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SoLib STATE VARIABLE DIRECTION OF VIEW ENDOSCOPE

FIELD OF THE INVENTION

[0001] The present invention relates to variable direction of view
endoscopes, in particular, variable direction of view endoscopes incorporating
solid state imagers.

BACKGROUND OF THE INVENTION

fooo1] Variable direction of view endoscopes allow the user to change
the endoscopic viewing direction without having to change the position of the
endoscope itself. Such endoscopes are useful when the user wants to see
structures which are beside or behind the tip of the endoscope but can not
easily move the endoscope shaft because of anatomical constraints or
constraints imposed by other surgical instruments in the operative field.

[0002) Variable direction endoscopy is desirable because it affords
surgeons greater flexibility in their procedural approach. Increased viewing
mobility improves the quality of diagnoses, as in cystoscopy for example,
where a typicél diagnostic screening involves inspecting the interior surface of
the bladder for lesions or tumors. The ability to look laterally and retrograde is
important when doing this type of diaghosis because it makes it possible to
visually cover the entire bladder surface, including the entrance region near
the bladder neck. In ear-nose-throat and neurosurgical procedures, variable
viewing is desired because the procedures are delicate, and the entrance
ports are small. It is therefore not poséible to manipulate the endoscope
significantly without injuring the patient.; The ability to look sideways and
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backwards is important however during and after tumor resection when it is
neceséary to keep track of tumor fragments, which if not caught can nucleate
new tumors. Laparoscopy, another surgical discipline, imposes fewer
maneuvering constraints but still benefits markedly from variable direction
viewing because it allows surgeons tc} get better observation angles during a
procedure and increases diagnostic capabilities. Also, because of the greater
viewing versatility, variable direction of view endoscopes can minimize
conflicts with other tools and can simbfify surgical planning by their ability to
achieve standard viewing angles from nonstandard positions, allowing the
surgeon to keep the endoscope “off to the side” but stili get the desired view.

[eoo3] A fundamental feature of variable direction endoscopy is that it
generally makes it possible for surgeons to eliminate "blind movements.” A
blind movement is the process of mm;ring an instrument inside a patient
without being able to see where the Instrument is heading. This can occur
when it Is necessary to advance a fixed-angle side viewing endoscope in its
length direction without being able to see what is ahead of the scope, or when
a surgical tool has to be manipulated at the boundary of the endoscopic field
of view.

fooo4]  Many known variable direction of view endoscopes also have
drawbacks. First, these scopes use a movable image sensor or optical
element at the tip of the scope to vary the viewing direction. Because of these
moving parts, fabricating variable direction of view scopes is complicated and
costly, and such scopes are less robuSt than traditional fixed-angle scopes.
Also, they often deliver inferior illumination and image quality.

[ooos] These scopes, both rigid and flexible tip endoscopes, also
subject the user to disorientation. As the endoscopic line of sight is changed,
the user faces two difficulties. The first is keeping track of where the
endoscope is “locking.” With a rigid fixed-angle endoscope it is relatively easy
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for the user to extrapolate the endosp_opic viewing direction from the position
of the endoscope shaft. This is not the case when the viewing direction is
regularly changed relative fo the Iongitudihal axis of the endoscope; the user
quickly loses track of spatial orientation within the anatomy being observed.
The second difficulty is keeping track of what is “up” in the endoscopic image.
Depending on the view-changing mechanism, the image will rotate relative to
the surroundings, and the user frequently loses orientation. This
disorientation is often not correctable, especially in variable direction of view
scopes which have distal imagers and no facility for changing image
orientation.

