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Description

Background and Summary
BACKGROUND OF THE INVENTION
A. Field of the Invention

[0001] The present invention relates to a novel endo-
scope or an optical large view endoscopic system with
improved depth perception. In particular, a multiple view-
point endoscope system comprising a multiple viewpoint
camera setup and/or an intelligent or cognitive image
control system and display device particularly adapted
for localising internal structures within a cavity or an en-
closing structure, such as an animal body, for instance
the abdomen of an animal or human, or for localising a
real or synthetic image of such internal structures within
an overview image or on an overview 3D model.

B. Description of the Related Art

[0002] Endoscopy refers to techniques used to inspect
or to look into internal cavities or hollow structures. En-
doscopy is used today for medical applications and for
industrial applications such as for instance in the visual
inspection of aircraft, diesel and automotive engines by
so called borescopes (horoscopes). In the medical field
endocospes are used for life saving inspections and in-
terventions such as endoscopic surgery on organs in a
patient’s body cavity. Borescopes allow preventive main-
tenance or inspection work where the area to be inspect-
ed is inaccessible by other means. They can for instance
be used for preventive maintenance and inspection tasks
on targets within an enclosed structure such as aircraft
engines and others which require particular attention be-
cause of safety requirements. In the remainder of this
text only the medical field will be used to illustrate the
new apparatus. Its applicability, however, extends with-
out limitations to the industrial working domain.

[0003] Medical endoscopic surgery, also called mini-
mal access surgery has become widely used over the
last decade because of clear-cut advantages such as a
decreased postoperative morbidity, less pain and a short-
er hospitalisation. Endoscopic surgery, however, is tech-
nically more demanding than ’classical open surgery’ for
several reasons such as smaller instruments, and the
limitation of the smaller entry ports. The learning curve
of endoscopic surgery is much longer than expected a
decade ago.

[0004] A crucial problem remains the monocular vision
with limited depth perception, together with a small field
of view also referred to as 'tunnel vision’. Normally sur-
geons work with a camera acquiring video data through
the endoscope, and perform surgery on a video display.
This causes most depth of vision cues to be lost. The
small field of view leads to difficulties of orientation and
surgical mistakes. Experimentally, we were able to dem-
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onstrate in a rabbit nephrectomy model that the duration
of surgery, bleeding and accidents increase when the
fields of view becomes smaller. This increase in duration
of surgery and in accidents as a consequence of the small
field of view decreases with the experience of the sur-
geon, suggesting that with experience and training the
human brain is capable of reconstructing to a certain ex-
tent a broader field of view from the video data given.
Unexperienced surgeons perceive this problem much
more since they are not able to mentally reconstruct such
an overview of the working field. Another limitation of the
small field of view is the difficulty to position instruments
into the field of view : surgery is performed with the lens
at a short distance of the target tissue, eg 2 to 3 cm in
order to obtain a sharp enlarged image. To position an
instrument ’blindly’ in this field of view requires a lot of
experience and training. The alternative is to zoom out
to visualize the instrument and then to zoom in again
maintaining the instrument in the field of view. It is obvi-
ous, that this requires time, slowing down the surgery.
During emergency cases eg an important bleeding, this
becomes crucial : the artery should be clamped within
seconds with the camera at short distance for visualiza-
tion. If this fails, the operating field is flooded with blood,
making things more difficult. This is the main reason why
in gynaecologic surgery, for hysterectomies the conver-
sion rates (ie to change from laparoscopy to laparotomy)
range from 0 to 30 % according to the experience of the
surgeon.

[0005] Implementations of non-monocular vision
through an endoscope are in general embodied as a ster-
eo setup. Two nearby optical pathways provide a base-
line and therefore show two different real, but nearby
viewpoints. If presented respectively to the left and right
eye, this leads to depth perception for a human observer.
However, this approach has several drawbacks, like eg.
the need for an endoscope with a larger cross section or
with smaller optical pathways. Moreover, stereoscopic
visualization has no transparent implementation yet and
requires eg shutter glasses, auto-stereoscopic displays
or head mounted displays. Today these approaches to
3D visualization have failed to become widely accepted
in endoscopic surgery because too cumbersome and too
expensive without real demonstrable benefits.

[0006] The limitation of a restricted view has been ad-
dressed historically by building wide angle lenses. These
have the drawback, however, that a close up view can
only be obtained with the lens at a short distance form
the tissue, thus making the working distance, ie the dis-
tance between lens and tissue limited. Another approach
is by using with the endoscopes a varifocal camera unit
or by using lenses with different focal lengths. This pro-
vides a surgeon with an optical zoom, and allows to re-
strict or enlarge the working field. However, zooming and
refocusing is not straightforward per-operatively and is
no real option to get a quick overview of the scene. Indeed
if one hand holds a camera with a lens, a second hand
is needed to adjust the angle of view ; this second hand
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thus is no longer available for surgery, A zoomed out
camera view -even if used with larger monitors- is not
practical to work with.

[0007] The problemthus narrows downtothe dilemma,
that we need a high resolution essential to work. This
requires either a wide angle at short distance or a narrow
view at larger distance. The former solution limits the
working space, the latter solution makes an overview pic-
ture practically impossible. Today lenses and camera
units with a variable field of view exist but are not really
used for practical reasons.

[0008] More recently so called 'capsule endoscopy’
has been introduced. This technique normally refers to
the conceptof’acameraina pill'. The deviceis swallowed
and travels independently the internal digestive system.
During this passage video data (and eventually supple-
mentary data) are being collected and either stored in
local memory or send to a receiver using a wireless link.
One of the promoter applications of this technique is the
inspection of the small intestine eg to check whether ane-
mia could be caused by intestinal bleeding.

Problem summary

[0009] Despite the advanced stage of current systems
for video endoscopy there is a need in the art for vid-
eoendoscopes or videoborescopes that ascertain ease
and safety of critical operations by providing an accurate
depth perception and ease of positioning the instruments
in the field of view. Moreover the working field is limited
and there is no means to visualize instruments outside
this field of view and still keep a high resolution image of
the local working field. No method or aparatus currently
can generate either an overview image of the endoscopic
working volume, or multiple different viewpoints of the
endoscopic working volume. Neither are there existing
systems for endoscopic 3D acquisition, which can gen-
erate quantitative 3D measurements, and this through
an unmodified mono focal endoscope, even in case of a
deformable environment. The difference with stereo en-
doscopy or stereoscopic endoscopy and visualisation will
be explained later in this text and mainly relate to the
relative distance between the different lenses and the
size of the object. In endoscopic stereo systems the lens-
es are near to each other when compared to the relative
size of the objects, in the system of present invention this
is no longer the case. In a stereo endoscope the two
centers of the lenses are typically some 10 mm apart,
whereas now we can separate the lenses up to 50mm
or more. Moreover the distance between the lenses is
not fixed at construction time, as is the case in a ster-
eoendoscope but can be fixed at deployment time, or
even can be changed during operation. This is by no
means possible in case of a stereo system. Also the sys-
tem is by no means limited to the use of two lenses or
cameras only, as is the case in a stereo endoscope, but
can use multiple different cameras at the same time.

[0010] Known from prior art are US patent 5,653,677,
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US patent application 2005/234294 and US patent ap-
plication 2005/014994. US 5,653,677 describes an elec-
tronic endoscope apparatus having an imaging unit sep-
arable from the distal end portion of an endoscope and
allowing easily handling and operating the separated im-
aging unit. An imaging device is arranged as a separate
member so that the imaging unit can be separated from
the distal end portion of the endoscope. Observing
means may be provided with the endoscope main body
independently of the imaging unit and further a stereo-
scopic image may be formed by the imaging device and
the observing means. US patent application
2005/234294 describes methods and apparatus for ob-
taining endoluminal access. An elongate body is config-
ured for insertion within a body lumen, conduit, organ,
orifice, passageway or cavity, the elongate body having
a working axis and a distal region, and an articulating
element disposed near the distal region, the articulating
element configured to articulate off-axis from the working
axis of the elongate body. The elongate may achieve
access in an endoluminal or a laparoscopic fashion. US
patent application 2005/014994 describes an insertable
device for insertion in a bodily cavity, the insertable de-
vice being configured such that the functional elements
have various degrees of freedom of movement to provide
access to the site from multiple and different orienta-
tions/perspectives as the procedure dictates, e.g., to pro-
vide multiple selectable views of the site, and may provide
a stereoscopic view of the site of interest.

[0011] Present invention provides solutions to the
aforementioned problems by combining a high resolution
video stream of the local working field (local zoom in)
together with a general overview of the overall scene
(zoom out) and this without the need for additional inci-
sions and the possibility to shift the region of interest with-
out physically moving the optics. Moreover it can gener-
ate 3D information of a moving and deformable endo-
scopic scene with an unmodified mono focal endoscope
and the multi view camera setup.

