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A DYNAMIC FIELD OF VIEW ENDOSCOPE

CROSS-REFERENCE TO RELATED APPLICATION
The present application relies on, for priority, United States Provisional Patent
Application number 62/160253 entitled "A Dynamic Field of View Endoscope", which is

also herein incorporated by reference in its entirety.

FIELD OF THE INVENTION
The present specification relates generally to a multi sensor endoscope having a

dynamic field of view.

BACKGROUND OF THE INVENTION

Endoscopes have attained great acceptance within the medical community, since
they provide a means for performing procedures with minimal patient trauma, while
enabling the physician to view the internal anatomy of the patient. Over the years,
numerous endoscopes have been developed and categorized according to specific
applications, such as laparoscopy, hysteroscopy, cystoscopy, colonoscopy, upper GI
endoscopy and others. Endoscopes may be inserted into the body's natural orifices or
through an incision in the skin.

An endoscope is usually an elongated tubular shaft, rigid or flexible, having a
video camera or a fiber optic lens assembly at its distal end or at the back behind the
tubular shaft. The shaft is connected to a handle, which sometimes includes an ocular for
direct viewing. Viewing is usually possible via an external screen.

The foregoing examples of the related art and limitations related therewith are
intended to be illustrative and not exclusive. Other limitations of the related art will
become apparent to those of skill in the art upon a reading of the specification and a study

of the figures.
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SUMMARY OF THE INVENTION

The following embodiments and aspects thereof are described and illustrated in
conjunction with systems, tools and methods which are meant to be exemplary and
illustrative, not limiting in scope.

In one embodiment the present invention provides a multi-sensor endoscope
having a dynamic field of view comprising:

a. an elongated shaft terminating with a tip section;

b. at least one maneuvering section;

c. at least two sensors, wherein at least one sensor is placed behind the tip section; and
d. one or more illuminators.

The term “behind” is defined as an area in the endoscope located towards the person
holding the endoscope. That is, in case the tip section is the first section inserted into a
specific tissue, the sensors located behind the tip section will be able to enter the tissue
after the tip section.

In some embodiments, said maneuvering section comprises bending, rotating and
or angulating section.

In another embodiment, when the endoscope comprises more than one
maneuvering section, said maneuvering sections may operate separately or
simultaneously.

In some embodiments each one of said maneuvering section (such as bending,
rotating or angulating section) is operated manually or electrically.

In some embodiments, at least some of said sensors are placed up to 135 degrees,
or 120 degrees, or 90 degrees, or 60 degrees, or 45 degrees, or 30 degrees, or 0 degrees
from the elongated shaft axis at the proximal section.

In some embodiments, said sensors are pointing at different directions to one
another. For example, in a three-sensor system, two sensors may be placed in opposite
directions to each other, while the third sensor may be pointing to any direction.

In some embodiments, each sensor can change its viewing direction separately by

using the maneuvering (e.g., rotating or bending or angulating) mechanism.
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In some embodiments, one or more of said sensors is a camera.

In another embodiment, each of said cameras comprises a Charge Coupled Device
(CCD) or a Complementary Metal Oxide Semiconductor (CMOS) image sensor.
In some embodiments, said multi sensor endoscope include thermal sensor or infra red
(IR) light sensor, ultra violet (UV) sensor, an ultrasound sensor or a X-ray sensor.

In another embodiment one or more of said sensors that are located behind the tip
section, may be located in one or more of the sections behind the tip section.
In some embodiments, at least one of said cameras comprises a lens assembly providing a
field of view of 45 degrees or more.

In some embodiments, at least one of said cameras comprises a lens assembly
providing a field of view of 60 degrees or more.

In some embodiments, at least one of said cameras comprises a lens assembly
providing a field of view of 80 degrees or more.

In some embodiments, at least one of said cameras comprises a lens assembly
providing a field of view of 100 degrees or more.

In some embodiments, at least one of said cameras comprises a lens assembly
providing a field of view of 120 degrees or more.

In some embodiments, at least one of said cameras comprises a lens assembly
providing a field of view of 140 degrees or more.

In some embodiments, at least one of said cameras comprises a lens assembly
providing a focal length of approximately 2-20 centimeters.

