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ANGLED ENDOSCOPE TIP IMAGE CAPTURE UNIT

RELATED APPLICATION
[0001] This application claims priority to and the benefit of:

U.S. Patent Application No. 61/954,300, (filed March 17, 2014, disclosing “Angled
Endoscope Tip Image Capture Unit,” by Ian E. McDowall), which is incorporated

herein by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The present invention relates generally to endoscopic image capture units, and

more particularly to image capture units mounted in a distal tip of an endoscope.

Description of Related Art

[0003] Typically, endoscopes used in minimally invasive surgery come in various tip
angles. Two common tip angles are a zero degree angle and a thirty degree angle. A
schematic diagram of a portion of an endoscope 100 with a zero degree tip angle is
presented in Fig. 1A. An endoscope with a zero degree tip angle is referred to as a zero
degree endoscope. A schematic diagram of a portion of an endoscope 110 with a thirty-
degree tip angle is presented in Fig. 1B. An endoscope with a non-zero degree tip angle is

referred to as a non-zero degree endoscope.

[0004] Typically, a stereoscopic endoscope used in minimally invasive surgery includes
two optical channels, which are identical in construction. Thus, the portion of the optical
channel illustrated in Figs. 1A and 1B is the same in both channels of a stereoscopic

endoscope.

[0005] Objective lens system 120 in endoscope 100 includes some of the same lenses as in
objective lens system 130, i.e., lens 101A is the same as lens 101B, lens 102A is the same
as lens 102B, lens 103A is the same as lens 103B, and lens 104 A is the same as lens 104B.
However, objective lens system 130 in endoscope 110 also incorporates a prism 131,

which directs the line of sight at the desired angle. As used herein, a prism refers to a
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transparent solid body that refracts light (i.e., changes the direction of light passing
through the transparent solid body). As used herein, a substantially flat piece of glass that

is not configured to refract light is not a prism

[0006] To facilitate the interchangeability of endoscopes 100 and 110 in a teleoperated
surgical system, the optical path length of objective lens system 120 is kept the same as
the optical path length of objective lens systems 130. Thus, to compensate for the optical
path through prism 131 in objective lens system 130, it is necessary to insert a block of
glass 121 in objective lens system 120. The optical path length through block of glass 121
is the same as the optical path length through prism 131.

[0007] Thus, each endoscope with a different angled tip requires a different prism. If an
endoscope family includes an endoscope with a zero degree tip (Fig. 1A), an endoscope
with a thirty-degree tip (Iig. 1B), and an endoscope with a forty-five degree tip (not
shown), three different objective lens systems must be manufactured and assembled so

that each objective lens system has the same optical path length through the system.

[0008] While the optical path lengths of objective lens systems 120 and 130 are the same,
light traveling through objective lens system 130 incurs two mirror bounces that light
traveling through objective lens system 120 does not incur, i.e., the optical path in
objective lens system 130 is folded, while the optical path in objective lens systems 120 is
non-folded. The two mirror bounces slightly degrades the image captured using

endoscope 110 relative to the image captured using endoscope 100.

[0009] Typically, endoscopes 100 and 110 have an outer diameter of 12 mm or 8.5 mm.

Consequently, prism 131 is quite small and requires careful, costly, manufacturing.

[0010] Also, thirty-degree prism 131 has to be aligned to the other optics precisely. One
challenge of this thirty-degree design is that, in a stereoscopic endoscope, the alignment of
the right and left eyes requires that the objective lens assemblies in the right and left
channels be rotationally aligned so the thirty-degree directions for the right and left
channels are pointing in exactly the same direction. While the issues associated with an
angled tip endoscope are known, the approach still has been to use an appropriate prism in

the endoscope to achieve viewing through the angled tip.

SUMMARY

[0011] In one aspect, a teleoperated surgical system includes a non-zero degree

endoscope. A non-zero degree endoscope has a distal face that is tilted relative a
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cylindrical body of a distal portion of that endoscope. In a zero degree endoscope, a distal

face is perpendicular to a cylindrical body of a distal portion of that endoscope.

[0012] The non-zero degree endoscope includes a body, a distal portion, and an image
capture unit. The distal portion is connected to the body, and the distal portion has a

lengthwise axis.

[0013] The image capture unit includes a zero degree lens stack. A zero degree lens stack
does not include an assembly, such as a prism assembly, to change a view angle of the
zero degree lens stack. The zero degree lens stack has a non-folded optical path. The
image capture unit also has a lengthwise axis. The image capture unit is mounted in the
distal portion of the endoscope with the lengthwise axis of the image capture unit
intersecting the lengthwise axis of the body to define a non-zero degree angle. In one
aspect, the non-zero degree angle is an acute non-zero degree angle, e.g., a thirty degree

angle.

[0014] Also, in one aspect, the non-zero degree endoscope is a non-zero degree
stereoscopic endoscope including the image capture unit and a second image capture unit.

The second image capture unit is substantially identical to the image capture unit.

[0015] The two identical image capture units can be implemented in several ways. For
example, either each capture unit contains its own respective image capture chip, e.g.,
image sensor, or there is a single imaging chip, and two regions on the single chip are used
as image sensors, one for the first capture unit and another region for the second capture
unit. Depending on the suitability and availability of image capture chips with convenient
aspect ratios, some implementations may favor one approach or the other. Thus, in some
cases, a single imaging chip with a wide aspect ratio is used, e.g., two imaging areas on a
single imaging chip may be used with two lens assemblies to capture the stereo image for

both eyes or each of the two lens assemblies may have its own imaging chip.