SUMMARY OF THE INVENTION

[0012] The present invention relates to the process or
a system according to the independent claims of the
present invention. It relates to a process or system which
allows to synthesise (extreme) wide angle mosaic imag-
es (also referred to as panoramas or synthetic overview
images) of internal structures in a body, for instance the
internal organs in the body of an animal or human subject.
[0013] The system comprises a multiple viewpoint
camera setup and an intelligent or cognitive image con-
trol system integrated into an endoscope -a device for
endoscopic surgery -, to generate synthetic viewpoints
oroverview images. The system of presentinvention pro-
vides a solution to localise the current real or synthetic
image of such internal structures with respect to these
overview images.

[0014] Moreover the system can generate endoscopic
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3D measurements and visualisations, through an un-
modified mono focal endoscope and the multiple view-
point camera setup, or by means of mono focal endo-
scopic pattern projection and the multiple viewpoint cam-
era setup. This is again different from any prior endo-
scopic pattern projection systems, where the baselines
(camera - projector lens distance) is typically in order of
10mm whereas now we can increase it upto 50mm or
more.

[0015] The system of present invention can be inte-
grated in existing (video)endoscopic systems. A video
endoscopic system that is particularly suitable to be
adapted for the present invention is a video endoscopic
system comprising an endoscopic optical system and a
camera. In such a system the endoscopic optical system
having an elongated shaft through which an opticalimage
guide and a fiber light guide extend, and an end housing,
which is proximally connected to the shaft and has an
image exit window and a light entry window, the camera
portion including a camera housing, extending from
which are an image signal cable and a light guide cable,
and an image entry window and a light exit window. The
end housing and the camera housing carrying co- oper-
ating rotationally lockable coupling means, arranged to
couple the housings together and to lock the housing in
a relative rotational position in which the image entry and
exit windows are in alignment and the light entry and exit
windows are in alignment. The coupling means including
a cylinder with an end wall on one of the housings and a
complementary bore with a base wall in the other hous-
ing, the windows being arranged in the end wall of the
cylinder and the base wall of the bore. Such has been
described in US20050191046.

[0016] Theimaging system of present for receiving se-
lected images of said selected portion of a field of view
of a internal structure of an enclosing body and for pro-
ducing output signals corresponding to said selected im-
ages to the image capture circuitry of present invention
for receiving and providing digitized signals from said out-
put signals from said imaging system and the image
transform circuitry of present invention for processing
said digitized signals from said image capture circuitry
can be integrated in or connected to a (microtelescopic)
laparoscope, endoscope or borescope. Such a laparo-
scope, endoscope or borescope can be for instance of
the type that comprise a) an elongated tube with an ob-
servation head in wich the image capture circuitry can
be integrated; b) elongated optical conduit means con-
necting said head and image capture circuitry to said
image capture circuitry. The elongated insertion tube can
contain optical means for conducting an optical image of
the target on an enclosed structure (eg internal structure
in a patient’s body) from an imaging system at a proximal
end (from the target) of the insertion tube to an image
acquiring circuitry at a distal end thereof and it may also
comprise a light conduit means therein for conducting
illumination for a distal light tube fitting to said proximal
end (proximal to the target) of the insertion tube to illu-
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minate said target.

[0017] Other systems of videoendscopy which can be
adapted by the system of present invention are disclosed
in U.S. Pat. No. 5,682, 199 and U.S. Pat. No. 6,494,826
B1. These prior systems both consist of an endoscope
optical system and a camera housing which may be con-
nected by means of a coupling, whereby both the image
is coupled in one direction and the light is coupled in the
other direction through the coupling point with appropri-
ate windows. Separate elements suitable for the videoen-
doscopic system of present invention have been de-
scribed in US4697577, US5313306, US5524180,
US5776050, US5876325, US5907664, US5954634,
Us6097423, US6371909, UsS6428470 and
US20020022767.

[0018] An apparently related system with respect to
the endoscopic 3D depth extraction has been described
in

[0019] US6503195. The majordifferences withrespect
to the 3D computation relates to the baseline(s) (cfr inf)
being used (the multiple view endoscopic setup is a so-
called 'wide baseline’ setup) and therefore the different
system for 3D computation and the number of viewpoints
(the multiple view endoscopic setup is by no means re-
stricted to a single camera, or to a single camera and
projection device). Moreover, the system referenced
above uses an adapted endoscope whereas the present
invention can work with an unmodified mono focal endo-
scope. In other words there is no need for a stereo camera
or stereo acquisition device for the multi-view setup to
work, and generate 3D information. This said the system
still can work with images coming from a stereo camera.
[0020] Further scope of applicability of the present in-
vention will become apparent from the detailed descrip-
tion given hereinafter. However, it should be understood
that the detailed description and specific examples, while
indicating preferred embodiments of the invention, are
given by way of illustration only, since various changes
and modifications within the spirit and scope of the in-
vention will become apparent to those skilled in the art
from this detailed description. It is to be understood that
both the foregoing general description and the following
detailed description are exemplary and explanatory only
and are not restrictive of the invention, as claimed.
[0021] Present invention comprises an endoscopic
method that instructs one or more persons carrying out
surgery respectively on the primary camera providing a
picture of an internal part of the body, on the secondary
camera(s) providing a picture of another internal part of
the body to another display means, both pictures being
integrated in an overview picture or model, shown on the
displays of the internal body or being shown independ-
ently. In a particular embodiment a control system trans-
forms the multiple video streams of the cameras into a
synthetic wide angle overview image. In yet another em-
bodiment the method extracts 3D information from mul-
tiple images, not all coming from a camera mounted to
the endoscope. In the remainder of the text the camera
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mounted to the endoscope will be mostly referred to as
the principal or primary camera, whereas the other are
referred to as secondary or multi-view cameras. The lat-
ter can be inserted into a cavity through the entry port of
the primary camera, without the need for additional entry
ports. Insertion can also be done comparable to the pri-
mary camera using secondary entry ports and cameras
outside the cavity, with a lens protruding the cavity wall.
Alternatively the method generates 3D information based
on the projection of structured light through a regular un-
modified mono focal endoscope, while imaging the scene
through a multi-view endoscopic camera network or the
method generates 3D information based on the projec-
tion of structured light through a stereo endoscope, while
imaging the scene through one optical channel of the
endoscope, and projection through the other optical
channel. In yet another embodiment the method extracts
3D information without active illumination, and only uses
the different camera images therefore. In the latter em-
bodiment one of the cameras can also be moving with
respect to the set of other cameras, which comprises at
least two non moving cameras. The endoscopic method
of presentinvention can also be used to localize a moving
endoscope w.r.t. a real or synthetic wide angle camera
image. Furthermore it can determine the constellation of
an N-camera multi-view setup, and to derive automati-
cally a camera calibration for this setup

[0022] By the invention of present method it also is
possible to generate one or more virtual, possibly mov-
ing, camera images, without the need for motion of any
optical components in an endoscopic working domain.
[0023] The method of present invention is particularly
suitable to implement a safety procedure to warn a user
when a real or imaginary boundary is crossed. This is
done using the above technique for localisation of the
moving endoscope wrt the overview image.

[0024] The presentinvention can be an endoscopic or
borescopic vision system for inspecting the inside of a
cavity or guiding operation on enclosed structures in said
cavity, comprising an imaging system for receiving se-
lected images of a target object and to create said output
signals of the object image which is characterised in that
the imaging system comprises a camera system de-
signed to create said output signals of different object
images of portions of the target structure or the direct
environment thereof, whereby the camera system com-
prises a first ocular system (lens or camera) and at least
a second ocular system (lens or camera) of which the
distances between the both ocular systems are not fixed
but whereby at deployment or in operational working
state the optical distance is above 10 mm, preferably
above 20 mm, more preferably between 20 and 200 mm,
yet more preferably above 40 mm, for instance between
40 and 200 mm and most preferably above 50 mm for
instance 50 and 100 mm..

[0025] Yet another embodiment of present invention
is an endoscopic or borescopic vision system for inspect-
ing the inside of a cavity or guiding operation on enclosed
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structures in said cavity, comprising an imaging system
for receiving selected images of a target object and to
create said output signals of the object image which is
characterised in that the imaging system comprises a
camera system designed to create said output signals of
different object images of portions of the target structure
or the direct environment thereof, whereby the camera
system comprises a first ocular system (lens or camera)
and at least a second ocular system (lens or camera)
whereby at deployment or in operational working the rel-
ative viewpoints of said ocular systems can be modified
to generate views which do not share any common struc-
tures in the scene. In a preferred embodiment this is
achieved by changing the ocular distances between the
ocular systems or the orientation of one or more ocular
systems. This is under normal working situations not pos-
sible with for instance a stereo system.

