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(57) Abstract: A system (100) is provided for imaging apatient's interior. The system comprises an imaging sensor (120) for acquir -
ing a series of images of aregion of interest (020) in the patient's interior, and a plurality of light sources (140) for illuminating the
region of interest in the patient's interior from different light source directions (152-156). A light controller (160) is provided for
controlling individual ones (142-146) of the plurality of light sources (140) to dynamically vary the light source directions (152-156)
during said acquiring. Moreover, aprocessor (180) is provided for obtaining lighting data (164) indicative of the dynamically vary-
ing light source directions. The processor (180) isfurther arranged for using the lighting datato apply a photometric stereo technique
to the image data so as to establish athree-dimensional [3D] surface profile of the region of interest. The processor (180) is further
provided to detect insufficiently illuminated areas of the region of interest (020-024) in the images acquired by the imaging sensor
(120), using the 3D surface profile of the region of interest. Accordingly, the system is enabled to establish a 3D surface profile of
the region of interest from a series of images in a convenient and cost-effective manner.
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FIELD OF THE INVENTION

The invention relates to a system and a method for imaging a patient's interior
and a computer program product for causing aprocessor system to perform the method.

Medical diagnosis frequently involves imaging of apatient's interior. For
example, in the detection of cervical cancer, aclinician may examine apatient's cervix using
acolposcope, i.e., adevice which allows the clinician to grade precancerous and early
invasive cervical cancer lesions and to identify locations to perform biopsies. A colposcope
typically comprises an imaging sensor to acquire one or more images of aregion of interest
in the patient's interior, e.g., the cervix or part thereof. Moreover, such acolposcope typically
comprises alight source to illuminate the region of interest while acquiring the images. Asa

result, the clinician isprovided with images of the region of interest being illuminated.

BACKGROUND OF THE INVENTION

It isdesirable to establish athree-dimensional [3D] surface profile of aregion
of interest shown in such images, e.g., to enable 3D motion tracking of the region of interest.

US 2010/0149315 A | describes an imaging system and method for
colposcopic imaging in which three-dimensiona (3D) imaging information is combined with
motion tracking information. The system includes at least one structured light source for
projecting a structured light pattern on the portion of an object and at least one camera for
imaging the portion of the object and the structured light pattern. It is said that the structured
light source projects the structured light pattern onto the imaged object for generating feature
points, measures the feature points, and uses them for reconstructing the 3D surface topology
of the imaged object. It isfurther said that the structured light sources may include alaser
light source for generating alaser beam, aholographic grating for diffracting the laser beam,
and one or more reflective surfaces for directing the diffracted laser beam.

A problem of the imaging system of US 2010/0149315 A listhat itis
complex asit requires the use of different types of light sources during the col poscopic
imaging to enable reconstructing the 3D surface topology of the imaged object.
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DE102010009884 Al discloses an endoscope inserted into the body cavity,
wherein aregion of the inner surface isilluminated from different directions, one after
another in time, by means of at least three light sources. The light sources are spaced apart
from each other on or in the endoscope. Using a camera one image isrecorded in respect of
each of the illuminated region from the same camera position, so that, for aplurality of object
points of the region, said associated image points comprise the same image coordinates for
each of said object points in each of the three images, one after another in time. Information
about the three-dimensional structure of the region is derived from the intensities of the
image points in each of the images.

US2005/0254720 Al describes amethod to enhance an output image of a 3D
object. A set of input images are acquired of a 3D object. Each one of the input imagesis
illuminated by adifferent one of a set of lights placed at different positions with respect to
the 3D object. Boundaries of shadows are detected in the set of input images by comparing
the set of input images. The boundaries of shadows that are closer to adirection of the set of
lights are marked as depth edge pixels.

DE19532095 CI discloses an endoscope having atube with alens set into the
tip that focusses the image of the observed object into afibre optic conductor that has a
further lens directing the image onto avideo camera. The tip section has lighting output
groups positioned on opposite sides and at the ends of conductors. The image i s obtained
with aternating lighting from the two groups and this creates arecorded image having a
stereoscopic effect.

In-vivo images including three-dimensional or surface orientation information
may be captured and viewed. EP1326432 A2 describes an in-vivo site being illuminated by a
plurality of sources, and the resulting reflected images may be used to provide three-
dimensional or surface orientation information on the in-vivo site. The system may include a
swallowable capsule.

The above referred prior arts do not refer to illuminating the region of interest
together with identifying the insufficiently illuminated region and providing a solution to

overcome the insufficient illumination of the region of interest.

SUMMARY OF THE INVENTION

It would be advantageous to have aless complex system or method for

establishing a 3D surface profile of aregion of interest in apatient's interior.
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To better address this concern, afirst aspect of the invention provides a system
for imaging apatient's interior, the system comprising an imaging sensor for acquiring, in the
form of image data, a series of images of aregion of interest in the patient's interior, the
system further comprising:

- aplurality of light sources for illuminating the region of interest in the
patient's interior from different light source directions:

- alight controller for controlling individual ones of the plurality of light
sources to illuminate the region of interest with different subsets of the plurality of light
sources when acquiring the series of images, thereby establishing dynamically varying light
source directions during said acquiring; and

- aprocessor for i) obtaining lighting data indicative of the dynamically
varying light source directions, ii) using the lighting data to apply a photometric stereo
technigue to the image data for estimating a plurality of surface parameters defining a surface
of the region of interest in the series of images, iii) based on the surface parameters,
establishing athree-dimensional [3D] surface profile of the region of interest, and iv)
detecting insufficiently illuminated areas of the region of interest in the images acquired by

the imaging sensor, using the 3D surface profile of the region of interest.

In afurther aspect of the invention, aworkstation and an imaging apparatus is
provided comprising the light controller and the processor of system set forth.

In afurther aspect of the invention, amethod isprovided for imaging a
patient's interior, the method comprising acquiring, in the form of image data, a series of
images of aregion of interest in the patient's interior, the region of interest being illuminated
in the patient's interior by aplurality of light sources from different light source directions,
the method further comprising:

- controlling individual ones of the plurality of light sources to
illuminate the region of interest with different subsets of the plurality of light sources when
acquiring the series of images, thereby establishing dynamically varying light source
directions during said acquiring;

- obtaining lighting data indicative of the dynamic sequence of light
source directions;

- using the lighting data to apply aphotometric stereo technique to the
image data for estimating aplurality of surface parameters defining a surface of the region of

interest in the series of images,
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- based on the surface parameters, establishing athree-dimensional [3D]
surface profile of the region of interest; and

- detecting insufficiently illuminated areas of the region of interest in the
images acquired by the imaging sensor, using the 3D surface profile of the region of interest.

In afurther aspect of the invention, a computer program product is provided
comprising instructions for causing a processor system to perform the method set forth.

The above measures provide a system and a method which make use of an
imaging sensor to acquire a series of images of aregion of interest in the patient's interior.
The series of images shows the region of interest at different moments in time. For example,
the series of images may be constituted by avideo sequence showing the region of interest at
consecutive moments in time. Here, the term region of interest refers to aportion of the
patient's interior which is shown in the series of images. Said region is aregion of interest
since it isa subject of the imaging and thus indicates interest from auser of the system.