looos}  Given the difficulties of variable direction endoscopes, it is
common for surgeons to utilize rigid endoscopes with fixed viewing angles.
Surgeons rely heavily on knowing that a certain endoscope provides a 30 or
45 degree viewing angle. This preference for using multiple fixed angle
endoscopes is due in part to the fact that a surgeon knows that for a particular
endoscope they can dependably know what the anatomy should look like.
Figs 1A, 1B, 1C and 1D show the distal ends of four commercially available
endoscopes 10, 20, 30, 40 with the most commonly used viewing directions
(view vectors} 50 corresponding to angular offsets from the longitudinal
endoscope axis 60 of 0, 30, 45, and 70 degrees. Different surgical
procedures typically require endoscopés of most of these angles with specific
emphasis on one of them, often the 30 degree endoscope because it provides
both a good forward view and a certain amount of lateral viewing. However,
in most procedures, such as ear-nose-throat, bladder, orthopedic, brain, and
abdominal procedures, lateral and parﬂal retroviewing is beneficial and can be
vital. Unfortunately surgeons often try" to make due with only one or two
scopes because changing the endoscope mid procedure is
cumbersome (both light and camera cébles have to be disconnected and
reconnected), time consuming, and sometimes dangerous. Also, inserting off-
angle endoscopes can be dangerous because they are not "looking" in the
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direction they are being inserted. Thisis a problem in neurosurgery, where
surgeons often will not use 45- or 70-degree endoscopes because they are
afraid of blindly thrusting the endoscope into delicate tissue.

[0007] Several designs have been proposed that provide solid state
variable direction of view endoscopes to reduce or eliminate the number of
moving parts. U.S. Patent Nos. 5,185,667 and 5,313,306 disclose using a
fish-eye lens that provide a hemispherical field of view, i.e. the lens provides a
wide angle image that provides variable viewing in both the x and y directions.
U.S. Patent No. 6,449,103 discloses the use of an endoscope with a
catadioptric system. U.S. Patent No. 5,800,341 discloses an endoscope with
charged coupled devices (CCDs) forming a circumferential band about the
distal portion of the endoscope or CCDs covering substantially all of the outer
side wall of the shaft adjacent to the distal end. U.S. Patent No. 5,954,634
discloses the use of an image sensor at the proximal end of the endoscope
that can move in a direction perpendicularly to the optical axis to enable
selected portions of the image field to be viewed. However, these solutions
can be considered deficient because they either provide poor resolution
compared to a standard 70 degree field of view system, are overly complex
and not feasible to manufacture, do not provide retrograde viewing, i.e.
viewing at an angle greater than 90 degrees relative to the axis of the
endoscope in the distal direction, or still incorporate overly complex motion.

[ooo8]  What is desired, therefore, is variable direction of view
endoscope that can provide a feasibleidesign and reduce the number of
moving parts. It is further desired to provide an endoscope that can also
provide forward and retrograde viewing. It is still further desired to provide an
endoscopic system that enables a surgeon to utilize reliable standard
endoscopic viewing angles and at the same time provide an overall field of
view that encompasses the viewing range.
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' SUMMARY OF THE INVENTION

[0009]  Accordingly, it is an object of the present invention to provide
an endoscope with a wide angle Iens'system that comprises an optical axis
that is angularly offset from a longitudinal axis of the endoscope such that the
optical axis resides at an angle greater than zero degrees to the longitudinal
axis. The wide angle lens system simultaneously gathers an endoscopic
image field at least spanning the longitudinal axis and an angle greater than
ninety degrees to the longitudinal axis. The endoscope further comprises an
imager comprising an imaging surfacé area that receives at least a portion of
endoscopic image transmitted by the wide angle lens system and produces
output signals corresponding to the endoscopic image field and image forming
circuitry that receives the output signal and produces an image signal. Itis
preferable that the imaging surface area is rectangular with the longitudinal
dimension of the imagining surface area corresponding to the longitudinal
dimension of the endoscopic image field.