In some embodiments, at least one of said cameras comprises a lens assembly
providing a focal length of approximately 2-18 centimeters.

In some embodiments, at least one of said cameras comprises a lens assembly
providing a focal length of approximately 2-15 centimeters.

In some embodiments, at least one of said cameras comprises a lens assembly
providing a focal length of approximately 2-13 centimeters.

In some embodiments, at least one of said cameras comprises a lens assembly

providing a focal length of approximately 2-10 centimeters.
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In some embodiments, fields of view of said cameras are at least partially
overlapping from a specific distance and specific direction of the viewing direction
camera lenses, such that an object from a the specific distance of the interest viewed via
said one camera remains in the field of view of said second camera while said tip section
or other section behind the tip section is being turned or fixed towards the object, and at
least until the object becomes visible through one of said cameras.

In some embodiments, said sensors and said illuminators are configured to
operate separately or simultaneously in various combinations.

In some embodiments, each of said illuminators comprises a light-emitting diode
(LED).

In some embodiments, at least one of said illuminators is configured to emit white
light.

In some embodiments, at least one of said illuminators is configured to emit
ultraviolet light.

In some embodiments, at least one of said illuminators is configured to emit
infrared light.

In some embodiments, at least one of said illuminators is configured to emit near-
infrared light.

In some embodiments, at least one of said illuminators is configured to emit light
in different wavelengths.

In some embodiments, at least one of said illuminators is an ultrasound transducer
to emit ultrasound signals.

In some embodiments, at least one of said illuminators is an X-ray configured to
emit different X-ray wavelengths.

In some embodiments, said endoscope is a laparoscope.

In another embodiment, the present invention provides a method of achieving a
dynamic field of view in an endoscope that can alternate its field of view parameters by
using at least two sensors, wherein at least one sensor can move in respect to other

SE€nsor.
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In another embodiment the present invention provides a multi-sensor endoscopy
system comprising: an endoscope comprising a handle; an elongated shaft terminating
with a tip section; a maneuvering section; at least two sensors, wherein at least one sensor
is placed behind the tip section; one or more illuminators; a controller connected to said
handle of said endoscope by way of a utility cable; a display connected to said controller
and configured to display signals streams received from said sensors.

In addition to the exemplary aspects and embodiments described above, further
aspects and embodiments will become apparent by reference to the figures and by study

of the following detailed description.

BRIEF DESCRIPTION OF THE FIGURES

Exemplary embodiments are illustrated in referenced figures. Dimensions of components
and features shown in the figures are generally chosen for convenience and clarity of
presentation and are not necessarily shown to scale. It is intended that the embodiments
and figures disclosed herein are to be considered illustrative rather than restrictive. The
figures are listed below:

FIG. 1 shows a cross sectional view of a prior art endoscope.

FIGS. 2A-B show cross sectional views of a multi-sensor endoscope having a rotating
section, according to exemplary embodiments of the present invention.

FIG. 3 shows a cross sectional view of a multi-sensor endoscope having a bending
section, according to exemplary embodiments of the present invention.

FIG. 4 shows cross-sectional view of a multi sensor endoscope having an angulating
section, according to exemplary embodiments of the present invention.

FIG. 5 shows a semi-pictorial view of a multi-sensor endoscopy system, according to
exemplary embodiments of the present invention.

FIGS. 6A-B show cross-sectional views of a multi sensor endoscope having more than

one maneuvering section, according to exemplary embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
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An aspect of embodiments related to an endoscope having an elongated shaft
terminating with a tip section, a maneuvering section and two or more sensors, wherein at
least one sensor is placed behind the tip section. Preferably, the sensor is a camera. For
simplicity of discussion the sensors are represented by cameras, which are meant to be
exemplary and illustrative, not limiting in scope.

Reference is now made to FIG. 1, which shows across sectional view of a prior art
endoscope, in this example three cameras (102, 103 and 106) (as well as other elements
such as a light source or a working channel, not shown) are located at the tip section
(101). In this case when the shaft (105) is moving or bended, using bending section (104),
the entire tip is moving and as a result the whole sensor's image is moving as well
without the option of changing the directions of the cameras relatively to each other.