A plurality of light sources are provided which are suitable for illuminating
the region of interest in the patient's interior, e.g., by being arranged nearby or inside an
opening to the patient's interior. Astheregion of interest isilluminated in the patient's
interior, the region of interest ismade visible or better visible in the series of images.

Each individual light source isdifferently positioned with respect to the region
of interest, thereby enabling the plurality of light sources to illuminate the region of interest
from different light source directions. Additionally, alight controller isprovided which
controls each of the plurality of light sources individually. Asaresult, the light controller can
effect an illumination of the region of interest with a subset of individual light sources, i.e., a
specific selection amongst the plurality of light sources. The region of interest can therefore,
when being illuminated by agiven subset of light sources, not, or substantialy not, be
illuminated by others of the plurality of light sources which are not included in said subset.

The light controller is arranged for controlling the plurality of light sources
such that the region of interest isilluminated with different subsets of the plurality of light
sources when acquiring the series of images. Accordingly, the series of imagesisat least in
part comprised of images in which the region of interest isdifferently illuminated, namely
from different light source directions, given that different subsets from the plurality of light
sources are used. For example, the region of interest may beilluminated in afirst image from
afirst set of light source directions provided by afirst subset of the plurality of light sources,
and in another image from another set of light source directions provided by another subset
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of the plurality of light sources. Accordingly, the light source directions from which the
region of interest isilluminated dynamically vary over at least part of the series of images. It
isnoted here that the different subsets of the plurality of light sources may include one or
more of the same, i.e., overlapping, light sources and thus may provide overlapping light
source directions. Nevertheless, the different subsets are different in that they differ by at
least one light source, thereby providing at least one non-overlapping light source direction.

A processor isprovided which obtains lighting data which isindicative of the
dynamically varying light source directions that were used during the acquiring of the series
of images. For example, the lighting data may be comprised of data which lists the light
source directions used in the illumination of the region of interest for each of the series of
images. Another example isthat the lighting data may be comprised in part of dynamic data
obtained from the lighting controller which indicates which different subsets were used in the
illumination of theregion of interest in each of the series of images, and in part of static data
which indicates the light source directions provided by each of the different subsets of the
plurality of light sources. The processor uses the lighting data together with the image data in
aphotometric stereo technique. Such techniques are known in the fields of optical
engineering and image processing, e.g., from apaper "Photometric method for determining
surface orientation from multiple images', Woodham R.J., Optical Engineering, Jan/Feb
1980, Vol. 19, No. 1, pp. 139-144, with said techniques enabling surface parameters to be
estimated which define a surface of an object, e.g. surface normals or other surface
orientation parameters, based on the object being illuminated from varying illumination
directions in successive images. The processor applies such aphotometric stereo technique to
the series of images to estimate aplurality of surface parameters which define a surface of the
region of interest in the series of images. Furthermore, the processor uses the surface
parameters to establish a 3D surface profile of the region of interest, e.g., by presenting the
surface parameters in accordance with aposition on the surface of the region of interest.

The above measures provide a combination of light sources, light source
control and processing which enable a series of images of aregion of interest to be acquired
from which a 3D surface profile of the region of interest is subsequently established. By
providing, instead of asingle light source, aplurality of different light sources and by
providing alight controller which is arranged for individually controlling said light sources,
the region of interest in the patient's interior can beilluminated from different light source
directions. By the light controller effecting the dynamically varying light source directions

during the acquiring of the series of images and the processor obtaining lighting data
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indicative of the dynamically varying light source directions, the processor isenabled to
estimate the plurality of surface parameters defining the surface of the region of interest in
the series of images, namely by making use of the photometric stereo technique.
Accordingly, the system can establish the 3D surface profile of the region of interest from the
series of images. It istherefore not needed to provide additional light sources specifically for
establishing the 3D surface profile of the region of interest. Rather, aplurality of light
sources are provided which serve for normally illuminating the region of interest, yet which,
when being controlled by the light controller, provide the dynamically varying light source
directions which enable acquiring a series of images suitable for the photometric stereo
technique. The inventors have recognized that although such aphotometric stereo technique
isbound to limitations, e.g., since shadows cannot be accounted for properly, the technique is
well suitable for the imaging of the patient's interior using the above system since surfaces
such asthe cervical region are typically convex, there are no tall structures which may
otherwise cast shadows, and the dynamically varying light source directions reduce glare
which otherwise may be aproblem. Advantageoudly, it isnot needed to provide a structured
light source. Advantageously, the system isless complex than that of US 2010/0149315 Al.
Optionally, the processor isarranged for stabilizing the region of interest
across the series of images prior to applying the photometric stereo technique to the image
data. Stabilizing refers decreasing or entirely avoiding variations in the spatial position of the
region of interest in the series of images by suitably modifying said spatial position in each or
multiple of the series of images. Accordingly, after said stabilizing, the region of interest is
shown more steadily when successively viewing the series of images, i.e., asasequence. Itis
noted that when viewing the series of images simultaneously instead of sequentialy, e.g., ina
side-by-side manner, such stabilizing is also referred to asimage alignment or registration as
the region of interest ismore aligned or better registered across the series of images. It has
been found that such stabilization results in a better estimate of the plurality of surface
parameters. Advantageously, abetter 3D surface profile of the region of interest is obtained.
Optionally, the system further comprises an inertial sensor for estimating
movement of the imaging sensor during the acquiring of the series of images, and the
processor is arranged for stabilizing the region of interest across the series of images based
on sensor data received from the inertial sensor. Variations of the spatial position of the
region of interest in the series of images are frequently due to movement of the imaging
sensor. For example, if the imaging sensor is attached to acolposcope, auser such as a
clinician operating the col poscope may inadvertently cause the colposcope to shake or
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otherwise move while acquiring the series of images. By including the inertial sensor, e.g.,
affixed to the imaging sensor or to apart of the system which moves with the imaging sensor,
the movement of the imaging sensor during the acquiring of the series of images is estimated.
Accordingly, the movement can be compensated in the series of images, thereby stabilizing
the region of interest in the series of images. Advantageously, the inertial sensor can be used
alternatively or additionally to image-based stabilization of the region of interest.
Advantageoudly, abetter 3D surface profile of the region of interest is obtained.

Optionally, the processor is arranged for using the 3D surface profile of the
region of interest to enhance images acquired by the imaging sensor. It has been found that
the 3D surface profile iswell suited in enhancing images acquired by the image sensor, such
as the series of images or subsequently acquired images.

Optionally, the processor is arranged for using the 3D surface profile of the
region of interest to stabilize the region of interest in the images acquired by the imaging
sensor. Having obtained the 3D surface profile, the 3D surface profile can be used to stabilize
the region of interest in the images acquired by the imaging sensor. Advantageously, auser
such as aclinician can better focus on the region of interest in the images since less or no
effort isrequired to track theregion of interest while viewing the series of images.
Advantageously, abetter stabilization is obtained when using 3D information, e.g., the 3D
surface profile, instead of having to rely only on 2D information, e.g., the image data itself.