[e0010] Itis another object of the invention to provide an endoscopic
system with image selecting circuitry that receives the image signa! and
produces a region of interest signal that corresponds to a region of interest
field that is less than the endoscopic image field. The region of interest field
can correspond to standard endoscopic viewing angles of zero, thirty, forty-
five, and seventy degrees. The endoécopic system can further comprise
image control circuitry that receives a region of interest field selection from a
user input and produces a field contrdl signal identifying the region of interest
field. The image selecting circuitry receives the field control signal and
produces the region of interest signal in accordance with the field control
signal. The image selecting circuitry can rotate the image formed by the
region of interest signal about the axis of the viewing angle in order to
alleviate disorientation by the user when switching befween standard

endoscopic viewing angles.
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[00011} The user input can enable a user to select at least one preset
standard endoscopic viewing angle and instructs the image control circuitry to
generate a field control signal in accofdance with that selection. The user
input can further enable a user to sefect a progressive adjustment and
produces an adjustment signal that inérementally alters the region of interest.

[00012] The endoscopic system can still further comprise video
processing circuitry that generates video signals on the basis of the image
signal and/or region of interest video signal and output a all image video
signal or region of interest video signél respectively to a display. The video
processing circuitry can also provide a combined video signal comprising a
first frame displaying the region of interest video signal and a second frame

. displaying the all image video signal. .

[00013] It is yet another object of the present invention for the
endoscope to comprise a transmission system that redistributed the angle of
incidence of the image rays gathered from the endoscopic field of view‘on to
the image surface area in order to even out the information density accross
the surface area. This can be provided by a lens system that redistributes
substantially the entire endoscopic image field in the longitudinal direction to
correspond to the imaging surface area. Preferably this lens system is an f-
theta lens system. Other objects of thb invention and its particular features
and advantages will become more apparent from consideration of the
following drawings and accompanying description.

BRIEF DESCRIPTION OF THE DRAWINGS

[o0014] FiG. 1A-D is a depiction of standard fixed angle endoscopic

systems.



(22) JP 2010-17552 A 2010.1.28

[00015] FIG. 2A is cross-section of the distal end of the endoscope of
the present invention along the longitudinal axis.

[00016] FIG. 2B is a depiction of the image sensor of the endoscope of
the present invention relative to the endoscopic field of view.

[00017] FIG. 2C is a schematic of the circuitry for the endoscopic
system of the present invention that provides for image processing.

[00018] FIG. 3Ais a depiction of information distribution upon an
image sensor from a wide angle lens without image correction.

foo019] FIG. 3B is a depiction:of information distribution upon an
image sensor from a wide angle lens with image correction.

[00020] FIG. 4Ais a depiction of a display gen'erated by the
endoscopic system of the present invention.

[00021] FIG. 4B is a depiction of another display generated by the
endoscopic system of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[00022] The following detailed description illustrates the invention by
way of example, not by way of limitation of the principles of the invention. This
description will enable one skilled in the art to make and use the invention,
and describes several embodiments, adaptations, variations, alternatives and
uses of the invention, including what is presently believed to be the best mode
of carrying out the invention. |

[00023] Fig. 2A and 2B depict a preferred embodiment of the present
invention. Fig. 2A, depicts a distal tip 10 of an endoscope with a longitudinal
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axis 60, a viewing window 70, a wide angle lens system 165 with optical
center 160 and a transmission systeni 180. The optical center 160 is
angularly offset from the longitudinal axis 60 of the endoscope 10 and covers
a viewing range 130 of 160 degrees from -45 to +115 degrees relative to the
longitudinal axis. From this configuration, the wide angle lens system 165
simultaneously gathers an endoscopic image field 130 that spans the
longitudinal axis and an angle greater.than ninety degrees to the longitudinal
axis. As a result, the simultaneous image field gathered by the endoscope
provides both forward and retrograde imaging. Providing a variable view
endoscope that spans this range is beneficial because it enables a user to
view objects that reside in front of the endoscope and behind the standard
fields of view for endoscopes. This improves the ability of a user to safely
operate and handle the device in the body cavity. Further by incorporating a
wide angle lens with an optical center that is angularly offset relative to the
longitudinal axis, the endoscope will be able to more accurately mimic the
viewing capabilities and function of a fixed angle endoscope. As discussed in
more detail below, while wide angle lenses are beneficial in that they can
increase the overall field of view, one deficiency is that they tend to provide an
uneven information distribution over the overall field of view, i.e. the resolution
of images obtained at angles further away from the optical axis will be
diminished. As a result, a wide angle lens with an optical center that is
angularly offset will enable the endoscope to produce higher resolution
images at angles that correspond to standard fixed angle endoscopes. This
will improve the wiflingness of surgeons to adopt and use variable view
endoscopes.’ '