[0016] The elimination of the prism or other light folding element in the zero degree lens
stack reduces the complexity of manufacture and reduces the complexity of assembly of
the non-zero degree endoscope compared with a prior art non-zero degree endoscope that
includes a prism block, for example, in the lens stack. Further, since the optical path in the
image capture unit of the non-zero degree endoscope is not folded, the image quality is
better than the image quality obtained with a prior art non-zero degree endoscope that

included a lens stack with a folded optical path.

[0017] Further, the elimination of the folded optical paths, e.g., the elimination of the
prisins, in the lens systems in a stereoscopic endoscope with a left channel and a right

channel makes the alignment of the on-axis image capture units relatively easy — the

3.
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images in the right and left channels can be aligned and focused independently and the
rotation of the zero degree lens systems about the optical axes is not an issue. This is in
direct contrast to the prior art non-zero degree stereoscopic endoscope, which has the
additional complexity of having to rotationally align the objective lens systems that
includes, for example, a thirty degree prism. The alignment of the prior art objective lens
systems with prisms is more of a challenge, because, at a minimum, if one objective lens
system is even slightly rotated relative to the other, the objective lens systems are not

looking in the same direction, and consequently, the stereo image is of very poor quality.

[0018] In one aspect, the image capture unit further includes a window positioned
proximal to the zero degree lens stack, and an image sensor mounted in the image capture
unit proximal to the zero degree lens stack. The image capture unit also includes a stop

positioned adjacent to a distal end of the zero degree lens stack.

[0019] In another aspect, a teleoperated surgical system includes an endoscope. The
endoscope includes a distal portion. The distal portion includes a proximal end, a distal
end, and a lengthwise axis extending between the proximal end and the distal end. The
endoscope also includes an image capture unit. The image capture unit includes an image
forming lens assembly and an image sensor. The image forming lens assembly has a non-
folded optical path between an entry location of light into the image forming lens
assembly and the image sensor. The image capture unit is mounted at an angle to the

lengthwise axis in the distal end of the distal portion of the endoscope.

[0020] Again, this endoscope does not include a prism assembly or other light folding
element in the image forming lens assembly to change a view angle of the image forming
lens assembly. Thus, this endoscope has the same advantages over the prior art non-zero

degree endoscope, as described above.

[0021] In one aspect, the endoscope is a stereoscopic endoscope including the image
capture unit and a second image capture unit. The second image capture unit is

substantially identical to the image capture unit.

[0022] The image capture unit of this endoscope also includes a window positioned
proximal to the image forming lens assembly, and a stop positioned adjacent to a distal
end of the image forming lens assembly. In one aspect, a distal lens of the image forming
lens assembly includes a filter embedded in the lens, e.g., the distal lens comprises a

sandwich lens.

[0023] A family of endoscopes for a teleoperated surgical system includes a non-zero
degree endoscope and a zero degree endoscope. The zero degree endoscope includes a

first distal portion and a first image capture unit. The first distal portion has a first

4
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lengthwise axis. The first image capture unit has a second lengthwise axis. The first image
capture unit is mounted in the first distal portion with the second lengthwise axis of the
first image capture unit substantially parallel to the first lengthwise axis of the first distal
portion. As used herein, substantially parallel means parallel to within manufacturing and

assembly tolerances.

[0024] The non-zero degree endoscope of the family includes a second distal portion and a
second image capture unit. The second distal portion has a third lengthwise axis. The
second image capture unit has a fourth lengthwise axis. The second image capture unit is
mounted in second distal portion of the non-zero degree endoscope with the fourth
lengthwise axis of the second image capture unit intersecting the third lengthwise axis at a

non-zero angle.

[0025] Each of the first and second image capture units in the family have nearly identical
non-folded optical paths between an entry location of light into each image capture unit
and an imager of each image capture unit. In one aspect, the zero degree endoscope and
the non-zero degree endoscope of the family are both stereoscopic endoscopes. Herein,
nearly identical non-folded optical paths and substantially identical non-folded optical
paths means that the optical paths are equal to within manufacturing and assembly

tolerances.

[0026] A method of making the family of endoscopes includes mounting a first image
capture unit in a zero degree endoscope. The first image capture unit includes a first
optical structure positioned between a window of the first image capture unit and an
imager of the first image capture unit. The method also includes mounting a second image
capture unit in a non-zero degree endoscope. The second image capture unit includes a
second optical structure positioned between a window of the second image capture unit
and an imager of the second image capture unit. The first optical structure and the second

optical structure are substantially identical and have a non-folded optical path.

[0027] A method of manufacturing each of the endoscopes in the family of endoscopes
includes mounting an image capture unit in a body of the endoscope by moving the image
capture unit through an opening in a distal face of the body. A camera retainer is then
mounted in the opening of the distal face to maintain the image capture unit within the
body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Fig. 1A is an illustration of a prior-art zero degree endoscope.

_5-
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[0029] Fig. 1B is an illustration of a prior-art non-zero degree endoscope.

[0030] Fig. 2A is an illustration of one aspect of a distal body portion of a zero degree

endoscope.

[0031] Fig. 2B is an illustration of one aspect of a distal body portion of a non-zero degree

endoscope.

[0032] Fig. 2C is an illustration of one aspect of a distal body portion of a zero degree
endoscope that includes a filter embedded in a distal lens of an image forming lens

assembly.

[0033] Fig. 2D is an illustration of one aspect of a distal body portion of a non-zero degree
endoscope that includes a filter embedded in a distal lens of an image forming lens

assembly.
[0034] Fig. 2E is an illustration of the distal face of the body portion of Fig. 2A.

