
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

99
6 

54
4

B
1

TEPZZ 996544B_T
(11) EP 2 996 544 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
27.09.2017 Bulletin 2017/39

(21) Application number: 14723821.6

(22) Date of filing: 15.05.2014

(51) Int Cl.:
A61B 1/06 (2006.01) A61B 1/04 (2006.01)

G06T 7/00 (2017.01)

(86) International application number: 
PCT/EP2014/059901

(87) International publication number: 
WO 2014/184274 (20.11.2014 Gazette 2014/47)

(54) IMAGING A PATIENT’S INTERIOR

ABBILDUNG DES INNEREN EINES PATIENTEN

IMAGERIE DE L’INTÉRIEUR D’UN PATIENT

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 15.05.2013 EP 13167853

(43) Date of publication of application: 
23.03.2016 Bulletin 2016/12

(73) Proprietor: Koninklijke Philips N.V.
5656 AE Eindhoven (NL)

(72) Inventors:  
• VENKATESAN, Shankar Mosur

5656 AE Eindhoven (NL)
• VAJINEPALLI, Pallavi

5656 AE Eindhoven (NL)
• GUPTA, Vipin

5656 AE Eindhoven (NL)
• GOVINAHALLISATHYANARAYANA, Sushanth

5656 AE Eindhoven (NL)

• KULKARNI, Mandar Shrikant
5656 AE Eindhoven (NL)

(74) Representative: Zhu, Di
Philips Intellectual Property & Standards 
High Tech Campus 5
5656 AE Eindhoven (NL)

(56) References cited:  
EP-A2- 1 326 432 DE-A1-102010 009 884
DE-C1- 19 532 095 US-A1- 2005 254 720

• WOODHAM R J ED - DRIGGERS RONALD G: 
"PHOTOMETRIC METHOD FOR DETERMINING 
SURFACE ORIENTATION FROM MULTIPLE 
IMAGES", OPTICAL ENGINEERING, SOC. OF 
PHOTO-OPTICAL INSTRUMENTATION 
ENGINEERS, BELLINGHAM, vol. 19, no. 1, 1 
January 1980 (1980-01-01), pages 139-144, 
XP008079323, ISSN: 0091-3286



EP 2 996 544 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The invention relates to a system and a method
for imaging a patient’s interior and a computer program
product for causing a processor system to perform the
method.
[0002] Medical diagnosis frequently involves imaging
of a patient’s interior. For example, in the detection of
cervical cancer, a clinician may examine a patient’s cer-
vix using a colposcope, i.e., a device which allows the
clinician to grade precancerous and early invasive cer-
vical cancer lesions and to identify locations to perform
biopsies. A colposcope typically comprises an imaging
sensor to acquire one or more images of a region of in-
terest in the patient’s interior, e.g., the cervix or part there-
of. Moreover, such a colposcope typically comprises a
light source to illuminate the region of interest while ac-
quiring the images. As a result, the clinician is provided
with images of the region of interest being illuminated.

BACKGROUND OF THE INVENTION

[0003] It is desirable to establish a three-dimensional
[3D] surface profile of a region of interest shown in such
images, e.g., to enable 3D motion tracking of the region
of interest.
[0004] US 2010/0149315 A1 describes an imaging
system and method for colposcopic imaging in which
three-dimensional (3D) imaging information is combined
with motion tracking information. The system includes at
least one structured light source for projecting a struc-
tured 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 im-
aged object for generating feature points, measures the
feature points, and uses them for reconstructing the 3D
surface topology of the imaged object. It is further said
that the structured light sources may include a laser light
source for generating a laser beam, a holographic grating
for diffracting the laser beam, and one or more reflective
surfaces for directing the diffracted laser beam.
[0005] A problem of the imaging system of US
2010/0149315 A1 is that it is complex as it requires the
use of different types of light sources during the colpo-
scopic imaging to enable reconstructing the 3D surface
topology of the imaged object.
[0006] DE102010009884 A1, which document forms
the basis for the preamble of claim 1, discloses an en-
doscope inserted into the body cavity, wherein a region
of the inner surface is illuminated from different direc-
tions, 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 is recorded in respect of each of the illuminated
region from the same camera position, so that, for a plu-