The present invention provides an endoscope having one or more maneuvering section
such as bending, rotating or angulating sections. In this configuration each sensor may be
operated independently and as a result a dynamic field of view may be obtained.

As used herein, the term "rotating section" refers to a section of the endoscope, which can
be rotated around the shaft axis for up to 360 degrees or less.

As used herein, the term "bending section" refers to a section of the endoscope
which has a plurality of links, which enable the turning of a tip section and or other
section placed in front of the bending section in different directions.

As used herein, the term "angulating section” refers to a section of the endoscope,
which enables the turning of the tip section and or other section placed in front of the
angulating section in different directions.

During endoscopic procedures many times there is a need to extend the field of
view to see more organs, and even the entire abdominal cavity, while another camera
may still view another location. In order to achieve that, the present invention enables to
change the direction of one camera relative to a direction of another camera during the
operation. FIG. 2A shows an example of an endoscope, having a rotating section (206), a
front pointing camera (202) located at the tip section (201) and another camera positioned
at 90 degrees along the shaft axis (203) located at the rotating section 206.

Advantageously, this configuration allows obtaining a dynamic field of view. Here, one
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sensor, e.g. the front pointing camera remains still, while the additional sensor, located at
the rotating section 206 may be rotated separately, with no need to rotate the shaft 205.
FIG. 2B shows another example of a similar endoscope having a rotating section (260), a
tilted front pointing camera (220) located at the tip section (210) and another camera
positioned at 90 degrees along the shaft axis (230) located at the rotating section 260.
Since the front camera 220 is tilted, when only the shaft (250) is (mechanically) rotated,
the whole sensor image will move. Using a rotating section as described herein enables to
obtain a dynamic field of view.

Another way to obtain a dynamic field of view is by using a bending section
behind the tip section. FIG. 3 shows an example of an endoscope having a bending
section (305) behind the tip section (301), a front pointing camera (302) located at the tip
and a side pointing camera (306) located behind the bending section. The side pointing
camera 306 is positioned on an external surface 307 of a tube 308 of the endoscope. The
tube 308 comprises a hollow volume in which electronic wires carry information from
the sensors to a remote system, as described in figure 5. This configuration allows
obtaining a dynamic field of view with a wide angle of view. A similar sensor image may
be obtained if an angulating section is present instead of a bending section (not shown).

However, if an angulating section is used, the control of movement is preferred.
Also, when an angulating section is used instead of a rotating section, it is possible to
include more sensors, e.g. cameras of the same quality, at the same proximal length. FIG.
4 shows an endoscope having an angulating section (405), a tilted front pointing camera
(402) located at the frontal tip section (401), which is a portion of tip section (409).
Another camera is positioned at 90 degrees along the shaft axis (403) located behind the
tip section (409) and a third camera (406) located behind the angulating section (405), on
an external surface 407 of the tube 408, similar to tube 308 disclosed above. This
configuration allows having a dynamic field of view with a wide viewing angle.

As mentioned above the multi sensor endoscope of the present invention is not
limited only to one maneuvering section, but may include two or more identical or
different maneuvering sections. Reference is now made to FIGS. 6A-B, in which

configurations of multi sensor endoscopes having more than one maneuvering section are
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shown. Advantageously, in these configurations the field of view during maneuvering is
highly controlled. Configuration A describes an endoscope comprising a bending section
(604) and a rotating section (606), a front pointing camera (602) located at the tip section
(601) and another camera at 90 degrees along the shaft axis (603) located behind the tip
section may be rotated by rotating section (606). Configuration B describes an endoscope
comprising an angulating section (670) and a rotating section (660), a tilted front pointing
camera (620) located on an external surface 630 at the tip section (610), another camera
at 90 degrees along the shaft axis (680) located behind the tip section may be rotated by
rotating section (660) and a third camera at 90 degrees along the shaft axis (690) located
behind the angulating section (670). Similarly, in other configurations (not shown), two
or more maneuvering sections are present and two or more cameras may be positioned in
each of these sections at different degrees along the shaft axis.