Also the processor is arranged for using the 3D surface profile of the region of
interest to detect insufficiently illuminated areas of the region of interest in the images
acquired by the imaging sensor. The processor thus infers from the 3D surface profile of the
region of interest which areas of the region of interest are poorly illuminated in the images
acquired by the imaging sensor. The processor is enabled to do so since the illumination of
each area of the region of interest depends on the orientation and/or position of said areas,
and in particular the orientation and/or position with respect to the plurality of light sources
and the imaging sensor. The 3D surface profile of the region of interest isindicative of the
orientation and/or position of each area of the region of interest.

Optionally, the processor is arranged for processing the images acquired by
the imaging sensor to enhance abrightness and/or contrast of the insufficiently illuminated
areas of theregion of interest. By enhancing the brightness and/or contrast of the
insufficiently illuminated areas of the region of interest, said areas of the region of interest

are made visible or better visible in the images. Advantageously, auser such asaclinicianis
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provided with images which better show theregion of interest. Advantageously, areas which
are difficult to illuminate using light sources can be synthetically illuminated by the system.

Optionally, the processor isarranged for instructing the lighting controller to
increase the illuminating by the plurality of light sources in the insufficiently illuminated
areas of the region of interest in the patient's interior. The insufficiently illuminated areas of
the region of interest are thus better illuminated by the plurality of light sources, e.g., by an
increased light output, adifferent subset of the plurality of light sources, etc.
Advantageoudly, the user isprovided with images which better show the region of interest.

Optionally, the system is arranged for maintaining afixed physical relation
between the plurality of light sources and the imaging sensor during the acquiring of the
series of images. By establishing afixed physical relation between the plurality of light
sources and the imaging sensor during the acquiring of the series of images, the applying of
the photometric stereo technique isfacilitated since it isnot needed anymore to otherwise
compensate for achange in the physical relation during the acquiring of the series of images.
Advantageoudly, abetter 3D surface profile of the region of interest i s obtained.

Optionally, the individual ones of the plurality of light sources are arranged on
aring-shaped structure, and the ring-shaped structure is affixed around the imaging sensor. A
ring-shaped structure isparticularly well suited for establishing dynamically varying light
source directions since the imaging sensor will typically be oriented towards the region of
interest, thereby providing the plurality of light sources with awide range of light source
directions with respect to the region of interest, e.g., substantially 360 degrees. A wide range
of light source directions facilitates the applying of the photometric stereo technique.
Advantageoudly, abetter 3D surface profile of the region of interest i s obtained.

Optionally, the processor is arranged for, when operating in acalibration
mode, measuring the different light source directions based on detecting reflections in images
acquired by the imaging sensor. Detecting the reflections in images acquired by the imaging
sensor provides a convenient manner of making the different light source directions known to
the system. Accordingly, if the lighting data comprises static data which indicates the light
source directions provided by each of the different subsets of the plurality of light sources,
said static data can be conveniently obtained in the calibration mode. Advantageoudly, itis
not needed to otherwise manually measure the different light source directions in order to

make the different light source directions known to the system.
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Optionally, the system further comprises a scope being one of the group of: a
colposcope, alaparoscope, an ophthalmoscope and aretinoscope, the scope comprising the
plurality of light sources and the imaging sensor.

It will be appreciated by those skilled in the art that two or more of the above-
mentioned embodiments, implementations, and/or aspects of the invention may be combined
in any way deemed useful.

Modifications and variations of the workstation, the imaging apparatus,
the method, and/or the computer program product, which correspond to the described
modifications and variations of the system, can be carried out by a person skilled in the
art on the basis of the present description.

A person skilled in the art will appreciate that the method may be applied
to multi-dimensional image data, e.g. to two-dimensiona (2D), three-dimensional (3D) or
four-dimensional (4D) images. A dimension of the multi-dimensional image data may
relate to time. For example, a 3D image may comprise atime-series of 2D images.

The invention isdefined in the independent claims. Advantageous

embodiments are defined in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention are apparent from and will be
elucidated with reference to the embodiments described hereinafter. In the drawings,

Fig. 1shows a system for imaging apatient's interior;

Fig. 2 shows amethod for imaging the patient's interior;

Fig. 3 shows acomputer program product for performing the method,;

Fig. 4a shows afrontal view of a scope, the scope comprising aplurality of
light sources and an imaging sensor, and the plurality of light sources being arranged on a
ring-shaped structure which is affixed around the imaging sensor;

Fig. 4b shows a side view of the scope;

Fig. 5 shows an image acquired by the imaging sensor, the image showing a
region of interest which isilluminated by individual ones of the plurality of light sources;

Fig. 6a shows afirst image from a series of images, said image showing the
region of interest being illuminated by afirst one of different subsets of light sources;

Figs. 6b, 6¢ and 6d show a second, third and fourth image showing the region
of interest being illuminated by a second, third and fourth one of the different subsets of light

sources, respectively; and
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Figs. 7aand 7b illustrate the system improving the illumination of previously

insufficiently illuminated areas of the region of interest.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1shows asystem 100 for imaging apatient's interior. The system 100
comprises an imaging sensor 120 for acquiring, in the form of image data 122, a series of
images of aregion of interest 020 in the patient's interior. For illustration purposes, the
region of interest 020 is shown schematically in Fig. 1by means of a star-shaped region,
without showing the patient's interior nor the patient itself. It will be appreciated that during
actual use of the system 100, the imaging sensor 120 will be positioned such that it isdirected
a aregion of interest in the patient's interior, e.g., by being inserted into the patient's
interior, directed at an opening in the patient's interior, etc. The system 100 further comprises
aplurality of light sources 140 for illuminating the region of interest 020 in the patient's
interior from different light source directions 152-156. By way of example, Fig. 1 shows the
plurality of light sources 140 being comprised of afirst light source 142 illuminating the
region of interest 020 from afirst light source direction 152, a second light source 144
illuminating the region of interest 020 from a second light source direction 154, and athird
light source 146 illuminating the region of interest 020 from athird light source direction
156. The different light source directions 152-156 are different in that the principle light
output direction of each of the plurality of light sources 140 differs, e.g., isrepresented by a
different vector in 3D space. By way of example, Fig. 1 shows the first light source direction
152 to be oblique with respect to the surface of the region of interest 020, the second light
source direction 154 to be orthogona with respect to the surface, and the third light source
direction 156 to be differently oblique with respect to the surface. Accordingly, the region of
interest 020 is shown to beilluminated from three different directions.

