and a width of about 100 mm, as illustrated in FIG. 44. The dimensions of
surgical microscope camera assembly 3710 can be larger or smaller. For example, a height
of the surgical microscope camera assembly 3710 housing can be less than or equal to about
9 inches, less than or equal to about 8 inches, less than or equal to about 7 inches, less than or
equal to about 6 inches, less than or equal to about 5 inches, less than or equal to about
4 inches, or less than or equal to about 3 inches or any range between any of these values.
For example, a depth of the surgical microscope camera assembly 3710 housing can be less
than or equal to about 9 inches, less than or equal to about 8 inches, less than or equal to
about 7 inches, less than or equal to about 6 inches, less than or equal to about 5 inches, less
than or equal to about 4 inches, or less than or equal to about 3 inches or any range between

any of these values. For example, a width of the surgical microscope camera assembly 3710
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housing can be less than or equal to about 9 inches, less than or equal to about 8 inches, less
than or equal to about 7 inches, less than or equal to about 6 inches, less than or equal to
about 5 inches, less than or equal to about 4 inches, or less than or equal to about 3 inches or
any range between any of these values. As another example a volume of the surgical
microscope camera assembly 3710 housing can be less than or equal to about 730 in’, less
than or equal to about 525 in’, less than or equal to about 350 in’, less than or equal to about
225 in3, less than or equal to about 115 in3, less than or equal to about 100 in3, less than or
equal to about 75 in®, or less than or equal to about 50 in® or any range between any of these
values. The surgical microscope camera assembly 3710 can weigh less than or equal to
about 7 kg, less than or equal to about 6 kg, less than or equal to about 5 kg, less than or
equal to about 4 kg, less than or equal to about 3 kg, less than or equal to about 2 kg, or any
range between any of these values. The surgical microscope camera assembly 3710 with the
housing conforming to the above size restrictions can be configured to capture video images
with a resolution of at least 1920 pixels by 1080 pixels (e.g., “HD” video). The surgical
microscope camera assembly 3710 with the housing conforming to the above size restrictions
can be configured to have a working distance of at least 150 mm and/or less than or equal to
about 450 mm, at least 200 mm and/or less than or equal to about 400 mm, at least 250 mm
and/or less than or equal to about 350 mm, or at least 275 mm and less than or equal to about
325 mm. When the surgical microscope camera assembly 3710 is thus configured in a
compact housing, the surgical microscope camera assembly 3710 can be positioned near the
binocular viewing assembly 3700 and/or near the surgeon 3720 without significantly
impeding free movement of the surgeon’s hands and/or tools during surgery (e.g., when the
surgeon is operating and looking through the oculars 3707 of the binocular viewing assembly
3700).

[0413] In some embodiments, the binocular viewing assembly 3700 can be
configured such that the surgeon 3720 can look at the surgical site 3730 (e.g., directly look at
the surgical site without the use of the binocular viewing assembly 3700) without visual
obstructions from the binocular viewing assembly 3700. In various embodiments, the
surgeon 3720 can switch between looking through the oculars 3707 and directly looking at

the surgical site 3730 without having to move components of the binocular viewing assembly
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3700 and/or without having to significantly move from their body (e.g., their hands and arms
can remain relatively stationary, which can be important when performing surgery).

[0414] In some embodiments, the binocular viewing assembly 3700 is configured
for use with a tube access approach. For example, where tools are used in combination with
a tube access approach, the surgeon’s tools can be configured to push the surgeon’s hands
away from the tube opening to allow the surgeon to view down the tube. With the binocular
viewing assembly 3700, the surgical microscope camera assembly 3710 can be configured to
provide the view through the tube. For example, the surgical microscope camera assembly
3710 can include an objective lens positioned about 100 mm from the tube opening and
configured to have an optical axis through the tube to the surgical site 3730.

[0415] In some embodiments, the binocular viewing assembly 3700 can be
further configured to show images from a cell phone, tablet, or other computing device, such
as, for example, described above. In certain embodiments, the computing device can be
placed within or near the housing 3705 so that the user can see the display of the computing
device. For example, an optical system can be provided that relays an image of the
computing device to the oculars 3707. In certain embodiments, the computing device can be
communicably coupled to the binocular viewing assembly 3700 to allow for images to be
electronically communicated to at least one of the displays viewable through the oculars
3707. In certain embodiments, the computing device can be positioned so that a camera
images the device and those video images are presented on one of the plurality of displays
viewed through the oculars 3707.

[0416] In certain embodiments, a surgical visualization system can comprise the
binocular viewing assembly 3700 in addition to one or more displays configured to be
viewed by an assistant or other personnel that are not looking through the oculars 3707. In
some embodiments, one or more of these displays can be mounted near the surgical site
3730. For example, one or more displays may be mounted to the support structure 3702 or
the housing 3705. In some implementations, the one or more displays can be flat panel
displays or images projected from one or more projectors possibly projecting images on a
wall or screen. In some embodiments, at least one of the one or more displays provides
images of the surgical site acquired with the stereo microscope camera, endoscope, a

retractor camera, a proximal camera, or any combination of these. In certain embodiments,
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at least one of the one or more displays is configured to provide a similar or equivalent view
of what is seen through the oculars 3707. For example, the display can be configured to
present the same video images provided on one of the plurality of displays in the binocular
viewing assembly 3700 and may provide the same field of view. As another example, where
multiple displays are viewed through the oculars 3707, one display or a combination of
displays outside of the binocular viewing assembly 3700 can be configured to provide the
same video images viewed on the multiple displays viewed through the oculars 3707.

[0417] In some embodiments, the additional displays can comprise 1, 2, or 3 flat
panel displays. The additional display(s) can be arranged at angles relative to the oculars
3707, wherein the angle is about 90 degrees or about 180 degrees. In some embodiments,
the additional display(s) can be configured to provide stereo video images. This can allow an
assistant or other personnel to view the same or similar stereo video image that can be seen
through the oculars 3707. In some embodiments, the additional displays include one or more
cameras or other similar devices configured to track the gaze or eyes of a user. This can be
used to enhance, tailor, or optimize the view of an assistant or other surgeon by shifting a
portion of a display relative to another display or by shifting a film layer(s) above one or
more of the displays to achieve a desirable or suitable convergence. This can provide a
suitable or desirable 3D-effect to be rendered.

[0418] In some embodiments, the additional displays (e.g., displays mounted on
the housing 3705) have back- or edge-lit LED illumination sources that have an output of
about 1 W, 2 W, 5W, 6 W, or greater than 6 W of power to drive the displays in a well-lit
surgical environment.

[0419] In some embodiments, the additional displays have optics (e.g., lenses and
mirrors) to produce a relatively large eye box for each eye. This can be done to allow the
assistant or other user some degree of head motion while still seeing stereo video images.
This can also be done to allow the stereo view to be seen at a relatively large distance from
the display. For example, stereo video images may be seen at a distance of about 5 cm from
the display, about 10 cm from the display, about 30 cm from the display, or greater than
about 30 cm from the display, or any range between any of these values. This arrangement

facilitates the primary surgeon positioning the binocular assembly 3700 for their convenience
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and the assistant can still see stereo images from a different position (e.g., the other side of
the patient and/or table).

[0420] In some embodiments, the binocular viewing assembly 3700 includes a
fiber optic light source or other type of light source. The fiber optic light source can be
configured to provide illumination to one or more parts of the object being imaged.

[0421] In some embodiments, the binocular viewing assembly 3700 includes a
virtual user interface system comprising a user interface projector and a user interface
camera. The user interface projector can be configured to project images onto the surgical
site. The images can include user interface elements such as, for example and without
limitation, virtual buttons, icons, thumbnails, arrows, text, or the like. The user interface
camera can be configured to acquire images of the surgical site and motions may be made by
the user (e.g., the surgeon’s hand or tool), wherein the user interface camera acquires images
of the projected images. An image processing system can be operably coupled to the user
interface camera and/or the user interface projector. The image processing system can be
configured to determine whether actions taken by a user (e.g., the surgeon or assistant)
corresponds to virtual manipulation of at least one element of the virtual user interface. In
some embodiments, the stereo microscope camera can be used as the user interface camera.

[0422] FIG. 41 illustrates an example binocular viewing assembly 4300 that
includes surgeon oculars 4307 and assistant oculars 4309. The surgeon oculars 4307 can be
configured to provide a view of one or more surgeon displays 4308 positioned within a
housing 4305 of the binocular viewing assembly 4300. The view of the one or more surgeon
displays 4307 can be provided by optical components 4303. Similarly, the assistant oculars
4309 can be configured to provide a view of one or more assistant displays (not shown)
positioned within the housing 4305 of the binocular viewing assembly 4300. The assistant
oculars 4309 can be rotated relative to the housing 4305 independently of the surgeon oculars

4307.

Example Binocular Viewing Assembly with Displays above Oculars

[0423] FIGS. 38-39 illustrate an example binocular viewing display 3800 having
oculars 3807 beneath corresponding displays 3808. The binocular viewing assembly 3800

includes housing 3805 configured to house displays 3808 along with optical components

-225-



WO 2016/154589 PCT/US2016/024330

3803 configured to direct images from the displays 3808 to the oculars 3809 for viewing by a
surgeon or other user.

[0424] In this manner, the binocular viewing display 3800 can be configured in a
manner similar to a periscope. This allows for the optical path from the oculars 3807 to the
displays 3808 to be of a suitable length without moving the oculars further from the surgical
site. For example, the housing 3805 can include a contoured portion 3806 configured to
allow a surgical microscope camera to be positioned near the housing 3805. Thus, the
surgical microscope camera can be positioned near the housing to provide a surgical
microscope view of the surgical site. Advantageously, the surgeon can be positioned near the
surgical site while viewing the surgical microscope view of the surgical site through the
oculars 3807. By positioning the displays 3808 above the oculars, the optics, electronics,
housing 3805, and the like can be positioned so as to allow the surgeon to be positioned and
to manipulate tools in an ergonomic way during surgery, reducing fatigue and discomfort.

[0425] The contour 3806 can be configured to allow movement of the surgical
microscope camera independent of movement of the binocular viewing assembly 3800. This
independent movement can allow the surgeon to position the binocular viewing assembly
3800 in a way that is comfortable and ergonomically advantageous while allowing for
independent adjustment of the stereo microscope camera without disruption of the ergonomic
positioning of the binocular viewing assembly 3800. For example, this can allow the surgical
microscope camera to be placed in a way that allows the surgeon to position their body close
to the surgical site. This can improve or enhance the ergonomics associated with performing
surgery with a surgical visualization system.

[0426] The binocular viewing assembly 3800 thus configured can provide a
number of advantages. For example, the binocular viewing assembly 3800 can provide
situational awareness the surgeon being able to attend to both viewing the surgical site
through a microscope or viewing system and being cognizant of the whole patient, the
activities of other allied health personnel, and other medical equipment in the room.
Therefore, the binocular viewing assembly 3800 and the other various devices described
herein provide both the ergonomic benefit of decoupled, displayed surgical images from the

acquiring cameras and the ability to readily see much of the patient and operating room.

-226-



WO 2016/154589 PCT/US2016/024330

[0427] FIG. 39 illustrates the binocular viewing assembly 3800 with the housing
3805 cut away to show the optical components 3803 providing a view of multiple displays
3808 for each of a left eye and right eye view through the oculars 3807. For example, in the
field of view of a single eye of the oculars 3807, the electronic displays 3808 can be arranged

so that the user sees both displays 3808.

Example Contoured Binocular Viewing Assembly

[0428] With reference to FIGS. 37A-39, example binocular viewing assemblies
3700, 3800 are illustrated that include a contoured housing 3705, 3805. This contoured
housing can be configured to allow for independent movement and adjustments of a
binocular viewing assembly and a surgical microscope assembly. With specific reference to
FIGS. 37A and 37B, the binocular viewing assembly 3700 includes housing 3705 with a
contoured portion 3706 configured to allow movement of the surgical microscope assembly
3710. This advantageously decouples movement of the surgical microscope camera
assembly 3710 and the viewing assembly 3700. Accordingly, a user (e.g., a surgeon) can
position the binocular viewing assembly 3700 in an ergonomically satisfactory way. The
user can also position the surgical microscope viewing assembly 3710 to provide the desired
or targeted view of the surgical site 3730. Adjustment of the position and/or orientation of
either assembly can be done without or with reduced effect on the position and/or orientation
of the other assembly. Thus, adjusting the surgical microscope assembly 3710, for example,
does not require the user to move the binocular viewing assembly 3700.

[0429] The housing 3705 can include the contoured portion 3706 that can be
configured as an indentation on a bottom and distal portion of the housing 3705. The
indentation is configured to allow free movement of the surgical microscope camera relative
to the viewing assembly. This can allow the user to position the surgical microscope camera
assembly 3710 to acquire desirable or targeted images of the surgical site 3730.

[0430] In some embodiments, the binocular viewing assembly 3700 includes
handles 3709 to facilitate movement of the housing 3705. The housing 3705 can be coupled
to an arm 3703a of the support 3702, the arm configured to allow a user to position and/or
orient the housing 3705 within a range of positions and orientations. The surgical

microscope camera assembly 3710 that provides surgical microscope views can be coupled
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to a different arm 3703b to allow independent movement of the surgical microscope camera
assembly 3710 relative to the housing 3705. The contoured portion 3706 allows the surgical
microscope camera assembly 3710 to be positioned relatively closely to the housing 3705.
This can advantageously allow the surgical microscope camera assembly 3710 to be
positioned above the surgical site 3730 close to the oculars. For example, where the surgical
site is directly below the housing 3705, the surgical microscope camera assembly 3710 can
be configured to have an optical axis that is nearly parallel to gravity for certain surgeries.
[0431] Advantageously, this can allow the surgeon and/or assistant to position
their body close to the surgical site to improve comfort and the ergonomics of performing
surgery. In some embodiments, the housing 3705 is thinner at the bottom than at the top.
The contoured portion 3706 can be formed at the bottom of the housing 3705 with electronic
displays positioned above the contoured portion 3706 within the housing 3705. In some
embodiments, the binocular viewing assembly 3700 includes the housing 3705 and a
plurality of oculars, the plurality of oculars configured to provide views of at least one
display in the housing 3705. The plurality of oculars include a left ocular and a right ocular
similarly disposed left and right with respect to a surgical site so as to coincide with a
corresponding left eye camera and right eye camera. The at least one display can be
configured to receive output video images based on stereo video images produced by the left
and right eye cameras. The binocular viewing assembly 3700 can be attached to a viewing
arm configured to position the binocular viewing assembly 3700. The left-eye camera and
the right-eye camera have optical inputs for receiving light from the surgical site and the
distance from the left and right oculars to the optical input of the left-eye camera and the
optical input of the right-eye camera is not larger than the size of the housing 3705 of the
binocular viewing assembly 3700. Advantageously, this allows a surgeon to ergonomically
perform surgery at a surgical site beneath the auxiliary optical assembly (comprising the
cameras) while viewing through the plurality of oculars the output video images of the
surgical site displayed on the at least one display. In certain implementations, the left-eye
camera and the right-eye camera are not coupled to a direct view surgical microscope. In
some embodiments, the binocular viewing assembly 3700 and associated auxiliary optical
assembly are configured so that a surgeon can ergonomically perform surgery at a surgical

site that is lateral to the auxiliary optical assembly while viewing through the plurality of
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oculars output video images of the surgical site displayed on the at least one display. In
certain implementations, the auxiliary optical assembly is smaller than the binocular viewing

assembly 3700.

Example Surgical Visualization System with Cameras Rotating About Central Aperture

[0432] FIG. 40 illustrates an example surgical visualization system 4000 that
includes a primary surgeon camera and an assistant camera 4010, each of the primary
surgeon camera and the assistant camera positioned to acquire images of a surgical site from
outside the surgical site. The assistant camera 4010 can be mounted on a rotating ring 4015
or other similar structure. The rotating ring 4015 can be configured to rotate about an
objective lens 4005 or pairs of converging optical trains, the objective lens 4005 or pairs of
converging optical trains being part of an optical system of the primary surgeon camera. For
example, the objective lens 4005 can be used to form images of the surgical site onto the
image sensor of the primary surgeon camera.

[0433] In some embodiments, the objective lens 4005 or pairs of converging
optical trains is rotatable and is coupled to the ring 4015. In some embodiments, the
objective lens 4005 pairs of converging optical trains is configured to be able to remain
stationary while the rotating ring 4015 rotates. The assistant camera 4010 can be configured
to acquire images of the surgical site as the optical axes of the assistant camera 4010 and the
primary surgeon camera can be configured to be substantially parallel and/or can be
configured to be directed to the same or similar region of the surgical site.

[0434] The primary surgeon camera can be configured to have a fixed central area
with one or more sensors and zoom functionality. The objective lens 4005 or pairs of
converging optical trains can be positioned in the middle of the rotatable ring 4015 such that
the assistant camera 4010 on the rotatable ring 4015 rotates around the objective lens 4005.
The ring 4015 can be manually manipulated and/or powered by an electronic motor. In some
embodiments, the assistant camera can pivot in addition to being rotated by the ring 4015.
For example, a pivoting system 4020 can be included to allow additional degrees of freedom
in the movement of the assistant camera 4010 relative to the objective lens 4005 or pairs of

converging optical trains. In some embodiments, the surgical visualization system includes
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software to reduce the likelihood that cables will become entangled upon rotation of the ring

4015.