rality 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.
[0007] US2005/0254720 A1 describes a method to en-
hance an output image of a 3D object. A set of input
images are acquired of a 3D object. Each one of the input
images is illuminated by a different 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 bound-
aries of shadows that are closer to a direction of the set
of lights are marked as depth edge pixels.
[0008] DE19532095 C1 discloses an endoscope hav-
ing a tube with a lens set into the tip that focusses the
image of the observed object into a fibre optic conductor
that has a further lens directing the image onto a video
camera. The tip section has lighting output groups posi-
tioned on opposite sides and at the ends of conductors.
The image is obtained with alternating lighting from the
two groups and this creates a recorded image having a
stereoscopic effect.
[0009] 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-dimen-
sional or surface orientation information on the in-vivo
site. The system may include a swallowable capsule.
[0010] The above referred prior arts do not refer to il-
luminating the region of interest together with identifying
the insufficiently illuminated region and providing a solu-
tion to overcome the insufficient illumination of the region
of interest.

SUMMARY OF THE INVENTION

[0011] It would be advantageous to have a less com-
plex system or method for establishing a 3D surface pro-
file of a region of interest in a patient’s interior.
[0012] To better address this concern, the invention
provides in independent claim 1 a system for imaging a
patient’s interior, the system comprising an imaging sen-
sor for acquiring, in the form of image data, a series of
images of a region of interest in the patient’s interior, the
system further comprising:

- a plurality of light sources for illuminating the region
of interest in the patient’s interior from different light
source directions:

- a light 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, there-
by establishing dynamically varying light source di-
rections during said acquiring; and
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- a processor for i) obtaining lighting data indicative of
the dynamically varying light source directions, ii) us-
ing the lighting data to apply a photometric stereo
technique to the image data for estimating a plurality
of surface parameters defining a surface of the re-
gion of interest in the series of images, iii) based on
the surface parameters, establishing a three-dimen-
sional [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.

[0013] In a further embodiment, a workstation and an
imaging apparatus is provided comprising the light con-
troller and the processor of system set forth.
[0014] In a further aspect of the invention, a computer
program product is in claim 11. The above measures
provide a system and a method which make use of an
imaging sensor to acquire a series of images of a region
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
a video sequence showing the region of interest at con-
secutive moments in time. Here, the term region of inter-
est refers to a portion of the patient’s interior which is
shown in the series of images. Said region is a region of
interest since it is a subject of the imaging and thus indi-
cates interest from a user of the system.
[0015] 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. As the region of in-
terest is illuminated in the patient’s interior, the region of
interest is made visible or better visible in the series of
images.
[0016] Each individual light source is differently posi-
tioned with respect to the region of interest, thereby en-
abling the plurality of light sources to illuminate the region
of interest from different light source directions. Addition-
ally, a light controller is provided which controls each of
the plurality of light sources individually. As a result, 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 illumi-
nated by a given subset of light sources, not, or substan-
tially not, be illuminated by others of the plurality of light
sources which are not included in said subset.
[0017] The light controller is arranged for controlling
the plurality of light sources such that the region of inter-
est is illuminated with different subsets of the plurality of
light sources when acquiring the series of images. Ac-
cordingly, the series of images is at least in part com-
prised of images in which the region of interest is differ-
ently illuminated, namely from different light source di-
rections, given that different subsets from the plurality of
light sources are used. For example, the region of interest