[0035] Fig. 3 is an illustration of a teleoperated surgical system that includes a
stereoscopic endoscope that can be either of a stereoscopic zero degree endoscope and a

stereoscopic non-zero degree endoscope.

[0036] Figs. 4A and 4B are illustrations used to explain the angle of an image capture unit

in a non-zero degree endoscope.

[0037] Fig. 5A is an enlarged illustration of the distal body portion of the zero degree
endoscope of Fig. 2A.

[0038] Fig. 5B is an enlarged illustration of the distal body portion of the non-zero degree
endoscope of Fig. 2B.

[0039] Figs. 6A to 6C illustrates aspects in the manufacture of the endoscopes illustrated
in Figs. 2A to 2D, 3, 5A, and 5B.

[0040] In the drawings, the first digit of a reference number indicates the figure in which

the element with that reference number first appeared.

DETAILED DESCRIPTION

[0041] In one aspect, a zero degree endoscope 200 (Fig. 2A) and a non-zero degree
endoscope 210 (Fig. 2B) use a same image capture unit 220A, 220B. Specifically, image
capture units 220A, 220B, sometimes referred to as cameras, are identical to within

manufacturing and assembly tolerances, i.e., are substantially identical.
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[0042] Figs. 2A and 2B illustrate only the parts of the endoscopes needed to understand
the inventive aspects described herein. Also, rather than repeat a sentence for each of the
zero degree endoscope 200 and non-zero degree endoscope 210, when the description is
applicable to elements in both of these endoscopes, the reference numbers of the elements

separated by a comma are used in the description.

[0043] Each of image capture units 220A, 220B is mounted in a distal portion 270A, 270B
of the endoscope. Each of image captures units 220A, 220B includes a same

window 221A, 221B, a same objective lens system 222A, 222B, and a same image

sensor 223A, 223B. Sometimes objective lens system 222A, 222B is referred to as an
image forming lens assembly. Each of the endoscopes also includes illumination light
channels 240A, 240B, which may be implemented either as glass fibers, plastic fibers, or
light pipes from a remote source or a light emitting diode or other light emitting device,

and which are located as shown.

[0044] As used here, “same” does not mean shared. Rather, “same” means that image
capture unit 220A is indistinguishable from image capture unit 220B in that the same
number, size, and configuration of components are used in each of image capture
units 220A and 220B.

[0045] Each of image capture units 220A, 220B can include one or more filters to process
light that is captured by each of image sensors 223A, 223B (see Figs. 2C and 2D). Also,
each of image capture units 220A, 220B can optionally include a color filter array, such as
a Bayer pattern color filter array as part of image sensor 223 A, 223B. Image

sensor 223A, 223B includes a cover window 224 A, 224B in the distal face of image
sensor 223A, 223B. This permits manufacture of image sensor 223A, 223B in a separate
facility from where image sensor 223 A, 223B is assembled with objective lens

system 222A, 222B, because cover window 224A, 2248 prevents any debris from entering
image sensor 223A, 223B. In one aspect, each of image capture units 220A, 220B includes
a stop proximal to window 221A, 221B and distal to and adjacent to a distal end of
objective lens system 222A, 222B.

[0046] For example, each of the image sensor in a stereoscopic endoscope can be either
separate image capture chips, or two regions on a single image capture chip. Depending on
the suitability and availability of image capture chips with convenient aspect ratios, some
implementations may favor one approach or the other. Thus, in some cases, a single
imaging chip with a wide aspect ratio is used, e.g., two imaging areas on a single imaging
chip may be used with two lens assemblies to capture the stereo image for both eyes or

each of the two lens assemblies may have its own imaging chip.

-7-
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[0047] In both zero degree endoscope 200 and in non-zero degree endoscope 210, each of
objective lens systems 222A, 222B is a zero degree lens stack. A zero degree lens stack is
a lens stack that does not include a light folding assembly, such as the prior art prism

assembly, to change an angle of the field of view of the lens stack. Stated another way, the

optical path through a zero degree lens stack is a non-folded optical path.

[0048] The zero degree lens stacks in zero degree endoscope 200 and non-zero degree
endoscope 210 are substantially identical. Substantially identical means that the zero
degree lens stacks are identical except for differences associated with manufacturing and
assembly tolerances. The zero degree lens stack is a short lens stack compared to a lens
stack commonly mounted in a distal end of a conventional endoscope, such as

endoscopes 100 and 110.

[0049] Prism 131 in objective lens system 130 of prior art thirty-degree endoscope 110
has been eliminated in the non-zero degree endoscopes of this invention. Thus, a single
image capture unit can be manufactured and used in both zero degree and non-zero degree
endoscopes 200, 210. Not only has the manufacturing been simplified, but also the
elimination of the prism in the objective lens system of a non-zero degree endoscope

reduces the cost of manufacture.

[0050] In addition, the elimination of light folding elements in the objective lens system in
a non-zero degree stereoscopic endoscope with a left channel and a right channel makes
the alignment of the on-axis image capture units relatively easy — the images in the right
and left channels can be aligned and focused independently. The rotation of the objective
lens systems about the optical axes is not an issue. This is in direct contrast to the prior art
non-zero degree stereoscopic endoscope 110, which has the additional substantial
complexity of having to align the objective lens systems that includes, for example, a

thirty degree prism.