Example Optical Systems for Binocular Viewing Assemblies

[0435] FIGS. 26-29 illustrate example optical systems for use with the binocular
viewing assemblies described herein. The optical systems can include a binocular optical
system and a display optical system, wherein the display optical system is configured to
generate a real image of the display at the field stop between the display optical system and
the binocular optical system. The binocular optical system is configured to generate a real
image of the field stop at a retina of a user. The optical system can be configured to have a
magnification proportional to the ratio of the focal length of the binocular optical system to
the display optical system. The magnification of the binocular optical system can be
proportional to a ratio of the display diagonal to the field stop diagonal.

[0436] In some embodiments, the optical systems can include a display with an
optical system configured so that an exit pupil of the optical system is within an eye of a user
viewing the display through the oculars (e.g., where the oculars form at least part of the
optical system). This is referred to as a “near eye display” or an “immersive display” in
FIGS. 26-29. A difference between the near eye display and the immersive display is a size
of the display. The display in the immersive display can be larger than the display in the near
eye display.

[0437] In some embodiments, the optical systems can include a finite conjugate
section comprising the optical components from the display to the field stop. In some
embodiments, the optical systems can include an infinite conjugate section comprising the
optical components from the display to a collimated section, and a binocular infinite
conjugate section comprising the optical components from the collimated section to before
the eye of the user. The exit pupil of the display optics can be within the collimated section
and the entrance pupil of the binocular optics can be within the collimated section. The
apparent field of view can be the angular extent of the image of the field stop within the eye
of the user looking at the display through the oculars (e.g., wherein the oculars are part of the

binocular optical system).
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Optical Systems for Surgical Microscope Cameras

[0438] In some embodiments, optical components directing images from the
surgical site to the surgical microscope stereo cameras can include a field stop positioned
after zoom optics of the optical train. This can be different from an optical system where the
field stop is positioned within the zoom optics. Advantageously, the field stop after the zoom
optics positions the field stop nearer the image sensor. As the beam (e.g., ray bundle of light
through the optical system) size expands and contracts, the extent of the beam (or beam
cross-section) gets larger and smaller. Placing the field stop after the zoom optics allows the
optical system to be compact, making lenses and image sensors smaller (e.g., the lenses can
have a diameter of about 0.25 inches and the image sensor can be about 0.5 inches across).
In addition, this allows for optical components to be inserted to split the beam into different
spectral components, such as visible, near IR, red, green, blue, UV, yellow, etc. This also
allows for filter blocks to be easily added to the optical train. This can result in a relatively
small auxiliary optical assembly, for example. This can advantageously allow a surgeon to
position the auxiliary optical assembly comprising the optical systems described here closer
to a viewing assembly (e.g., one or more of the viewing assemblies described herein). With
the auxiliary optical assembly positioned closer to the viewing assembly, this can allow the
surgeon to position the viewing assembly, the auxiliary optical assembly, and the surgeon’s
body closer to the surgical site. Advantageously, this allows the surgeon to perform the

surgery more ergonomically and comfortably.

Autoclavable Microscope Head

[0439] The surgical visualization systems disclosed herein, such as the systems
that include a binocular viewing assembly, can include a microscope head made of materials
so that it can be sterilized using an autoclave. The materials used in the microscope head can
be configured to withstand heats and pressures present in an autoclave. The microscope head
can be configured to maintain its optical and mechanical characteristics after the autoclaving
process. For example, the optical systems of the microscope head can be configured to
maintain alignment (e.g., an optical axis of the optical system does not significantly deflect
or change after undergoing the autoclaving process). Similarly, the optical systems of the

microscope head can be configured to maintain configured imaging characteristics (e.g., a
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focal location of the optical system does not significantly change after undergoing the
autoclaving process). The mechanical properties of the microscope head can be configured
to not significantly deteriorate after undergoing the autoclaving process. For example, the
structural integrity (e.g., brittleness, deformability, elasticity, rigidity of the materials, etc.)
can remain within a suitable tolerance after undergoing the autoclaving process. In some
embodiments, the microscope head is resistant to significant deterioration after at least 100
times through an autoclaving process, after at least 200 times through an autoclaving process,
or after at least 300 times through an autoclaving process. The microscope can be made of
materials or combinations of materials to provide the targeted or desired characteristics. For
example, the materials can include polymers such as, for example and without limitation,
polypropylene, polymethylpentene, PTFE resin, polycarbonate, polymethyl methacrylate,
and the like. Other materials can include, for example and without limitation, metals,
plastics, rubber, and other such materials or combinations of materials. In some

embodiments, the microscope head is sealable, to make it autoclavable.

Field of View of Primary and Assistant Displays

[0440] As described elsewhere herein, the various surgical visualization systems
that include a binocular viewing assembly can include one or more additional displays. The
additional displays can be configured to be viewed through an assistant ocular system or the
additional displays can be positioned on a housing of the binocular viewing assembly, on a
support structure near the binocular viewing assembly, on a wall, or projected onto a wall or
screen. In certain implementations, the field of view of video images presented on the
displays viewed by the surgeon through the binocular viewing assembly is the same as the
field of view of the video images presented on one or more of the additional displays. For
example, one or more of the additional displays can present an identical view as that being
provided by the displays viewed by the surgeon. This can include stereo images and/or
monocular images. In some embodiments, where the binocular viewing assembly provides a
view of more than one display, individual displays of the additional displays can be
configured to present video images having the same field of view as the displays in the

binocular viewing assembly.
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Stereo and Spectral Imaging

[0441] As described elsewhere herein, the optical systems of the cameras (e.g. the
surgical microscope camera) can include a common objective and one or more image
sensors. In certain implementations, a single objective can be used for left and right imaging
channels, wherein additional optics focus light from the single objective onto left and right
image sensors. In some implementations, the optical systems can further include optical
components that split optical paths of light based at least in part on the spectral composition
of the light. For example, optical systems can be configured to allow visible light to pass
through an optical component while this same optical component redirects the optical axis
for light caused by fluorescence (e.g., near infrared light). This can be used to provide an
image acquisition system with four image sensors, with two image sensors for the left
channel and two image sensors for the right channel, a first image sensor in the left channel
being configured to receive light within a first spectral band and a second image sensor in the
left channel being configured to receive light within a second spectral band. The right
channel can be similarly configured.

[0442] This can allow stereo images to be produced for both visible and near
infrared spectral bands, for example. This can also allow for images acquired in different
spectral bands to be displayed superimposed (e.g., either superimposed on a display or
superimposed through the use of multiple displays and optics, as described herein). For
example, a display left channel can include a first display configured to display video images
acquired with the first image sensor in the left image sensor channel and a second display
configured to display video images acquired with the second image sensor in the right image
sensor channel. A display right channel can be similarly configured.

[0443] FIG. 42 illustrates an example optical system 12200 for providing a
surgical microscope view of a surgical site. The optical system 12200 can include an
objective lens, a zoom lens group 12210, an aperture 12209, a turning prism, and a video
coupler optical system 12220 comprising a focus lens group. The focus lens group can focus
images of the scene onto the image plane where there is an image sensor 12230. This optical
system 12200 can be configured, in some embodiments, as illustrated in FIG. 43 to include at
least two beam redirection elements, or beam deflectors, for each of a left optical path and a

right optical path. The optical system can redirect the respective optical paths at least twice
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to provide a compact envelope for the optical system. This can allow the camera system,
e.g., the surgical microscope camera system, to be compact relative to the binocular viewing
assembly. Advantageously, a smaller surgical microscope camera system can allow for
greater freedom of movement and positioning of the camera. Thus, a surgeon can position
the surgical microscope camera assembly to achieve a desired or suitable view into the
surgical site with little or no interference with the position of the binocular viewing
assembly. Additionally, the compact size surgical microscope view camera can provide for
increased situational awareness and access to the surgical site for the surgeon. The smaller
size reduces the likelihood that the surgical microscope will block view or access by the
surgeons hands to the surgical site (unlike a large bulky surgical microscope view camera).
With the surgical microscope positioned closer to the viewing assembly, this can allow the
surgeon to position the viewing assembly, the surgical microscope, and the surgeon’s body
closer to the surgical site. Advantageously, this allows the surgeon to perform the surgery
more ergonomically and comfortably.

[0444] The optical system illustrated in FIG. 43 includes left and right optical
paths. In some embodiments, at least one of the beam deflectors is a dichroic element
configured to provide a first optical path for light within a first spectral band and a second
optical path for light within a second spectral band. For example, the dichroic beam
deflector can allow visible light to substantially pass through a redirection element while this
same redirection element folds the optical axis of infrared light 90 degrees relative to the
optical path for the visible light. The respective first and second optical paths generated at
the dichroic beam deflector can each be directed onto respective image sensors.
Accordingly, the optical system can be configured to acquire video images of a surgical site
using left and right optical paths with each optical path acquiring light in at least two spectral
bands. This can advantageously allow the surgeon to view stereoscopic images in two or
more wavelength bands. This may be useful in visualizing fluorescence within a surgical
site, for example. The surgeon may also have a visible wavelength reference view akin to the
view seen from a direct view surgical microscope view of a patient illuminated with white
light. As illustrated, each of the left and right optical paths can utilize a common objective
lens. The optical paths can include at least two redirection elements to fold the optical axis

of the various optical paths (e.g., left and right optical paths, first and second optical paths
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branching from respective left or right optical paths, etc.) so that the optical axis prior to the
image sensors is substantially parallel to the optical axis after the objective lens. As
illustrated, the edge of the objective lens may be truncated to reduce size and form factor.
Accordingly, in various embodiments, the objective lens does not have a clear aperture that is
circular or rotationally symmetric. Rather the clear aperture is wider than tall to
accommodate both the left and right channels disposed left and right with respect to each
other.

[0445] The optical paths can include a zoom lens group positioned after the
objective lens. Each of the left and right optical paths can include a zoom lens group. On an
image side of the zoom lens group, a redirection element or beam deflector can be positioned
to bend the optical axis about 90 degrees. On an image side of the beam deflector, the optical
system can include an aperture. On an image side of the aperture, the optical system can
include focusing optics. As indicated by the double-sided arrow, in some embodiments, the
focusing optics can be configured to move along an optical axis that is perpendicular to the
optical axis of the zoom lens group to provide focus adjustment and bring into focus an
image. On an image side of the focusing optics, the optical system can include a dichroic
beamsplitter to generate first and second optical paths. Light from the first optical path can
be directed and focused onto a first image sensor while the second optical path can be
redirected by a beam deflector positioned on an image side of the dichroic beamsplitter.
Light from the second optical path can be directed and focused onto a second image sensor.
In some embodiments, the optical axis at the second image sensor is parallel to the optical
axis at the first image sensor. The optical axis at the first and second optical sensors can, in
some embodiments, further be parallel to the optical axis between the objective lens and the
first beam deflector.

[0446] The optical designs provide for a relatively compact surgical microscope
camera assembly while providing a suitable optical path for acquiring video images with left
and right channels with each channel acquiring images of at least two spectral bands. In
some embodiments, the surgical microscope camera assembly can weigh less than about
1.5kg. In some embodiments, the image sensors of the surgical microscope camera
assembly each have a diagonal measurement that is less than about an inch, 2/3 inch, %2 inch,

1/3 inch, or Y inch or ranges in between any of these values. In some embodiments, the

-235-



WO 2016/154589 PCT/US2016/024330

surgical microscope camera assembly can be separated from the binocular viewing assembly
by less than about 2 feet, less than about 1.5 feet, or less than about 1 foot. In certain
embodiments, movement of the surgical microscope camera assembly can be decoupled from
movement of the binocular viewing assembly. For example, in certain implementations, the
surgical microscope camera assembly can move independently of the binocular viewing
assembly in the z direction (e.g., directly towards and away from a person looking through
the oculars of the binocular viewing assembly). In certain implementations, the surgical
microscope camera assembly can move independently of the binocular viewing assembly in
the x direction (e.g., left or right with respect to from a person looking through the oculars of
the binocular viewing assembly). In certain implementations, the surgical microscope
camera assembly can pitch and/or yaw independently of the binocular viewing assembly. In
various embodiments, roll of the surgical microscope camera and oculars is restricted to
avoid inducing nausea. In certain embodiments, the surgical microscope, when in use can be
separated from the binocular viewing assembly by a space such as a space of at least 6
inches, 1 foot, 1.5 feet, 2 feet, 3 feet, 4 feet, 5 feet, etc. or any range between any of these
values. Such an open space can provide for increased situational awareness and increase
access of the surgeon to the surgical site. For example, the surgeon may have more room to
reach toward the surgical site without hitting large bulky equipment. Similarly, reduction of
form factor can create a more open environment where the surgeon has more unobstructed
views and increase situational awareness. This configuration provides the surgeon with
clearer paths to view, for example, the patient for example when the surgical microscope
camera is situated above the patient and the surgical site is directly underneath.

[0447] In various embodiments, the surgical microscope camera and/or the

binocular viewing assembly is not attached to the ceiling of the operating room.

Switchable Views between Surgical Microscope Camera and Endoscope Camera

[0448] In some embodiments, a surgical visualization system can include one or
more connection ports configured to receive video image data from one or more sources. For
example, the connection port can be configured to receive input from an endoscope. The
surgical visualization system can be configured to switch between providing video images

received from a surgical microscope camera and a camera on an endoscope.
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[0449] A video coupler can be configured to be part of the surgical visualization
system, wherein the video coupler is configured to convert a device meant for viewing with
an eye to a device that is configured for acquisition with a camera. The video coupler, for
example, can be coupled to an endoscope that is configured to provide images suitable for
viewing with an eye. The video coupler, for example, can be configured to acquire images
suitable for display from the endoscope. In some embodiments, the endoscope can be a
stereo endoscope having an isocenter and intended for use where the horizon is level. The
video coupler can be configured to acquire stereo images from such an endoscope.

Example Visualization System with Multi-View Switching

[0450] FIG. 45 illustrates an example visualization system 4700 with two
binocular display units 4705, 4710 configured for multi-view switching. The electronic
visualization system 4700 with multi-view switching is shown with 2 binocular display units
4705, 4710 (e.g., BDU), which have stereo or 3D viewing, with 2D monitors 4715, 4720 (in
a two-monitor configuration) or 2D monitor 4718 (in a single monitor configuration) shown
behind each BDU in the line of sight of two surgeons 4725, 4730. The BDUs can include
user interface features 4707, 4712 configured to allow one or both of the surgeons 4725,
4730 to control what is displayed within the respective BDU 4705, 4710, on the monitors
4715, 4718, and/or 4720, or any combination of these. The user interface features 4707,
4712 can include buttons, switches, foot pedals, touch screens, or the like. The user interface
features 4707, 4712 can be attached to the BDU 4705, 4710 or they can be removable or
separate from the BDUs. In certain implementations, the user interface features 4707, 4712
comprise a single button on a handle or other feature of the respective BDU 4705, 4712.

[0451] For certain surgical procedures, two surgeons can work together
simultaneously. In one portion of the procedure a first surgeon can take the lead. In a second
portion of the procedure, a second surgeon can take the lead. For example, when two
endoscopic surgeons work sequentially, such as an ENT and Neurosurgeon (e.g., in an
endoscopic endonasal transsphenoidal surgery) they may use a single endoscope with 2
monitors. The ENT can initiate the case and the Neurosurgeon can assist. Then, when they
enter the cranial cavity, the Neurosurgeon can lead and the ENT can assist. In such an
example, there is a single imaging modality which they hand off (e.g., an endoscope view).

The monitors 4715, 4720 can be positioned directly in front of each surgeon 4725, 4730 for
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advantageous viewing. The surgeons themselves can be positioned on either side of the
patient for surgical work.

[0452] For certain surgical procedures, two surgeons can use an operating room
microscope. The surgeons may be positioned at 180 degrees apart from one another, e.g.,
two neurosurgeons in a spine case where they are on opposite sides of the table, or two
neurosurgeons at 90 degrees in some skull base surgeries. In either scenario, the surgeon
orientation is dictated by the nature of using one imaging modality, e.g., the microscope, and
positioning the surgeons for surgical work. The visualization system 4700 can improve this
situation by providing comfortable and/or convenient viewing assemblies and monitors to
allow each surgeon to be positioned comfortably and appropriately during a surgical
procedure.

[0453] The visualization system 4700 can be used to enhance the capabilities of
other visualization systems by allowing multi-view switching between respective surgeons,
where multi-view switching includes the ability to switch between imaging modalities and/or
views within a particular imaging modality. For example, to facilitate a simultaneous
endoscopic- and microscopic-like approach to surgery through an integrated visualization
system 4700 with multi-view switching, two binocular display units 4705, 4710 can be
positioned in front of respective surgeons 4725, 4730. The work space orientation of the two
surgeons can be preserved, if desired, and the viewing can be configured to be directly in
front of each surgeon in a line of sight familiar to them. In certain implementations, other
surgeon positions relative to each other may be used due to the independence provided by the
electronic visualization system 4700 with multi-view selection. In various implementations,
two or more imaging modalities can be used simultaneously, or alternately, with stereo or 3D
capabilities by two surgeons acting independently or assisting one or the other.