may be illuminated in a first image from a first set of light
source directions provided by a first subset of the plurality
of light sources, and in another image from another set
of light source directions provided by another subset of
the plurality of light sources. Accordingly, the light source
directions from which the region of interest is illuminated
dynamically vary over at least part of the series of images.
It is noted 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 dif-
ferent subsets are different in that they differ by at least
one light source, thereby providing at least one non-over-
lapping light source direction.
[0018] A processor is provided which obtains lighting
data which is indicative 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 direc-
tions used in the illumination of the region of interest for
each of the series of images. Another example is that 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
the region of interest in each of the series of images, and
in part of static data which indicates the light source di-
rections 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 a photometric stereo
technique. Such techniques are known in the fields of
optical engineering and image processing, e.g., from a
paper "Photometric method for determining surface ori-
entation 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. sur-
face normals or other surface orientation parameters,
based on the object being illuminated from varying illu-
mination directions in successive images. The processor
applies such a photometric stereo technique to the series
of images to estimate a plurality 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 pa-
rameters in accordance with a position on the surface of
the region of interest.
[0019] The above measures provide a combination of
light sources, light source control and processing which
enable a series of images of a region of interest to be
acquired from which a 3D surface profile of the region of
interest is subsequently established. By providing, in-
stead of a single light source, a plurality of different light
sources and by providing a light controller which is ar-
ranged for individually controlling said light sources, the
region of interest in the patient’s interior can be illuminat-
ed from different light source directions. By the light con-
troller effecting the dynamically varying light source di-
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rections during the acquiring of the series of images and
the processor obtaining lighting data indicative of the dy-
namically varying light source directions, the processor
is enabled 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 ster-
eo technique. Accordingly, the system can establish the
3D surface profile of the region of interest from the series
of images. It is therefore not needed to provide additional
light sources specifically for establishing the 3D surface
profile of the region of interest. Rather, a plurality of light
sources are provided which serve for normally illuminat-
ing the region of interest, yet which, when being control-
led 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 a pho-
tometric stereo technique is bound 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 as
the 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 a problem. Advantageously, it
is not needed to provide a structured light source. Ad-
vantageously, the system is less complex than that of
US 2010/0149315 A1.
[0020] Optionally, the processor is arranged for stabi-
lizing 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., as a sequence. It is noted that when
viewing the series of images simultaneously instead of
sequentially, e.g., in a side-by-side manner, such stabi-
lizing is also referred to as image alignment or registration
as the region of interest is more aligned or better regis-
tered across the series of images. It has been found that
such stabilization results in a better estimate of the plu-
rality of surface parameters. Advantageously, a better
3D surface profile of the region of interest is obtained.
[0021] Optionally, the system further comprises an in-
ertial sensor for estimating movement of the imaging sen-
sor 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 re-
ceived 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 a col-
poscope, a user such as a clinician operating the colpo-
scope may inadvertently cause the colposcope to shake
or otherwise move while acquiring the series of images.

By including the inertial sensor, e.g., affixed to the imag-
ing sensor or to a part 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 sen-
sor can be used alternatively or additionally to image-
based stabilization of the region of interest. Advanta-
geously, a better 3D surface profile of the region of inter-
est is obtained.
[0022] 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 is well suited in enhancing
images acquired by the image sensor, such as the series
of images or subsequently acquired images.
[0023] 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 im-
aging 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, a user such as a clinician can better
focus on the region of interest in the images since less
or no effort is required to track the region of interest while
viewing the series of images. Advantageously, a better
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.
[0024] Also the processor is arranged for using the 3D
surface profile of the region of interest to detect insuffi-
ciently 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 is indicative of the orien-
tation and/or position of each area of the region of inter-
est.
[0025] Optionally, the processor is arranged for
processing the images acquired by the imaging sensor
to enhance a brightness and/or contrast of the insuffi-
ciently illuminated areas of the region of interest. By en-
hancing the brightness and/or contrast of the insufficient-
ly illuminated areas of the region of interest, said areas
of the region of interest are made visible or better visible
in the images. Advantageously, a user such as a clinician
is provided with images which better show the region of
interest. Advantageously, areas which are difficult to il-
luminate using light sources can be synthetically illumi-
nated by the system.
[0026] Optionally, the processor is arranged for in-
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structing the lighting controller to increase the illuminating
by the plurality of light sources in the insufficiently illumi-
nated areas of the region of interest in the patient’s inte-
rior. 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, a different
subset of the plurality of light sources, etc. Advanta-
geously, the user is provided with images which better
show the region of interest.
[0027] Optionally, the system is arranged for maintain-
ing a fixed physical relation between the plurality of light
sources and the imaging sensor during the acquiring of
the series of images. By establishing a fixed physical
relation between the plurality of light sources and the
imaging sensor during the acquiring of the series of im-
ages, the applying of the photometric stereo technique
is facilitated since it is not needed anymore to otherwise
compensate for a change in the physical relation during
the acquiring of the series of images. Advantageously, a
better 3D surface profile of the region of interest is ob-
tained.
[0028] Optionally, the individual ones of the plurality of
light sources are arranged on a ring-shaped structure,
and the ring-shaped structure is affixed around the im-
aging sensor. A ring-shaped structure is particularly well
suited for establishing dynamically varying light source
directions since the imaging sensor will typically be ori-
ented towards the region of interest, thereby providing
the plurality of light sources with a wide 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 photomet-
ric stereo technique. Advantageously, a better 3D sur-
face profile of the region of interest is obtained.
[0029] Optionally, the processor is arranged for, when
operating in a calibration 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 pro-
vides 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 differ-
ent subsets of the plurality of light sources, said static
data can be conveniently obtained in the calibration
mode. Advantageously, it is not needed to otherwise
manually measure the different light source directions in
order to make the different light source directions known
to the system.
[0030] Optionally, the system further comprises a
scope being one of the group of: a colposcope, a lapar-
oscope, an ophthalmoscope and a retinoscope, the
scope comprising the plurality of light sources and the
imaging sensor.
[0031] 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.