Reference is now made to FIG. 5, which shows a semi-pictorial view of a multi-
sensor endoscopy system. The system may include a multi-sensor endoscope, such as the
endoscope of FIGS. 2, 3, 4 and/or 6. The Multi-sensor endoscope may include a handle
(510), from which an elongated shaft (520) emerges. Elongated shaft (520) terminates
with a tip section (530). Handle (510) may be used for maneuvering elongated shaft (520)
within a body cavity; the handle may include one or more knobs (515) and/or switches
which control bending, rotating and or angulating sections (525). A utility cable (580)
may connect between handle (510) and a controller (540). Utility cable (580) may include
therein one or more electrical channels. The electrical channel(s) may include at least one
data cable for receiving signals, e.g., video signals, from the front and side-pointing
sensors, e.g. cameras as well. In addition the light source cable (590) may connect
between the handle and (550) light source unit.

Controller (540) may govern power transmission to the endoscope's tip section (530),
such as for the tip section's sensors. Controller (540) may further control the maneuvering
by signals from the handle of one or more bending, rotating or angulating sections. One
or more input devices, such as a keyboard (545), may be connected to controller (540) for
the purpose of human interaction with the controller 540. A display (560) may be

connected to controller (540), and configured to display signals such as images and/or
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video streams received from the sensors, e.g. cameras of the multi-sensor endoscope.
Display (560) may further be operative to display a user interface for allowing a human
operator to set various features of system.

Optionally, when the sensors are cameras, the video streams received from the
different cameras of multi-sensor endoscope may be displayed separately on display
(560), either side-by-side or interchangeably (namely, the operator may switch between
views from the different cameras manually).

Alternatively, these video streams may be processed by controller (540) to
combine them into a single, panoramic video frame, based on an overlap between fields
of view of the cameras. In another configuration (not shown), two or more displays may
be connected to controller (540), each for displaying a video stream from a different

camera of the multi-sensor endoscope.
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Claims:

1. A multi-sensor endoscope having a dynamic field of view comprising:

a. an elongated shaft terminating with a tip section;

b. at least one maneuvering section connected to the elongated shaft;

c. at least two sensors, wherein at least one sensor is placed behind the tip section, on an
external surface of the elongated shaft; and

d. one or more illuminators located on external surface of the elongated shaft.

2. The multi-sensor endoscope according to claim 1, wherein one or more of said sensors
is a camera.

3. The multi sensor endoscope according to claim 1, wherein each one of said sensor is
placed up to 135 degrees from the elongated shaft axis at the proximal section.

4. The multi sensor endoscope according to claim 1, wherein each one of said sensor is
placed up to 120 degrees from the elongated shaft axis at the proximal section.

5. The multi sensor endoscope according to claim 1, wherein each one of said sensor is
placed up to 90 degrees from the elongated shaft axis at the proximal section.

6. The multi sensor endoscope according to claim 1, wherein each one of said sensor is
placed up to 60 degrees from the elongated shaft axis at the proximal section.

7. The multi sensor endoscope according to claim 1, wherein each one of said sensor is
placed up to 45 degrees from the elongated shaft axis at the proximal section.

8. The multi sensor endoscope according to claim 1, wherein each one of said sensor is
placed up to 30 degrees from the elongated shaft axis at the proximal section.

9. The multi sensor endoscope according to claim 1, wherein each one of said sensor is
placed at O degrees from the elongated shaft axis at the proximal section.

10. The multi sensor endoscope according to claim 1, wherein said sensors are pointing at
different directions to one another.

11. The multi-sensor endoscope according to claim 2, wherein each of said cameras
comprises a Charge Coupled Device (CCD) or a Complementary Metal Oxide

Semiconductor (CMOS) image sensor.

10
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12. The multi sensor endoscope according to claim 1, wherein one or more of said
sensors is a thermal sensor or infra red (IR) light sensor, ultra violet (UV) sensor, an
ultrasound sensor or an X-ray sensor.

13. The multi sensor endoscope according to claim 1, wherein said maneuvering section
comprises a bending section..

14. The multi sensor endoscope according to claim 1, wherein said maneuvering section
comprises a rotating section.

15. The multi sensor endoscope according to claim 1, wherein said maneuvering section
comprises an angulating section

16. The multi sensor endoscope according to claim 1, wherein said maneuvering sections
operate separately or simultaneously.