[0454] The electronic visualization system 4700 with multi-view switching
allows the assistant or co-surgeon to work independently in the same imaging modality view
as the surgeon, or in an alternative imaging modality view. The co-surgeon or assisting
surgeon can select their own view and monitor the view of the other surgeon in a picture in
picture. In some implementations, the co-surgeon or assisting surgeon can switch to a view

of another imaging modality, or to another reference image modality, such as a 3D volume
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data set of pre-surgical images. Such flexibility advantageously circumvents limits of using a
single imaging modality by two surgeons.

[0455] To control switching between views, imaging modalities, and the like, any
suitable user interface can be implemented. As a particular, non-limiting example, a single
button on a handle of the BDU, a foot-switch, or a control panel, connected in parallel, can
be used by a respective surgeon or assistant to control the view of the respective BDU and/or
the view of the other surgeon to cycle through the viewing options, e.g., endoscope,
exoscope, camera on a tool, electronic surgical microscope, or reference pre-surgical
imaging.

[0456] For example, the default mode can be a single button press cycles the
imaging modalities for both surgeons in their respective BDUs. If there is an exoscope and
surgical microscope attached to the system, for example, pressing the selection button cycles
through those two choices. If a Dicom image, for example, is added then each use of the
button brings up the next of these three options. In certain implementations, the button (or
other user interface element) can be configured to independently control video displayed
within the BDUs 4705, 4712 and/or displays. For example, each BDU may include a user
interface element that controls what is seen on the corresponding display in the BDU and/or
the display outside the BDU. As another example, each BDU may include a user interface
element that controls what is seen on the display in the other BDU and/or the other display
outside the BDU associated with the user interface element. In this way, an assistant or co-
surgeon can control what is displayed to each surgeon. In some embodiments, the output
video is the same for both surgeons. In some embodiments, the output video is different for
the surgeons. In some embodiments, a single user can control the disparate displays/BDUs to
display the same video or to display different videos on each display/BDU.

[0457] Additionally, by holding the single button on the handle or foot switch
down for a longer duration, such as 1.5 seconds, for example, a single button control can be
made to function as an alternate button. This would facilitate another degree of functionality
in image choice in the BDU. Users may configured the system 4700 so that the alternate
function is used to control picture in picture. So that with a simple actuation of the button,
the view can cycle through the modalities as full views with the next view as a picture in

picture in both BDUs. Or in another configuration, the 1.5 second selection can be
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configured to control the BDU’s independently, allowing one surgeon to use a microscope
view and the other surgeon to use an endoscope view (or other modality).

[0458] The views can be cycled by depressing a single button by either surgeon.
With a ‘timed’ depression of a single button the view choices can be cycled by an individual
surgeon, independent of the other. With a ‘timed’ depression of a single button the view
choices can be displayed as picture in picture. This facilitates dependent and independent
multi-view for multiple surgeons in an electronic visualization system.

Display mounted image and camera controls

[0459] FIG. 46 illustrates an example display unit 4600 with camera controls
4615 integrated with a handle 4610. The display 4600 unit can display one or more images
using one or more screens to provide a stereo image which is viewable by the user. The
images can be generated by a camera mounted to the same stand that holds the display (e.g.,
a camera that provides a surgical microscope view of the surgical site), by a camera mounted
near the patient (e.g., proximal cameras), by a camera placed in the patient (e.g., an
endoscope, a camera on a retractor or on a surgical tool), by a graphical display system such
as a computer or picture archiving and communication system (PACS system), or by another
image generating source. The display unit 4600 can include a handle mounted 4605 to the
display unit 4600 that allows the user to easily position the display unit 4600 in an ergonomic
and functional position. The handle 4605 includes a button, switch, or lever 4610 that when
engaged releases a brake. This brake holds the display unit still. The brake release button,
switch, or lever 4610 is positioned on the handle 4610 such that the user can release the brake
while holding the handle firmly and using the handle 4605 to manipulate the display 4600,
then the user can activate the brake by disengaging the button, switch or lever 4610. In some
embodiments, the brake on the surgeon display handle is configured to release a brake that
allows the display unit to be moved. In some embodiments, the brake on the assistant display
handle is configured to release a brake that allows the assistant display to be moved but
leaves the surgeon display locked in place.

[0460] Also included on a control panel attached to the display unit or on a handle
is a series of controls 4615 that affect the image seen by the user. These controls can be
buttons, switches, toggles, dials, joysticks, levers, touch pads, or other devices. The controls

4615 can provide a number of different functions that affect the image. One control can

-240-



WO 2016/154589 PCT/US2016/024330

switch which image or image set is being viewed by the user, switching for example from the
stand mounted camera to a camera placed in the patient, to a PACS system to view the
radiology data, to a computer that displays other pertinent data, or to another image source.

[0461] Another set of controls can modify the image that is being displayed. The
cameras that are connected to the system may have the ability to adjust zoom, focus, iris
diameter, color saturation, or other functions. The controls on the display can be configured
to communicate with these remote cameras to adjust some or all of these functions. For
example, there could be a toggle or a set of buttons that adjust the zoom of the camera in or
out, and another set that adjusts the focus of the camera.

[0462] Another set of controls can modify the position of the camera by
activating a motor to move the camera. For example, a stand mounted or table mounted
camera could have motors that control the position and rotation of the camera. The controls
could activate the motors, moving the camera. The user can thereby be looking at or into the
display while moving the camera so that the camera can be accurately aimed at the area of
interest.

[0463] The display unit 4600 can have multiple control panels 4615. These can
be mounted on multiple handles 4605, for example, one on the right side and one on the left.
For example, as illustrated in FIG. 46, mounted on the left handle are controls which include
buttons A through F and joystick J. In these embodiments, a similar set of buttons, but in the
mirror image orientation, are included on the right handle. The controls on the different
handles can be different, for example, the left handle can be used to move the camera and the
right handle could be used to zoom and focus the camera. Alternatively, some or all of the
controls on the display unit or the different handles can be duplicated such that either handle
can be used to control a function. Further, a duplicate set or subset of controls can be
provided in other locations, such as near an assistant or in a control panel intended for use by
the user’s foot.

[0464] The controls can be configured so that one set of controls can perform
multiple functions. For example, a multi-position switch can be used to determine which
image input is displayed in the display. This same switch can be configured so that a
particular control, say a camera zoom control, only activates the feature of the displayed

image generator, for example, only the zoom on the currently activated camera changes
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position. In this example, the amount of zoom of any other camera connected to the system
would be unchanged. To change the zoom of the other cameras, they would need to be
activated. It would be possible in this system to also have some or all of the zooms activated
at the same time, but this would probably be undesirable.

[0465] Each individual camera may have a number of operations that need to be
controlled. Some of these operations are zoom, focus, iris diameter, light source intensity,
light source wavelength, moving in space in the x, y, or z direction, rotating about the x, y or
z axis, activating or removing a filter, taking a still picture, and other standard camera
operations. Similar types of operations may be needed to manipulate graphical images from
other sources, such as zooming into a radiograph, rotating a reconstructed CT scan model, or
paging through the patient’s records. Further operations may be needed for other image
sources so that the user can navigate the graphical user interface of the image source. For the
most complicated devices, there may be the desire control a large number of different
operations. One method to accomplish this would be to have a matching number of controls.
Some embodiments are configured to have a method to change what the controller activated
depending upon need. For example, if the camera mounted to the stand was capable of being
moved by a motor forward and back as well as to the left and to the right, this could be
controlled easily by a four-way-joystick. If the same camera could also be panned to the left
and right and tilted up and down, a second four-way-joystick could be used to control that.
Another embodiment would be to have a switch that changed which circuits were affected by
the first four-way-joystick so that it could control movement in one instance and could
control rotation in a second instance. This same switch could toggle the circuit to another
location so that the same four-way-joystick could be configured to drive the zoom and focus
motors of the camera, or the iris diameter and light source intensity, or other functions that
would be desired.

[0466] FIG. 47 illustrates an example embodiment of an electro-mechanical
circuit diagram that has multiple switches which control one function. Normally Open
switches S3, S4, and S5 are connected in parallel so that should at least one of them be
closed, Normally Open relay RY2 closes, completing the circuit for Motor M1. If any of the
Normally Open switches S6, S7, or S8 are closed, the circuit is completed in reverse polarity

for Motor M1, running it in reverse. The normally closed switches S1 and S2 open the circuit
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when the motor has moved its target to one or the other limit. A potentiometer, R1, is
included to adjust the speed at which the motor runs. Switches S3 through S8 can be located
in various locations. Each switch S3, S4, and S5 can be located in a different location, and
another switch from S6, S7, and S8 can be located in the similar location. For example, S3
can be located next to S6. Switch S4 could one pole of a multi-pole joystick, while S7 is the
opposite pole. Switch S5 could be one side of a foot-operated toggle, while switch S8 is the
other side of that toggle.

[0467] To change which circuit is affected by the switch sets, a double pole multi-
position switch can be placed in the circuit between Relay RY2 and Switches S3, S4, and S5
and between Relay RY1 and Switches S6, S7, and S8. This could be a rotary switch, a linear
switch, or a single pole relay activated switch. Multiple multi-position switches could be tied
to the same control knob or button so that changing the switch to a particular position could
both set the image displayed to a specific input source and set the controls to operate features
related to that image source. For example, the first position on a slider could move multiple
linear multi-pole switches to a first position. One of the switches, in this first position, would
send the signal from a specific camera to the display, while others of the switches, in this first
position, would set some or all of the controls to affect functions on this first camera, such as
zoom, focus, position, rotation, etc. Moving the slider to a second position would change a
first switch to a position that sends a signal from a second camera to the display while other
switches would set some or all of the controls so that they affected functions on this second
camera. Additional multi-pole switches could be used in series to switch whether the control
affected one function or another, for example, a second multi-pole switch could change the
control switch to affect zoom in one position, x-position in a second position, pan rotation in
a third position, and other functions in other positions. The setting of each multi-pole switch
would control which image generating device was active and which function was being
manipulated.

[0468] In some embodiments, a single pole switch can be used to activate a relay
that toggles the multi-pole switch to the next position. This same single pole switch can be
configured to activate a series of relays in parallel so that the multi-pole switches would not
need to be physically connected to the same slider. An algorithm that demonstrates how a

small set of buttons could operate a larger number of functions is shown in FIG. 48.
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[0469] An alternative embodiment would be to use a microcontroller to simulate
the desired circuitry. A program simulating the motor control circuit and the multi-pole relay
switch described above can be installed onto the microcontroller, which can be connected to
the multiple display inputs and the multiple motors or other controlled features. The program
could follow the same algorithm or an algorithm optimized for a microcontroller. This could
have numerous advantages. For example, the microcontroller could be programmed so that
potentiometer switches or Hall Effect switches could be used to control both the speed and
direction of a motor in one setting, while being used purely as an on/off switch in another
setting. Further, the simulated multi-pole switch could be programmed so that it is operated
by a button and only toggles between active sources. In this example, when operating with
three cameras, a PACS system and a computer connected to the display, the button would
toggle between five different inputs, while when operating with just two cameras connected,
the button would only toggle between two inputs.

[0470] In some embodiments, a medical apparatus is provided that includes a
stereoscopic display, at least one camera remote to the display that is an image source for the
display, and a control panel integral with the display that controls functions on the camera.
The control panel can be mounted to a handle attached to the display. The handle can
include a method for releasing brakes on the display stand so that the display can be
manipulated to an ergonomic position using the handle. A second control panel can be
mounted to a second handle. The second control panel can be configured to duplicate the
controls of the first control panel. The second control panel can be configured to operate
different functions from the first control panel. The control panel can be configured to
operate functions on the camera that include one or more of the following: zoom, focus, iris
diameter, light source intensity, light source wavelength, moving the camera in space in the
X, Y, or z direction, rotating the camera about the X, y or z axis, activating or removing a
filter, taking a still picture, and other standard camera operations. A first control panel can
operate a first subset of possible functions. A setting can be changed so that the first control
panel can operate a second subset of possible functions wherein some or all of the functions
are different than the first subset of functions. The specified subset of possible functions can
vary depending upon the type of camera that is providing images to the display. At least one

additional image source can be included that can supply images to the display. The at least
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one additional image source can be at least one of an additional camera, a radiology viewing
system, and a computer display. Switching from one image source to another can change the
functions that the control panel operates. Switching from the first camera to an additional
camera can be configured to change the control panel from operating functions on the first
camera to operating functions on the additional camera. Switching from a camera to another
type of image source changes the controls so that they operate as input devices which can
navigate the graphical user interface of the image source. The control panel includes a
control mechanism that allows the user to switch which image source is being displayed.
The control panel includes a control mechanism that allows the user to switch which
functions the control panel can operate. An example of functionality includes pushing a
button to cycle through available views. For example, switching of images can be
accomplished by GUI or by handle mounted control. Pressing the button once provides a
view of the surgical microscope view, pressing the button again provides a view of the
proximal camera, pressing the button again provides a picture in picture view, pressing the
button again switches the larger and smaller videos in the picture in picture, and pressing the
button again returns back to the surgical microscope view.

[0471] The control panel can include at least one control mechanism chosen from
buttons, switches, toggles, dials, joysticks, levers, or touch pads. The control mechanism can
be part of an electro-mechanical circuit that operates a function on a camera or imaging
device. The control mechanism operates a relay that is part of an electro-mechanical circuit
that operates the function. A switch can be used to set which electro-mechanical circuit the
control mechanism is connected to. The switch can be a multi-position switch so that the
control mechanism can be switched among a plurality of electro-mechanical circuits. The
switch is a single pole switch that operates a multi-position relay so that the control
mechanism can be switched between a plurality of electro-mechanical circuits. The control
mechanism is connected with a microcontroller that operates functions on one or more
cameras or imaging devices. A second control mechanism is connected with a
microcontroller that operates functions on one or more cameras or imaging devices. The
microcontroller is programmed to control the switching of the image source and on which
functions the control panel operates. The stereoscopic display can be a binocular display

device.
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Video Coupler

[0472] Accordingly, the surgical visualization systems described herein can be
configured to generate or acquire video images from a variety of sources. In some
embodiments, a surgical visualization system can include one or more video couplers that are
configured to receive optical input from a variety of sources. For example, a video coupler
can comprise a camera attachment that has a fixed focal length or that includes zoom optics,
the camera attachment can also be a mono or stereo configuration wherein the camera
attachment forms an entrance pupil that is configured to coincide with an exit pupil of an
imaging system intended to be coupled to the visualization system, such as an endoscope or
an exoscope.

[0473] An exoscope can be a device similar to an endoscope whose field of view
and distribution of illumination is narrower than an endoscope and attached to a positionable
arm attached to a bed or stand. Typically, an exoscope views a surgical site surgery from
outside of the surgical opening. An example of an exoscope is described in U.S. Pat. No.
8,702,602 to Berci et al., entitled “Exoscope,” issued April 22, 2014. For example, an
exoscope can serve to observe and illuminate an object field on a patient from a position set
apart from the patient’s body. The exoscope can include a lens system configured to observe
the object field and an illumination configured to illuminate the object field. The exoscope
can be mounted by using a bracket in such a way that, through the lens system, an object
field can be observed at a distance of a few centimeters, such as in the range of about 20 cm,
from the distal light outlet or image entry end. Exoscopes may for example include devices
that are observation instruments based closely on successful invasive endoscope technology
but serving for extracorporeal illumination and observation of an object field.

[0474] For many endoscopes and exoscopes, there is no integrated image sensor.
However, these devices generally include exit pupils to be viewed by an eye or to couple to a
video coupler. Accordingly, the surgical visualization systems disclosed herein can include a
video coupler having an image sensor and imaging optics configured to receive optical
information from an external device (e.g., an endoscope or exoscope) that does not include
an imaging sensor to generate video images of the field of view viewed by the external
device. These video images acquired with the video coupler can then be used in the way

other camera systems are used in the disclosed surgical visualization systems.
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[0475] For example, a surgical visualization system can be configured to switch
between different image sources or cameras. Examples of the cameras include proximal
cameras, surgical microscope cameras, endoscopes (potentially through the use of a video
coupler), retractor cameras, surgical tool cameras, exoscopes (potentially through the use of a
video coupler), and the like. The video acquired with the variety of sources can be displayed
on one or more displays within a display unit, such as a binocular display unit or other
display unit described herein.

[0476] In some embodiments, the video coupler is configured to optically couple
to the exit pupil of the endoscope or exoscope wherein the optical information from the
endoscope or exoscope may be divided using a prism or beamsplitter or mirror and a lens
assembly to form a right eye and left eye path to a stereo sensor(s) within the video coupler.
Such an arrangement can be used to produce stereo views within a display unit.