[0051] The alignment of the prior art objective lens systems with prisms is more of a
challenge, because, at a minimum, if one objective lens system is rotated relative to the
other, the objective lens systems are not looking in the same direction. Image capture
unit 220B completely eliminates this problem, because a prism is not needed in the

objective lens system of image capture unit 220B.

[0052] Both image capture unit 220A and image capture unit 220B have the same non-
folded optical path length. Thus, unlike prior art endoscopes 100 and 110, the image
captured by non-zero degree endoscope 210 is not degraded relative to the image captured

by zero degree endoscope 200.
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[0053] In both zero degree endoscope 200 and non-zero degree endoscope 210, image
capture units 220A, 220B, respectively, are placed into distal portion 270A, 270B of the
endoscope from the distal end (from the front of the endoscope) and then held in place by
a single part, sometimes referred to as a camera retainer, that is welded in place, in one

aspect. The distal and proximal directions in Figs. 2A and 2B are indicated by arrow 295.

[0054] In one aspect, image capture unit 220A, 220B is coupled to a printed circuit board
interface 231A, 231B. Printed circuit board interface 231A, 231B in turn is coupled to a
printed circuit board 232A, 232B by a flexible circuit. Analog to digital integrated

circuit 233A, 233B and transmission integrated circuit 234A, 234B are mounted on
printed circuit board 232A, 232B. Analog to digital integrated circuit 233A, 233B is
coupled to image capture unit 220A, 220B and is coupled to a transmission integrated
circuit 234A, 234B. Transmission integrated circuit 234 A, 234B converts the electric

digital signals to optical signals for transmission over a fiber optic cable.

[0055] Endoscope 200F (Fig. 2C) is the same as endoscope 200 (Fig. 2A) except image
capture unit 220C replaces image capture unit 220A. Endoscope 210F (Fig. 2D) is the
same as endoscope 210 (Fig. 2B) except image capture unit 220D replaces image capture
unit 220B. Image capture units 220C, 220D, sometimes referred to as cameras, are
identical to within manufacturing and assembly tolerances. Figs. 2C and 2D illustrate only
a distal part of the body of the endoscopes needed to understand the inventive aspects

described herein.

[0056] Each of image captures units 220C, 220C includes a same window 221C, 221D, a
same objective lens system 222C, 222D, a same image sensor 223C, 223D. Sometimes
objective lens system 222C, 222D is referred to as an image forming lens assembly.
Window 221C, 221D is the same as window 221A, 221B. Image sensor 223C, 223D is the
same as image sensor 223A, 223B. Light channels 240C, 240D are the same as light
channels 240A, 240B.

[0057] However, in this aspect, objective lens system 222C, 222D includes a

filter 226C, 226D embedded within, e.g., sandwiched within, a lens 225C, 225D of
objective lens system 222C, 222D. In one aspect, filter 226C, 226D filters out
fluorescence excitation illumination light. Filter 226C, 226D is placed in objective lens
system 222C, 222D at a location where the light rays are most perpendicular to

filter 226C, 226D, e.g., within most distal lens 225C, 225D. For example,

lens 225C, 225D is sliced into two pieces and filter 226C, 226D inserted between the two
pieces and then the pieces are bonded together to form a hamburger in a bun like lens and

filter assembly.
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[0058] The advantage of placing filter 226C, 226D, e.g., a fluorescence notch filter, at this
position in the lens assembly is that as objective lens system 222C. 222D is made short,
the ray angles at image sensor 223C, 223D increase thus making the placement of

filter 226C, 226C on the cover glass of image sensor 223C, 223D less advantageous. The
ray angles may be made shallower (even accounting for the index of the medium in which
the rays travel) at a surface internal to one of the lens components in objective lens

system 222C, 222D and that is where filters 226C, 226D are placed in this aspect.

[0059] In this system, filter 226C, 226D is placed internal to first lens 225C, 225D in a
unique hamburger like construction which also affords the possibility of making

filter 226C, 226D oversized, cementing filter 226C, 226D between the pieces of

lens 225C, 225D, and then edging the assembly down thereby protecting the filter surface
and guaranteeing that the filter will perform well to the very edge of the lens. Positioning
filter 226C, 226D near the front, i.e., near the distal end, of objective lens

system 222C, 222D also provides the best protection from stray fluorescence illumination
from entering the rest of the lens system, which is advantageous as stray fluorescence
illumination is undesirable and hurts image contrast. The position internal to

lens 225C, 225D is better than placing filter 226C, 226D at the stop because the ray angles
can be designed to intersect filter 226C, 226D at a shallower angle.

[0060] Fig. 2E is a view of a distal face 201 of zero degree endoscope 200. Distal face 201
includes openings for each of image capture units 220A and 220A1 and for each of light
channels 240A. Image capture units 220A and 220A1 are substantially identical. The
distal faces of the other endoscopes in Figs. 2B, 2C, and 2D include the same elements as

distal face 201, and so the distal face is not illustrated for each aspect.

[0061] Aspects of this invention facilitate acquiring stereoscopic images of a scene in a
surgical field. Referring to Fig. 3, for example, image capture units 320L, 320R (Fig. 3)
are located at a distal end of a stereoscopic endoscope 302 in a teleoperated surgical
system 300, e.g., a da Vinci® minimally invasive teleoperated surgical system
commercialized by Intuitive Surgical, Inc. of Sunnyvale, California. As indicated by
arrow 395, the distal direction is towards tissue 303 and the proximal direction is away

from tissue 303.