[0032] 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.
[0033] A person skilled in the art will appreciate that
the method may be applied to multi-dimensional image
data, e.g. to two-dimensional (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 a time-series of 2D
images.
[0034] The invention is defined in the independent
claims. Advantageous embodiments are defined in the
dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] 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. 1 shows a system for imaging a patient’s interior;
Fig. 2 shows a method for imaging the patient’s in-
terior;
Fig. 3 shows a computer program product for per-
forming the method;
Fig. 4a shows a frontal view of a scope, the scope
comprising a plurality of light sources and an imaging
sensor, and the plurality of light sources being ar-
ranged 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 sen-
sor, the image showing a region of interest which is
illuminated by individual ones of the plurality of light
sources;
Fig. 6a shows a first image from a series of images,
said image showing the region of interest being illu-
minated by a first one of different subsets of light
sources;
Figs. 6b, 6c and 6d show a second, third and fourth
image showing the region of interest being illuminat-
ed by a second, third and fourth one of the different
subsets of light sources, respectively; and
Figs. 7a and 7b illustrate the system improving the
illumination of previously insufficiently illuminated ar-
eas of the region of interest.

DETAILED DESCRIPTION OF EMBODIMENTS

[0036] Fig. 1 shows a system 100 for imaging a pa-
tient’s interior. The system 100 comprises an imaging
sensor 120 for acquiring, in the form of image data 122,
a series of images of a region of interest 020 in the pa-
tient’s interior. For illustration purposes, the region of in-
terest 020 is shown schematically in Fig. 1 by means of
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a star-shaped region, without showing the patient’s inte-
rior 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 is directed at a region 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
a plurality 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 a first light source 142 illuminating the region of interest
020 from a first light source direction 152, a second light
source 144 illuminating the region of interest 020 from a
second light source direction 154, and a third light source
146 illuminating the region of interest 020 from a third
light source direction 156. The different light source di-
rections 152-156 are different in that the principle light
output direction of each of the plurality of light sources
140 differs, e.g., is represented 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 orthogonal with respect to the
surface, and the third light source direction 156 to be
differently oblique with respect to the surface. Accord-
ingly, the region of interest 020 is shown to be illuminated
from three different directions.
[0037] The system 100 further comprises a light con-
troller 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., via wired or wireless signals. Accordingly, the
light controller is enabled to establish dynamically varying
light source directions while the imaging sensor 120 ac-
quires the series of images. In particular, the light con-
troller is enabled to establish a different light source di-
rection for each or a subset of the series of images. The
system 100 further comprises a processor 180 for ob-
taining lighting data 164 indicative of the dynamically var-
ying light source directions. By way of example, Fig.1
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, this is not a limitation, in that the
lighting data 164 may also take other forms and may be
obtained in a different manner, i.e., not from the light con-
troller 160. The processor 180 is further arranged for us-
ing the lighting data 164 to apply a photometric stereo
technique to the image data 122 for estimating a plurality
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 is arranged for, based on the surface parameters,