[0477] In a stereo embodiment with visible light and near infrared light, e.g., for
fluorescence imaging, each eye path can be configured to contain a dichroic beamsplitter
directing light to a sensor, or group of sensors, for each respective waveband. For example, a
video coupler containing a pair of 3-chip visible cameras can be coupled with one or more
sensors for acquiring near infrared video.

[0478] In a stereo embodiment with visible light and near infrared light, e.g., for
fluorescence imaging, each eye path can be configured to contain a dichroic beamsplitter
directing light to a group of sensors for each respective waveband. For example, a video
coupler can contain a pair of 4-chip prisms with sensors for RGB and NIR for each eye path.

[0479] In a stereo embodiment with visible light and near infrared light, e.g., for
fluorescence imaging, a timing and control system configured to accept/acquire image
information at a portion of a sensor for each respective waveband can be implemented. For
example, a timing and communication system can be configured to start and stop the
respective wavebands of the illumination source or sources. For example, a video coupler can
be configured to include a pair of single sensors with RGBW pixels, with one channel for
each eye path.

[0480] These example embodiments may be implemented by dividing a sensor or

group of sensors to a right eye and left eye area, respectively.
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[0481] In some embodiments, the video coupler can include a notch or blocking
filter for fluorescence excitation. This may be advantageous where the exoscope or
endoscope does not include such a filter.

User Control Systems & Control of Image Intensity

[0482] As discussed above, there have been a variety of imaging systems
developed to enhance the surgeon’s view of the surgical site. These imaging systems can
include optical surgical microscopes or digital video cameras and display systems. The
digital video cameras can be used as endoscopes, which are placed inside the patient and are
used in keyhole type surgery, or can be used as exoscopes, which are placed at or near the
surgical wound to focus on the surgical site.

[0483] Figure 49 schematically illustrates an example of such an imaging system
5001 in a simplified operating room configuration. The imaging system 5001 includes an
image acquisition subsystem 5002 having a digital camera 5012 and one or more light
sources, such as lights 5014, 5015. The digital camera 5012 and lights 5014, 5015 are
focused on an area of interest (e.g., a surgical site) of the patient on the table 5011. The user
(e.g., surgeon) can look into the display 5013 to see a magnified view of the surgical site.
The imaging system 5001 also includes a remote control 5016 which allows the user to adjust
the digital camera 5012 as needed.

[0484] As discussed above, these imaging systems can incorporate optical or
digital filters to enhance the image. One type of filter can enhance the view using false-color
imaging where information resulting from the measurement of non-visible light is used to
produce images in the visible spectrum. For example, near-infrared light can be measured by
a digital sensor, a digital transformation can be applied to the measured data, and light in the
visible spectrum corresponding to light in the near-infrared spectrum can be presented on the
display.

[0485] In certain embodiments described herein, an integrated visualization
system is provided which advantageously permits switching among different surgical views
to facilitate the surgeon’s own viewing options, to coordinate the work with assistants or
other surgeons, or both. The integrated visualization system may advantageously use less

space than would separate visualization systems and may advantageously incorporate
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convenient controls for multiple visualization modalities (e.g., when comparing or alternating
between microscopes, endoscopes, or other visualization modalities).

[0486] In certain embodiments, a visualization system advantageously allows for
viewing and switching between multiple visualization modalities using only a single stand or
cart with the multiple visualization modalities attached via arms or other connections.

[0487] In certain embodiments, a visualization system advantageously assists a
range of users (e.g., surgeons, assistants) and can be tailored for one or more approaches or
surgical sites. The visualization system can be used by a single surgeon or simultaneously by
one or more surgeons or co-surgeons working on the same patient (e.g., three- or four-handed
surgery).

[0488] In certain embodiments described herein, a visualization system is
provided that utilizes some or all of the features of surgical visualization systems, as
disclosed elsewhere herein. In certain embodiments described herein, the visualization
system can advantageously combine certain functionalities and advantages of the surgical
visualization systems disclosed above and elsewhere herein (e.g., utilizing a surgical
microscope and an exoscope). For example, the visualization system can include a 3D digital
camera that can be placed near the surgical site (e.g., like a standard exoscope) or can be
placed above the site (e.g., like a surgical microscope). In either of these modes, the user can
look into a display that provides a 3D view of the surgical site, with the display placed in an
ergonomic position for the user, unrelated to the position of the digital camera.

[0489] Using these visualization systems, multiple cameras can be placed about
the surgical site and can be viewable in the same display. These cameras can include one or
more of: a digital microscope, an e-scope, a surgical microscope, an exoscope, an endoscope,
or other surgical microscopes or cameras that provide a view of a surgical site. To avoid
having to disconnect one camera and connect another to the display each time the user wants
to change views, a video switch can be employed. All video signals can go to the switch, and
the desired video signal can be output to the display.

[0490] Some of the cameras contemplated to be used with the visualization
system described herein have adjustments like zoom, focus, iris diameter that can be
controlled. Further, some of these cameras are mounted to systems that allow adjustment of

the camera’s position, for example, panning the camera left or right or adjusting the up and
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down tilt of the camera. In certain embodiments described herein, the visualization system
can be configured such that these adjustments can be done remotely via a remote control
device (e.g., a panel comprising switches) that send electronic signals to motors or other
electronic devices located on or in the camera. As the number of cameras and the number of
adjustable options per camera grows, the number of switches of the remote control device
could be expected to increase. At some point, however, the increased number of switches
would make ease of operation become a challenge. When that happens, the user may decide
to look at the remote control device instead of maintaining the user’s view of the surgical
site. Certain embodiments described herein advantageously provide a way to simplify the
remote control device so that the user can operate the remote control device through memory
without having to look away from the surgical site, yet can retain the ability to operate any
desired functions of the cameras.

[0491] In some configurations, the different camera settings may utilize different
light conditions to facilitate viewing. The different camera settings can include different
zoom levels, where a tighter zoom utilizes a more focused light and a wider zoom utilizes a
more diffuse light. The different camera settings can include different light spectra. For
example, instead of broad spectrum visible light (white light), it could be desirable to use
blue light or non-visible light, such as near infrared. Some existing surgical visualization
systems are already configured such that changing a camera setting may change a light
setting (e.g., changing the focus on some optical microscopes changes the light intensity and
spread). Yet, these systems are not configured to work with other cameras or multiple
camera visualization systems. Further, some cameras may utilize more light than others to
achieve the desired quality of visualization. Smaller cameras, with their smaller diameter
objectives and smaller sensor chips, can often utilize more illumination of a subject for the
same clarity. When switching from a smaller camera (e.g., an exoscope) to a larger camera
(e.g., a digital surgical microscope camera), the intense light utilized for the exoscope may
appear very bright when the surgical microscope camera image is shown in the display. This
effect could wash out the digital display in the area that is illuminated such that the worksite
cannot be adequately visualized, or worse, this effect could cause flash blindness to the user
when switched. Additionally, bright light, whether visible or non-visible light, can cause

warming or even burning of the patient’s tissue. Even though flash blindness may not occur
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with unused lights being left on, there are advantages to having the unused lights dimmed or
turned off when not being utilized. Certain embodiments described herein advantageously
provide a system which can adjust the settings on the integrated lights, for example,
automatically to programmed settings for the camera selected by the user from which the
image is being displayed. In certain embodiments, when the display is changed to a different
camera view from a different camera selected by the user, the system can advantageously
automatically change the settings on the integrated lights to the programmed settings for the
different selected camera.

[0492] When switching among different cameras or adjusting the cameras, other
factors can affect the lighting to be utilized as well. For example, additional issues that can
affect the desired lighting conditions to be used can include camera position, distance to the
workspace, and type of tissue being imaged. Because the state of the surgical site can be
changed constantly, when switching to a particular camera, the desired lighting conditions
may have changed. For example, the surgeon may use an endoscope to create a channel for
further surgical steps, and may then use a different camera with a wider field of view to
reposition the endoscope in the channel. The desired lighting conditions for the new
endoscope position may be different and therefore, when the surgeon switches back to the
endoscope, the image being viewed may be too dark, too bright, washed out, or may have
other problems related to the lighting conditions. Certain embodiments described herein
advantageously provide a system which adjusts the lighting conditions being utilized in
response to one or more of: changes of camera position, distance to the area of interest, type
of tissue being imaged, or other conditions.

[0493] Viewing in surgical sites can utilize supplemental illumination (e.g.,
lighting in addition to room or overhead lighting). An endoscope-like visualization modality
can be selected by the user when the area of interest is not directly viewable from outside the
body (e.g., looking off at an angle behind an anatomical structure or within a body cavity).
In such a case, the lighting can be generally directed along the view of the endoscope-like
device. A microscope-like visualization modality can benefit from supplemental
illumination since an image of a small site can be greatly magnified, and the desired amount

of illumination often increases as an image is magnified. Certain embodiments described
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herein advantageously provide a system which controls the supplemental illumination in
response to the selected visualization modality.

[0494] Large changes in illumination levels between modalities can be related to
the field of view of the camera relative to its working distance. The intensity of illumination
is proportional to the inverse square of the distance from the light source, which is known as
the inverse-square law (e.g., expressed for light intensity as intensity = power/area). The
consequence of this relationship is that illumination varies with a change in position. For
example, when the illumination level of the light source is held at a constant output level and
a change of working distance is made, the effect on the resulting image can be far more
pronounced when the tissue being viewed is close to the light source, e.g., when the field of
view and illumination mapping are from endoscope-like devices (e.g., wide field of view).
Conversely, when the tissue being viewed is far from the tip of the device, the effect on the
resulting image from small variations of either the illumination level or the working distance
can be dramatically reduced.

[0495] If the illumination emanating from the tip of an endoscope-like device, or
the illumination utilized with a microscope or its digital equivalent, is not held at a constant
output level and a change of working distance is made, the illumination level at the area of
interest as seen by an imaging system can be manipulated to appear similar. Such a change
can utilize the intervention of the user. However, certain embodiments described herein
advantageously provide a system which can change the illumination automatically so that the
switching of one modality to another can be seamless or substantially seamless, relative to
light levels viewed on an electronic display.

[0496] In certain embodiments described herein, the camera gain levels can be
changed automatically when the light sources are switched in the visualization system. By
changing the camera gain levels instead of changing the illumination, certain embodiments
described herein advantageously provide a system which reduces the potential to overexpose
tissue to heat, whether the illumination is white light for imaging or near-infrared for
excitation. In certain embodiments, the imaging field of view and the illumination field of
coverage can be adjusted to be approximately equal, even as magnification changes.

[0497] However, the cone of imaging optics and illumination between modalities

can differ. For example, operating room (OR) microscopes can have cones of imaging optics
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and illumination that vary between negative angles of a few degrees to a small number of
positive degrees. Typically, the area viewed on the patient can be smaller than the size of the
objective lens of the OR microscope-like device at high magnification. At the lowest
magnification, the area viewed can be at most several times larger than the objective lens.
OR microscopes and digital equivalents can have long working distances relative to the area
observed. For cameras of these types, a change of 10 mm in distance can represent a small
percentage change in the illumination level. Such long working distances can result in a
shallow depth of field, so the user can find focus and can stay in a standoff position.
Typically, OR microscopes are relatively stationary (e.g., held by an arm from a stand), and
can be positioned in a favorable viewing position and the surgical work can then proceed.

[0498] In contrast, endoscopes or wide angle cameras on tools or retractors can
experience significant movement during operation. Endoscopes and cameras on tools and
retractors can have wide fields of view (e.g., 70 to 110 degrees) and are often hand-held, can
be smaller, and can be used much closer to the area of interest than can an OR microscope-
like device. As a result, the endoscope or cameras on tools and retractors can be positioned
and repositioned as the surgical procedure is performed to view what the surgeon deems
relevant. Endoscopes and cameras on tools and retractors also can have short working
distances relative to OR microscopes and working distances that approximate the area
observed. The illumination power can vary widely (e.g., to keep the illumination level
constant as distance to the subject changes). In particular, for imaging modalities that are
considered wide angle (e.g., endoscopes and cameras on tools and or retractors), a change of
10 mm in the working distance represents a large percentage change in illumination. For
example, moving closer by 10 mm from a 25 mm nominal working distance can yield a
nearly 3x increase in illumination level, and moving away 10 mm from a nominal 25 mm
working distance can yield a nearly 2x decrease in illumination level. This effect can cause
viewing issues when switching the display to the view of a handheld camera such as an
endoscope. Certain embodiments described herein advantageously provide a system that can
properly adjust for the variation in effective illumination automatically when the user
switches imaging modality.

[0499] Near infrared imaging utilizing exogenous dyes can utilize one or more

excitation sources in the infrared, a wavelength domain not seen by the human eye.
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Excitation sources in the 700-800 nm range are invisible, but safety for the patient, operator
and allied health personnel can be considered (e.g., by accounting for excitation levels
reaching skin or other tissue). The amount of excitation relative to emission level in the
imaging domain is known as Stokes shift and can be large, even orders of magnitude larger
than ambient levels. Therefore, excitation illumination can be blocked (e.g., using an optical
filter) from returning to any sensor so that only the fluorescence output or emission of the
dye is received by the cameras.

[0500] In addition, the infrared source can generate heating of the patient’s
tissues. Also, fluorescence quenching, due to prolonged exposure of the dye to the emission
source, can make imaging more difficult as time goes on. Certain embodiments described
herein advantageously provide a system and method to pulse the emission such that sufficient
photon energy is supplied to the fluorescent dye, but a minimum of energy is transferred
through radiative heating. A duty cycle where the infrared source is cycled on and off can be
used to reduce (e.g., minimize) heating while maintaining sufficient visible emission from
the dye while at a rate such that the excitation response is captured in the camera. Certain
embodiments described herein advantageously provide a system and method in which
pulsing of the emission source is performed with the pulses timed so that the video frame is
taken by the camera when the excitation response occurs.

[0501] Figure 50A schematically illustrates an example visualization system
controller 5100 in accordance with certain embodiments described herein. The visualization
system controller 5100 comprises a plurality of communication ports 5110 configured to be
operatively coupled to a plurality of image acquisition subsystems 5120. The visualization
system controller 5100 further comprises at least one image output port 5130 configured to
be operatively coupled to at least one image display subsystem 5140. The visualization
system controller 5100 comprises at least one user input port 5150 configured to be
operatively coupled to at least one user input device 5160. The visualization system
controller 5100 further comprises at least one circuit 5170 operatively coupled to the
plurality of communication ports 5110, the at least one image output port 5130, and the at
least one user input port 5150. The at least one circuit 5170 is configured to receive data
signals 5122 from the plurality of image acquisition subsystems 5120, to transmit control

signals 5124 to the plurality of image acquisition subsystems 5120, and to transmit output
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image signals 5142 to the at least one image display subsystem 5140. The at least one circuit
5170 is further configured to receive at least one first user input signal 5162 and a plurality of
second user input signals 5164 from the at least one user input device 5160. The at least one
circuit 5170 is responsive at least in part to the received at least one first user input signal
5162 by: selecting an image acquisition subsystem 5120 from the plurality of image
acquisition subsystems 5120, transmitting the output image signals 5142 to the at least one
image display subsystem 5140 in response to the data signals 5122 received from the selected
image acquisition subsystem 5120. In certain embodiments, the at least one circuit is
responsive tat least in part to the received at least one first user input signal by generating the
control signals 5124 and transmitting the control signals 5124 to the selected image
acquisition subsystem 5120. In certain such embodiments, the at least one circuit 5170
generates the control signals 5124 in response to the at least one first user input signal 5162
and the received plurality of second user input signals 5164.
Cameras

[0502] The plurality of image acquisition subsystems 5120 of certain
embodiments are configured to be operatively coupled to the visualization system controller
5100. For example, the image acquisition subsystems 5120 can be in wired communication
with the visualization system controller 5100 (e.g., via wired communication ports 5110)
and/or in wireless communication with the visualization system controller 5100 (e.g., via
wireless communication ports 5110). In certain embodiments, the plurality of image
acquisition subsystems 5120 comprises a plurality of cameras 5126. Figure 50B
schematically illustrates a partial view of an example visualization system controller 5100
operatively coupled to a first image acquisition subsystem 5120a comprising a first camera
5126a and to a second image acquisition subsystem 5120b comprising a second camera
5126b in accordance with certain embodiments described herein. The plurality of cameras
5126 can be selected from the cameras described herein, including but not limited to:
endoscopes, exoscopes, cameras providing surgical microscope views, digital microscopes
that are placed about the surgical site at various positions and angles, and other surgical
cameras.

[0503] In certain embodiments, the camera 5126 generates data signals 5122

indicative of an image of the surgical site and provides the data signals 5122 to the
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visualization system controller 5100, with the visualization system controller 5100
responding at least in part to the data signals 5122 to generate and provide the output image
signals 5142 to the at least one image display subsystem 5140 (e.g., a display 5140). The
camera 5126 may capture three-dimensional (3D) video and the display 5140 may be capable
of displaying video in 3D. The camera 5126 and the display 5140 can also be capable of
displaying alternate color images or video, for example, false color images based on infrared
light imaging. In certain embodiments, the cameras 5126 are configured to show the surgical
field from different angles, different fields of view or magnification, or different options such
as false color imaging.