Drawing Description
BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The present invention will become more fully
understood from the detailed description given herein be-
low and the accompanying drawings which are given by
way of illustration only, and thus are not limitative of the
present invention, and wherein:

Fig. 1 is a schematic view showing a normal endo-
scopic working volume, using an external camera
(A) and an endoscopic telescope to provide animage
of the internal cavity. The hatched region is a repre-
sentation of the camera frustum, indicating the part
of the working volume visible in the camera images
without moving the optics.

Fig. 2 is a schematic view showing the same endo-
scopic working volume of figure 1 but with a N-view
endoscopic multi-view setup, with N=5. The regular
endoscopic camera (A) is referred to as the primary
camera, whereas cameras (B-E) are secondary mul-
ti-view cameras. The working volume visible in a
camera feed nowis the envelope of allcamerafrusta,
and spans a much larger visible area. Signal and
power wiring is transferred through the cavity wall,
and can be used as a means to provide fixation.
Fig. 3 is a schematic view showing the same endo-
scopic working volume of figure 1 and figure 2 but
with the wiring guided as a single string through the
trocar.

Fig. 4 displays in the top row a schematic represen-
tation of the individual camera images from the cam-
eras indicated in figure 1- 3. The bottom row shows
an illustration of a synthesised wide angle image
combining all individual camera images or camera
video streams. It will be the control unit which pro-
vides a solution to this integration problem. As the
viewpoints of the different cameras are different, the
images will have to be deformed in order to construct
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this overall integrated synthetic camera image. By
sliding a synthetic aperture over this integrated syn-
thetic wide angle camera image, a moving camera
with new viewpoints can be generated without mov-
ing optics.

Fig. 5 shows a possible configuration which allows
fixating the secondary multi-view cameras refer-
enced in figure 3. The drawing represents a perfo-
rated base plate with centrally the secondary multi-
view camera. This is a more convenient means of
fixating this secondary camera, than a regular cap-
sule device. However, this is by no means the only
way of providing such fixation.

Fig. 6 is a schematic view showing the endoscopic
working setup in laparoscopy, indicating the major
units related to the field of this invention and its em-
bodiment in laparoscopy, and their relationship to
the patient. It is intended to provide a better under-
standing of the overall endoscopic working circum-
stances.

Fig. 7 is a flowchart explaining the initial setup, cal-
ibration and verification of the N-view constellation.
Its implementation will be explained in more detail in
the remainder of this text.

Fig. 8 is a schematic view showing the main func-
tional steps required by the 'Cognitive Control Unit’
in order to generate the synthetic overview image,
the 3D information derived from the endoscopic
scene or the localisation of the moving primary cam-
era wrt the overview image or 3D model.

DETAILED DESCRIPTION OF EMBODIMENTS OF
THE INVENTION

[0027] It will be apparent to those skilled in the art that
various modifications and variations can be made in proc-
ess and methods of the present invention of a multiple
viewpoint endoscopic camera system, or simply multi
view endoscope and its use for generating of synthetic
overview images or for generating endoscopic 3D infor-
mation, and in construction of the system and method
without departing from the scope or spirit of the invention.
Examples of such modifications have been previously
provided.

[0028] Other embodiments of the invention will be ap-
parent to those skilled in the art from consideration of the
specification and practice of the invention disclosed here-
in. It is intended that the specification and examples be
considered as exemplary only.

[0029] /mage (based) correspondences for the mean-
ing of presentinvention are points in two or more different
views which correspond to the projection of the same
physical world point into these views. Their representa-
tion is a vector of M position coordinates in the different
images, with M the number of images between which the
‘correspondence’ for this point could be established. The
process of establishing correspondences is also referred
to as 'matching’. In case a corresponding point for every
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image pixel is searched, the latter is referred to as ’dense
marching’. The image data can originate from still pic-
tures or from video. The same definition is used if one or
more cameras are replaced by projection devices. In this
case the correspondences refer to points in two or more
views or projection patterns, which project upon or are
the projection of the same physical world point.

[0030] interocular distance for the meaning of present
invention is the distance between the oculars of optical
instruments or the distance between the lens or camera
centers.

[0031] Camera calibration for the meaning of present
invention is the process of deriving the set of parameters
which describes the image formation process of an im-
aging device (a camera, a video camera, an endoscopic
imaging unit, ...). The complete set of techniques pre-
sented here for extended image based scene interpre-
tation only become feasible after a successful camera
calibration.

[0032] A 3D modelforthe meaning of presentinvention
is a geometric description of a scene which provides a
three-dimensional location of a discrete set of points with
respect to a reference point (reference of the coordinate
system). Depending on the application the colour data is
considered part of, or supplementary data wrt the 3D
model. In the latter case the resolution of both can be
different. When compared to an image (which only stores
colour information), this is a richer representation of the
scene. An integrated 3D model can combine more data
than what can be represented in a single camera view
(eg the back and frontal side of an object). Although a
3D model can be used to generate a stereo visualisation,
itis fundamentally different from mere stereo acquisition.
The former refers to a 3D scene analysis (a measure-
ment), the latter is only a recording from two slightly dif-
ferent viewpoints and provides no scene interpretation
or analysis (stereo). Terminology however can be mis-
leading, as a stereo acquisition when presented to a hu-
man observer offers depth perception. Therefore a stereo
endoscope together with a stereoscopic visualisation
unit, is often referred to as a '3D endoscopic system’,
although it does not provide any 3D measurement or
analysis of the endoscopic scene other than by the hu-
man brain. Within this text we refer to quantitative meas-
urements.

[0033] Framerate, orframefrequency, forthe meaning
of present invention is the measurement of how quickly
an imaging device, such as computer graphics, video
cameras, film cameras, and motion capture systems,
produces unique consecutive images called frames. The
term applies equally well to an endoscopic imaging de-
vice. Frame rate is most often expressed in frames per
second or simply, hertz (Hz).

[0034] A Cognitive Control Unit for the meaning of the
present invention is a unit which transforms raw image
data coming from one or multiple cameras into a single
enhanced representation. Instead of presenting the user
with more information, it combines and offers enriched
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information. The latter avoids flooding the human observ-
er with too many individual streams of information such
that interpretation becomes infeasible. An illustration
where the latter typically can happen is a control wall for
video surveillance. Presenting the different raw video
streams of the multi-view camera network could lead to
asimilar situation. A key element which distinguishes this
unit from alternative implementations is that it uses (local
or distributed) intelligence to do this merging of video
data based on scene interpretation. Therefore it is re-
ferred to as a cognitive unit. It is a control unit, as it in-
troduces feedback based onits computed output to adapt
or control the camera system. The level of image based
interpretation needed to do so is comparable to what a
human observer mentally does, and surpasses any
straightforward regulatory action like eg intensity control
and similar actions found in nowadays so called 'endo-
scopic video processors’. lllustrative examples are the
construction of an integrated overview image or mosaic
(sometimes also referred to as a ’panorama’) of the
scene , measuring a 3D model of the scene, etc

[0035] Mono focal refers to an optical system with a
single optical pathway, whereas in stereo two optical
pathways are used.

[0036] The baseline for the meaning of the present in-
vention is the translation vector, (or its magnitude, de-
pending on the context) relating the individual effective
optical camera centers as obtained by the camera cali-
bration of the different devices in a system comprising
multiple cameras, or multiple cameras and a projector or
multiple cameras and projectors. Effective optical cam-
era center hereby refers to the location of the lens center
as computed during the camera calibration using eg a
calibration technique as described in "An Efficient and
Accurate Camera Calibration Technique for 3D Machine
Vision, Roger Y. Tsai, Proceedings of IEEE Conference
on Computer Vision and Pattern Recognition, Miami
Beach, FL, 1986, pages 364-374" . Such a system is re-
ferred to as a wide baseline system if the baseline or
baselines is/are of comparable size when compared to
the structures in the scenes being imaged or projected
on. Such condition may also imply a large rotation angle
between the optical axes of the different cameras, in or-
der to have the same scene in the field of view.

[0037] Mono focal refers to an optical system with a
single optical pathway, whereas in stereo two optical
pathways are used.

[0038] The baseline for the meaning of the present in-
vention is the translation vector, (or its magnitude, de-
pending on the context) relating the individual camera
centers of the different devices in a system comprising
multiple cameras, or multiple cameras and a projector or
multiple cameras and projectors. Such a system is re-
ferred to as a wide baseline system if the baseline or
baselines is/are of comparable size when compared to
the structures in the scenes being imaged or projected
on. Such condition may also imply a large rotation angle
between the optical axes of the different cameras, in or-
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der to have the same scene in the field of view.