[00024] The image field gatheréd by wide angle lens system 165 is
conveyed to transmission system 150, Which will be discussed in more detail
below. Transmission system 150 in turn conveys the wide angle field of view
to an image sensor that comprises image surface area 170. image surface
area 170 is formed by a plurality of pixels that gather light images and convert
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the images to output signals. Image surface area 170 is preferably
rectangularly shaped with a longitudinal dimension that is greater than its
lateral dimension, but can also be a variety of different shapes, such as _
square, circular or oval. Also, it is preferable that the image surface area 170
has an HD aspect ratio of 16:9. Since a wide-angle lens system can provide
uneven information distribution, without correction an HD image sensor
enables the crowded information regions to be captured and displayed on a
monitor. As shown in Fig. 2b, image surface area 170 partially captures field
130. Itis preferable that the longitudinal dimension of image surface area 170
substantially correspond to the entire longitudinal dimension of field 130. This
enables the endoscopic system to provide the user with an image or a range
of regions of interest that span the field of view of the endoscope. However,
image surface area 170 only captures a portion of the lateral dimension of
field 130. The lateral dimension of aréa 170 can be chosen such that the
distortion of an image laterally is minimal and not detected by the human eye.
Further, by fimiting the lateral dimension of the sensor, the cross-sectional
area of the endoscope can be more efficiently used. For instance, the lateral
dimension of the wide angle lens can be reduced and consequently reduce

- the overall size of the endoscope. Also, the area of the field of view not
captured by the sensor can be used carry a fiber optic illumination system.

[00025] Fig. 2b also depicts specific regions of interest (ROls) at 0, 30,
45 and 70 degrees which can selected by a user over a range 190 and is
discussed in more detail below. A region of interest is an image area formed
on image surface area 170 that is a subset of the overall field of view captured
by the sensor. The center of the area of the ROI corresponds to a selected
longitudinal viewing angle chosen by a user. The overall area of the ROl can
correspond to the field of view typically provided by a fixed angled endoscope
for that same angle. Alternative, the overall area of the ROl can be chosen to
provide a minimal distortion varlation across the overall area. This can be
achieved by providing image selecting circuitry that forms a region of interest
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signal based on a predetermined set of sensor pixels. Alternatively, this can
be achieved by providing an image sélecting cirduitry that measures the
degree of variance of an image signal for pixels that encompass the viewing
angle and selects an area of the ROl based on a distortion tolerance. Still
further, the overall area of the ROl can be chosen such that the field
encompassed by a viewing angle at least partially overlaps with an adjacent
standard viewing angle, such as 30 and 45 degrees. ROls that are sized to
overlap with adjacent viewing angles will assist a user in maintaining
orientation in the event that a viewing angle is changed.