The system 100 further comprises alight controller 160 for controlling
individual ones 142-146 of the plurality of light sources 140 to illuminate the region of
interest with different subsets 410-440 of the plurality of light sources when acquiring the
series of images. For that purpose, the light controller 160 is shown to provide control data
162 to each of the plurality of the light sources 140, e.g., viawired or wireless signals.
Accordingly, the light controller isenabled to establish dynamically varying light source
directions while the imaging sensor 120 acquires the series of images. In particular, the light
controller isenabled to establish adifferent light source direction for each or a subset of the

series of images. The system 100 further comprises aprocessor 180 for obtaining lighting
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data 164 indicative of the dynamically varying light source directions. By way of example,
Fig.l shows the processor 180 obtaining the lighting data 164 from the light controller 160.
Accordingly, the lighting data 164 may comprise or may be comprised of the control data
162. However, thisisnot alimitation, in that the lighting data 164 may also take other forms
and may be obtained in adifferent manner, i.e., not from the light controller 160. The
processor 180 is further arranged for using the lighting data 164 to apply aphotometric stereo
technique to the image data 122 for estimating aplurality of surface parameters defining a
surface of the region of interest 020 in the series of images. For that purpose, the processor
180 is shown to receive the image data 122 from the imaging sensor. Moreover, the processor
180 isarranged for, based on the surface parameters, establishing a3D surface profile of the
region of interest. Although not shown in Fig. 1, the processor 180 may output the 3D surface
profile, e.g., to adisplay for display thereon, or to a storage medium for storage thereon. For
example, the processor 180 may output the 3D surface profile in the form of acolor based
depth map to show the 3D surface profile to the user in an easy-to-interpret manner.

An operation of the system 100 may be briefly explained asfollows. The light
controller 160 controls individual ones 142-146 of the plurality of light sources 140 to
illuminate the region of interest 020 with different subsets 410-440 of the plurality of light
sources, thereby establishing dynamically varying light source directions. At an
approximately same time, e.g., in synchronicity or smultaneously with the dynamically
varying light source directions, the imaging sensor acquires the series of images of the region
of interest 020 in the patient's interior, thereby providing image data 122 of the series of
images. The processor 180 obtains lighting data 164 indicative of the dynamically varying
light source directions. Moreover, the processor obtains the image data 122 from the imaging
sensor 120. The processor 180 then uses the lighting data 164 to apply aphotometric stereo
technique to the image data 122 to estimate the plurality of surface parameters defining the
surface of the region of interest 020 in the series of images. Furthermore, the processor uses
the surface parameters to establishing a 3D surface profile of the region of interest 020.

It isnoted that Fig. 1further shows an optional aspect of the present invention,
in that the processor 180 may provide instructions 182 to the light controller. This aspect of
the present invention will be further discussed with reference to Figs. 6a-6d.

Fig. 2 shows amethod 200 for imaging apatient's interior. The method 200
may correspond to an operation of the system 100. However, the method 200 may also be
performed in separation of the system 100, e.g., using adifferent system or device.
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The method 200 comprises, in a step titled "ACQUIRING SERIES OF
IMAGES", acquiring 210, in the form of image data, a series of images of aregion of interest
in the patient's interior, the region of interest being illuminated in the patient's interior by a
plurality of light sources from different light source directions. The method 200 further
comprises, in astep titted "DYNAMICALLY VARYING LIGHT SOURCE DIRECTIONS',
controlling 220 individual ones of the plurality of light sources to illuminate the region of
interest with different subsets of the plurality of light sources when acquiring the series of
images, thereby establishing dynamically varying light source directions during said
acquiring. The method 200 further comprises, in a step titted "OBTAINING LIGHTING
DATA", obtaining 230 lighting data indicative of the dynamic sequence of light source
directions. Furthermore, the method 200 comprises, in a step titled "ESTIMATE SURFACE
PARAMETERS', using the lighting data to apply 240 a photometric stereo technique to the
image data for estimating aplurality of surface parameters defining a surface of the region of
interest in the series of images. The method 200 further comprises, in a step titled
"ESTABLISHING 3D SURFACE PROFILE", based on the surface parameters, establishing
(250) athree-dimensional [3D] surface profile of the region of interest. It will be appreciated
that the steps of the method 200 may be performed in any suitable order. In particular, the
steps of acquiring 210 and controlling 220 may be performed at an approximately same time,
e.g., synchronously or simultaneously. Another example isthat the step of obtaining 230 may
be performed before, during or after the steps of acquiring 210 and controlling 220.

Fig. 3 shows a computer program product 260 comprising instructions for
causing aprocessor system to perform the method according to the present invention. The
computer program product 260 may be comprised on a computer readable medium 270, for
example as a series of machine readable physical marks and/or as a series of elements having
different electrical, e.g., magnetic, or optical properties or values.

The system 100 and the method 200, and various optional aspects of the
system 100 and the method 200, will be further explained with reference to Figs. 4a-6d.

Fig. 4a shows afrontal view and Fig. 4b shows a side view of a scope 110
which may be used in the imaging of the patient's interior. Assuch, the scope 110 may be a
colposcope, alaparoscope, an ophthalmoscope, aretinoscope or any other type of scope. The
scope 110 is shown to comprise the imaging sensor 120. Although shown in Figs. 4aand 4b
asarelatively flat element, the imaging sensor 120 may in practice comprise optics such as
one or more lenses and a photosensitive array such asaCCD or CMOS array. However, this

isnot alimitation in that the imaging sensor 120 may equally take any other suitable form.
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Figs. 4aand 4b further show the scope being provided with aplurality of light sources 140
which are arranged on aring-shaped structure 130 with said structure being affixed around
the imaging sensor 120. Accordingly, afixed physical relation may be maintained between
the plurality of light sources 140 and the imaging sensor 120 during the acquiring of the
series of images. Fig. 4a shows the plurality of light sources 140 head-on, i.e, facing alight-
emitting end of the light sources. The ring-shaped structure 130 may be acircular carrier such
as aprinted circuit board (PCB), which may be encapsulated so asto allow entry into the
patient's interior. The plurality of light sources 140 may be aplurality of Light Emitting
Diodes (LEDs). Other examples of suitable light sources 140 include laser-based light
sources, fibre-optics based light-sources, infrared (IR) light emitting light sources or any
other transducers which generates adirectional response at the imaging sensor 120. For
example, the plurality of light sources 140 may be provided by an integrated LED array on
chip, or may be constituted by a set of optical fibres which are expanded in acontrolled way
using a stent-like apparatus upon reaching a desired position within the patient's interior.

Fig. 4afurther shows a subset 400 of the plurality of light sources 140 being
activated. Thisisindicated by a star-shaped contour surrounding said light sources 140. Here,
the subset 400 of light sources isconstituted by two light sources, the two light sources being
arranged opposite in the circular shape, i.e., atop one and abottom one of the plurality of
light sources 140 when viewed head-on. The others of the plurality of light sources 140 are
not activated, being indicated by the star-shaped contour being absent. Fig. 4b further
illustrates the different light source directions 150 established by the subset 400 of light
sources. In this respect, it isnoted that each of the plurality of light sources 140 in itself may
be differently oriented so asto establish the different light source directions 150. For
example, each of the plurality of light sources 140 may be oriented towards the region of
interest 020, i.e., aong the optical axis of the imaging sensor 120. However, it isnoted that
the different light source directions 150 are also established if the orientation of each of the
plurality of light sources 140 isthe same, e.g., forward facing. In this case, the different light
source directions are aready established due to the difference in position of each of the
plurality of light sources 140 with respect to the region of interest 020, resulting in the region
of interest 020 being illuminated from different light source directions 150.

Although not shown in Figs. 4a and 4b, the plurality of light sources 140 may
also be arranged on multiple concentric ring-shaped structures which are affixed around the
imaging sensor 120. Moreover, instead of aring-shaped structure, another geometric pattern

may be used, such asa square array. The plurality of light sources 140 may further provide
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differently colored light, e.g., to yield color dependent diagnostic abilities in colposcopy. For
that purpose, the plurality of light sources 140 may be constituted by different types of light
sources. Alternatively, the light sources 140 may be adjustable in color characteristic.