[0039] A system has been developed to generate mul-
tiple (minimal two) internal views, with a difference in
viewpoint which is much larger than available in stereo
endoscopy. More specifically aregular stereo endoscope
will have a baseline which is an order of magnitude (scale
factor x10) smaller than the internal structures imaged.
The current invention envisions baselines which can be
of similar sizes compared to the structures being imaged
and which moreover is adaptable. For medical applica-
tions this boils down to be an increase in baseline from
the range of 5 to 20 mm to an extended range of 5 to 250
mm. This allows the system to generate much more fun-
damentally different viewpoints. The latter means that
theimages generated are notjust similar with only a slight
deformation with respect to each other, but really visual-
ise a different part of the scene. Whereas in case of stereo
imaging, typically about 75% or more of all image pixels
can be related to a pixel of the secondary image by com-
puting the corresponding local image deformation, this
will no longer be the case. Hence we refer to 'fundamen-
tally different viewpoints’, originating from the relative so
called 'wide baseline’ setup This said, as the baseline is
adaptable and the relative orientation of the different
cameras can be changed, the multi-view system can, but
is not enforced to be used as a wide-baseline setup. In
combination with the aforementioned cognitive image
control system, this leads to a completely new endoscop-
ic visualization.

[0040] This endoscopic system works with minimally
two different cameras. The system can function with mul-
tiple cameras. For instance, it can use an extended cam-
era array if the working field allows for their insertion. The
use of up to six cameras seems to provide a reasonable
trade-off between quality and system complexity. How-
ever, there is no theoretical upper bound of the maximum
numbers of cameras that can be used. The latter rather
is restricted by practical issues like e.g. the amount of
computing power available. This said neither the imple-
mentation nor the application of presentinvention targets
the implementation or application of image processing
to achieve only stereo acquisition or visualization. But
the system of present invention has as a particular ad-
vantage that availability of multiple different video sourc-
es makes it possible to carry out an operation based on
a principal or primary cameraimage, while the secondary
cameras provide a different image of another part of the
targeted internal structures. The system of present in-
vention does not have to be limited to two viewpoints
only, but it extends to N viewpoints. Moreover, the sec-
ondary camera or cameras can have a different zoom
and orientation and such can provide an overview image.
Forthe secondary cameras either capsule based devices
are used or (regular) endoscopic lenses and cameras,
inserted through secondary entry ports. In the latter case
the secondary endoscopes will preferably have a smaller
section (eg 2 mm) than the primary endoscope (eg 10
mm). The original images can be presented to the sur-
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geon and her/his staff as independent video streams, or
are fed into the control unit which combines the different
streams into a single new composite overview video im-
age. This provides an enhanced visualization in which
both a high resolution video of the working field is com-
bined with a larger overview image (see figure 2). This
enhanced view is equipped with a steerable region of
interest, which makes the working field selectable without
moving optical components. This functionality is provided
through the cognitive control unit, and is only feasible
using the multi-view camera setup. This cognitive aspect
of the overall endoscopic system and the implementation
by which it can be achieved is the core of the invention
embodied within this apparatus. It comprises the inter-
pretation of the scene necessary to generate the over-
view image. Moreover it can additionally provide an ap-
proximate or accurate dense 3D scene analysis.

[0041] The cognitive control unitis adevice implement-
ing distributed or local intelligence, and such provides a
means for image analysis. The most straightforward im-
plementation comprises a software implementation and
a processor for its execution, given the real-time con-
straint introduced by the processing of streaming video
is respected. The latter is dependent on the number of
parallel camera feeds to be processed. To this end a
software implementation of the logic and intelligence in
combination with dedicated, or configurable signal proc-
essors is advisory. Optimally the control unit can even
be completely hard coded in a dedicated signal proces-
sor, requiring limited or no software configuration. Es-
sential for the implementation, however, is the streaming
processing which requires real-time performance, with-
outintroducing noticeable input-output delay. A guideline
for the former is a minimal framerate of 15hz, whereas
the delay should be reduced to be smaller than approx.
30 msec. Otherwise we found out during experiments
that the videostream is not perceived as being fluent
enough by medical users. Moreover tests demonstrated
that in case of larger delays, a human observer notices
the de-synchronisation between hand movements and
visual appearance while performing surgery. This said,
whatever the concrete implementation of the control unit
is -software & processor, software processor and signal
processor, hard coded implementation, or a combina-
tion- can be selected on the basis of other considerations,
as long as the real-time constraints are respected, and
the image based logic is correctly executed

[0042] An embodiment of present invention is thus an
endoscopic or borescopic vision system for inspecting
the inside of a cavity or guiding operation on enclosed
structures in said cavity, comprising an imaging system
for receiving selected images of a target object and to
create said output signals of the objectimage that is char-
acterised in that the imaging system comprises a camera
system designed to create said output signals of different
object images of portions of the target structure or the
direct environment thereof, whereby the camera system
comprises a first ocular system (lens or camera) and at
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least a second ocular system (lens or camera) whereby
at deployment or in operational working the ocular dis-
tances between the ocular systems are controllable to
change the different viewpoints relatively to each other.
This ocular systems may controllable to change the dif-
ferent viewpoints relatively to each in such to generate
views which do not have image correspondences or
which do not share any common structures or which do
not share in the scene.

[0043] A particularly suitable endoscopic or borescopic
vision system is such as above but whereby the distances
between the both ocular systems can change but where-
by at deployment or in operational working state the op-
tical distance is above 20 mm. In a preferred embodiment
such endoscopic or borescopic vision system is charac-
terised in that the distances between the both ocular sys-
tems can change but whereby at deployment or in oper-
ational working state the optical distance is above 50 mm

EXAMPLES OF SELECTED ILLUSTRATIVE EMBODI-
MENTS OF AMULTIVIEW ENDOSCOPIC SETUP AND
THE OPERATION OF THE COGNITIVE CONTROL
UNIT

Example 1: multiview endoscopic visualisation with fine
tuning of the multi view camera network Embodiment
of the invention in laparoscopy

[0044] Inlaparoscopy, being endoscopy in the abdom-
inal cavity, endoscopes are normally rigid with a camera
outside the body. The endoscope is inserted through a
single small incision. Additional incisions allow to insert
specific endoscopic (surgical) instruments. The working
field contains considerably large variations in depth, rel-
atively to the standoff (distance between tissue and lens)
of the endoscopic telescopic lens. The telescope is used
to visualize a particular region of interest within the ab-
dominal cavity. This means that secondary regions are
not visible to the surgeon or her/his staff. Nevertheless
it often occurs that one or more assistants are keeping
structures away outside the field of view. In such case
this is done without any vision based feedback for neither
the surgeon nor her/his assistants. The same reasoning
applies when surgery is performed very close to vital or
fragile organs and structure (eg the ureters, veins,
nerves, etc...)

[0045] The apparatus of present invention implements
a way to avoid this partially blind operation. To this end
one or more secondary cameras are inserted into the
body through the same incision as used to insert the reg-
ular endoscope (see figure 3). Devices derived from en-
doscopic capsule cameras with a40 degree re-orientable
head are suitable as secondary cameras. Alternatively
secondary entry ports to the body can be used, with reg-
ular -possibly thin cross section- endoscopes.

[0046] For low frame rates or frame frequencies wire-
less transmission is used in case of capsule devices,
whereas for fluent video rates the same devicesinawired
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configuration are used. In laparoscopy or borescopy the
wiring is guided as a joined string through the trocar or
entry shaft to the cavity (see figure 3), or as per camera
signal wire (see figure 2) directly through the abdominal
wall or cavity wall. In the latter case the signal and power
wiring provides also fixation. In the wireless case this
fixation is done using one or more stitches. To this end
the camera housing provides a ways to fixate them, and
the shape is adapted for adhesion to the abdominal wall
(seefigure 5 for anillustration). The internal configuration
ofthe secondary cameras loosely defines the new overall
integrated working field that will become available. The
re-orientable camera heads allow the system to automat-
ically fine-tune its configuration (e.g. its field of view). The
fine tuning is steered by a new algorithm minimising the
distance between the intersection points of the different
optical axes (center lines) of the lenses in the multi view
camera system (cfr. inf.). It is executed by the cognitive
control unit. Internally the cognitive control unit will extend
the outcome of, and work further on, algorithms known
within the community of computer vision, and which are
commonly referred to as 'wide base line matching’,
‘dense matching’, 'affine invariance’, 'camera auto cali-
bration’, ‘camera auto calibration with internal pre cali-
bration’ and 'shape from video’.

[0047] In case the implementation uses the same de-
vices with fixed camera heads, or in case of use of regular
endoscopes through secondary entry ports, the addition-
al fine tuning is not longer possible but the overall func-
tionality would be still available, albeit in a restricted form.
After insertion the apparatus first runs a self configura-
tion, during which an image based mutual localisation of
the N cameras is performed followed by the fine tuning
of the configuration.