[0504] In certain embodiments, the cameras 5126 can all be the same type of
camera, while in certain other embodiments, the cameras 5126 are of different types. A
simple camera can be used which has a fixed focal length, zoom, light level to the image
sensor, and spectrum of light recorded. The camera 5126 can also be mounted in the desired
position and can be manually moved if the position is to be adjusted. Some cameras can
have one or only a few possible adjustments. For example, a camera 5126 can have a focus
adjustment, since the surgical works space distance from the camera may vary as the
operation proceeds. A more complex camera 5126 can have adjustment of two or more of:
focus, zoom, iris opening, color or filter controls, pan, tilt, or other rotations about an axis,
and other functions.

[0505] One or more cameras 5126 can comprise adjustment mechanisms or
systems configured to control various features of the camera 5126, including but not limited
to, position (e.g., panning the camera 5126 left or right or adjusting the up and down tilt of
the camera 5126), zoom, focus, iris diameter. In certain embodiments, the visualization
system controller 5100 provides the ability to control the features of the cameras 5126 (e.g.,
to adjust the zoom and focus) remotely. For example, the cameras 5126 can be motorized
and configured to receive the control signals 5124 from the visualization system controller
5100 which are generated in response at least in part to the first user input signal 5162 and
the plurality of second user input signals 5164 from the at least one user input device 5160
(e.g., a remote control device comprising one or more switches which can be activated to
adjust these functions). By placing the camera controls in a location remote from the camera

5126, certain embodiments described herein advantageously provide the ability to do one or
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more of the following: to avoid jostling the camera 5126 while adjusting a function of the
camera 5126, to avoid blocking other cameras or users while adjusting a function of the
camera 5126, to provide the ability for the user to look at the display while making the
adjustment, and to more easily control the sensitivity of the adjustment. For example, having
remote control over camera positioning can allow the user to look at the display 5140 while
adjusting the aiming of the camera 5126 so that the center of the workspace can be placed in
the center of the displayed image. Any or all of these functions can be incorporated into a
camera 5126 through the use of motors or other actuators adjusting the position of parts of
the camera (such as lenses) in accordance with certain embodiments described herein.

[0506] Figure 51 schematically illustrates an example camera 5126 comprising
motors and gears mounted to adjust pan, tilt (e.g., pitch), and focus in accordance with
certain embodiments described herein. While the example camera 5126 schematically
illustrated by Figure 51 only has motors that operate three functions, in certain other
embodiments, the camera 5126 can include other adjustable functions, such as zoom and iris
diameter. Other mechanisms, systems, arrangements, or configurations for adjusting the
functions of the camera 5126 are contemplated (e.g., not only making adjustments via
operation of motors and gears). For example, some functions may be adjusted electronically
(e.g., switching the output from the visible light sensor to an infrared sensor).

[0507] The motors and gears are schematically illustrated in Figure 51 as being
external to the camera body, yoke, and mount, in accordance with certain embodiments
described herein, and to demonstrate how they may operate. In certain other embodiments
these motors and gears can be mounted internally to the camera body. The camera 5126 can
comprise a body 201 that houses at least one sensor that detects light.

[0508] The camera 5126 can further comprise a lens housing 5202 that holds one
or more optical lenses, a motor 5211, a pinion gear 5212, and a gear 5213 mechanically
coupled to the lens housing 5202. When the housing 5202 is turned, cams can move the
lenses in a predetermined path to adjust focus. The motor 5211 can be mechanically coupled
to the camera body and can turn the pinion gear 5212 which, in turn, moves the gear 5224.
In this way, running the motor 5211 can adjust the focus of the camera 5126.

[0509] The camera 5126 can further comprise a yoke 5203 that is mechanically

coupled to the camera body and to a camera mount (not shown), a second motor 5221
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mechanically coupled to the yoke 5203, a pinion gear 5222, and a gear 5223 mechanically
coupled to the camera body. The yoke 5203 holds the camera 5126 in place. When
activated, the second motor 5221 can turn the pinion gear 5222 which, in turn, moves the
gear 5223, causing the camera 5126 to tilt. The camera 5126 can further comprise a third
motor 5231 mechanically coupled to the same camera mount as is the yoke 5203, a pinion
gear 5232, and a gear 5233 rigidly connected to the yoke 5203. The third motor 5231 can be
rigidly connected to the camera mount, while the yoke 5203 is free to rotate about the axis of
the yoke 5203. When activated, the third motor 5231 can turn the pinion gear 5232 which, in
turn, moves the gear, 5233, causing the camera 5126 to pan.

Lights

[0510] A well-lit operating field is desirable during surgery. Achieving a well-lit
operating field can be a challenge when operating deeply in a small wound. Multiple light
sources can be utilized so that different parts can be easily visualized. In certain
embodiments described herein, the plurality of image acquisition subsystems 5120 can
comprise a plurality of light sources 5128. The plurality of light sources 5128 of certain
embodiments are configured to be operatively coupled to the visualization system controller
5100 (e.g., in wired communication with the visualization system controller 5100 via wired
communication ports 5110 and/or in wireless communication with the visualization system
controller 100 via wireless communication ports 5110). The light sources 5128 can be
selected, for example, from the light sources described herein.

[0511] In certain embodiments, each image acquisition subsystem 5120 can
comprise a camera 5126 and a corresponding light source 5128. For example, in accordance
with certain embodiments described herein, Figure 50C schematically illustrates a partial
view of an example visualization system controller 5100 operatively coupled to a first image
acquisition subsystem 5120a comprising a first camera 5126a and a first light source 5128a.
The example visualization system controller 5100 is also operatively coupled to a second
image acquisition subsystem 5120b comprising a second camera 5126b and a second light
source 5128b. In certain embodiments, the light source 5128 can be integrated with the
corresponding camera 5126, while in certain other embodiments, the light source 5128 can

be separate from the corresponding camera 5126.

-258-



WO 2016/154589 PCT/US2016/024330

[0512] In certain embodiments, the visualization system controller 5100 is
responsive at least in part to the data signals 5122 from the camera 5126, the first user input
signal 5162, and/or one or more of the plurality of second user input signals 5164 to generate
and provide control signals 5124 to the light source 5128. When using a camera 5126, it can
sometimes be desirable to have a light source 5128 located near the camera 5126 and
oriented in a similar direction to the camera 5126. A light source 5128 with such an
orientation can be least likely to cast shadows that cause visualization problems. Therefore,
in certain embodiments, one or more cameras 5126 can each have an associated light source
5128.

[0513] When using one camera 5126, the light emitted from the light source 5128
associated with another camera 5126 may cause unwanted shadows. Also, intense light from
a light source 5128 can cause heating of the patient’s tissue, so it can be desirable to turn off
a light source 5128 during times that the light source 5128 is not needed for the selected
camera 5126. In certain embodiments, one or more light sources 5128 can emit non-visible
spectrums of light (e.g., infrared) which can be used with a camera 5126 that can provide
false-color images of infrared light views of the surgical site. Infrared light can cause tissue
heating, although an infrared light source generally would not cause shadows when viewing
the surgical site through a separate visual-light-based camera 5126. In certain embodiments,
the visualization system controller 5100 can advantageously turn off the infrared light source
when not in use so as to reduce (e.g., minimize) heating of the patient’s tissue and potentially
avoid harm resulting from such heating.

Display

[0514] The at least one image display subsystem 5140 can include one or more
displays as described herein. The at least one image display subsystem 5140 of certain
embodiments is configured to be operatively coupled to the visualization system controller
5100 (e.g., in wired communication with the visualization system controller 5100 via at least
one wired image output port 5130 and/or in wireless communication with the visualization
system controller 5100 via at least one wireless image output port 5130). In certain
embodiments, the at least one image display subsystem 5140 can be integrated with the

visualization system controller 5100.
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[0515] In certain embodiments, the image display subsystem 5140 (e.g., display
5140) can comprise a binocular display device (e.g., a display configured to display 3D
images, such as one or more LDC or LED displays disposed in a housing which are viewed
through a pair of oculars) or a display screen configured to be viewed by a user at a distance
from the display screen). In various embodiments, such a display is not a direct view
display, where an optical path is provided from the ocular through the housing to the surgical
site. The display 5140 can be configured to respond to the output image signals 5142
received from the visualization system controller 5100 to generate and display an image to be
viewed by the user. In certain embodiments configured for use by multiple surgeons, each
surgeon can have a display, and the surgeon can choose which camera image would be fed
into the display being used by that surgeon.

Remote control devices

[0516] In certain embodiments, the at least one user input device 5160 (e.g., at
least one remote control device) is configured to generate the first user input signal 5162 and
the plurality of second user input signals 5164, and is configured to be operably coupled to
the visualization system controller 5100 so as to transmit the first user input signal 5162 and
the plurality of second user input signals 5164 to the visualization system controller 5100.
The at least one user input device 5160 of certain embodiments is configured to be
operatively coupled to the visualization system controller 5100 (e.g., in wired communication
with the visualization system controller 5100 via at least one wired user input port 5150
and/or in wireless communication with the visualization system controller 5100 via at least
one wireless user input port 5150). The at least one user input device 5160 can comprise one
or more selector mechanisms, actuation devices, or other input device components including
but not limited to: buttons, toggle buttons, switches, toggle switches, rocker switches,
triggers, knobs, dials, relays, joysticks, touchpads, and touchscreens. The at least one input
user device 5160 can include one or more remote control devices as described herein.

[0517] In response to the user manipulating one or more of the selector
mechanisms, the at least one user input device 160 can generate and transmit the first user
input signal 5162 and the plurality of second user input signals to the visualization system
controller 5100. The at least one user input device 5160 can be integrated with the at least

one image display subsystem 5140, with the visualization system controller 5100, or both.
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Example user input devices 5160 in accordance with certain embodiments described herein
are also referred to herein as remote control devices 5160.

[0518] For example, the remote control device 5160 can comprise one button or a
pair of buttons configured to run a specified motor of a camera 5126 in a forward direction
and a backward direction (e.g., the one button or a pair of buttons can be dedicated to
activating the appropriate motor for increasing and decreasing the focal distance of the
camera 5126). The remote control device 5160 can be configured such that, in response to
the user pressing a button, the remote control device 5160 is configured to generate and
transmit appropriate user input signals to the visualization system controller 5100, which is
configured to respond to these user input signals by generating and transmitting appropriate
control signals 5124 to the specified motor of the camera 5126, which then moves in
accordance with the control signals 5124. In certain embodiments, the button of the remote
control device 5160 can be connected to circuitry (e.g., a relay or control board) of the
remote control device 5160 that generates and transmits the user input signals to the
visualization system controller 5100, and the specified motor of the camera 5126 can
comprise circuitry (e.g., a relay or control board) that activates the motor in response to
receiving control signals 5124 indicative of the button having been actuated.

[0519] For another example, the remote control device 5160 can comprise a
toggle button, joystick, or variable level rocker switch that operates via the visualization
system controller 5100 to increase the focal distance of the specified camera 5126 when
operated in one direction and to decrease the focal distance of the specified camera 5126
when operated in another direction. In certain embodiments, the toggle button, joystick, or
variable level rocker switch are configured to operate via the visualization system controller
5100 to change the focus of the camera 5126 at varying speeds depending upon how far or
how hard the toggle button, joystick, or variable level rocker switch is pushed by the user.
Depending upon the number of camera functions to be controlled, the remote control device
5160 can comprise a plurality of switches.

[0520] For still another example, the remote control device 5160 can comprise a
switch to be actuated (e.g., moved) by the user for designating which of the multiple cameras
5126 is to be used as the video source by providing video images to be presented on the

display for viewing (e.g., which input signals 5122 from the multiple cameras 5126 are to be
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transmitted via the plurality of communication ports 5110 to the visualization system
controller 5100 to be used as the video source). In response to the user input signal generated
and transmitted by the remote control device 5160 due to the switch being activated by the
user, the visualization system controller 5100 can respond to the camera input signals 5122
from a selected camera 5126 and can generate output image signals 5142 based on the
camera input signals from the designated source and transmit the corresponding output image
signals 5142 to the at least one image display subsystem 5140. Certain such embodiments
can advantageously avoid disconnecting and reconnecting display cables when switching
among camera views to be displayed.

[0521] Figure 52 schematically illustrates an example remote control device 5160
comprising a plurality of selector mechanisms 5165 (e.g., switches 5165a and buttons 5165b)
in accordance with certain embodiments described herein. The example remote control
device 5160 of Figure 52 comprises switches 5165a and buttons 5165b configured to allow
adjustment of zoom, focus, pan, tilt, other rotations, iris diameter, and false color imaging. In
certain embodiments (e.g., using the example remote control device 5160 of Figure 52), the
remote control device 5160 has sufficient switches 5165a and buttons 5165b so that each
function on each camera has a dedicated switch. The example remote control device 5160
also comprises one or more selector mechanisms (e.g., switches 5165a) configured to
transmit the first user input signal 5162 to the visualization system controller 5100, which
responds to the first user input signal 5162 by selecting the data signals 5122 from a selected
one of the cameras 5126 for use in generating the output image signals 5142 transmitted to
the display 5140. In this way, certain such embodiments advantageously allow the user to
toggle the viewed video between the different image acquisition subsystems 5120 (e.g.,
cameras) that are available. In certain such embodiments, besides toggling the selected
camera, the visualization system controller 5100 further responds to the first user input signal
5162 by acting upon only the second user input signals corresponding to the selected one of
the cameras 5126 and generating control signals 5124 (e.g., focus, zoom, etc.) transmitted to
the selected one of the cameras 5126. In this way, certain such embodiments disable the
selector mechanisms corresponding to non-selected cameras 5126 so that the settings of these

cameras 126 remain unchanged until selected by the user.
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[0522] In certain embodiments having a large number of image acquisition
subsystems 5120, the at least one remote control device 5160 may have an excessive number
of selector mechanisms. For example, if there is a remote control device 5160 dedicated to
each camera, the user may need to keep track of where each remote control device 5160 is
located or may need to break eye contact from the display in order to verify which remote
control device 5160 is being operated. One alternative may be to have one remote control
device 5160 with a large number of selector mechanisms (e.g., as schematically illustrated in
Figure 52) so that all the cameras functions are accessible on the one remote control device
5160. However, this configuration may also be problematic because the user may break eye
contact from the display to find the appropriate selector mechanism, as it would be difficult
to memorize the location of each switch, button, etc. of the remote control device 5160 when
there are a large number of them. In both configurations, the user may not remember which
camera is active in the display when wanting to make an adjustment to the camera since it
can be difficult to remember which switch operates which function.

[0523] In certain embodiments, the remote control device 5160 advantageously
has a number of remote control selector mechanisms that are configured to control the same
camera functions (e.g., one or more remote control devices that have a limited number of
easy-to-remember selector mechanisms), and configured to vary the function for which the
selector mechanisms modify when activated. For example, the user may prefer to perform a
primary adjustment with a dominant hand, but while performing the surgical operation, may
want to perform minor adjustments with the other hand to avoid having to interrupt the
surgical operation. For another example, the user may want to make the adjustments using a
remote control device configured to be used with the foot so that both hands of the user can
be used on the surgical procedure without interruption. In such situations, the user may want
to maintain eye contact on the subject matter shown in the display and not break away to
look at the selector mechanisms (e.g., control switches) mounted on the remote control
device 160.

[0524] In certain embodiments, the remote control device 5160 advantageously
has a limited number of selector mechanisms (e.g., switches) mounted on the remote control
device 5160 that perform the known functions, and each of one or more of the selector

mechanisms is configured to perform multiple functions. In certain embodiments described
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herein, the visualization system controller 5100 can respond to the plurality of second user
input signals 5164 depending upon the information of the first user input signal 5162.
Certain such embodiments advantageously allow the user to actuate a first selector
mechanism which selects the desired camera function (e.g., selects a desired camera, selects
a desired function, or both) that is controlled by activating a second selector mechanism. For
example, the visualization system controller 5100 can advantageously determine which
camera feed is sent to the display and can set the appropriate relays so that the selector
mechanisms (e.g., switches) of the remote control device 5160 operate the desired functions
on only that camera. Certain such embodiments advantageously allow the remote control
device 5160 to have only the selector mechanisms needed to adjust one camera, and the user
can adjust the camera of interest by operating those selector mechanisms without changing
the settings for the other non-selected cameras. In this way, when switching back to a first
camera after adjusting a second camera, the settings of the first camera are advantageously
unchanged from when it was previously used.

[0525] As described above, a camera 5126 can have a large number of functions,
at least some of which can be operated infrequently, while others may be used extensively.
For example, zoom, focus, pan, and tilt may be adjusted frequently while the surgeon
operates on different parts of the anatomy, while iris control, false color imaging, and other
functions may be adjusted based upon the operating room conditions, camera type, and type
of procedure being performed. To simplify the remote control device 5160 so that there are a
limited number of selector mechanism (e.g., switches), each selector mechanism can be
configured to operate more than one function. A first selector mechanism can be configured
to operate a primary function, such as zoom, and then, when a second selector mechanism
has been activated, the first selector mechanism can be configured to operate a secondary
function different from the primary function. Multiple levels of functions can be
incorporated into a remote control device 5160 with a limited number of selector
mechanisms.