[00026] As shown in Fig. 2C, image sensor 175 produces output
signals 212 that correspond to the endoscopic image field. Image forming
circuitry 200 receives the output signals and converts the signals in to image
signals 214. Image signals 214 can be received by image selecting circuitry
202, which utilizes this signal to produce a region of interest signal 216. As
discussed above, image selecting circuitry 202 forms RO signal 216 by
selecting the portions of the image sfgnél 214 that correspond to the pixels of
sensor 170 that surround a particular viewing angle within a given area. Fig.
2C also shows that the endoscopic system also comprises a user input 208,
from which a user can select a fegion of interest viewing angle. When a user
selects a region of interest viewing angle, input 206 transmits a region of
interest field selection 218 that is received by image control circuitry 204.
Image control circuitry 204 in turn produces a field control signal 220
identifying the ROI. The field control signal 220 is received by the image
selecting circuitry 202, which generates a region of interest signal 216 in
accordance with the field control signal 220,

[o0027] Preferably input 206 enables a user to select preset standard
endoscopic viewing angles and instructs the image control circuitry to
generate a field control signal in accordance with that selection. Itis
preferable that the input 206 enables the user to select viewing angles



(26) JP 2010-17552 A 2010.1.28

corresponding to 0, 30, 45 and 70 degrees relative to the longitudinal axis of
the endoscope.

[00028] Itis also preferable that input 206 also provides a user with a
nudge, or progressive adjustment, capabilities. In such an embodiment, input
206 can provide a selection 218 that incrementally alters the RO! subh that
the user can see a portion of a cavity just outside the field of view for the
viewing angle. In one aspect, the input can provide a selection 218 that
incrementally adjusts the viewing angle in the longitudinal direction above or
below the current viewing angle, shifting the pixels selected to form the ROI
signal. Alternatively, the input can provide a selection 218 that incrementally
expands the area of the ROI in one longitudinal direction by incorporating
additional pixels that reside in that direction in to the ROI signal. Another
alternative is to for the input to provide a selection 218 incrementally expands
the area of the RO in both longitudinal directions by incorporating pixels that
longitudinally reside above the original area of the ROl and incorporating
these pixels into the ROl signal. Giving a user the ability to nudge enables
the user to look slightly beyond what is currently shown in the ROI. Today
surgeons using a fixed angle endoscope sometimes operate on the edge of
the view field with limited vision because the endoscope cannot be
manipulated to achieve the necessary view. Slightly changing the orientation
of a fixed angle endoscope or swapping one endoscope for another with a
different viewing angle can be cumbersome and dangerous. By incorporating
a nudge feature, the user is able to start from a standard endoscopic viewing
angle and slightly shift the viewing angle to see what is outside the initial ROI,
Also, if a preset view angle does not provide the necessary field of view,
changing to another preset viewing angle will require the surgeon to reorient
themselves. The nudge enables the surgeon to make a progressive change
to the viewing angle and helps avoid disorientation.
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[006029] Typically when a user switcheé between standard endoscopic
viewing angles the user can become disoriented because the placement of
common objects within a body cavity at the second viewing angle will differ
than the first viewing angle. To address this problem, it is preferable that
input 206 enables a user to rotate an image formed within a ROl. In such an
embodiment, input 206 can provide a $election 218 to image control circuitry
204 to generate a field control signal 220 that instructs image selecting
circuitry 202 to rotate the image produced by the region of interest signal 216
about the viewing angle axis. This embodiment enables a user to
electronically correct the orientation of an endoscopic image in order to
overcome any problems associated with disorientation.

[00030] The endoscopic system further includes video processing
circuitry 208 that converts the region of interest signal 216 and/or image
signal 214 into a video signal 222, which is received by a standard display
210. When the video processing circuitry 208 receives image signal 214, the
processing circuitry generates an all image video signal. When the video
processing circuitry 208 receives ROI signal 214, the processing circuitry
generates a region of interest video signal.