It isnoted that Fig. 4b further shows an inertial sensor 112 for estimating
movement of the scope 110 and thus of the imaging sensor 120 affixed to the scope 110. This
aspect of the present invention will be further discussed with reference to Figs. 6a-6d.

It isfurther noted that, although not shown in Figs. 4aand 4b, the plurality of
light sources 140 may be adjustable in orientation, e.g., by means of the ring-shaped structure
130 being tiltable, shiftable, etc., with respect to the optical axis of the image sensor 120.
Hence, by adjusting the orientation of the ring-shaped structure 130, the orientation of all of
the plurality of light sources 140 may be adjusted. Any such adjustment may be performed
before or after acquiring the series of images, thereby enabling maintaining afixed physical
relation with respect to the imaging sensor 120 during the acquiring of the series of images.
A purpose of said tiltability or shiftability may be avoid glare from a specific portion of the
surface, with the presence of such glare being determined by the system 100 from images
acquired by the imaging sensor 120. Another purpose of said tiltability or shiftability may be
that on having determined the 3D surface profile of the region of interest, auser may better
maneuver the scope 110 or similar part of the system 100 in constricted space within the
patient's interior to obtain abetter view of the region of interest with the imaging sensor 120.

Fig. 5 shows an image 300 acquired by the imaging sensor, the image showing
aregion of interest 020 which isilluminated by individual ones of the plurality of light
sources 140. For illustration purposes, the region of interest 020 shown in the image 300 isa
portion of the exterior of an apple. It isnoted, however, that during actual use of the system
100, the region of interest 020 typically constitutes aregion of interest within apatient's
interior, e.g., the cervix or part thereof. The image 300 shows the region of interest being
illuminated by the plurality of light sources 140 as shown in Fig. 4a. Hence, the subset 300 of
two opposite light sources isused inilluminating the region of interest. Asaresult of the
surface of the apple's exterior being shiny, specular reflections occur which result in bright
regions being visible in the image 162. It isnoted that such types of reflections may be used
deliberately during acalibration procedure, namely to measure the different light source
directions 150. In particular, amirrored object such as a sphere or aflat mirror may be placed
in front of the imaging sensor 120 at a specified distance, and the reflection of each of the
plurality sources of light may be recorded by the imaging sensor 120, e.g., by sequentially

activating each of the plurality of light sources 140 and acquiring a corresponding image.



10

15

20

25

30

WO 2014/184274 15 PCT/EP2014/059901

From said images, alight source direction of each of the plurality of light sources 140 may be
calculated, with the result serving as a static part of the lighting data 164.

Figs. 6a-6d shows a series of images 310-340 which has been acquired by the
imaging sensor 120 while the light controller 160 controls individual ones of the plurality of
light sources 140 to illuminate the region of interest with different subsets 410-440 of the
plurality of light sources when acquiring the series of images, thereby establishing
dynamically varying light source directions during said acquiring. Consequently, Fig. 6a
shows afirst image 310 and afirst subset of light sources 410, Fig. 6b shows a second image
320 and a second subset of light sources 420, Fig. 6¢ shows athird image 330 and athird
subset 430 of light sources, and Fig. 6d shows afourth image 440 and afourth subset of light
sources 340. It can be see that the illumination by the different subsets 410-440 of light
sources causes the appearance of the region of interest to vary across the series of images
310-340, i.e., resulting in afirst 021, second 022, third 023 and fourth appearance 024.

Based on the dynamically changing appearance of the region of interest across
the series of images 310-340, the processor 180 may establish a 3D surface profile of the
region of interest 020-024 asfollows. Firstly, the processor 180 may obtain data from the
light controller 160 which indicates which subset of light sources are used during the
acquiring of each of the series of images 310-340. The processor 180 may already be
provided with alight source direction of each of the plurality of light sources 140, e.g.,
during a calibration procedure. Accordingly, the processor 180 may be provided with lighting
data 164 which indicates from which light source direction(s) the region of interest 020-024
isilluminated in each of the series of images 310-340. The processor 180 may then use the
lighting data 164 and the image data 122 of the series of images 310-340 in aphotometric
stereo technique. Such techniques are known per se. For example, aphotometric stereo
technique may be applied as described in "Photometric method for determining surface
orientation from multiple images', Woodham R.J., Optical Engineering, Jan/Feb 1980, Vol.
19, No. 1, pp. 139-144. The application of such aphotometric stereo technique in the context
of the present invention isbased on the following recognitions. Unlike the surface of the
apple's exterior, the actual region of interest 020-024 in apatient's interior typically provides
adiffusely reflective surface can be modeled by aLambertian reflectance model. In such
Lambertian reflectance, the apparent brightness of such a surface to an observer isthe same,
i.e., isotropic, regardless of the observer's angle of view. Accordingly, a surface providing
Lambertian reflectance has the same apparent brightness when viewed from any angle,

because the emitted total light and the projected area are both reduced by the cosine of the
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viewing angle. Under this assumption, the observed intensities by the imaging sensor 120,

i.e., asobtained from an image acquired of the region of interest, can be expressed as follows:

| =(p/n) -b-c-{n-S)

Here, the term | isrepresentation of the observed intensities of the region of
interest, the term nisarepresentation of the surface normals across the region of interest,
which are independent of the lighting and rather determined by the shape of the surface of the
region of interest, and the term Sisarepresentation of the light source direction(s). The term
| may be provided by the image data of an acquired image. The term Smay be provided by
the lighting data indicating the light source direction(s) used in illuminating the region of
interest in the acquired image. Furthermore, the term b isthe light source brightness, the term
p isthe surface abedo, and cisan optical system constant. It isfurther noted that (n - S) is
the dot product (cosine) of the surface normal n and the light source direction S since the
angle of the light falling on aLambertian-modelled surface isthe only factor which changes
the observed intensity of said surface in the Lambertian reflectance model.

The processor 180 may estimate the plurality of surface parameters defining
the surface of the region of interest in the series of images 310-340 by solving for the term n
in the above equation, thereby obtaining surface normals of the region of interest. In
particular, the processor 180 may make use of multiple acquired images, i.e., multiple ones of
the series of images 310-340. For example, the processor 180 may solve for the term n by

solving the following normalized 3 x 1 matrix equation:

B - T
I, S
_ T
T

_I3_ S5 |

namely by calculating the term n as:

n=S"|

Here, terms |, |, and | ; are matrix representation of the intensities of
respectively afirst acquired image, a second acquired image and athird acquired image,
together yielding amatrix representation of the term I, whereas theterms S, S, and S; are

matrix representation of the light source direction(s) used in illuminating the region of

interest in each acquired image, together yielding amatrix representation of the term S.
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The processor 180 may also make use of more than three acquired images in

which the region of interest isilluminated from different light source directions:

— - — T =
I, S,
_ T
T

_IN_ SN

In this case, however, the term Sisnot directly invertible anymore since the
matrix Sisno longer square. Therefore, the solution of the above equation may be obtained
by first obtaining a square matrix, inverting it and carrying out the above computation of the
normal n, namely by calculating the term n asfollows:

n=@'s}HII

It isnoted that in case singularity arise during the inverting of the square
matrix S' S, this may be dealt with by the known technique of computing the SVD of the
matrix, dropping the near-zero singular values, reducing the rank of the matrix after this, and
inverting the diagonal and multiplying in the singular vectors to obtain apseudo inverse.