[0048] Therefore the optical endoscopic or borescopic
system of present invention comprises a turnkey tech-
nique to find corresponding regions, eventually refined
to corresponding points between the different cameras.
To this end the control unit performs a so called wide
baseline matching using 'invariant regions’. By a combi-
nation of multiple different techniques (SIFT / SURF /
affine invariance) better performance and robustness is
obtained, due to self checking and voting based on this
algorithmic redundancy. The resulting feature vectors of
corresponding points lead unambiguously to an initial ori-
entation of the internal camera network. The latteris done
based on a decomposition of the so called essential ma-
trix, which is derived from the initial set of matches. This
process is executed taking into account the statistical
relevance of each of the hypotheses of the solution, using
only a minimal set of points to obtain this solution. The
latter asks for respectively 5 or 8 corresponding points
between two cameras, depending on whether internal
camera parameters (cfr camera calibration) are known.
Therobust estimation process (eg a RANSAC implemen-
tation) provides optimal robustness against outliers.
[0049] When available, the camera-to-camera view
geometry (the 2-view epipolar geometry) is used to start
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a constrained image matching process by searching for
corresponding points only when they also respect the
multiple-view geometry.

[0050] Based on this primary orientation the camera
heads are adjusted and can be directed towards the
shared working volume. This is done by a joined minimi-
sation of the distances between the optical axis of the
different cameras and their 3D intersection. The latter is
obtained by executing a numerical solver (eg Levenberg-
Marquardt) which minimises this cost function. As the
optical axes of the different cameras will never intersect
in a single point in space but will cross, the center of
gravity of the point cloud generated by the midpoints of
the shortest (L2 distance) connecting vectors between
the different optical axes is used. A valid initialisation is
one which, with enough freedom to reorient the camera
heads, will converge to a unique solution. Under normal
circumstances the outcome, however, will only be an ap-
proximation due to alimited number of iterations and finite
motion of the heads. After reorienting the camera heads,
the cameras self-localisation is re-executed and refined.
Given the initial localisation and the knowledge of how
the camera heads are re-oriented, the matching process
becomes less demanding every iteration, and therefore
can be executed faster. This finishes the initial setup of
this so called internal camera network. The computation
of this initial setup is illustrated in the flowchart of figure
7. In figure 7 it is also indicated that in case the system
can not be bootstrapped the user is asked to take a de-
cision, and eventually will have to adapt the initial multi-
view camera network.

[0051] In case of a non rigid environment this setup
procedure is automatically re-executed whenever nec-
essary. To this end a procedure to self check decides
when the latter is necessary. During experiments this was
done by checking the back projection error on the com-
puted 3D geometry in the N-view cameras. As a practical
threshold an average deviation of 1 pixel can be used.
In case no underlying 3D is computed, similarly the de-
viation wrt the epipolar geometry can be used as a self
check mechanism.

[0052] Based on the resulting set of high quality cor-
respondences, the camera configuration or constellation
is determined using either auto calibration (if no pre-cal-
ibration is available), either the above derived 6 DOF
camera mutual localisation is used as an external cali-
bration. A bundle adjustmentfinalizes the calibration (see
figure 7 'multi view calibration’). Again, if the calibration
is not successful the user is informed about this. At this
point the system know the location of the multi view cam-
eras, has possibly adapted the viewing directions of the
camera heads, and has performed a full camera calibra-
tion.

[0053] Secondly a regular endoscope is inserted
through the standard entry port. The system of present
invention configured so far can be used already as a multi
view endoscopic view system. The normal regular endo-
scopic view is available to the surgeon, whereas on sim-
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ple request the control unit either switches the view to
that of one of the secondary cameras, or shows a tiled
overview of one or more cameras on top of the primary
image.

[0054] The true performance of the system however is
only unleashed when the image data is not directly pre-
sented to the medical staff, but if it is used as the input
for the control unit (cfr. inf.).

Example 2: multiview endoscopic visualisation and gen-
eration of a synthetic overview image or panorama

Implementation of the optical large view endoscopic
systems of present invention

[0055] It is explained beforehand that scene interpre-
tation and analysis --or the ’intelligence’ offered by the
endoscopic control unit-- is what this apparatus really
distinguishes from any other endoscopic imaging sys-
tem.

[0056] On the one hand the apparatus can generate a
regular endoscopic view, on the other hand the underly-
ing scene model opens the way to a massive set of new
technical/medical applications. The presentation of this
enhanced information can be done transparently (ie a
surgeon is presented subtly enriched information without
s/he even realising it) or very explicitly. Examples of both
will be provided as an illustration of the application do-
main. However an exhaustive description of the complete
set of possible applications simply is not feasible. We
hereunder as embodiments rather provide pointers to
general examples and a high level description of the
methodology used to implement them:

First embodiment:

[0057] Integrating the different video feeds coming
from the system described under 'Example 1’ leads to a
truly enlarged field of view, as a new virtual overview
camera can be build. This virtual camera view interpo-
lates smoothly between the real cameras and their real
resolutions. This can not only make the new overview
possibly an extremely wide angle, but also provides a
movable viewpoint without the need for moving cameras.
The same is true for adapted resolutions. The exact size
of the wide angle is determined by the area of the scene
covered by the multi view cameras.

[0058] To this end a set of 'secondary cameras’ (min-
imal two) is inserted, and attached so that the working
field can be imaged (see also the description earlier). It
is not a prerequisite for these cameras to be fully cali-
brated beforehand, but having a pre-calibration available
increases robustness. Such a pre-calibration is per-
formed using one of the standard techniques described
in the literature (eg a "Tsai camera calibration" method).
The locations of the cameras and their view directions
roughly define the enlarged multi-view volume that will
become available.
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[0059] After insertion, the constellation of the multi-
view setup is determined using the techniques of 'Exam-
ple 1. If no calibration can be determined, the system
falls back to become a mere N-view visualisation unit.
The user is informed of this more restricted performance,
which in this case is limited to scenes with relatively lim-
ited variation in depth. To test this, experiments are per-
formed during which extended retinal overview images
are synthesised , without first obtaining a calibration.

Extension of the embodiment: continuous matching and
generating of 3D information

[0060] Given the constellation and calibration of the
system is known, the orientation of the cameras is adapt-
ed to visualise a more overlapping part of the scene as
described earlier. This will be done each time the system
detects a deviation of the last known constellation. (see
figure 8 'determine corresponding regions/points’, 'verify
constellation’)

[0061] From now on the system perpetually will start
to generate a set of correspondences based on each
image of the cameras. In case of fluent video, the match-
ing process takes also time continuity into account. This
operation is executed online, ie the execution of this proc-
ess is not postponed to a later stage butis done in parallel
with the video acquisition. In case of the calibrated setup,
3D localisation of the corresponding feature points now
also is performed.

[0062] Extension of the embodiment: generating of an
extended overview image (see figure 4 and figure 8) Giv-
en the correspondences between the N views and a
sparse set of 3D points, an integrated overview image is
generated, and updated at a fixed rate. The latter fram-
erate can be adapted, but can be limited by the amount
of computing power available or the use of an excessive
number of cameras. The reference implementation can
run at 15hz for 6 cameras. Extended optimisation and
further parallelism can improve this framerate.

[0063] This generating of an overview image, can be
compared to solving a puzzle: each of the multi-view cam-
eras generates a piece ofa puzzle. The correspondences
determined earlier indicate how to put the pieces togeth-
er. This however only works if the puzzle has relatively
limited depth variation. In all other cases the different
pieces can not be outlined consistently anymore. This is
overcome by modulating the surface on which we recon-
struct this puzzle, based on the 3D information derived
earlier. This also explains why, if no calibration could be
obtained, the technique will only work for scenes which
have relatively limited variation in depth. The implemen-
tation uses texture blending with illumination correction
on a depth modulated projection surface. These opera-
tions can be speeded up using techniques for so called
accelerated 3D graphics on a programmable Graphics
Programming Unit (GPU).

[0064] Extension ofthe embodiment:localisation of the
primary endoscopic lens wrt the synthetic overview im-
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age (see figure 8 'track feature points’, 'rough localisation
moving camera’, ‘fine localisation on overview’)

[0065] Whereas the earlier described multi view cam-
eras are relatively stable, the primary endoscopic lens
inserted can be very mobile. This source of video data
can be thought of as a 'spotlight’ wandering over the sur-
face being built up. By tracking an extended set of points
within the video data generated by this 'primary endo-
scopic video source’ a continuous approximate self lo-
calisation can be performed and updated using a stand-
ard ego-motion algorithm (sometimes referred to as 'vis-
ual odometry’). By relating this to the extended overview
images generated, we obtain an accurate localisation
within a single coordinate system. The latter is done by
pixel based matching, and using a ’position from struc-
ture’ technique to update the position of the moving cam-
era.