[00031] Fig. 4A shows an embodiment of the image generated by
video signal 222 on display 210. Display 210 provides a video image 280 that
includes a first frame depicting the region of interest image 180 for a selected
viewing angle, in this case 45 degrees, and a second frame that displays the
all image video signal 270. It is preferable that the all image video signal 270
also include indicia 185 that show the location of the region of interest image
180 relative to overall field of view. Video image 280 is beneficial because in
most surgical situations it is useful for the surgeon to have the largest view of
the entire field possible. However, as discussed below, very large fields of
view can be subject to significant dfstoﬁion and are not always optimal to use
for surgical visualization. When a large field 270 is coupled with a local view
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180 associated with a RO, it becomes useful because it helps the surgeon
see where the selected ROI 180 is located in the global surgical

landscape. Fig. 4B shows an alternative display scheme using a large
monitor 290 which displays a global image 270 and simultaneously a full scale
local image 180 on top of the global image.

[00032] [n typical wide angle éystems, the information density will vary
across the captured field, i.e. for viewing angles that are further away from
optical center 160, such as the 0 and 70 degree viewing angles depicted in
Fig. 2A, the information density can be substantially less than optical center.
When such a wide angle field of view is projected on to a solid state imager,
such as a CCD or CMOS imager, the fresolution of the field at these viewing
angles can be noticeably poor. As shown in fig. 3A, the information density
across image surface area 170 is typically greater towards the center of the
imager and can decrease substantiall_y across the imager in the longitudinal
directions. While the present invention can be implemented without adjusting
for this difference in information density, it is preferable that endoscope 10
provide a transmission system 150 that redistributes the image field to even
out the information density across image surface area 170. To even out the
information density and improve the resolution of the imager as shown in F ig.
3B, it is preferable that transmission system 150 comprise an f-theta optical
system. An f-theta optical system uniformly separates the image rays incident
to wide angle lens 165 by a distance proportional to f-theta, where f is the
focal distance of the lens system and theta is the angle of incidence of the
image rays relative to optical axis 160. The f-theta optical system provides a
uniform redistribution of the image field relative to the optical axis such that a
more uniform information density can be provided on the imaging area.

[00033] If the optical system does not correct the variation In
information density attributable to the wide angle lens system, then it may be
necessary to provide circuitry that can correct any distortion or uneven
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information denéity that can be present in the image signal or the region of
interest signal. However, by utilizing an f-theta optical system, the need to
incorporate corrective circuitry and the complexities associated with such
manipulation can be avoided.

[00034] The present invention merges the versatility of mechanical
variable view systems with the relative simplicity of solid state designs. The
advantage of the present invention is that it provides a variable view system
that reduces or eliminates the need td use complex mechanical systems. The
present invention also overcomes a number of disadvantages provided by
typical wide angle endoscopic systems that incorporate solid state imagers.
The present invention can provide a single instrument with no moving parts
which provides the surgeon with all the standard ahd familiar viewing
directions and ergonomics while maintaining excellent imaging performance.

[00035] The present invention has been described above in terms of a

'presentfy preferred embodiment so that an understanding of the present
invention can be conveyed. However, there are alternative arrangements for
a solid state variable direction of view endoscope. The scope of the present
invention should therefore not be limited by the embodiments discussed, but
rather it shouid be understood that the present invention is widely applicable
to variable viewing direction instruments in general. All modifications,
variations, or equivalent elements and implementations that are within the
scope of the claims should therefore be considered within the scope of this

invention,
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1. An endoscope, comprising:

a wide angle lens system that comprises an optical axis that is
angularly offset from a longitudinal axis of the endoscope such that the optical
axis resides at an angle greater than zero degrees to the longitudinal axis,
wherein the wide angle lens system simultaneously gathers an endoscopic
image field at least spanning the longitudinal axis and an angle greater than
ninety degrees to the longitudinal axis;

an imager comprising an imaging surface area that receives at lsast a
portion of endoscopic image transmitted by the wide angle lens system and
produces output signals correspondirfg to the endoscopic image field; and

image forming circuitry that receives the output signal and produces
an image signal.

2. The endoscope of claim 1, further comprising image selecting circuitry
that receives the image signal and produces a region of interest signal that
corresponds {0 a region of interest ﬂe[d that is less than the endoscopic image
field.