[0526] Figure 53a schematically illustrates an example remote control device
5401 comprising a plurality of selector mechanisms (e.g., a rocker switch 5406 and a
plurality of buttons 5402, 5403, 5404, 5405) configured to be operated by hand in accordance

with certain embodiments described herein. The remote control device 5401 of Figure 53a
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can advantageously allow adjustment of any of the camera functions. One set of buttons
5402, 5403 are configured to provide the first user input signal 5162 to the visualization
system controller 5100 so as to select the camera 5126 providing the data signals 5122 to be
used by the visualization system controller 5100 to generate the output image signals 5142
that are transmitted to the display 5140. For example, pushing a first button 5402 can switch
to the next camera 5126 of the set of available cameras 5126, and pushing a second button
5403 can switch to the previous camera 5126. Pressing the button 5404 can switch the
function of the selected camera 5126 that is to be adjusted to the next function of a
predetermined list of functions (e.g., from zoom to focus, or focus to pan), and pressing the
button 5405 can switch the function of the selected camera 5126 that is to be adjusted to the
previous function of the predetermined list. Rocker switch 5406 can be configured such that
when the user pushes on the first surface 5407 of the rocker switch 5406, the selected
function of the selected camera is operated in a first direction. When the user pushes on the
second surface 5408 of the rocker switch 5406, the selected function of the selected camera
5126 is operated in a second direction opposite to the first direction. The rocker switch 5406
of certain embodiments can be a simple single pole, dual throw rocker, providing second user
input signals 5164 to the visualization system controller 5100 such that the control signals
5124 transmitted to the selected camera 5126 control the motor to turn at a fixed speed in
each direction. In certain other embodiments, other switches (e.g., hall effect sensors) can be
employed to provide second user input signals 5164 to the visualization system controller
5100 such that the control signals 5124 transmitted to the selected camera 5126 control the
speed of the motor based on how hard the user pressed on the switch. Figure 53b
schematically illustrates an example remote control device 5411 comprising a plurality of
selector mechanisms (e.g., a rocker switch 416 having a first surface 5417 and a second
surface 5418 and a plurality of buttons 5412, 5413, 5414, 5415), configured similarly to the
example remote control device 5401 of Figure 53a, but with the switch and button sizes and
locations configured to be operated with the user’s foot instead of by hand.

[0527] Figures 54A and 54B schematically illustrate an example remote control
device 5160 configured to be operated by hand in accordance with certain embodiments
described herein. Figure 54a is an isometric view and Figure 54b is a front view. This

remote control device 5160 has multiple functions for most of the selector mechanisms (e.g.,
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buttons, switches). For example, the button 5501 can be used to increase the zoom of a
selected camera 5126, while the button 5502 can be used to decrease the zoom of the selected
camera 5126. Similarly, the button 5503 can be used to increase the focal distance of the
selected camera 5126 while the button 5504 can be used to decrease the focal distance of the
selected camera 5126. The switch 5505 can be a four-way joystick that, when pressed to the
left, makes the selected camera 5126 pan left and, when pressed to the right, makes the
selected camera 5126 pan right. When the switch 5505 is moved up, the selected camera
5126 can tilt up, and when the switch 5505 is moved down, the selected camera 5126 can tilt
down. The button 5506 can switch the selected camera 5126 that is used to generate the
output image signal 5142 shown in the display 5140 to the next camera 5126 in the list of
possible cameras 5126.

[0528] In certain embodiments, the button 5507 can be a switch that works like a
shift key on a typewriter or computer keyboard, whereby pressing the button 5507 (or
holding the button 5507 down) can change what function the visualization system controller
5100 adjusts when the buttons 5501, 5502, 5503, 5504 are pressed or when joystick 5505 is
moved. When the button 5507 is depressed or not depressed, the remote control device 5160
transmits a corresponding first user input signal 5162 to the visualization system controller
5100. The visualization system controller 5100 responds at least in part to the first user input
signal 5162 by applying a corresponding interpretation to the second user input signals 5164
received from the actuation of the other selection mechanisms of the remote control device
5160. For example, upon pressing the button 5507, instead of adjusting the zoom of the
selected camera 5126, the button 5501 can adjust the iris diameter of the selected camera
5126 in one direction and the button 5502 can adjust the iris diameter of the selected camera
5126 in another opposite direction. As another example, upon pressing the button 5507,
instead of panning the selected camera 5126 left or right, moving the joystick 5505 left or
right can cause the selected camera 5126 to tilt, adjusting the view of the horizon on the
displayed image. As a further example, upon pressing the button 5507, pressing the button
5506 can switch the selected camera 5126 that is used to generate the output image signal
5142 shown in the display 5140 to the previous camera 5126 in the list of possible cameras
5126. In certain other embodiments, the functionality of the buttons 5503, 5504 and moving
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the joystick 5505 up and down can also be dependent on whether the button 5507 is
depressed or not.

Controller circuitry

[0529] In certain embodiments, the visualization system controller 5100
comprises at least one circuit 5170 (e.g., one or more microprocessors). The at least one
circuit 5170 can comprise one or more modules and can be programmed or configured by
software code. The at least one circuit 5170 can take a wide variety of forms, including
processors, microprocessors, specific-purpose computers, network servers, workstations,
personal computers, mainframe computers and the like. The at least one circuit 5170 can be
operatively coupled to other hardware of the visualization system controller 5100, examples
of which include but are not limited to: a computer-readable memory media, such as random-
access memory (RAM) integrated circuits and a data storage device (e.g., tangible storage,
non-transitory storage, flash memory, hard-disk drive). It will be appreciated that one or
more portions, or all of the at least one circuit 5170 and the software code may be remote
from the user and, for example, resident on a network resource, such as a LAN server,
Internet server, network storage device, etc. The software code which configures the at least
one circuit 5170 and other hardware to perform in accordance with certain embodiments
described herein can be downloaded from a network server which is part of a local-area
network or a wide-area network (such as the internet) or can be provided on a tangible (e.g.,
non-transitory) computer-readable medium, such as a CD-ROM or a flash drive. Various
computer languages, architectures, and configurations can be used to practice the various
embodiments described herein.

[0530] In certain embodiments, the at least one circuit 5170 can comprise a
plurality of modules (e.g., circuits). For example, the at least one circuit 5170 can comprise a
data signal module (e.g., circuit) configured to receive the data signals from the plurality of
image acquisition subsystems 5120 and to provide (e.g., generate) the output image signals
5142 transmitted to the at least one image display subsystem 5140. The at least one circuit
5170 can further comprise a control signal module (e.g., circuit) configured to generate and
transmit the control signals 5124 to the selected image acquisition subsystem 5120 (e.g., the
selected camera, the selected light source, or both) of the plurality of image acquisition

subsystems 5120.
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[0531] The data signal module can be responsive to the first user input signal to
determine which data signals 5122 are to be used to provide the output image signals 5142 to
the at least one image display subsystem 5140. The control signal module can be responsive
to the first user input signal to determine which image acquisition subsystem 5120 (e.g.,
which camera 5126 and/or which light source 5128) is selected to receive the control signals
5124 and to determine which functionality of the selected image acquisition subsystem 5120
is to be adjusted. In certain embodiments, the at least one circuit 5170 comprises an
integrated circuit that includes both the data signal module and the control signal module,
and well as other circuitry used during operation of the visualization system controller 5100.
In certain other embodiments, the at least one circuit 5170 can be distributed among separate
circuits. For example, at least a portion of the at least one circuit 5170 can be integrated in a
common housing with the at least one user input device 5160, with the at least one image
display subsystem 5140, or both. In certain embodiments, the at least one circuit 5170 is in a
different housing spatially separate from that of the at least one user input device 5160, the at
least one image display subsystem 5140, or both, while being operatively coupled (e.g., via
wired communications or wireless communications) to the at least one user input device
5160 and the at least one image display subsystem 5140. The at least one circuit 5170 can be
configured to receive signals (e.g., the data signals 5122, the first user input signal 5162, the
plurality of second user input signals 5164) and configured to transmit signals (e.g., the
control signals 5124, the output image signals 5142) via one or more wired communication
channels (e.g., over wires physically connected to the at least one circuit 170) and/or one or
more wireless communication channels (e.g., Bluetooth, WiFi, IR, or others).

[0532] In certain embodiments, the at least one circuit 5170 is configured to allow
the user to select which video is being viewed by controlling (e.g., switching) which camera
5126 provides the data signals 5122 used to provide the output image signals 5142 to the
display 5140. The at least one circuit 5170 can also be used to change which functions will
be active when the switches, buttons, etc. of the remote control device 5160 are operated. In
certain such embodiments, the remote control device 5160 comprises sets of multi-pole
switches, while in certain other embodiments, greater versatility can be made available by
utilizing the at least one circuit 5170 (e.g., comprising a microcontroller integrated with the

remote control device 5160 and programmed to generate the appropriate user input signals).
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For example, the microcontroller of the at least one circuit 5170 can be programmed such
that actuating a selector mechanism (e.g., a switch closing a circuit) of the remote control
device 5160 activates a process that sends a control signal 5124 to an appropriate camera
5126, light source 5128, or camera mount of the selected image acquisition subsystem 5120
(e.g., turning on a relay to operate a motor).

[0533] In certain embodiments, the at least one circuit 5170 is configured to
accept a series of user input signals to then initiate an activity. For example, a button of the
remote control device 5160 can be considered a “second function” button. When the button
is pushed, the at least one circuit 5170 receives a first user input signal 5162 in response to
which the at least one circuit 5170 accepts any other second user input signal 5164 as a
command to initiate a different function than what was first programmed. For example, the
at least one circuit 5170 can be programmed such that a primary switch of the remote control
device 5160 initiates a second user input signal 5164 which commands the at least one circuit
5170 to move the focus motor forward when pressed, but upon pressing the “second
function” button of the remote control device 5160, the at least one circuit 5170 can be
programmed to instead respond to the second user input signal 5164 to move the iris
diameter motor forward. In certain embodiments, the at least one circuit 5170 can be
programmed to switch to the “second function” mode for all selector mechanisms (e.g.,
buttons, switches) until the “second function” button is pressed again, while in certain other
embodiments, the at least one circuit 5170 can be programmed to switch back to the primary
functions once one secondary function has been performed. Certain embodiments provide
multiple “second function” buttons, while certain other embodiments provide a “second
function” button that can advance the at least one circuit 5170 to different sets of secondary
functions (e.g., if there are many additional functions relative to the number of buttons put on
the remote control device 160).

[0534] In certain embodiments, instead of using a button as a “second function”
button as described above, the button can operate like a “shift” button to select between first
functions and second functions. The at least one circuit 5170 can be programmed to note the
position of the “shift” button. When the button is in a first position (e.g., open), the at least
one circuit 5170 can respond to user input signals initiated by the other selector mechanisms

(e.g., switches) to generate control signals 5124 which operate the first functions, and when

-269-



WO 2016/154589 PCT/US2016/024330

the button is in a second position (e.g., closed), the at least one circuit 5170 can respond to
user input signals initiated by the other selector mechanisms (e.g., switches) to generate
control signals 5124 which operate the second functions. Once the “shift” button is released
and returns to the first position, the at least one circuit 5170 can respond to user input signals
initiated by the other selector mechanisms to generate control signals 5124 which operate the
first functions (e.g., thereby re-enabling the selector mechanisms to perform the first
functions). In certain embodiments, the remote control device 5160 can comprise multiple
“shift” buttons or a mix of “shift” buttons and “second function” buttons. In certain such
embodiments, the set of “shift” buttons and/or “second function” buttons is advantageously
designed to provide a beneficial or an optimal configuration for the user. However, for the
same reason it can be desirable to limit the overall number of buttons, it can also be desirable
to limit the number of buttons used to execute a function.

Example system configuration

[0535] Figure 55 schematically illustrates an example surgical visualization
system utilizing a visualization system controller 5100 in accordance with certain
embodiments described herein. The example surgical visualization system comprises a
plurality of image acquisition subsystems 5120 (e.g., cameras 5614, 5615 and light sources
5616, 5617, 5618), at least one user input device 5160 (e.g., hand-operated remote control
device 5604 and foot-operated remote control device 5605), at least one circuit 5170 (e.g.,
controller 5601 and video switch box 5607), and at least one image display subsystem 5140
(e.g., display 5609). Separate components are shown schematically in Figure 55, with lines
indicating communication channels for signals to be communicated between the different
components. As described herein, the at least one circuit 5170 can be configured to receive
and transmit signals via one or more wired communication channels (e.g., over wires
physically connected to the at least one circuit 5170) and/or one or more wireless
communication channels (e.g., Bluetooth, WiFi, IR, or others). In certain embodiments, the
individual components of the visualization system controller 5100 can receive power to
operate from these same wires, separate power cables, via batteries contained in the units, or
other ways to supply power.

[0536] The controller 5601 is configured to receive user input signals 5162, 5164
(e.g., signals 5602, 5603, denoted by heavy solid lines) from the remote control devices
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5604, 5605 and to transmit control signals 5124 (e.g., signals 5612, 5613, denoted by heavy
dashed lines) to the proper camera components to operate a particular function and to
transmit control signals 5124 (denoted by light solid lines) to the proper light sources 5616,
5617, 5618. The video switch box 5607 is configured to receive data signals 5122 (e.g.,
signals 5610, 5611, denoted by light dashed lines) from the cameras 5614, 5615,
respectively, and to transmit output image signals 5142 (e.g., signals 5608, denoted by a
curved heavy solid line) to the display 5609.

[0537] The controller 5601 is shown in Figure 55 as a separate component, but in
certain other configurations, the controller 5601 can be housed in one of the other
components (e.g., the display 5609, the video switch box 5607, or one of the remote control
devices 5604, 5605). The controller 5601 can comprise solid-state components, a
programmable circuit board controller, a more complex programmable device such as a
personal computer, or a combination of devices.

[0538] Upon using one of the remote control devices 5604, 5605 to change the
camera 5614, 5615 used to provide video signals 5608 to the display 5609, the controller
5601 can send a signal 5606 to the video switch box 5607 to change the video signal 5608
sent to the display 5609. The user can therefore look into the display 5609 and press a button
in a known location without having to look at it to switch which camera 5614, 5615 is used
as the video source that is viewed in the display 5609. The video signals 5610, 5611 from
the cameras 5614, 5615 continuously go into the video switch box 5607. In addition, while
the user is looking into the display 5609, the camera that is used as the video source being
viewed can have one of its functions adjusted. The user can operate the proper buttons on the
remote control devices 5604, 5605 and the controller 5601 can send the signal 5612, 5613 to
the selected camera 5614, 5615 to be adjusted. Besides setting the video signal to be viewed
in the display 5609, the controller 5601 can respond to the signal or signals 5602, 5603
received from the remote control devices 5604, 5605 to allow only the selected camera to be
adjusted, with no signals being sent to any other cameras.

Control of lights

[0539] In certain embodiments, the light sources can be controlled through the at
least one circuit 5170 so that only the appropriate light sources are turned on at the

appropriate intensity for the selected camera that is being used as the video source for the
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displayed image. As the user switches which cameras are selected, the light sources can be
turned up, down, on, or off, to facilitate imaging while avoiding unduly heating the patient’s
tissue. The at least one circuit 5170 of certain embodiments can also pulse any of the light
sources for proper visualization and to synchronize with the camera image.

[0540] The at least one circuit 5170 of certain embodiments can also assess the
image from each camera for brightness. With that information, the at least one circuit 5170
can adjust the illumination intensity and the camera gain to provide the user with a preferred
image quality. For example, this assessment and adjustment can be performed each time the
display is switched from the image from one camera to another, or can be performed
dynamically as a camera is adjusted (e.g., by the remote control device or by physical
manipulation). This brightness adjustment can be set to periodically adjust the lighting and
camera gain so the brightness among the images remains relatively constant. For example,
the periodic adjustments can be performed automatically at a frequency of 1 Hz (once per
second) or more frequently (e.g., between 1 Hz and 100 Hz, between 1 Hz and 10 Hz,
between 10 Hz and 100 Hz). In certain other embodiments, the brightness adjustment can be
done selectively (e.g., with just certain cameras, only when particular camera settings are
being changed by the user, or when switching between cameras to be used as the video
source for the display). In similar manner, the at least one circuit 5170 of certain other
embodiments can assess the images from each camera for other parameters which can be
adjusted by periodically adjusting the light sources and/or the cameras, either automatically
or selectively, such that the other assessed parameters of the images remain relatively
constant.