[0062] One image capture unit 320L captures left side images for a stereoscopic image,

sometimes referred to as left side stereoscopic images. A second image capture unit 320R

captures right side images for a stereoscopic image, sometimes referred to as right side

stereoscopic images. Herein, use of a stereoscopic endoscope is illustrative only, and is not

intended to be limiting. In view of the disclosure, an endoscope with a single image

capture unit configured to capture light from tissue 303, e.g., a monoscopic endoscope,
-10-
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could be used. This endoscope would have only one of the two optical channels described

herein for the stereoscopic endoscope.

[0063] As described above and as described more completely below, each image capture
unit 320L, 320R includes an image forming lens assembly and a sensor assembly. The
image forming lens assembly is the same irrespective of whether stereoscopic

endoscope 302 is a zero degree stereoscopic endoscope or a non-zero degree stereoscopic
endoscope. One example of the image capture units and the image forming lens assembly
are shown in Figs. 5A and 5B. As indicated previously, the image forming lens assembly

in each of the image capture units has the same non-folded optical path.

[0064] In this example, a surgeon at surgeon's console 350 remotely manipulates
endoscope 302 that is mounted on a robotic manipulator arm (not shown). There are other
parts, cables, etc. associated with the da Vinei® Surgical System, but these are not
illustrated in Fig. 3 to avoid detracting from the disclosure. Further information regarding
minimally invasive surgical systems may be found for example in U.S. Patent Application
No. 11/762,165 (filed Jun. 23, 2007; disclosing Minimally Invasive Surgical System), U.S.
Patent No. US 6,837,883 B2 (filed Oct. 5, 2001; disclosing Arm Cart for Telerobotic
Surgical System), and U.S. Patent No. 6,331,181 (filed Dec. 28, 2001; disclosing Surgical
Robotic Tools, Data Architecture, and Use), all of which are incorporated herein by

reference.

[0065] An illuminator 310 is coupled to stereoscopic endoscope 302. [lluminator 310
includes at least a white light source and optionally may include one or more fluorescence
excitation sources. [lluminator 310 is used in conjunction with at least one illumination
channel in stereoscopic endoscope 302 to illuminate tissue 303. Alternatively and without
loss of generality, illuminator 310 may be replaced by an illumination source at the distal
tip, or near the distal tip, of endoscope 302. Such distal tip illumination may be provided

by LEDs, for example, or other illumination sources.

[0066] In one example, illuminator 310 provides white light illumination that illuminates
tissue 303 in white light. In some implementations, illuminator 310 can also provide non-
visible light that excites fluorescence and/or a subset of the visible color components that

make-up white light.

[0067] Light from illuminator 310 is directed onto an illumination channel 326 that
couples illuminator 310 to the illumination channel in endoscope 302. The illumination
channel in stereoscopic endoscope 302 directs the light to tissue 303. In another, aspect, an

illumination source, such as LEDs or other sources, is provided at, or near the distal tip on
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endoscope 302. The illumination channels can be implemented with a fiber optic bundle, a

single stiff or flexible rod, or an optical fiber.

[0068] Image capture unit 320L is coupled to a stereoscopic display 351 in surgeon’s
console 350 via a left camera control unit (CCU) 330L. Image capture unit 320R is
coupled to stereoscopic display 351 in surgeon’s console 350 via a right camera control
unit (CCU) 330R. Camera control units 330L, 330R receive signals from a system process
module 363 that controls gains, controls capturing images, controls transferring captures
images to dual image enhancement modules 340R, 340L, etc. System process module 363
represents the various controllers including the vision system controllers in system 300.
Camera control units 3301, 330R may be separate units, or may be combined in a single

dual controller unit.

[0069] Display mode select switch 352 provides a signal to a user interface 362 that in
turn passes the selected display mode to system process module 363. Various vision
system controllers within system process module 363 configure illuminator 310 to produce
the desired illumination, configure left and right camera control units 330L and 330R to
acquire the desired images, and configure any other elements needed to process the

acquired images so that the surgeon is presented the requested images in display 351.

[0070] Imaging processing modules 340R, 340L, in one aspect, transform the color of the
acquired images to a new desired color balance as determined by system process

module 363. As shown in Fig. 3, user interface 362, system process module 363, and
image processing modules 340L, 340R are grouped as a central controller 360 for
descriptive purposes. Optional image processing module 364 receives video from central
controller 360 and processes images from image processing modules 3411 and 341R prior
to display on stereoscopic display 351 in surgeons console 350. Optional image processing
module 364 is equivalent to image processing modules in prior art minimally invasive

surgical systems and so is not considered in further detail.

[0071] Although described as central controller 360, it is to be appreciated that central
controller 360 may be implemented in practice by any number of modules and each
module may include any combination of components. Each module and each component
may include hardware, software that is executed on a processor, and firmware, or any
combination of the three. Also, the functions and acts of central controller 360, as
described herein, may be performed by one module, or divided up among different
modules or even among different components of a module. When divided up among
different modules or components, the modules or components may be centralized in one

location or distributed across system 300 for distributed processing purposes. Thus, central
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controller 360 should not be interpreted as requiring a single physical entity, as in some

aspects central controller 360 is distributed across system 300.

[0072] As used herein, a non-zero degree endoscope 410 (Fig. 4A), sometimes referred to
as endoscope 410, is an endoscope with an inner diameter D and a distal face 401 oriented
at a non-zero angle a with respect to a vertical plane 491. Fig. 4B is a schematic
illustration of distal face 401 of endoscope 410 with the camera retainer removed. Fig. 4B
shows that image capture unit package 420P includes two image capture units 420

and 420A that are substantially identical. Image capture unit package 420P has a width W,
which extends into and out of the page in Fig. 4A. The distal and proximal directions in
Fig. 4 are indicated by arrow 495. If angle a is zero degrees, zero degree endoscope 200
(Fig. 2A) is obtained.