3. The endoscope of claim 2, wherein the region of interest field
corresponds fo a standard endoscopic viewing angle.

4. The endoscope of claim 3, wherein the standard endoscopic viewing
angle is selected from a group consisting of zero, thirty, forty-five, and seventy
degrees.

5. The endoscope of claim 2, further comprising image control circuitry
that receives a region of interest field selection from a user input and
praduces a field control signal identifyjng the region of interest field; wherein



(31) JP 2010-17552 A 2010.1.28

the image selecting circuitry receives the field control signal and produces the
region of interest signal in accordance with the field control signal.

6. The endoscope of claim 5, wherein the user input enables a user to
select at least one preset standard _erjdoscopic viewing angle and instructs the
image control circuitry to generate a field control signal in accordance with
that selection.

7. The endoscope of claim 6, wherein the user input enables a user to
select a progressive adjustment and produces an adjustment signal that
incrementally alters the region of interest.

8. The endoscope of claim 7, wherein the adjustment signal incrementally
alters the viewing angle above or below the at least one preset standard
endoscopic viewing angle.

9. The endoscope of claim 7, wherein the adjustment signal incrementally
increases the area of the region of interest in at least one longitudinal

direction.

10.  The endoscope of claim 9, wherein the adjustment signal incrementally
increases the area of the region of interest in two longitudinal directions.

11.  The endoscope of claim 5, wherein the user input enables a user to
rotate the image formed by the region of interest signal.

12.  The endoscope of claim 5, wherein the image selecting circuitry rotates
the image formed by the region of interest signal.

13.  The endoscope of claim 12, whérein the image selecting circuitry
rotates the image formed by the region of interest signal about the axis of the
viewing angle.
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14. The endoscope of claim 2, further comprising video processing circuitry
that generates video signals on the basis of the image signal and outputs the
video signal to a display. '

16.  The endoscope of claim 14, wﬁerein the video processing circuitry
generates an all image video signal b?sed on the image signal and outputs
the all image video signal to the display.

16.  The endoscope of claim 15, wherein the video processing circuitry
generates a region of interest video signal based on the region of interest
signal and outputs the region of interest video signal to the display.

17.  The endoscope of claim 16, wherein the video processing circuitry
generates a combined video signal comprising a first frame displaying the
region of interest video signal and a second frame displaying the all image

video signal.

18.  The endoscope of claim 17, wherein the second frame includes indicia
denoting the local regicn of interest cdrresponding the all image video signal.

19.  The endoscope of claim 1, wherein the image surface area is
rectangular and comprises a longitudinal dimension that is aligned with the
longitudinal dimension of the endoscopic image field.

20. The endoscope of claim 1, further comprising an image redistribution
transmission system residing in the transmission path between the wide angle
lens system and the imager.

21.  The endoscope of claim 20, wherein the image redistribution
transmission system comprises at least one lens that alters the distribution of
the endoscopic image field to correspond to the imaging surface area.

22.  The endoscope of claim 21, wherein the at least one lens redistributes
substantially the entire endoscopic image field in the longitudinal direction to
correspond to the imaging surface area.

23.  The endoscope of claim 20, wﬁerein the image redistribution
transmission system comprises an f-theta lens system.
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1 Abstract

An endoscope with a wide angle lens that comprises an optical axis
that is angularly offset from a longitudinal axis of the endoscope such that the
optical axis resides at an angle greater than zero degrees to the longitudinal
axis. The wide angle lens system simultaneously gathers an endoscopic
image field at least spanning the longitudinal axis and an angle greater than
ninety degrees to the longitudinal axis, The endoscope further includes an
imager comprising an imaging surface area that receives at least a portion of
endoscopic image fransmitted by the wide angle lens system and produces
output signals corresponding to the eridoscopic image field and image forming
circuitry that receives the output signal and produces an image signal.

2 Representative Drawing
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