The application of such aphotometric stereo technique in the context of the
present invention isfurther based on the following recognitions. The inventors have
recognized that, in general, problems may arise in photometric stereo techniques due to
shadows occurring on the surface of aregion of interest which may not be properly
accounted for in the photometric stereo technique. Moreover, problems may aso arise due to
the surface of theregion of interest being specularly reflective instead of, or in addition to,
being diffusely reflective. However, by the system 100 establishing dynamically varying
light source directions during the acquiring of the series of images, the problems due to
specularly reflective surface are reduced or entirely avoided. Moreover, the system 100 being
used for imaging aregion of interest in apatient's interior, with such regions being typically
convex and not having tall structures, the occurrence of shadows on the surface of the region
of interest isreduced or entirely avoided. For example, the inventors have recognized that the
system 100 may be well applied to acervical region which isexamined as part of a
colposcopy, aswell as awide variety of other regions of interest within apatient's interior.

Having estimated the surface normals of the surface of the region of interest,
the processor 180 may establish a 3D surface profile of the region of interest based on the

surface normals, e.g., by constructing apolygonal model of the surface which fits the surface
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normals. In this respect, it isnoted that instead of estimating the surface normals of the
surface of the region of interest, other surface parameters may be equally estimated and used
in establishing the 3D surface profile. For example, tangent vectors may be estimated.

In general, the processor 180 may be arranged for stabilizing the region of
interest 020-024 in the series of images 310-340 prior to applying the photometric stereo
technique to the image data 122. A reason for this may be that successive ones of the series
of images, as obtained by the system 100 to construct the above two equations, are typically
obtained at finite, non-zero time intervals, i.e., as determined based on the frame rate at
which the images are acquired. During such time intervals, the region of interest 020-024
and/or the imaging sensor 120 may have moved. In such acase, stabilizing the region of
interest 020-024 across the series of images 310-340 improves the accuracy of the
photometric stereo technique. For that purpose, the processor 180 may make use of an image
stabilization technique asis known per se from the fields of image and/or video processing.
Accordingly, the processor 180 may detect aposition of the region of interest 020-024 in
each of the series of images 310-340, e.g., using aregion of interest detection technique, and
then apply afilter to the detected positions of the region of interest to dampen out or entirely
eliminate variations of the position of the region of interest 020-024 across the series of
images 310-340. Asaresult, astabilized series of images may be obtained, which may then
be used in the photometric stereo technique. Another example isthat an inertial sensor 112
may be used to estimate movement of the imaging sensor 120 during the acquiring of the
series of images 310-340. For example, the inertial sensor 112 may be provided on a scope
110 to which the imaging sensor 120 is affixed, as previously illustrated in Fig. 4b. The
processor 180 may be arranged for stabilizing the region of interest 020-024 in the series of
images based on sensor data received from the inertial sensor 112. Again, a stabilized series
of images may be obtained, which may then be used in the photometric stereo technique. Yet
another example isthat the movement of the region of interest 020-024 may be estimated by
computing blur in one or more images in which the region of interest isilluminated by a
given subset of light sources so asto estimate the movement of the region of interest in a
direction orthogonal to the light source direction(s) of the given subset of light sources.

Furthermore, the processor 180 may be arranged for using the 3D surface
profile of the region of interest 020-024 to enhance images acquired by the imaging sensor
120. In particular, the processor 180 may enhance the images acquired by the imaging sensor
120 to improve avisibility of the region of interest. A first example isthat the processor 180
may be arranged for using the 3D surface profile of the region of interest to stabilize the
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region of interest 020-024 in the images acquired by the imaging sensor 120. For that
purpose, the processor 180 may fit the 3D surface profile of the region of interest to each of
the acquired images to detect its position. A filter may then be applied to the detected
positions of the region of interest to dampen out or entirely eliminate variations of the
position of the region of interest 020-024 across the acquired images. Accordingly, aviewer
of such images may be provided with a more stable display of the region of interest 020-024,
i.e., with less or no variations in the position of the region of interest across the images.

A further example isthat the processor 180 may be arranged for using the 3D
surface profile of the region of interest to detect insufficiently illuminated areas of the region
of interest 020-024 in the images acquired by the imaging sensor 120. For that purpose, the
processor 180 may use the photometric stereo technique to determine the surface albedo in
addition to the surface normal. Here, alow surface albedo may indicate an insufficient
illumination of the respective area of the region of interest. Additionally or alternatively, the
processor 180 may use the 3D surface profile to determine the distance of areas of the region
of interest 020-024 to the imaging sensor 120, and correlate said distance to abrightness of
the region of interest in the acquired images to determine if the areaisinsufficiently
illuminated. For example, if an area of the region of interest isdistanced from the imaging
sensor and has alow brightness, this may indicate that the areaisinsufficiently illuminated.

The processor 180 may be further arranged for processing the images acquired
by the imaging sensor 120 to enhance abrightness and/or contrast of the insufficiently
illuminated areas of the region of interest 020-024. Accordingly, the processor 180 may
increase avalue of the luminance component of the pixels in said areas in the acquired
images, e.g., by adding an offset to the luminance component, multiplying the luminance
component with again value, applying atransfer function, etc. Additionally or alternatively,
the processor 180 may be arranged for instructing the lighting controller 160 to increase the
illuminating by the plurality of light sources 140 in the insufficiently illuminated aress of the
region of interest 020-024 in the patient's interior. Accordingly, the lighting controller 160
may increase the brightness of one or more of the plurality of light sources 140, use
additional or different ones of the plurality of light sources in the illuminating, etc.

Figs. 7aand 7b illustrate this principle. Here, the ring-shaped structure 130
has been enlarged for illustration purposes to show the region of interest 025-026 being
illuminated from different light source directions by respective ones of the surrounding
plurality of light sources 140. In particular, Fig. 7a shows the region of interest 025 being
illuminated by afirst light source 141 which illuminates the region of interest 025 from a
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southeast light source direction 151. Asaresult, northwestern areas of the region of interest
025 are poorly illuminated. The processor 180 may instruct the light controller 160 to
additionally illuminate the region of interest 025 with afurther light source 143 to increase
the illuminating of the region of interest 025. Fig. 7b shows aresult of this, in that the region
of interest 026 isbetter illuminated, namely additionally from an eastern light source
direction 153. Asaresult, the region of interest 026 isbetter illuminated. Additionally or
alternatively, when the plurality of light sources 140 are adjustable in orientation, e.g., by
means of the earlier mentioned ring-shaped structure 130 being tiltable, shiftable or otherwise
adjustable, said adjustability may beused to increase the illuminating of the region of
interest. For example, the plurality of light sources 140 may be tilted or shifted towards a
steeply sloping part of the region of interest with ispoorly illuminated. Such steeply sloping
part may be determined by the system from the 3D surface profile of the region of interest.