[0073] As used here, a vertical plane 491 is perpendicular to two planes 492, 493 tangent
to the outer side surface of body 405 of distal portion 470 of endoscope 410 and is
perpendicular to a lengthwise axis 481 of endoscope 410. The lines in planes 492, 493 that
are tangent to the outer side surface are separated by one hundred-eighty degrees. Thus,
distal face 401 is tilted at an angle with respect to body 405 of distal portion 470 of
endoscope 410. In a zero degree endoscope, angle a is zero degrees, and so distal face 401

would be perpendicular to body 405. See zero degree endoscope 200 (Fig. 2A).

[0074] Alternatively, angle a can be defined with respect to a lengthwise axis 481 of distal
portion 470 of endoscope 410. Angle a is defined by the intersection of a lengthwise

axis 482 of image capture unit 420 with lengthwise axis 481. Stated another way, angle a
is an acute non-zero angle formed by the intersection of lengthwise axis 482 of image
capture unit 420 with lengthwise axis 481 of distal portion 470 of non-zero degree

endoscope 410.

[0075] Angle a can vary from zero degrees to some maximum angle Gmax. Angle a is
limited to some maximum angle amax by the cross sectional area and shape of image
capture package 420P in tube body 405. As camera 420 is tilted, image capture

package 420P may intersect tube body 405, and thus limit angle a. Hence, for a given
inner diameter D of endoscope 410, angle a can only be increased only until an edge or a
corner of a proximal face 494 of image capture unit 420 contacts the inner cylindrical
surface of tube body 405.

[0076] In the example of Fig. 4A, capture package 420P has a length L, which is also the
length of each image capture unit 420, 420A, and a width W. Distal portion 470 of tube
body 405 has inner diameter D. In one aspect, for an angle a of thirty degrees and an outer

diameter of 12 mm, length L is 5.9 mm.
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[0077] Figs. 5A and 5B are an enlarged illustrations of a window 521A and image capture
unit 520A of a zero degree endoscope 500 mounted in a distal portion 570A of zero degree
endoscope 500 and a window 521B and image capture unit 520B mounted in a distal
portion 570B of a non-zero degree endoscope 510, respectively. As indicated above,
image capture units 520A, 520B are substantially identical except for the angle at which
image capture units 520A, 520B are mounted in the distal portions of their respective
endoscopes. The distal and proximal directions in Fligs. SA and 5B are indicated by

arrow 595.

[0078] Thus, in the following description the components of image capture unit 520B are
considered. However, this description is directly applicable to the components of image
capture unit 520A with the “B” in the reference numeral replaced with an “A,” and so the

description is not repeated for the components in image capture unit 520A.

[0079] In one aspect, window 521B is a sapphire window. The use of sapphire windows is
known and sapphire window 521B has characteristics equivalent to those typically found
in windows of other teleoperated endoscopes. Window 521B separates the components in

image capture unit 520B from the environment external to endoscope 510.

[0080] In the aspect of Fig. 5B, the number and configuration of lenses in objective lens
system 522B is limited by the length L of image capture unit 520B (see Fig. 4A). Once a
length L is selected, as described with respect to Fig. 4A, the lens stack is designed and

manufactured in a conventional manner.

[0081] Stop 541B is a fixed size stop and the exposure of image capture unit 520B is
fixed. The other features of endoscope 510 are the same as those described above, e.g.,
illumination channels 540B are the same as illumination channels 240B, and image
sensor 523B and cover window 524B are the same as image sensor 223B and cover

window 224B, respectively.

[0082] Figs. SA and 5B illustrate endoscopes in a family of endoscopes, where the optical
paths in the family are substantially identical. This is achieved, as described previously, by
using substantially identical image capture units in each of the endoscopes in the family.
Again, “substantially identical” as used herein means identical to within manufacturing

and assembly tolerances.

[0083] As explained more completely below, each endoscope in the family of endoscopes
includes in the assembly of the endoscope, mechanically mounting an image capture

unit 520A, 520B in a body 505A, 505B of an endoscope 500, 510 by moving image
capture unit 520A, 520B through an opening in a distal face 501A, 501B of

body 505A, 505B. A camera retainer S06A, 506B is mounted in the opening of distal
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face 501A, 501B to hold image capture unit 520A, 520B with window 521A, 521B in

place.

[0084] Figs. 6A to 6C are schematic illustrations of one aspect of manufacturing the
endoscopes described with respect to Figs. 2A to 2D, 3, 5A, and 5B. The manufacturing
process is the same for a monoscopic endoscope and a stereoscopic endoscope, and so the

description is not repeated for both types of endoscopes.

[0085] While a zero degree endoscope 600 is used in the example, the procedure is
identical for a non-zero degree endoscope, when the sloped distal face is taken into
consideration. Also, in Figs. 6A to 6C many of the details of the endoscopes are not
illustrated, because the details are not necessary to understand this aspect of the
manufacturing process. The distal and proximal directions in Figs. 6A to 6C are indicated

by arrow 695.

[0086] Image capture unit 620 can be part of an image capture unit package. Also, image
capture unit 620 is identical to within manufacturing and assembly tolerances to the image
capture units illustrated and described with respect to Figs. 2A to 2E, 3, 4A 4B, 5A,

and 5B. Thus, the details of image capture unit 620 are not repeated here.