[0541] As described above, in certain embodiments, the at least one circuit 5170
is configured to transmit control signals 5124 to the light sources 5128 of the surgical
visualization system. For example, as schematically illustrated by Figure 55, the same
controller 5601 that switches between video signals 5610, 5611 used to provide the signals
5608 to the display 5609 can also switch which light sources 5616, 5617, 5618 in the surgical
visualization system are turned on and at what brightness. In certain such embodiments, the
controller 5601 can store desired light settings (e.g., can have previously stored or
preprogrammed light settings) for each of the light sources that are part of the system. The
user can send a signal 5602, 5603 to the controller 5601 to switch the video signal 5608

-272-



WO 2016/154589 PCT/US2016/024330

being sent to the display 5609. When the signal is received to switch video sources, the light
sources can be adjusted to the desired light settings. For example, in certain embodiments, a
single light source is associated with each camera. When the controller 5601 receives a user
input signal indicative of selecting one of the cameras as the video source to be displayed, the
light source associated with that selected camera is turned on and the light sources associated
with other cameras are turned off. In certain embodiments, the light source associated with
the selected camera is adjusted to maintain a consistent brightness or other parameter with
that of the image from the previously-selected camera.

[0542] In certain other embodiments, additional light settings may be desired.
For example, visualization may be improved by using a light source that is not associated
directly with any camera (e.g., light source 5616 of Figure 55). A high level of brightness of
this light source may improve the image of one camera, while a lower level of brightness of
this light source may improve the image of another different camera. Also, an ancillary light
source may aid people who are directly viewing the surgical site, in which case this ancillary
light source may be turned on as long as it does not cause viewing difficulties (e.g., bright
spots or shadows) for the surgeon using the display. In such cases, dimming or turning off
these ancillary lights can be beneficial.

[0543] In certain embodiments, the visualization system controller 5100
advantageously utilizes the different light sources (e.g., an overhead surgical light source
5616 and other light sources 5617, 5618 either associated with a camera or placed to
illuminate the surgical site) which are each controlled by the at least one circuit 5170 (e.g.,
controller 5601). The at least one circuit 5170 can comprise different light settings for each
of the light sources of the system, particularly for the light sources corresponding to each
camera, and the at least one circuit 5170 (e.g., controller 5601) can switch the light settings
for the light sources associated with all cameras each time the video source is switched. The
user can also use a switch on the remote control device 5160 to turn the light sources on or
off or to change the intensity of a light source as desired.

[0544] In certain embodiments, the preprogrammed light settings for the different
light sources can be selected to illuminate at different levels depending upon which camera
signal is being viewed and the settings for that camera, and/or the preprogrammed light

settings can be selected to place the light sources at the desired levels for a known camera
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condition. For example, if one of the cameras is using a large magnification, a bright focused
light source may be used. A second camera, however, may be configured to take in a lot of
light. If the light source is left very bright when switching to the second camera, the
brightness can be uncomfortable for the user. By presetting the light source to decrease
intensity when switching from one camera to another, certain embodiments described herein
can avoid such discomfort. In certain embodiments in which false color imaging with non-
visible light (e.g., infrared light) is being used with one of the cameras, when switching from
that false color image to a visible light image, the non-visible light source can be turned off.
For example, turning off an infrared light source when not being used to generate an image
being displayed can advantageously reduce the heating of the patient’s tissue from the
infrared light source. When switching back to the infrared camera, the infrared light source
can be turned back on automatically by the at least one circuit 5170 (e.g., controller 5601).

[0545] Sometimes a camera being used as the video source is in a different
condition than is compatible with the preprogrammed light settings. For example, this
condition can be due to a camera being manually placed in a position not compatible with the
preprogrammed light settings or due to the camera imaging different types of tissue in a
manner that is not compatible with the preprogrammed light settings. Such conditions may
lead to an image that is darker or brighter than is desired, causing viewing issues, discomfort
for the user, or distraction from the surgical procedure being performed. In certain
embodiments, the user may intervene in such conditions to change the brightness, while in
certain other embodiments, the visualization system controller 5100 may automatically
change the brightness.

[0546] In certain embodiments, the at least one circuit 5170 is configured to
receive the data signals 5122 from the image acquisition subsystems 5120 and to generate
control signals 5124 configured to improve the resulting output image signals 5142
transmitted to the display 5140. For example, the at least one circuit 5170 can assess the
brightness of the image provided by the selected camera and can adjust the light source
settings and/or the camera settings to bring the brightness of the image from the selected
camera into a desired or predetermined range. Alternatively, the at least one circuit 5170 can
be configured to receive the data signals 5122 from the image acquisition subsystems 5120

and to generate output image signals 5142, based on the received data signals 5122, that are
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configured to improve the image being displayed on the display 5140. For example, the at
least one circuit 5170 can assess the brightness of the image provided by the selected camera
and can generate output image signals 5142 which adjust the brightness of the image to be
displayed into a desired or predetermined range. Certain such embodiments advantageously
enable the user to view a displayed image while avoiding distracting or uncomfortable levels
of brightness.

[0547] In certain embodiments, the at least one circuit 5170 compares one or
more attributes (e.g., brightness) of the image provided by a first camera and one or more
attributes (e.g., brightness) of the image provided by a second camera and automatically
adjusts the light source settings and/or the camera settings to bring the displayed images from
the first camera and the second camera closer to having the same attributes. Alternatively,
the at least one circuit 5170 can compare one or more attributes (e.g., brightness) of the
image provided by the first camera and one or more attributes (e.g., brightness) of the image
provided by the second camera and can generate output image signals 5142 based on the
received data signals 5122, that are configured to bring the displayed images from the first
camera and the second camera closer to having the same attributes. Certain embodiments
advantageously enable the user to switch the displayed image between images from the first
and second cameras while avoiding distracting or uncomfortable differences in attributes
(e.g., brightness) between the images.

[0548] Figure 56 schematically illustrates an example surgical visualization
system utilizing a visualization system controller 5100 comprising an image analyzer 5701 in
accordance with certain embodiments described herein. The example system of Figure 56 is
similar to that of Figure 55, but includes the image analyzer 5701. The image analyzer 5701
can comprise a portion of the at least one circuit 5170. While the image analyzer 5701 is
shown separately from the controller 5601 in Figure 56 (e.g., the image analyzer 5701 having
its own control board that is configured to transmit a signal to the controller 5601). In certain
other embodiments, the image analyzer 5701 can be incorporated into the controller 5601
(e.g., incorporated into the same circuit board). For example, if using a full computer
processor such as a Raspberry Pi, the video signal and the switching can all be run in the
same processor using one program with multiple subroutines. In certain embodiments, the

image analyzer 5701 receives the data signals 5702 from the selected camera, analyzes a
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selected parameter (e.g., the brightness, intensity, optical power) of the image, and transmits
information 5703 regarding the selected parameter to the controller 5601. This information
5703 can be an average value of the selected parameter, a peak value of the selected
parameter, or a combination of average and peak values, as well as with other values. The
controller 601 then adjusts the selected parameter of the displayed image based upon this
information 5703. This process can be repeated as many times as is appropriate to get the
selected parameter to match the user’s preferences.

Control of display image

[0549] Figure 57 is a flowchart of an example process 5800 for switching the
image acquisition subsystem 5120 (e.g., camera 5126 and light source 5128) selected to be
the video source for the displayed image in accordance with certain embodiments described
herein. The process 5800 comprises switching the lighting system to the desired state,
switching the connections from the remote controls and switching what is shown in the
display. The switching can comprise a transition from a first modality to a second modality
(e.g., switching from a microscope-like modality to an endoscope-like modality, or switching
from an endoscope-like modality to a microscope-like modality).

[0550] In certain embodiments, switching views among different imaging
modalities in an electronic visualization system can be initiated when the system is in one
modality and the user chooses the next or desired modality by contacting a button, foot
switch, or other selector mechanism of a remote control device 5160. For example, upon the
user activating a switch to change to a new camera, the at least one circuit 5170 can respond
by comparing the desired next view to the current view for compatibility of the overall
illumination intensity. Such a comparison can be performed in a manner unseen by the user
(e.g., using only a few milliseconds of the desired next view for the comparison). If the
illumination level of the second view is greater than that of the first view, the light source
level of the second view can be lowered. If the illumination level of the second view is lower
than that of the first view, the light source level of the second view can be increased. Such a
comparison and adjustment can be applied when performing complete view switching or
picture-in-picture or multiple views per screen. In certain embodiments in which full screen

switching takes place, the light source associated with the view that is not displayed can then
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be disabled, shut off, or set to a lower power setting. In certain embodiments in which two or
more scenes are both displayed concurrently, the associated light sources can remain on.

[0551] In certain embodiments, the process can proceed as follows:

1) Initiate switching, for example, by selecting a next or desired second

modality (e.g., second camera) different from the present first modality (e.g.,

first camera) by actuating a button, foot switch or other selector mechanism of

the remote control device 5160.

2) Detect and possibly modify a level of the second modality before

displaying an image of the second modality on the display. For example, the

level of the second modality can be modified by either varying the

illumination output level, aperture setting, or camera gain of the second

modality, and such adjustments may involve several cycles or iterations

before displaying the image of the second modality.

3) Display the image of the second modality (e.g., in full, partial, or

picture in picture view).

[0552] Various methods can be used in accordance with certain embodiments
described herein to accomplish apparent light level balancing between views besides
changing the illumination levels of the light sources. In certain embodiments, the f-number
of the optics of any of the modalities can be varied as the working distance is changed and
the light source intensity held constant. In certain other embodiments, the f-number of the
optics of any of the modalities can be held constant as the working distance is changed and
the light source intensity is varied.

[0553] In certain embodiments, the light sources can be set at a constant output
and attenuated (e.g., using a variable filter or screen depending on illumination
requirements). This attenuation can be controlled by a drive circuit and stepper motor with
optional feedback loop for control. The advantage of mechanically or optically attenuating
the constant output in this manner can be speed of change without color shift. In certain
other embodiments, the light source itself can have its power raised or lowered to the desired
output level. In certain embodiments, the light sources associated with each visualization
modality can be operated in one of these two ways, in a combination thereof, or in other

ways.
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[0554] Figure 58 is a flowchart of an example process 5900 for analyzing the
image to be displayed and adjusting the brightness of the image to be displayed in
accordance with certain embodiments described herein. The dashed arrow of Figure 58 is
indicative of a loop in which the lighting is analyzed and adjusted until a satisfactory value is
reached. Figure 59 is a flowchart of an example process 5910 for analyzing the image to be
displayed for peak emission response due to a duty cycle on a non-visible light source in
accordance with certain embodiments described herein.

[0555] To have the at least one circuit 5170 (e.g., controller 5601) automatically
adapt the lighting to account for the brightness of the image to be displayed, the at least one
circuit 5170 can measure the brightness of the image, for example, by reading the image
displayed or to be displayed and determining a parameter (e.g., the luminance, brightness,
intensity, optical power, or other metric) measured for each pixel in the image. If the average
parameter value is higher or lower than a preprogrammed target range, the image may be
brighter or darker than desired. In certain embodiments, the at least one circuit 5170 can
adjust the brightness of the different light sources in the system while the brightness of the
image is read. Once the average brightness of the image meets a preprogrammed target or
range, the at least one circuit 5170 can stop adjusting the lighting. When switching from one
camera view to another, the at least one circuit 5170 can read the image from the new
camera, assess the brightness, adjust the light sources via a predetermined algorithm, then
switch to the new view. The at least one circuit 5170 can continue to display the previous
view on the display until the switch occurs, can switch to a blank view (no signal), or can
show a preset image on the display while making the change.

[0556] In certain embodiments, the at least one circuit 5170 can determine the
average brightness of the image to determine whether the image has bright or dark spots. For
example, if there is excessive brightness in the center of the image and a lot of darkness at
the edges, the at least one circuit 5170 can adjust a focus lens in front of the primary light
source which can change the focus of the light, diffusing it across the field of view better.
This same technique can be employed if there are multiple light sources and one portion of
the view has significantly different luminance relative to other portions.

[0557] In certain embodiments, the at least one circuit 5170 can determine the

average brightness of the image to dynamically adjust the brightness while the image is being
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viewed to reduce (e.g., minimize) visualization problems. Such dynamic adjustment can be
helpful for cameras that are moved manually where the working distance or type of tissue
being imaged changes dramatically. The at least one circuit 5170 can constantly monitor the
brightness and when the brightness changes away from a desired level, the at least one circuit
5170 can change the light intensity appropriately.

[0558] In certain embodiments, the at least one circuit 5170 can aid in the use of
non-visible light, such as infrared, in another way. When viewing fluorescence generated by
infrared light, leaving the infrared light source on continuously can lead to patient heating
issues. In certain embodiments, the at least one circuit 5170 generates and transmits
appropriate control signals 5124 to the infrared light source to pulse the infrared light source
at a rate that synchronizes with the camera being used to view the fluorescence. In certain
such embodiments, the at least one circuit 5170 can control the pulsing of the infrared light
source and can capture the peak emission response.

[0559] In certain embodiments, the at least one circuit 5170 can control the
switching of the video source and the light sources, and can serve as a central camera clock,
timecode, record trigger, or synchronizing reference between multiple cameras. The at least
one circuit 5170 of certain embodiments can also provide synchronization between the
cameras and light sources.

[0560] Digital video technology, whether recording the video or immediately
transmitting the video, can be done by capturing “still” images at a constant rate. A video
that is captured with a shutter speed of 1/125s (seconds) at a frame rate of 30 {ps (frames per
second) can have the image being captured for 8 milliseconds, then the shutter can be closed
for 25-1/3 milliseconds, then another image can be captured for 8 milliseconds as another
cycle begins. This cycle can be termed the “duty cycle” of the camera. The cycle described
is one possible cycle, and some cameras can have their duty cycles adjusted via settings that
can be controlled.

[0561] When the fluorescence response is near instantaneous and potentially short
lived, the synchronized cameras can be viewing, their sensors active, during the excitation
and during the emission pulse. If the cameras are not synched to the duty cycle of the
excitation light source, the result can appear as dropped frames. To avoid such dropped

frames, the duty cycle can be set at a rate so high as to not produce video frames without
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excitation. For example, if the camera is running at 30 fps with a shutter speed of 1/125s, an
excitation pulse rate of 120 pulses per second would ensure that there is an excitation pulse
occurring every time the shutter is open. In this example, there can also be approximately
three pulses occurring when no image is being captured.

[0562] In certain embodiments, the at least one circuit 5170 can be configured to
measure the brilliance of the illumination and to adjust the timing of the light sources so as to
adjust (e.g., optimize) the lighting duty cycle to correspond with the digital video capture
rate. The at least one circuit 5170 can set the duty cycle of the emission source to match in
rate the capture rate of the camera. For example, if the camera is set to 30 {ps, the emission
is pulsed 30 times per second. If the camera is set to 60 fps, the pulse rate will be doubled.
The at least one circuit 170 can then start measuring the brilliance of the image captured on
the video sensor (e.g., measuring brilliance of just the image values in the spectrum of the
excitation response). The at least one circuit 5170 can then adjust the start time of the duty
cycle of the emission source. When the timing of the duty cycles are matched, the maximum
brilliance can be measured. The at least one circuit 5170 can then adjust the duty cycle of the
emission source, changing the length of time that the source is emitting versus the length of
time that the source is off. The at least one circuit 5170 can select the shortest time that the
source is on that provides an increased (e.g., maximal) brilliance, thereby reducing (e.g.,
minimizing) the amount of light exposed to the patient without decreasing the fluorescence
imaging quality.

[0563] By having control over the illumination sources in the lighting system, the
visualization system controller of certain embodiments described herein can generate the
pulsed illumination for properly visualizing the fluorescence. The at least one circuit 5170
can also turn on, off, or dim the illumination sources in the lighting system to meet the
parameters of the various cameras in the system. In certain embodiments, the at least one
circuit 5170 can incorporate a feedback loop to assess the image brightness and color
qualities, and can modify the light sources or adjust the camera settings to provide a preferred
visualization of the workspace.

[0564] Headings are used throughout this application as an organizational aid for
the reader. These headings may group together examples of methods, apparatuses, and

structures that may generally relate to a particular topic noted in the headings. It will be
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appreciated, however, that while the various features discussed under the heading may relate
to a particular topic, the headings should not be understood to indicate that the features
discussed under a given heading are limited in applicability only to the topic or topics that
listed in the heading. For example, a heading may be labeled “Remote Control”. However,
the subject matter included under this heading may equally be applicable to subject matter
contained in any other section, such as content under the heading “Control of lights,”
“Example System Configurations,” Controller Circuitry,” “Pair of Mobile Devices,” and
other sections. Alternatively, subject matter from other sections may also be applicable to
the “Remote Control” sections.

[0565] Although described above in connection with particular embodiments of
the present invention, it should be understood the descriptions of the embodiments are
illustrative of the invention and are not intended to be limiting. Various modifications and
applications may occur to those skilled in the art without departing from the true spirit and
scope of the invention.

[0566] Conditional language, such as, among others, "can,” "could,” "might," or
"may," unless specifically stated otherwise, or otherwise understood within the context as
used, is generally intended to convey that certain embodiments include, while other
embodiments do not include, certain features, elements and/or steps. Thus, such conditional
language is not generally intended to imply that features, elements and/or steps are in any
way required for one or more embodiments or that one or more embodiments necessarily
include logic for deciding, with or without user input or prompting, whether these features,
elements and/or steps are included or are to be performed in any particular embodiment.