Extension of the embodiment: visualisation

[0066] The new multi-view image data can be visual-
ised in multiple ways. Either the overview and primary
endoscopic image are displayed independently, either
an integrated visualisation is shown. In the latter case
the localisation relatively wrt the overview can be seam-
lessly hidden, or in contrary, indicated explicitly on the
overview image. The latter can be done using a border
indication, or by highlighting of the primary image on the
overview. The integrated visualisation is done by show-
ing fine registered textures aligned on the approximate
3D model, or on a (3D modulated) projection surface.
[0067] In case of the integrated visualisation, the rela-
tive motion and zoom of the visualised video data is no
longer restricted to what the real primary endoscopic
camera can generate, but extends to the full size of the
multi-view endoscopic working volume. This can be con-
sidered an example of the subtle (or transparent) visual-
isation ofthe enriched information. Ifitdoesn’t affect safe-
ty considerations (eg in an industrial application) the dif-
ference between real and synthetic camera data can be
made less apparent.

Example 3: Additional application options of the optical
large view endoscopic systems of present invention

[0068]

3.1) If not the synthetic overview images are of pri-
mary interest, but the 3D information than the system
can generate, the apparatus can be switched to a
so called 'dense 3D’ modus. Now dense matching
atreduced framerates is performed, but depth meas-
urements for as many points as possible are gener-
ated. The number of generated points/image strong-
ly depends on the scene under consideration. How-
ever, if less than 20% of the image points resultin a
3D measurement, the system indicates failure of op-
eration under the current working circumstances.
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The 3D information in this case results from N (par-
tially) matched views, possibly using a wide baseline
constellation. The depth is computed using a stand-
ard 2 or 3 view optimal triangulation technique. The
technique is called passive 3D reconstruction, as no
explicit structured illumination is needed.

3.2.) If example 3.1 fails to generate robust data or
if higher accuracy is desired, the system can operate
in an 'active dense 3D’ modus. To this end a source
of structured light (or active illumination) is intro-
duced through the (primary) endoscope. The sec-
ondary multi-view cameras now are presented a very
apparent set of visual features which facilitate the
matching process. It is important to state that the
baseline in this system -now between camera and
projection system- is again considerably larger than
what can be obtained by any other system. By gen-
erating adaptable patterns system robustness can
be improved, through projection of so called (adap-
tively) coded structured light. This technique is a so
called active technique for 3D reconstruction, again
possibly using an extreme wide-baseline setup.
Experiments showed an accuracy using this modus
which can be better than 100 micrometer, whereas
the average accuracy of the regular 'dense 3D’
modus is about 10 times lower.

3.3.) The availability of the dense 3D model asks for
new visualisation techniques, or at least makes this
possible. A particular new application wrt visualisa-
tion is the merging of synthetic 3D data and models
with the data obtained online through the endoscope.
This can be considered an example of an explicit
visualisation of the enriched information. In the liter-
ature these techniques are mostly referred to as aug-
mented reality or enhanced reality. The availability
of the (dense) 3D measurements makes it possible
to implement them using endoscopic imaging.

SURGICAL APPLICATIONS AND ADVANTAGES

[0069] The endoscopic system of present invention
has applications and advantages for critical operations
on structures in an enclosed body such as surgery.

1. The enlarged view is demonstrably more impor-
tant for surgeons with less experience, ie during
training, and for those assisting the main surgeon.
In animal models it has been shown that it decreases
operating time, accidents, bleedings and errors of
judgments. Pilot experiments suggest that this will
also be true in human surgery.

2. The enlarged view helps with the positioning of
instruments in the field of view of the operating cam-
era, thus reducing the problems of stereotaxis and
thus decreasing time loss. We anticipate that in ran-
domized trials the conversion rate for eg hysterec-
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tomy will be lower. This will constitute a proof that
control of bleeding is faster and more accurate.

3. The enlarged view will visualize all the
instruments : this will prevent to a large extend the
rare accidents caused by this blind manipulation and
certainly the accidents, if they occur, willhave a much
higher probability to be visualized and recognized.
We recently reported large and small bowel perfo-
rations, with subsequent severe peritonitis, probably
caused by a blind instrument since on the video of
the surgery itself no injury to the bowel could be seen.
If a wide angel view would have been available, the
assistant would have had visual control thus prevent-
ing accidents, and if nevertheless they would occur,
they would have been recognized.

4. The depth enhanced view and localization offers
new tools to implement intelligence to increase safe-
ty and permit disaster recovery procedures. Firstly
regions in which no activity (cutting, clamping, or sim-
ply motion...) is to be tolerated can be indicated. The
system can give a warning when such an imaginary
or real boundary is crossed. Similarly since the syn-
thetic overview image has generated a model of the
scene this overview image can be used if the image
from the primary camera fails, eg by a vessel pump-
ing blood over the lens. Even if all cameras in the
multi-view system would become unavailable (which
is unlikely) still the underlying model or synthetic
overview image remains available as a good approx-
imation of the real image.

5. The possibly dense depth computation allows for
implementing enhanced reality in endoscopy, visu-
alizing and aligning structures generated by other
imaging modalities such as CT, MRI etc. The appli-
cability of these enhanced reality techniques is great-
ly improved by the multi view cameras, as the system
becomes also less dependent on external motion
tracker systems, and can do better registration.
Moreover it offers a means to obtain quantitative 3D
information in endoscopy and such to make meas-
urements within a cavity.

An additional difference between the present inven-
tion and existing stereo endoscopes or more gener-
ally systems used for stereoscopic endoscopy, is
that present invention can deduce 3D information
fromimages which for a human observer do not gen-
erate a 3D stereo impression when viewed by the
observer directly. The latter, however, is the main
target of any stereoscopic system.

6. The present system allows to the user or surgeon
to per-operatively reorient the lenses and thereby to
change the view or field of view of the endoscopic
imaging system, which is not possible with a stereo
endoscope, as the lenses arerigidly attached to each
other at construction time.

7. During surgery orientation of the image remains
problematic, since rotation of the camera will rotate
the image. Moreover, the restricted field of view (tun-
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nel vision) without clear landmarks indicating hori-
zontal or vertical directions, leads to a situation
where a rotated camera view is not perceived as
being obviously 'incorrect’: there are no visual clues
indicating that the perceived situation does not re-
flect reality in terms of horizontality. Since the cam-
era, and thus also its orientation, generally is con-
trolled by the assistant, this can lead to important
errors of judgment. If the camera is, as an example,
rotated 45 degtothe left, itresultsin a situation where
the upward direction in the resulting images in fact
is pointing to the right side in reality. If the images of
the fixed cameras or the points of reference are used
to rotate the image of the main camera back to its
normal position, a new and effective means of ori-
entation correction is obtained. Also in case of the
mono focal setup, a single camera system can be
corrected for rotational orientation using the tech-
niques described in present invention. In case the
multi camera setup can be used, this correction can
be done in a more effective way, which risks to be
less error prone.

[0070] In other words, present invention allows to do
rotational orientation correction of a endoscopic camera
view such that the visualized horizontal direction corre-
sponds to the horizontal direction in reality, and this with-
out any external rotation sensor but by image processing
only.

[0071] The system is very cost effective: the original
endoscopic image is available the same way and quality
as beforehand as the originalimaging pipeline is not mod-
ified. Moreover the implementation can run completely
transparently.

Claims

1. An endoscopic or borescopic vision system for in-
specting the inside of a cavity or guiding operation
on enclosed structures in said cavity, comprising an
imaging system for receiving selected images of a
targetobject and to create output signals of the object
image,
the imaging system comprising a camera system de-
signed to create output signals of different object im-
ages of portions of the target structure or the direct
environment thereof, the camera system comprising
a first ocular system, the first ocular system being a
lens or a camera, and at least a second ocular sys-
tem, the second ocular system being a lens or a cam-
era, at deployment or in operational working the oc-
ular distances between the ocular systems or the
relative orientation of the ocular systems being con-
trollable to change the different viewpoints relatively
to each other, wherein the distance between the oc-
ular systems is changeable,
wherein the system is adapted for determining a con-
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figuration or constellation of the camera system and
the baseline between the ocular systems is selecta-
ble at deployment or in operational working state in
the range 20 to 250mm,

wherein the system is adapted for combining the out-
put signals into integrated video data taking into ac-
count said configuration or constellation,
characterised in that

said integrated video data comprises a synthetic
overview image, in which generating the synthetic
overview image comprises using texture blending
with illumination correction on a depth modulated
projection surface.