It will be appreciated that the 3D surface profile of the region of interest may
be used in various ways, such asin image enhancement, medical diagnosis, etc. For example,
if the 3D surface profile has a certain 'bumpy' or 'mosaic-like’ pattern, this may beindicative
of lesions. Such apattern ismore easily discernible in a 3D surface profile of the region of
interest than from a 2D view of the region of interest. Another example isthat afoca range
of the imaging sensor 120 may be adjusted based on the 3D surface profile. For example, the
system may obtain auniformly sharp image of the region of interest by sequentially passing
through the depth range of the region of interest and acquiring images thereof, with the
processor then combining said images into auniformly sharp image of the region of interest.

It will be appreciated that the invention also applies to computer programs,
particularly computer programs on or in acarrier, adapted to put the invention into practice.
The program may bein the form of a source code, an object code, a code intermediate source
and an object code such asin apartially compiled form, or in any other form suitable for use
in the implementation of the method according to the invention. It will also be appreciated
that such aprogram may have many different architectural designs. For example, aprogram
code implementing the functionality of the method or system according to the invention may
be sub-divided into one or more sub-routines. Many different ways of distributing the
functionality among these sub-routines will be apparent to the skilled person. The sub-
routines may be stored together in one executable file to form a self-contained program. Such
an executable file may comprise computer-executable instructions, for example, processor
instructions and/or interpreter instructions (e.g. Java interpreter instructions). Alternatively,

one or more or al of the sub-routines may be stored in at least one external library file and
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linked with amain program either statically or dynamically, e.g. at run-time. The main
program contains at least one call to at least one of the sub-routines. The sub-routines may
also comprise function calls to each other. An embodiment relating to a computer program
product comprises computer-executable instructions corresponding to each processing step of
at least one of the methods set forth herein. These instructions may be sub-divided into sub-
routines and/or stored in one or more files that may be linked statically or dynamically.
Another embodiment relating to a computer program product comprises computer-executable
instructions corresponding to each means of at least one of the systems and/or products set
forth herein. These instructions may be sub-divided into sub-routines and/or stored in one or
more files that may be linked statically or dynamically.

The carrier of acomputer program may be any entity or device capable of
carrying the program. For example, the carrier may include a storage medium, such asa
ROM, for example, aCD ROM or a semiconductor ROM, or amagnetic recording medium,
for example, ahard disk. Furthermore, the carrier may be atransmissible carrier such asan
electric or optical signal, which may be conveyed via electric or optical cable or by radio or
other means. When the program isembodied in such a signal, the carrier may be constituted
by such acable or other device or means. Alternatively, the carrier may be an integrated
circuit in which the program isembedded, the integrated circuit being adapted to perform, or
used in the performance of, the relevant method.

It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many alternative
embodiments without departing from the scope of the appended claims. In the claims, any
reference signs placed between parentheses shall not be construed aslimiting the claim. Use
of the verb "comprise” and its conjugations does not exclude the presence of elements or
steps other than those stated in aclaim. The article "a' or "an" preceding an element does not
exclude the presence of aplurality of such elements. The invention may be implemented by
means of hardware comprising several distinct elements, and by means of a suitably
programmed computer. In the device claim enumerating several means, severa of these
means may be embodied by one and the same item of hardware. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a

combination of these measures cannot be used to advantage.
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CLAIMS:

1. System (100) for imaging apatient's interior, the system comprising an
imaging sensor (120) for acquiring, in the form of image data (122), a series of images (310-
316) of aregion of interest (020-024) in the patient's interior, the system further comprising:

- aplurality of light sources (140) for illuminating the region of interest in the
patient's interior from different light source directions (152-156):

- alight controller (160) for controlling individual ones (142-146) of the
plurality of light sources (140) to illuminate the region of interest with different subsets (410-
440) of the plurality of light sources when acquiring the series of images, thereby
establishing dynamically varying light source directions during said acquiring; and

- aprocessor (180) for i) obtaining lighting data (164) indicative of the
dynamically varying light source directions, ii) using the lighting data to apply aphotometric
stereo technique to the image data for estimating aplurality of surface parameters defining a
surface of the region of interest in the series of images, iii) based on the surface parameters,
establishing athree-dimensional [3D] surface profile of the region of interest, and iv)
detecting insufficiently illuminated areas of the region of interest (020-024) in the images
acquired by the imaging sensor (120), using the 3D surface profile of the region of interest.

2. System (100) according to claim 1, wherein the processor (180) isarranged
for stabilizing the region of interest (020-024) across the series of images (310-340) prior to
applying the photometric stereo technique to the image data (122).

3. System (100) according to claim 2, further comprising an inertial sensor (112)
for estimating movement of the imaging sensor (120) during the acquiring of the series of
images (310-340), and wherein the processor (180) is arranged for stabilizing the region of
interest (020-024) across the series of images based on sensor data received from the inertial

Sensor.
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4. System (100) according to claim 1, wherein the processor (180) isarranged
for using the 3D surface profile of the region of interest (020-024) to enhance images
acquired by the imaging sensor (120).

5. System (100) according to claim 4, wherein the processor (180) is arranged
for using the 3D surface profile of theregion of interest to stabilize the region of interest
(020-024) in the images acquired by the imaging sensor (120).

6. System (100) according to claim 1, wherein the processor (180) isarranged
for processing the images acquired by the imaging sensor (120) to enhance abrightness

and/or contrast of the insufficiently illuminated areas of the region of interest (020-024).

7. System (100) according to claim 1, wherein the processor is arranged for
instructing the lighting controller (160) to increase the illuminating by the plurality of light
sources (140) in the insufficiently illuminated areas of the region of interest (020-024) in the

patient's interior.

8. System (100) according to claim 1, wherein the system is arranged for
maintaining afixed physical relation between the plurality of light sources (140) and the
imaging sensor (120) during the acquiring of the series of images (310-340).

9. System (100) according to claim 8, wherein the individual ones of the
plurality of light sources (140) are arranged on aring-shaped structure (130), and wherein the
ring-shaped structure is affixed around the imaging sensor (120).

10. System (100) according to claim 8, wherein the processor (180) is arranged
for, when operating in a calibration mode, measuring the different light source directions

(152-156) based on detecting reflections in images acquired by the imaging sensor (120).

11. System (100) according to claim 8, further comprising a scope (110) being
one of the group of: acolposcope, alaparoscope, an ophthalmoscope, and aretinoscope, the

scope comprising the plurality of light sources (140) and the imaging sensor (120).
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12. Workstation or imaging system (102) comprising the light controller (160) and

the processor (180) of the system according to claim 1.

13. A method (200) for imaging apatient's interior, the method comprising
acquiring (210), in the form of image data, a series of images of aregion of interest in the
patient's interior, the region of interest being illuminated in the patient's interior by a
plurality of light sources from different light source directions, the method further
comprising:

- controlling (220) individual ones of the plurality of light sources to illuminate
the region of interest with different subsets of the plurality of light sources when acquiring
the series of images, thereby establishing dynamically varying light source directions during
said acquiring;

- obtaining (230) lighting data indicative of the dynamic sequence of light
source directions;

- using the lighting data to apply (240) aphotometric stereo technique to the
image data for estimating aplurality of surface parameters defining a surface of the region of
interest in the series of images,

- based on the surface parameters, establishing (250) athree-dimensional [3D]
surface profile of the region of interest; and

- detecting insufficiently illuminated areas of the region of interest (020-024) in
the images acquired by the imaging sensor (120), using the 3D surface profile of the region
of interest.