[0087] Initially, image capture unit 620 is positioned distal to a distal face 601 of body
tube 605 of endoscope 600 and is moved in a proximal direction towards an opening 602
in distal face 601. (IFig. 6A) Image capture unit 620 is passed through opening 602 and is
mechanically mounted within body tube 605. (See Figs. SA and 5B.)

[0088] Finally, a camera retainer 606 is positioned distal to distal face 601 of body

tube 605 of endoscope 600 and is moved in a proximal direction towards opening 602.
Camera retainer 606 is positioned in opening 602 so the a proximal face 606P of camera
retainer 606, sometime referred to as an inner face or a first surface, contacts image
capture unit 620 and a distal face 606D of camera retainer 606, sometimes referred to as
an outer face or a second surface, is aligned with distal face 601, e.g., distal face 606D is
in a same plane as distal face 601. Camera retainer 606 is secured to body tube 606 so that
camera unit 620 is held in place. In one aspect, when body tube 605 and camera

retainer 606 are both made of metal, a weld 607 is used to secure body tube 605 to camera

retainer 606.

[0089] As shown in Figs. 6B and 6C, a channel 606C extends through camera retainer 606
from distal face 606D to a proximal face 606P, or stated alternatively, a channel extends
through a camera retainer from a first surface to a second surface where the first surface is

opposite and removed from the second surface. The size of the opening of channel 606C
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in proximal face 606P is smaller than the size of window 621 of camera unit 620 so that

window 621 on the distal face of camera unit 620 is retained in place.

[0090] In some of the above description and in some of the drawings a single image
capture unit has been used. As in known to those knowledgeable in the field, a
stereoscopic endoscope includes an image capture unit in the left channel and an image
capture unit in the right channel. Both of these image capture units have the same
characteristics, features, etc. as described for the single image capture unit and so
repeating the description and drawings for both channels in a stereoscopic endoscope
provides no additional information. Thus, to avoid duplication and detracting from the
description of the inventive aspects, only one of the two image capture units in a
stereoscopic endoscope was described in some aspects. Moreover, as described above, the
novel image capture units in a non-zero degree stereoscopic endoscope have many
advantages over a prior art non-zero degree stereoscopic endoscope that included a non-

zero degree prism in the optical path so that the optical path was folded.

[0091] Herein, all examples and illustrative references are non-limiting and should not be
used to limit the claims to specific implementations and embodiments described herein
and their equivalents. In view of this disclosure, particular features described in relation to
one aspect or embodiment may be applied to other disclosed aspects or embodiments of

the invention, even though not specifically shown in the drawings or described in the text.

[0092] The various modules described herein can be implemented by software executing
on a processor, hardware, firmware, or any combination of the three. When the modules
are implemented as software executing on a processor, the software is stored in a memory
as computer readable instructions and the computer readable instructions are executed on
the processor. All or part of the memory can be in a different physical location than a
processor so long as the processor can be coupled to the memory. Memory refers to a

volatile memory, a non-volatile memory, or any combination of the two.

[0093] Also, the functions of the various modules, as described herein, may be performed
by one unit, or divided up among different components, each of which may be
implemented in turn by any combination of hardware, software that is executed on a
processor, and firmware. When divided up among different components, the components
may be centralized in one location or distributed across system 300 for distributed
processing purposes. The execution of the various modules results in methods that perform

the processes described above for the various modules and controller 360.

[0094] Thus, a processor is coupled to a memory containing instructions executed by the

processor. This could be accomplished within a computer system, or alternatively via a
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connection to another computer via modems and analog lines, or digital interfaces and a

digital carrier line.

[0095] Herein, a computer program product comprises a computer readable medium
configured to store computer readable code needed for any part of or all of the processes
described herein, or in which computer readable code for any part of or all of those
processes is stored. Some examples of computer program products are CD-ROM discs,
DVD discs, flash memory, ROM cards, floppy discs, magnetic tapes, computer hard
drives, servers on a network and signals transmitted over a network representing computer
readable program code. A non-transitory tangible computer program product comprises a
tangible computer readable medium configured to store computer readable instructions for
any part of or all of the processes or in which computer readable instructions for any part
of or all of the processes is stored. Non-transitory tangible computer program products are
CD-ROM discs, DVD discs, flash memory, ROM cards, floppy discs, magnetic tapes,

computer hard drives and other physical storage mediums.

[0096] In view of this disclosure, instructions used in any part of or all of the processes
described herein can be implemented in a wide variety of computer system configurations

using an operating system and computer programming language of interest to the user.

[0097] Herein, first, second, etc. are used as adjectives to distinguish between elements
and are not intended to indicate a number of elements. Also, top, bottom, and side are used
as adjectives to aid in distinguishing between elements as viewed in the drawings, and to
help visualize relative relationships between the elements. For example, top and bottom
surfaces are first and second surfaces that are opposite and removed from each other. A
side surface is a third surface that extends between the first and second surfaces. Top,

bottom, and side are not being used to define absolute physical positions.

[0098] The above description and the accompanying drawings that illustrate aspects and
embodiments of the present inventions should not be taken as limiting—the claims define
the protected inventions. Various mechanical, compositional, structural, electrical, and
operational changes may be made without departing from the spirit and scope of this
description and the claims. In some instances, well-known circuits, structures, and
techniques have not been shown or described in detail to avoid obscuring the invention.
[0099] Further, this description’s terminology is not intended to limit the invention. For
example, spatially relative terms—such as “beneath”, “below”, “lower”, “above”, “upper”,
“proximal”, “distal”, and the like—may be used to describe one element’s or feature’s
relationship to another element or feature as illustrated in the figures. These spatially

relative terms are intended to encompass different positions (i.e., locations) and

17-



WO 2015/142797 PCT/US2015/020890

orientations (i.e., rotational placements) of the device in use or operation in addition to the
position and orientation shown in the figures. For example, if the device in the figures is
turned over, elements described as “below” or “beneath’” other elements or features would
then be “above” or “over” the other elements or features. Thus, the exemplary term
“below” can encompass both positions and orientations of above and below. The device
may be otherwise oriented (rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein interpreted accordingly. Likewise, descriptions of
movement along and around various axes include various special device positions and

orientations.