The endoscopic or borescopic vision system of claim
1, whereby the distances between the ocular sys-
tems can change but whereby at deployment or in
operational working state the optical distance is
above 50 mm, resulting in a wide baseline vision
system, given the size of structures in a scene being
imaged during endoscopy.

The vision system of any of the previous claims,
wherein the imaging system comprises a camera
system that comprises a first and a second camera
or multiple secondary cameras designed to create
said output signals of different object images of por-
tions of the target structure or the direct environment
thereof based on multiple viewpoint wide baseline
imaging, and further comprises animage processing
or control means, communicatively coupled to the
image acquiring circuitry configured to process the
received digitized signals object, which cannot be
seen by the principal camera, which is under normal
working situations not possible with a stereo system.

The vision system of any of the previous claims, fur-
ther comprising a multi view camera system de-
signed to generate different viewpoints by each of
the cameras or to provide several viewpoints of the
internal object each by different cameras, whereby
the cameras have a different zoom and orientation.

The vision system of any of the previous claims,
whereby the first camera is a principal camera de-
signed to create an object image of the target object
on the internal structure to be operated and the sec-
ond camera or cameras is or are secondary camera
or cameras designed to provide image of another
portion of the object.

The vision system of any of the previous claims,
whereby the image processing means is adapted to
find the corresponding image points between the im-
ages form different cameras based on a wide base-
line matching system.

The vision system of any of the previous claims,
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whereby the image processing means comprises a
computer program code to carry out a turnkey tech-
nique to find corresponding regions of objectimages
from separate cameras and to direct the cameras of
the image system towards the shared working vol-
ume.

The vision system of any of the previous claims,
whereby the image processing means is designed
to transform the multiple video streams of the cam-
eras into a synthetic wide angle overview image in
real time and present this synthetic data to the user,
and, for generating one or more virtual camera im-
ages, without the need for motion of any optical com-
ponents.

The vision system of any of the previous claims,
whereby the image processing means is designed
to extract 3D information from multiple images of
which some are obtainable from a camera that is not
mounted to the endoscope.

The vision system of any of the previous claims,
whereby the image processing means is designed
to generate 3D information based on the projection
of structured light through a regular unmodified mono
focal endoscope, while imaging the scene through
a multi-view endoscopic camera network.

The vision system of any of the previous claims,
whereby the image processing means is designed
to generate 3D information based on the projection
of structured light through a stereo endoscope, while
imaging the scene through one optical channel of
the endoscope, and projection through the other op-
tical channel.

The vision system of any of the previous claims,
whereby the image processing means is designed
to implement a disaster recovery procedure or a
safety procedure using the underlying model or syn-
thetic overview image as a good approximation of
the real image.

The vision system of any of the previous claims,
whereby the image processing means is designed
to implement enhanced reality visualisation merging
endoscopic video data with data coming from anoth-
er modality based on the interpreted scene data by
the cognitive processing means.

Patentanspriiche

1.

Endoskopisches oder boreskopisches Bildverarbei-
tungssystem zum Inspizieren der Innenseite eines
Hohlraumes oder zum Fiihren einer Operation an
einer geschlossenen Struktur im besagten Hohl-
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raum, ein Abbildungssystem zum Empfangen von
ausgewahlten Bildern eines Zielgegenstandes und
zur Erzeugung von Ausgangssignalen des Gegen-
standsbildes umfassend,

wobei das Abbildungssystem ein Kamerasystem
umfasst, das dazu bestimmt ist, Ausgangssignale
von verschiedenen Gegenstandsbildern von Ab-
schnitten der Zielstruktur oder der unmittelbaren
Umgebung davon zu erzeugen, wobei das Kamera-
system ein erstes Okularsystem umfasst und das
erste Okularsystem eine Linse oder eine Kameraiist,
und zumindest ein zweites Okularsystem, wobei das
zweite Okularsystem eine Linse oder eine Kamera
ist, wobei die okularen Abstande zwischen den Oku-
larsystemen oder die relative Ausrichtung der Oku-
larsysteme beim Einsatz oder in betrieblicher Bear-
beitung steuerbar sind, um die verschiedenen Blick-
punkte zueinander zu &ndern, wobei der Abstand
zwischen den Okularsystemen geandert werden
kann,

wobei sich das System dazu eignet, eine Konfigura-
tion oder Konstellation des Kamerasystems zu be-
stimmen und die Basislinie zwischen den Okularsys-
temen beim Einsatz oder im betrieblichen Bearbei-
tungsstatusim Bereich von 20 bis 250 mm eingestellt
werden kann,

wobei sich das System dazu eignet, die Ausgangs-
signale unter Berlicksichtigung der besagten Konfi-
guration oder Konstellation in integrierte Videodaten
zu kombinieren,

dadurch gekennzeichnet, dass

die besagten integrierten Videodaten ein syntheti-
sches Ubersichtsbild umfassen, wobei die Generie-
rung des synthetischen Ubersichtsbilds die Verwen-
dung von Uberlagerungen mit Beleuchtungskorrek-
tur auf einer tiefenmodulierten Projektionsflache um-
fasst.

Endoskopisches oder boreskopisches Bildverarbei-
tungssystem nach Anspruch 1, wobei sich die Ab-
stédnde zwischen den Okularsystemen andern kén-
nen, wobei der optische Abstand beim Einsatz oder
im betrieblichen Bearbeitungsstatus jedoch tber 50
mm liegt, was angesichts der GréRe der Strukturen
in einer Szene, die wahrend der Endoskopie abge-
bildet werden, ein breitgefachertes Basislinien-Bild-
verarbeitungssystem ergibt.

Bildverarbeitungssystem nach irgendeinem der vor-
herigen Anspriiche, wobei das Abbildungssystem
ein Kamerasystem umfasst, das eine erste und eine
zweite Kamera oder mehrere sekundare Kameras
umfasst, die konzipiert wurden, um die besagten
Ausgangssignale von verschiedenen Gegenstands-
bildern von Abschnitten der Zielstruktur oder der un-
mittelbaren Umgebung davon basierend auf einer
breitgefacherten Basislinien-Bildverarbeitung mit
mehreren Blickpunkten zu erzeugen, und dariiber
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hinaus Mittel zur Bildverarbeitung oder Steuermittel
umfasst, die kommunikativ mit der Bilderfassungs-
schaltung gekoppelt sind, die konfiguriertist, um den
empfangenen digitalisierten Signalgegenstand zu
verarbeiten, der von der Hauptkamera nicht gese-
hen werden kann, was in normalen Arbeitssituatio-
nen mit einem Stereosystem nicht maoglich ist.

Bildverarbeitungssystem nach irgendeinem der vor-
herigen Anspriiche, das dartber hinaus ein Mehr-
fachansicht-Kamerasystem umfasst, das dazu be-
stimmt ist, um verschiedene Blickpunkte von jeder
der Kameras zu generieren, oder um verschiedene
Blickpunkte des internen Gegenstands jeweils durch
verschiedene Kameras beizusteuern, wobei die Ka-
meras unterschiedliche Zooms und Ausrichtungen
aufweisen.

Bildverarbeitungssystem nach irgendeinem der vor-
herigen Anspriiche, wobei die erste Kamera eine
Hauptkamera ist, die dazu bestimmt ist, ein Gegen-
standsbild des Zielobjekts der zu operierenden in-
ternen Struktur zu erzeugen, und die zweite Kamera
oder Kameras eine Sekundarkamera oder Sekun-
darkameras sind, die dazu bestimmt sind, um ein
Bild eines anderen Abschnitts des Gegenstands bei-
zusteuern.

Bildverarbeitungssystem nach irgendeinem der vor-
herigen Anspriiche, wobei die Bildverarbeitungsmit-
tel dazu bestimmt sind, um basierend auf einem
breitgefacherten Basislinien-Abgleichungssystem
die entsprechenden Bildpunkte aus den Bildern von
verschiedenen Kameras herauszufinden.

Bildverarbeitungssystem nach irgendeinem der vor-
herigen Anspriiche, wobei die Bildverarbeitungsmit-
tel einen Computerprogrammcode umfassen, um ei-
ne schlisselfertige Technik auszufihren, um die
entsprechenden Regionen der Gegenstandsbilder
aus getrennten Kameras zu finden, und um die Ka-
meras des Bildsystems zum gemeinsamen Arbeits-
volumen anzuordnen.

Bildverarbeitungssystem nach irgendeinem der vor-
herigen Anspriiche, wobei die Bildverarbeitungsmit-
tel konzipiert sind, um die verschiedenen Video-
streams der Kameras in Echtzeitin ein synthetisches
Weitwinkel-Ubersichtsbild zu verwandeln, und um
diese synthetischen Daten dem Benutzer zu prasen-
tieren, und zum Generieren von einem oder mehre-
ren virtuellen Kamerabildern ohne dafir optische
Bauteile bewegen zu missen.