17. The multi sensor endoscope according to claim 1, wherein each one of said
maneuvering section is operated manually or electrically.

18. The multi sensor endoscope according to claim 1, wherein one or more of said
sensors that are located behind the tip section, is located in one or more of the sections
behind the tip.

19. The multi sensor endoscope according to claim 1, wherein said sensors and said
illuminators are configured to operate separately or simultaneously in various
combinations.

20. The multi sensor endoscope according to claim 1, wherein said endoscope is a
laparoscope.

21. The multi sensor endoscope according to claim 1, wherein each of said illuminators
comprises a light-emitting diode (LED).

22. The multi sensor endoscope according to claim 1, wherein at least one of said
illuminators is configured to emit white light.

23. The multi sensor endoscope according to claim 1, wherein at least one of said
illuminators is configured to emit ultraviolet light.

24. The multi sensor endoscope according to claim 1, wherein at least one of said

illuminators is configured to emit infrared light.

11
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25. The multi sensor endoscope according to claim 1, wherein at least one of said
illuminators is configured to emit near-infrared light.

26. The multi sensor endoscope according to claim 1, wherein said illuminators are
configured to emit light in different wavelengths.

27. The multi sensor endoscope according to claim 1, wherein at least one of said
illuminators is an ultrasound transducer to emit ultrasound signals.

28. The multi sensor endoscope according to claim 1, wherein said illuminators is an X-
ray configured to emit different X-ray wavelengths.

29. The multi sensor endoscope according to claim 1, wherein each sensor can change its
viewing direction separately by using the maneuvering mechanism.

30. The multi sensor endoscope according to claim 2, wherein at least one of said
cameras comprises a lens assembly providing a field of view of 45 degrees or more.

31. The multi sensor endoscope according to claim 2, wherein at least one of said
cameras comprises a lens assembly providing a field of view of 60 degrees or more.

32. The multi sensor endoscope according to claim 2, wherein at least one of said
cameras comprises a lens assembly providing a field of view of 80 degrees or more.

33. The multi sensor endoscope according to claim 2, wherein at least one of said
cameras comprises a lens assembly providing a field of view of 100 degrees or more.
34. The multi sensor endoscope according to claim 2, wherein at least one of said
cameras comprises a lens assembly providing a field of view of 120 degrees or more.
35. The multi sensor endoscope according to claim 2, wherein at least one of said
cameras comprises a lens assembly providing a field of view of 140 degrees or more.
36. The multi sensor endoscope according to claim 2, wherein said cameras comprises a
lens assembly providing a focal length of approximately 2-20 centimeters.

37. The multi sensor endoscope according to claim 2, wherein said cameras comprises a
lens assembly providing a focal length of approximately 2-18 centimeters.

38. The multi sensor endoscope according to claim 2, wherein said cameras comprises a
lens assembly providing a focal length of approximately 2-15 centimeters.

39. The multi sensor endoscope according to claim 2, wherein said cameras comprises a

lens assembly providing a focal length of approximately 2-13 centimeters.

12
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40. The multi sensor endoscope according to claim 2, wherein said cameras comprises a
lens assembly providing a focal length of approximately 2-10 centimeters.

41. The multi sensor endoscope according to claim 2, wherein fields of view of said
cameras are at least partially overlapping from a specific distance and specific direction
of the viewing direction camera lenses, such that an object from a the specific distance of
the interest viewed via said one camera remains in the field of view of said second
camera while said tip section or other section behind the tip section is being turned or
fixed towards the object, and at least until the object becomes visible through one of said
cameras.

42. A method of achieving a dynamic field of view in an endoscope, comprising
maneuvering at least one maneuvering section connected to an elongated shaft, wherein
the maneuvering section comprises a first camera that changes a viewing direction
relative to another camera of the endoscope.

43. A multi-sensor endoscopy system comprising:

an endoscope comprising a handle;

an elongated shaft terminating with a tip section, said shaft is controlled by the handle;
a maneuvering section connected to the elongated shaft;

at least two sensors, wherein at least one sensor is placed behind the tip section, on the
maneuvering section;

one or more illuminators;

a controller connected to said handle of said endoscope by way of a utility cable;

a display connected to said controller and configured to display signals streams received

from said sensors.

13
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