[0100] The singular forms “a”, “an”, and “the” are intended to include the plural forms as
well, unless the context indicates otherwise. The terms “comprises”™, “comprising”,
“includes”, and the like specify the presence of stated features, steps, operations, elements,
and/or components but do not preclude the presence or addition of one or more other
features, steps, operations, elements, components, and/or groups. Components described
as coupled may be electrically or mechanically directly coupled, or they may be indirectly

coupled via one or more intermediate components.
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CLAIMS

I claim:

1. An apparatus comprising:

a non-zero degree endoscope comprising a body, a distal portion, and an image capture
unit;

the distal portion being connected to the body, and the distal portion comprising a
lengthwise axis; and

the image capture unit comprising a zero degree lens stack, the zero degree lens stack
having a non-folded optical path, the image capture unit having a lengthwise axis,
and the image capture unit being mounted in the distal portion with the lengthwise
axis of the image capture unit intersecting the lengthwise axis of the body to define

a non-zero degree angle.

2. 'The apparatus of Claim 1, wherein the non-zero degree angle is an acute non-zero

degree angle.

3. The apparatus of Claim 3, wherein the acute non-zero degree angle is a thirty degree

angle.
4. The apparatus of Claim 1, wherein the non-zero degree endoscope is a non-zero degree
stereoscopic endoscope including the image capture unit and a second image capture unit,

wherein the second image capture unit is substantially identical to the image capture unit.

5. The apparatus of Claim 1, the image capture unit further comprising a window

positioned proximal to the zero degree lens stack.

6. The apparatus of Claim 1, the image capture unit further comprising an image sensor

mounted in the image capture unit proximal to the zero degree lens stack.

7. The apparatus of Claim 1, the image capture unit further comprising a stop positioned

adjacent to a distal end of the zero degree lens stack.

8. The apparatus of Claim 1, the zero degree lens stack comprising a distal lens, the distal

lens comprising a filter embedded with the distal lens.

-19-



WO 2015/142797 PCT/US2015/020890

9. The apparatus of Claim 1, further comprising a camera retainer mounted in a distal face
of the non-zero degree endoscope, the camera retainer being configured to maintain the

image capture unit within the distal portion.

10. An endoscope comprising:
a distal portion comprising a proximal end, a distal end, and a lengthwise axis
extending between the proximal end and the distal end; and
an image capture unit including an image forming lens assembly and an image sensor,
the image forming lens assembly comprising a non-folded optical path between an
entry location of light into the image forming lens assembly and the imager sensor,
and the image capture unit being mounted in the distal end of the distal portion at

an angle to the lengthwise axis.
11. The endoscope of Claim 10, the angle being an acute angle larger than zero degrees.
12. The apparatus of Claim 11, wherein the acute angle is a thirty degree angle.
13. The apparatus of Claim 10, the angle being a zero degree angle.
14. The apparatus of Claim 10, wherein the endoscope is a stereoscopic endoscope
including the image capture unit and a second image capture unit, wherein the second

image capture unit is substantially identical to the image capture unit.

15. The apparatus of Claim 10, the image capture unit further comprising a window

positioned proximal to the image forming lens assembly.

16. The apparatus of Claim 10, the image capture unit further comprising a stop positioned

adjacent to a distal end of the image forming lens assembly.

17. The apparatus of Claim 10, the image forming lens assembly comprising a distal lens,

the distal lens comprising a filter embedded with the distal lens.
18. The apparatus of Claim 10, further comprising a camera retainer mounted in a distal

face of the distal portion, the camera retainer being configured to maintain the image

capture unit within the distal portion.
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19. A family of endoscopes comprising:

a zero degree endoscope including a first distal portion and a first image capture unit,
the first distal portion having a first lengthwise axis, the first image capture unit
having a second lengthwise axis, the first image capture unit being mounted in the
distal portion with the second lengthwise axis of the first image capture unit
substantially parallel to the first lengthwise axis of the distal portion; and

a non-zero degree endoscope including a second distal portion and a second image
capture unit, the second distal portion having a third lengthwise axis, the second
image capture unit having a fourth lengthwise axis, the second image capture unit
being mounted in the second distal portion of the non-zero degree endoscope with
the fourth lengthwise axis of the second image capture unit intersecting the third
lengthwise axis of the second distal portion at a non-zero angle, the first and
second image capture units having nearly identical non-folded optical paths
between an entry location of light into each image capture unit and an imager of

each image capture unit.

20. The family of endoscopes as in Claim 19, wherein each of the zero degree endoscope

and the non-zero degree endoscope is a stereoscopic endoscope.
21. A method comprising:
mounting an image capture unit in a body of an endoscope by moving the image
capture unit through an opening in a distal face of the body; and
mounting a camera retainer in the opening of the distal face.

22. The method of Claim 21, wherein the endoscope comprises a zero degree endoscope.

23. The method of Claim 21, where the endoscope comprises a non-zero degree

endoscope.
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