Bildverarbeitungssystem nach irgendeinem der vor-
herigen Anspriiche, wobei die Mittel zur Bildverar-
beitung konzipiert sind, um eine 3D Information aus
mehreren Bildern zu extrahieren, von denen einige
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aus einer Kamera erhalten werden kénnen, die auf
dem Endoskop montiert ist.

Bildverarbeitungssystem nach irgendeinem der vor-
herigen Anspriiche, wobei die Mittel zur Bildverar-
beitung konzipiert sind, um eine 3D Information ba-
sierend auf der Projektion von strukturiertem Licht
durch einreguléres unverandertes monofokales En-
doskop zu generieren, wahrend die Szene durch ein
endoskopisches Kameranetzwerk mit mehreren An-
sichten abgebildet wird.

Bildverarbeitungssystem nach irgendeinem der vor-
herigen Anspriiche, wobei die Mittel zur Bildverar-
beitung konzipiert sind, um eine 3D Information ba-
sierend auf der Projektion von strukturiertem Licht
durch ein Stereo-Endoskop zu generieren, wahrend
die Szene durch einen optischen Kanal des Endos-
kops und die Projektion durch den anderen opti-
schen Kanal abgebildet wird.

Bildverarbeitungssystem nach irgendeinem der vor-
herigen Anspriiche, wobei die Mittel zur Bildverar-
beitung konzipiert sind, um einen Notfallplan oder
ein Sicherheitsverfahren unter Verwendung des zu-
grundeliegenden Modells oder des synthetischen
Ubersichtsbildes als gute Annédherung an das echte
Bild umzusetzen.

Bildverarbeitungssystem nach irgendeinem der vor-
herigen Anspriiche, wobei die Mittel zur Bildverar-
beitung konzipiert sind, um Darstellungen erweiter-
ter Realitat, die endoskopische Videodaten mit Da-
ten zusammenlegen, die aus anderen Modalitaten
stammen, umzusetzen, die auf den durch die kog-
nitiven Verarbeitungsmittel interpretierten Szenen-
daten basieren.

Revendications

Un systéme de vision boroscopique ou endoscopi-
que destiné a I'inspection de l'intérieur d’'une cavité
ou au guidage d’'une opération sur des structures
enfermées dans ladite cavité, comprenant un syste-
me d’'imagerie destiné a la réception d’images sé-
lectionnées d’'un objet cible et a la création de si-
gnaux en sortie de I'image d’objet,

le systeme d’imagerie comprenant un systeme de
caméra congu de fagon a créer des signaux en sortie
de différentes images d’objet de parties de la struc-
ture cible ou de I'environnement direct de celle-ci, le
systéme de caméra comprenantun premier systeme
oculaire, le premier systéeme oculaire étant une len-
tille ou une caméra, et au moins un deuxieme sys-
teme oculaire, le deuxiéme systéme oculaire étant
une lentille ou une caméra, au déploiement ou en
état de fonctionnement opérationnel, les distances
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oculaires entre les systemes oculaires ou l'orienta-
tion relative des systémes oculaires pouvant étre
commandées de fagon a modifier les différents
points de vue relativement les uns aux autres, ou la
distance entre les systémes oculaires est modifiable,
ou le systéme est adapté de fagon a déterminer une
configuration ou une constellation du systéme de ca-
méra etlaligne de base entre les systémes oculaires
est sélectionnable au déploiement ou en état de
fonctionnement opérationnel dans la plage 20 a 250
mm,

ou le systéme est adapté de fagon a combiner les
signaux en sortie en données vidéo intégrées pre-
nant en compte ladite configuration ou constellation,
caractérisé en ce que

lesdites données vidéo intégrées contiennent une
image globale synthétique, la génération de I'image
globale synthétique comprenant/'utilisation d’'un mé-
lange de textures avec une correction d’éclairage
sur une surface de projection modulée en profon-
deur.

Le systéme de vision boroscopique ou endoscopi-
que selon la Revendication 1, ou les distances entre
les systémes oculaires peuvent changer mais ou, au
déploiement ou en état de fonctionnement opéra-
tionnel, la distance optique est supérieure a 50 mm,
résultant en un systéme de vision a large ligne de
base, compte tenu de la taille de structures dans une
sceéne qui estimagée au cours d’une endoscopie.

Le systeme de vision selon I'une quelconque des
Revendications précédentes, ou le systéme d’'ima-
gerie comprend un systéme de caméra qui com-
prend une premiére et une deuxiéme caméras ou
une pluralité de caméras secondaires congues de
fagon a créer lesdits signaux en sortie de différentes
images d’objet de parties de la structure cible ou de
I’environnement direct de celle-ci en fonction d’une
imagerie de large ligne de base a points de vue mul-
tiples, et comprend en outre un moyen de comman-
de ou de traitement d’'images, couplé en communi-
cation avec le circuit d’acquisition d’'images configu-
ré de facon a traiter I'objet signaux numérisés recu,
qui ne peut pas étre vu par la caméra principale, ce
qui n'est pas possible dans des situations de fonc-
tionnement normales avec un systeme stéréo.

Le systeme de vision selon I'une quelconque des
Revendications précédentes, comprenant en outre
un systéme de caméra a vues multiples congu de
fagon a générer différents points de vue par chacune
des caméras ou a fournir plusieurs points de vue de
I'objet interne, chacun d’eux par une caméra diffé-
rente, les caméras possédant un zoom et une orien-
tation différents.

Le systeme de vision selon I'une quelconque des
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Revendications précédentes, ou la premiere caméra
est une caméra principale congue de fagon a créer
un objet image de I'objet cible sur la structure interne
aactionner et la deuxiéme caméra ou les deuxiémes
caméras est ou sont une caméra secondaire ou des
caméras secondaires congues de fagon a fournirune
image d’'une autre partie de I'objet.

Le systeme de vision selon l'une quelconque des
Revendications précédentes, ou le moyen de traite-
ment d’'images est adapté de fagon a trouver les
points d’image correspondants entre lesimages pro-
venant de différentes caméras en fonction d’un sys-
teme de mise en correspondance a large ligne de
base.

Le systeme de vision selon l'une quelconque des
Revendications précédentes, ou le moyen de traite-
ment d’images contient du code de programme in-
formatique destiné a exécuter une technique clés en
main de fagon a trouver des zones correspondantes
d’'images d’objet provenant de caméras distinctes et
a diriger les caméras du systéme d’'images vers le
volume de travail partagé.

Le systeme de vision selon l'une quelconque des
Revendications précédentes, ou le moyen de traite-
ment d'images est congu de fagon a transformer la
pluralité de flux vidéo des caméras en une image
globale a grand angle synthétique en temps réel et
a présenter ces données synthétiques a l'utilisateur,
et a générer une ou plusieurs images de caméra
virtuelles sans avoir a déplacer un composant opti-
que quelconque.

Le systeme de vision selon l'une quelconque des
Revendications précédentes, ou le moyen de traite-
ment d’images est congu de fagon a extraire des
informations 3D a partir d’'une pluralité d’images,
dont certaines peuvent étre obtenues a partir d’'une
caméra qui n'est pas montée sur I'endoscope.

Le systeme de vision selon l'une quelconque des
Revendications précédentes, ou le moyen de traite-
ment d'images est congu de fagon a générer des
informations 3D en fonction de la projection d'une
lumiére structurée au travers d’un endoscope mo-
nofocal non modifié courant au cours de I'imagerie
de la scéne par l'intermédiaire d’'un réseau de ca-
méras endoscopiques a vues multiples.

Le systéme de vision selon l'une quelconque des
Revendications précédentes, ou le moyen de traite-
ment d'images est congu de fagon a générer des
informations 3D en fonction de la projection d'une
lumiére structurée au travers d’'un endoscope sté-
réo, au cours de l'imagerie de la scene par l'inter-
médiaire d’'un canal optique de I'endoscope, et une
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projection par l'intermédiaire de 'autre canal opti-
que.

Le systeme de vision selon I'une quelconque des
Revendications précédentes, ou le moyen de traite-
ment d’'images est congu de fagon a mettre en
oeuvre une procédure de reprise aprés catastrophe
ou une procédure de sécurité au moyen du modéle
sous-jacent ou d’'une image globale synthétique en
tant que bonne approximation de I'image réelle.

Le systeme de vision selon I'une quelconque des
Revendications précédentes, ou le moyen de traite-
ment d’'images est congu de fagon a mettre en
oeuvre une visualisation en réalité augmentée fu-
sionnant des données vidéo endoscopiques avec
des données provenant d’une autre modalité en
fonction des données de scéne interprétées par le
moyen de traitement cognitif.
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