14. A computer program product (260) comprising instructions for causing a

processor system to perform the method according to claim 13.



PCT/EP2014/059901
144 146

142

1/4

FIG. 3

102

~ 0
— ! O
lllllll - o~
Illll““”"““ll»—.“
11111 i ] o
! &~
lllllll e ! " ©
l”.l\“'.l“l. l.*._
\\\\\ /
.\\\\ 1
luﬁ
o s
\ L LN
R e B e
g
o Q o
<+ o . Ny
- O -
N o]
i
o o o
N P oo B
o~ o o~
4!
O
1W i
o
o
A.N| - o
L ]
o~
o
lv'e)
i [
o
~

WO 2014/184274

FIG. 2



WO 2014/184274 PCT/EP2014/059901

2/4

Prianl 112

120

120

110

300




WO 2014/184274 PCT/EP2014/059901




WO 2014/184274 PCT/EP2014/059901

141

130

143

141

130




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2014/059901

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B1/06 A61B1/04

GO06T7/00

ADD.

According to International Patent Classification (IPC) orto both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation  searched (classification system followed by classification symbols)

A61B GO6T

Documentation ~ searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international

EPO-Internal Data

search (name

WPI

of data base and, where practicable,

search terms used)

C.DOCUMENTS CONSIDERED TO BE RELEVANT

8 August 1996 (1996-08-08)
claim 1

9 July 2003 (2003-07-09)
paragraph [0036]

EP 1 326 432 A2 (GIVEN IMAGING LTD [IL])

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A DE 10 2010 009884 Al (UNIV FRIEDRICH 1-14
ALEXANDER ER [DE]; SIEMENS AG [DE])
8 September 2011 (2011-09-08)
paragraph  [0009]
A uUs 2005/254720 Al (TAN KAR-HAN [US] ET AL) 1-14
17 November 2005 (2005-11-17)
paragraph [0019] ; claim 1
A DE 195 32 095 Cl (HEERICH VOLKER [DE]) 1-14

1-14

| Xl Further documents are listed inthe continuation of Box C.

See patent family annex.

* Special categories of cited documents
“T* later document published after the international filing date or priority
A d ¢ defini th | state of th + which i " idered date and not in conflict with the application but cited to understand
locumen efining  the general state of the art which is not considere; the principle or theory underlying the invention
to be of particular relevance
E eilr.ller dappllcemon or patent but published on orafter the international "X" document of particular relevance; the claimed invention cannot be
ling date considered novel orcannot be considered to involve an inventive
“L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cned. tlo establish the pq?llganon date of another citation or other "y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled inthe art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member ofthe same patent family
Date of the actual completion of the international search Date of mailing of the international search report
15 July 2014 14/08/2014
Name and mailing address of the ISA/ Authorized  officer
European Patent Office, P.B. 5818 Patentlaan 2
NL -2280 HV Rijswijk
Tel. (+31-70) 340-2040, v H
Fax: (+31-70) 340-3016 FI SCher’ Martl n

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2014/059901
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WOODHAM R J ED - DRIGGERS RONALD G:

1-14
"PHOTOMETRI C METHOD FOR DETERM NI NG

SURFACE ORI ENTATION FROM MULTI PLE | MAGES',
OPTI CAL ENG NEERI NG, SOC. OF PHOTO OPTI CAL
| NSTRUVENTATI ON  ENG NEERS, BELLI NGHAM

vol . 19, no. 1,

1 January 1980 (1980-01-01), pages

139- 144, XP008079323,

I SSN:. 0091- 3286

the whol e docunent

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2014/059901
Patent document Publication Patent family Publication

cited in search report date member(s) date

DE 102010009884 Al 08-09- 2011 DE 102010009884 Al 08-09- 2011
Wo 2011107393 Al 09- 09- 2011

US 2005254720 Al 17-11-2005 NONE

DE 19532095 Cl 08-08-1996 NONE

EP 1326432 A2 09-07-2003 EP 1326432 A2 09-07-2003
JP 2003265405 A 24-09-2003
us 2003174208 Al 18-09 - 2003

Form PCT/ISA/210 (patent family annex) (April 2005)



patsnap

FRBHORF) ARG EENE
DF(RE)F EP2996544A1 DF(E)A 2016-03-23
BiES EP2014723821 RiFH 2014-05-15
PRI (EFA(GR) ERTFHEBFROBRLT
(BRI AGE) ERTEFEN.V.
LEEBRBERIPACE) ERTEFENV.
[#R1 &% BB A VENKATESAN SHANKAR MOSUR
VAJINEPALLI PALLAVI
GUPTA VIPIN
GOVINAHALLISATHYANARAYANA SUSHANTH
KULKARNI MANDAR SHRIKANT
KBAA VENKATESAN, SHANKAR MOSUR
VAJINEPALLI, PALLAVI
GUPTA, VIPIN
GOVINAHALLISATHYANARAYANA, SUSHANTH
KULKARNI, MANDAR SHRIKANT
IPCHEF A61B1/06 A61B1/04 GO6T7/00
CPCH¥ESH A61B1/00006 A61B1/04 A61B1/0607 A61B1/0661 A61B1/303 A61B1/3132 A61B3/12 G06T7/586
G06T2207/10021 G06T2207/10068 G06T2207/10152 G06T2207/30004 HO4N5/2256 HO4AN7/183
HO04N2005/2255
RENHI(F) %, DI
£ 2013167853 2013-05-15 EP
H 2 FF 32k EP2996544B1
SNER4E Espacenet

HEGE)

BHT—HATHEENBRENRLSE (100) . ZRESTE - REER
85 (120) , ATFHEBEERNDHBNBXE (020 ) W—RIIBE; KR
ZAKRR (140) , BFNTEXBHEEEABHBNBXE, KFRER
(152-156 ) , IBftyie&I88 (160) , ATFEHZMNR (140 ) HHY
BANKRIR (142-146 ) |, AEFMRIREVEE Zh St EHRIR A @ (152-
156 ) o LEAL , IREEALIEES (180 ) ATRBIB RIS LIRS @M
RREAEE (164 ) . ALEEER (180 ) R MERA THEARPREETLETL
ERARMATERERE , SMEERBNB XN = 4[3D])RMELE. ¥
—SIRMAIEES (180 ) UEABNBX B 3DR L ERN B R BE
RAES (1120 ) FRENAY B A BB X ( 020-024 ) IR TS BETX
B, Hilt , ZREEBUSFBEBEREERN AN —RIBGETRN
BXEAI3DRE R,


https://share-analytics.zhihuiya.com/view/5142646f-ca14-48b3-b5a2-e068127fcde1
https://worldwide.espacenet.com/patent/search/family/048576193/publication/EP2996544A1?q=EP2996544A1