[0567] It should be emphasized that many variations and modifications may be
made to the above-described embodiments, the elements of which are to be understood as
being among other acceptable examples. All such modifications and variations are intended
to be included herein within the scope of this disclosure and protected by the following

claims.
Conclusion

[0568] Various modifications to the implementations described in this disclosure

may be readily apparent to those skilled in the art, and the generic principles defined herein
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may be applied to other implementations without departing from the spirit or scope of this
disclosure. Thus, the claims are not intended to be limited to the implementations shown
herein, but are to be accorded the widest scope consistent with this disclosure, the principles
and the novel features disclosed herein.

[0569] Certain features that are described in this specification in the context of
separate embodiments also can be implemented in combination in a single embodiment.
Conversely, various features that are described in the context of a single embodiment also
can be implemented in multiple embodiments separately or in any suitable sub-combination.
Moreover, although features may be described above as acting in certain combinations and
even initially claimed as such, one or more features from a claimed combination can in some
cases be excised from the combination, and the claimed combination may be directed to a

sub-combination or variation of a sub-combination.
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WHAT IS CLAIMED IS:

1. A visualization system comprising:

a plurality of communication ports configured to be operatively coupled to a
plurality of image acquisition subsystem;

at least one image output port configured to be operatively coupled to at least
one image display subsystem;

at least one user input port configured to be operatively coupled to at least one
user input device; and

at least one circuit operatively coupled to the plurality of communication
ports, the at least one image output port, and the at least one user input port, the at
least one circuit configured to receive data signals from the plurality of image
acquisition subsystems, to transmit control signals to the plurality of image
acquisition subsystems, and to transmit output image signals to the at least one image
display subsystem, the at least one circuit further configured to receive at least one
first user input signal and a plurality of second user input signals from the at least one
user input device, the at least one circuit responsive at least in part to the received at
least one first user input signal by:

selecting an image acquisition subsystem from the plurality of image
acquisition subsystems,

transmitting the output image signals to the at least one image display
subsystem in response to the data signals received from the selected image acquisition
subsystem, and

generating the control signals and transmitting the control signals to the
selected image acquisition subsystem.

2. The visualization system of claim 1, wherein the plurality of image acquisition
subsystems comprises a plurality of cameras configured to generate the data signals
indicative of an image of a surgical site, the at least one image display subsystem comprises a
display configured to present an image of the surgical site to a user in response to the output
image signals, the at least one user input device comprises a remote control device
configured to generate the first user input signal and configured to generate the plurality of

second user input signals.
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3. The visualization system of claim 2, wherein the at least one circuit is within a
housing of the at least one image display subsystem or within a housing of the at least one
user input device.

4. The visualization system of claim 2 or claim 3, wherein the at least one circuit
generates the control signals in response to the received at least one first user signal and the
received plurality of second user input signals.

5. The visualization system of claim 2 to 4, wherein the plurality of cameras
comprises at least one endoscope camera and at least one surgical microscope camera.

6. The visualization system of any of claims 2 to 5, wherein the camera is
responsive to the control signals by varying one or more features of the camera, the at least
one circuit further configured to respond to the received at least one first user input signal
being in a first state by generating control signals which vary a first set of features of the
camera and to respond to the received at least one first user input signal being in a second
state by generating control signals which vary a second set of features of the camera.

7. The visualization system of any of claims 2 to 6, wherein one or more image
acquisition subsystems of the plurality of image acquisition subsystems each comprises a
camera and a light source, wherein the camera is responsive to the control signals by varying
one or more features of the camera and the light source is responsive to the control signals by
varying one or more features of the light source.

8. The visualization system of any of claims 2 to 7, wherein the at least one circuit is
further configured to calculate a difference between an attribute of a first image provided by
a first camera of the plurality of cameras and to the attribute of a second image provided by a
second camera of the plurality of camera, the at least one circuit further configured to
respond to the difference by generating and transmitting control signals to at least one of the
first camera and the second camera to vary one or more features of the camera to reduce the
difference.

9. The visualization system of any of claims 2 to 8, wherein the at least one circuit is
further configured to calculate a difference between an attribute of a first image provided by
a first camera of the plurality of cameras and to the attribute of a second image provided by a
second camera of the plurality of camera, the at least one circuit further configured to

respond to the difference by generating and transmitting output image signals to the display
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which reduce the difference of the attribute in the displayed first image and the displayed
second image.

10. A visualization system comprising:

a plurality of communication ports configured to be operatively coupled to a
plurality of image acquisition subsystem;

at least one image output port configured to be operatively coupled to at least
one image display subsystem;

at least one user input port configured to be operatively coupled to at least one
user input device; and

at least one circuit operatively coupled to the plurality of communication
ports, the at least one image output port, and the at least one user input port, the at
least one circuit configured to receive data signals from the plurality of image
acquisition subsystems, to transmit control signals to the plurality of image
acquisition subsystems, and to transmit output image signals to the at least one image
display subsystem, the at least one circuit further configured to receive at least one
first user input signal and a plurality of second user input signals from the at least one
user input device, the at least one circuit responsive at least in part to the received at
least one first user input signal by:

selecting an image acquisition subsystem from the plurality of image
acquisition subsystems,

transmitting the output image signals to the at least one image display
subsystem in response to the data signals received from the selected image acquisition
subsystem,

calculating a difference between an attribute of a first image provided by a
first image acquisition subsystem of the plurality of image acquisition subsystems and
to the attribute of a second image provided by a second image acquisition subsystem
of the plurality of image acquisition subsystems, and

responding to the difference by either generating and transmitting control
signals to at least one of the first image acquisition subsystem and the second image
acquisition subsystem to vary one or more features of the image acquisition

subsystem to reduce the difference or generating and transmitting output image
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signals to the display which reduce the difference of the attribute in the displayed first

image and the displayed second image.

11. A visualization system comprising:

a plurality of communication ports configured to be operatively coupled to at
least one source of non-visible light and at least one sensor of non-visible light, the at
least one source configured to irradiate a surgical site with the non-visible light, the at
least one sensor having a capture rate and configured to detect emissions from the
surgical site;

at least one image output port configured to be operatively coupled to at least
one image display subsystem; and

at least one circuit operatively coupled to the plurality of communication ports
and to the at least one image output port, the at least one circuit configured to receive
data signals from the at least one sensor, to transmit output image signals to the at
least one image display subsystem, and to transmit control signals to the at least one
source, the control signals configured to adjust a pulse rate of the at least one source,
the at least one circuit determining the pulse rate by analyzing the data signals from
the at least one sensor and selecting a pulse rate.

12. The system of claim 11, wherein the at least one source comprises an infrared
light source, the at least one sensor comprises a fluorescence camera, and the at least one
circuit is configured to control the pulsing of the infrared light source so that the at least one
sensor captures a peak emission response from the surgical site.

13. A surgical visualization system comprising:

two or more image acquisition systems;

an electronic display system with one or more displays;

an integrated lighting system;

an electronic video switching system;

a controller; and

one or more remote control units that provide remote control of one or more
of the following functions for one or more of the image acquisition systems: zoom,
focus, iris, tilt, pan, and acquisition selection, wherein the one or more functions

provided by the remote control unit automatically change to a image acquisition
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system selected for display, such that one remote control unit is able to function for

multiple image acquisition systems.

14. The system of claim 13, wherein the two or more image acquisition systems
comprise at least one camera or at least one sensor.

15. The system of claim 13, wherein the remote control unit incorporates one or more
indicators that operate the same function on each image acquisition system.

16. The system of claim 15, wherein the one or more indicators comprises one or
more switches, buttons, or touchscreens.

17. The system of claim 13, wherein the remote control unit incorporates one or more
indicators that operate a first function when a first image acquisition system is selected and a
second function when a second image acquisition system is selected.

18. The system of claim 13, wherein a first remote control unit operates a variety of
functions with a reduced number of indicators by using a first indicator to change the
function of a second indicator.

19. The system of claim 18, wherein when the first indicator is open, the second
indicator affects a first function and when the first indicator is closed, the second indicator
affects a second function.

20. The system of claim 18, wherein initially the second indicator affects a first
function, but when the first indicator is operated, the controller is changed so the second
indicator affects a second function, and when the first indicator is operated again, the
controller is changed so the second indicator operates a third function.

21. The system of claim 20, wherein after further operation of the first indicator, the
controller is changed so the second indicator operates the first function.

22. A surgical visualization system comprising:

two or more image acquisition systems;

an electronic display system with one or more displays;

an integrated lighting system;

an electronic video switching system; and

a control unit that allows the user to switch which image acquisition system
presents an image in the display, wherein the lighting system has programmed

settings for a particular light intensity of each light source to match the optical
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demands of each image acquisition system, and wherein the control unit switches the

lighting system to the programmed setting for the selected image acquisition system

in conjunction with switching the display to the selected image acquisition system.

23. The system of claim 22, wherein the two or more image acquisition systems
comprise at least one camera or at least one sensor.

24. The system of claim 22, wherein the light intensity is adjusted by turning a
portion of the light sources in the system on while leaving an additional portion off.

25. The system of claim 22, wherein the light intensity is adjusted by cycling at least
one light source rapidly between off and on with the apparent intensity related to the ratio of
the cycle time the light is on versus the cycle time the light is off.

26. The system of claim 22, wherein the light intensity of at least one light source is
variable.

27. The system of claim 22, wherein at least one light source generates non-visible
light.

28. The system of claim 27, wherein the non-visible light is in the infrared spectrum.

29. The system of claim 27, wherein the non-visible light has a wavelength from
about 700 nm to about 1000 nm.

30. The system of claim 27, wherein the non-visible light is in the near infrared
spectrum.

31. The system of claim 27, wherein the non-visible light has a wavelength from
about 700 nm to about 800 nm.

32. The system of claim 27, wherein the non-visible light is in the ultraviolet
spectrum.

33. The system of claim 27, wherein the non-visible light has a wavelength from
about 10 nm to about 400 nm.

34. The system of claim 27, wherein the non-visible light is in the near ultraviolet
spectrum.

35. The system of claim 27, wherein the non-visible light has a wavelength from
about 300 nm to about 400 nm.

36. The system of claim 27, wherein the control unit cycles at least one non-visible

light source with a rapid rate between off and on.
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37. The system of claim 36, wherein the rate is concurrent with and synchronized to
the image capture rate of the camera.
38. The system of claim 36, wherein the rate is selected such that the fluorescence
response is captured by the image acquisition system.
39. The system of claim 22, wherein the control unit allows for adjustment of the
programmed settings of the lighting system.
40. A visualization system comprising:
a plurality of communication ports configured to be operatively coupled to a
plurality of image acquisition subsystems configured to image a surgical site;
at least one image output port configured to be operatively coupled to at least
one image display subsystem;
at least one user input port configured to be operatively coupled to at least one
user input device; and
at least one circuit operatively coupled to the plurality of communication
ports, the at least one image output port, and the at least one user input port, the at
least one circuit configured to receive data signals from the plurality of image
acquisition subsystems, to transmit control signals to the plurality of image
acquisition subsystems, and to transmit output image signals to the at least one image
display subsystem, the at least one circuit further configured to receive at least one
first user input signal and a plurality of second user input signals from the at least one
user input device, the at least one circuit responsive at least in part to the received at
least one first user input signal by:
selecting an image acquisition subsystem from the plurality of image
acquisition subsystems,
transmitting the output image signals to the at least one image display
subsystem in response to the data signals received from the selected image acquisition
subsystem,
calculating a difference between an attribute of a first image provided by a
first image acquisition subsystem of the plurality of image acquisition subsystems and
to the attribute of a second image provided by a second image acquisition subsystem

of the plurality of image acquisition subsystems, and

-289-



WO 2016/154589 PCT/US2016/024330

responding to the difference by either generating and transmitting control
signals to at least one of the first image acquisition subsystem and the second image
acquisition subsystem to vary one or more features of a light source illumination the
surgical site to reduce the difference or generating and transmitting output image
signals to the display subsystem which reduce the difference of the attribute in the
displayed first image and the displayed second image.

41. The visualization system of claim 10, wherein the image acquisition subsystem
comprises a light source configured to provide illumination to a surgical site and varying one
or more features of said image acquisition subsystem comprises varying one or more features
of said light source illumination.

42. The visualization system of claim 10, wherein the image acquisition subsystem
comprises an optical sensor configured to detect light and varying one or more features of
said image acquisition subsystem comprises varying one or more features of said optical
Sensor.

43. The visualization system of claim 10, wherein varying one or more features of
said optical sensor comprising varying gain.

44. A visualization system comprising:

a plurality of communication ports configured to be operatively coupled to a
plurality of image acquisition subsystems configured to image a surgical site;

at least one image output port configured to be operatively coupled to at least
one image display subsystem;

at least one user input port configured to be operatively coupled to at least one
user input device; and

at least one circuit operatively coupled to the plurality of communication
ports, the at least one image output port, and the at least one user input port, the at
least one circuit configured to receive data signals from the plurality of image
acquisition subsystems, to transmit control signals to the plurality of image
acquisition subsystems, and to transmit output image signals to the at least one image
display subsystem, the at least one circuit further configured to receive at least one

first user input signal and a plurality of second user input signals from the at least one
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user input device, the at least one circuit responsive at least in part to the received at
least one first user input signal by:

selecting an image acquisition subsystem from the plurality of image
acquisition subsystems,

transmitting the output image signals to the at least one image display
subsystem in response to the data signals received from the selected image acquisition
subsystem,

calculating a difference between an attribute of a first image provided by a
first image acquisition subsystem of the plurality of image acquisition subsystems and
to the attribute of a second image provided by a second image acquisition subsystem
of the plurality of image acquisition subsystems, and

responding to the difference by either generating and transmitting control
signals to at least one of the first image acquisition subsystem and the second image
acquisition subsystem to vary one or more features of at least one image display
subsystem to reduce the difference of the attribute in the displayed first image and the
displayed second image.

45. The system of any of the preceding claims, comprising a binocular viewing
assembly including at least one display disposed in a housing and oculars, at least one of said
oculars providing a view of first and second display portions for viewing images of a surgical
site, wherein said oculars do not provide an optical path to said surgical site.

46. The system of any of the preceding claims, wherein at least one of said display
portions is configured to display a surgical microscope view of said surgical site provided by
a surgical microscope camera, wherein said surgical microscope camera does not have a
direct optical path to said surgical site through said housing.

47. The system of any of the preceding claims, wherein said system is configured to
switch among input received from a plurality of different cameras disposed to image a
surgical site.

48. The system of any of the preceding claims, further comprising a camera providing

a surgical microscope view.
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49. The system of any of the preceding claims, wherein said camera providing a
surgical microscope view is not associated with a direct view surgical microscope that
includes oculars do provide an optical path to said surgical site.

50. The system of any of the preceding claims, wherein said camera providing a
surgical microscope view has a work distance in the range of from 150 mm to 450 mm.

51. The system of any of the preceding claims, wherein said camera providing a
surgical microscope view comprises a stereo camera.

52. The system of any of the preceding claims, wherein said system is configured to
switch among input received from an endoscope camera and said camera providing surgical

Mmicroscope views.
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Press button A to switch to image desired, selecting, for example, the primary camera.

A4

Buttons B through F and Joystick J are switched to operate functions on image generating sourc
selected, for example, the primary camera

N\

Press button  to zoom into image; press button D to zoom out

, \Z

2ss bution £ to adjust focus to a further focal point; press button F to adjust focus to a closer focal
point

Pre

N\

Use joystick | to move camera from side to side and forward and back

N

Press button B to switch from the primary functions to secondary functions

\NZ

Press button C to increase iris diameter; press button D to decrease iris diameter

A4

Press button £ to increase light source intensity, press button F to decraase light source intensity

N

Use joystick } to pan camera from the left to right and to tilt camera up and down

N\

Press button B to switch from the secondary functions to tertiary functions; continue pressing button B
to switch to additional functions, paging through until primary functions are activated

5 *

Prass button A to switch to the next image source. Buttons B through F and joystick J are switched to
operate functions on image generating source selected, for exampie a secondary carera
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5800

User activates switch 1o sighal a change o o
new camera

Display is turned off or g hold image is
displayed

Coniroller switches lights to new settings

New camera signal is sent to display

Coniroller is changed 1o route cont
to actlive camerg

5900

User activates switch to signal a change o
new camerg

Image is analyzed to determine average and &
peak brightness

Humination or camera changed to get
orighness into target range

b

Image reanalyzed. If in range, proceed 1o
next step, if not, return 1o previous step

Send camera signal to display, and route
conirol signais o active camera
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5910

Non-visible light imaging is activated, turning
on non-visible light camera

V2
Controller cycles non-visible light scurce at o
rate just slightly different from camera capiure
rate

Each image is analyzed for brightness 1o
determine fiming of maximum response

Controller adjusts non-visible light source duty
cycle to coincide with image capture cycle

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/024330 01.08.2016

INTERNATIONAL SEARCH REPORT International application No.
PCT/US 16/24330

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:
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