establishing a 3D 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 a display 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 a color based depth map to show
the 3D surface profile to the user in an easy-to-interpret
manner.
[0038] An operation of the system 100 may be briefly
explained as follows. The light controller 160 controls in-
dividual ones 142-146 of the plurality of light sources 140
to illuminate the region of interest 020 with different sub-
sets 410-440 of the plurality of light sources, thereby es-
tablishing dynamically varying light source directions. At
an approximately same time, e.g., in synchronicity or si-
multaneously with the dynamically varying light source
directions, the imaging sensor acquires the series of im-
ages 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. More-
over, the processor obtains the image data 122 from the
imaging sensor 120. The processor 180 then uses the
lighting data 164 to apply a photometric 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.
[0039] It is noted that Fig. 1 further 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.
[0040] Fig. 2 shows a method 200 for imaging a pa-
tient’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 a different system or device.
[0041] The method 200 comprises, in a step titled "AC-
QUIRING SERIES OF IMAGES", acquiring 210, in the
form of image data, a series of images of a region of
interest in the patient’s interior, the region of interest be-
ing illuminated in the patient’s interior by a plurality of
light sources from different light source directions. The
method 200 further comprises, in a step titled "DYNAM-
ICALLY 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 titled "OBTAIN-
ING LIGHTING DATA", obtaining 230 lighting data indic-
ative of the dynamic sequence of light source directions.
Furthermore, the method 200 comprises, in a step titled
"ESTIMATE SURFACE PARAMETERS", using the light-
ing data to apply 240 a photometric stereo technique to
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the image data for estimating a plurality of surface pa-
rameters 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 PRO-
FILE", based on the surface parameters, establishing
(250) a three-dimensional [3D] surface profile of the re-
gion 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
is that the step of obtaining 230 may be performed before,
during or after the steps of acquiring 210 and controlling
220.
[0042] Fig. 3 shows a computer program product 260
comprising instructions for causing a processor 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., mag-
netic, or optical properties or values.
[0043] The system 100 and the method 200, and var-
ious optional aspects of the system 100 and the method
200, will be further explained with reference to Figs. 4a-
6d.
[0044] Fig. 4a shows a frontal view and Fig. 4b shows
a side view of a scope 110 which may be used in the
imaging of the patient’s interior. As such, the scope 110
may be a colposcope, a laparoscope, an ophthalmo-
scope, a retinoscope or any other type of scope. The
scope 110 is shown to comprise the imaging sensor 120.
Although shown in Figs. 4a and 4b as a relatively flat
element, the imaging sensor 120 may in practice com-
prise optics such as one or more lenses and a photosen-
sitive array such as a CCD or CMOS array. However,
this is not a limitation in that the imaging sensor 120 may
equally take any other suitable form. Figs. 4a and 4b
further show the scope being provided with a plurality of
light sources 140 which are arranged on a ring-shaped
structure 130 with said structure being affixed around the
imaging sensor 120. Accordingly, a fixed 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 a light-emitting end of
the light sources. The ring-shaped structure 130 may be
a circular carrier such as a printed circuit board (PCB),
which may be encapsulated so as to allow entry into the
patient’s interior. The plurality of light sources 140 may
be a plurality of Light Emitting Diodes (LEDs). Other ex-
amples 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 a directional 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 a controlled way using a stent-like apparatus
upon reaching a desired position within the patient’s in-
terior.
[0045] Fig. 4a further shows a subset 400 of the plu-
rality of light sources 140 being activated. This is indicat-
ed by a star-shaped contour surrounding said light sourc-
es 140. Here, the subset 400 of light sources is consti-
tuted by two light sources, the two light sources being
arranged opposite in the circular shape, i.e., a top one
and a bottom 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 illus-
trates the different light source directions 150 established
by the subset 400 of light sources. In this respect, it is
noted that each of the plurality of light sources 140 in
itself may be differently oriented so as to establish the
different light source directions 150. For example, each
of the plurality of light sources 140 may be oriented to-
wards the region of interest 020, i.e., along the optical
axis of the imaging sensor 120. However, it is noted that
the different light source directions 150 are also estab-
lished if the orientation of each of the plurality of light
sources 140 is the same, e.g., forward facing. In this case,
the different light source directions are already estab-
lished 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.
[0046] Although not shown in Figs. 4a and 4b, the plu-
rality of light sources 140 may also be arranged on mul-
tiple concentric ring-shaped structures which are affixed
around the imaging sensor 120. Moreover, instead of a
ring-shaped structure, another geometric pattern may be
used, such as a square array. The plurality of light sourc-
es 140 may further provide differently colored light, e.g.,
to yield color dependent diagnostic abilities in colposco-
py. 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.
[0047] It is noted 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.
[0048] It is further noted that, although not shown in
Figs. 4a and 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 im-
ages, thereby enabling maintaining a fixed physical re-
lation with respect to the imaging sensor 120 during the
acquiring of the series of images. A purpose of said tilt-
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ability 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 ac-
quired by the imaging sensor 120. Another purpose of
said tiltability or shiftability may be that on having deter-
mined the 3D surface profile of the region of interest, a
user may better maneuver the scope 110 or similar part
of the system 100 in constricted space within the patient’s
interior to obtain a better view of the region of interest
with the imaging sensor 120.
[0049] Fig. 5 shows an image 300 acquired by the im-
aging sensor, the image showing a region of interest 020
which is illuminated by individual ones of the plurality of
light sources 140. For illustration purposes, the region of
interest 020 shown in the image 300 is a portion of the
exterior of an apple. It is noted, however, that during ac-
tual use of the system 100, the region of interest 020
typically constitutes a region of interest within a patient’s
interior, e.g., the cervix or part thereof. The image 300
shows the region of interest being illuminated by the plu-
rality of light sources 140 as shown in Fig. 4a. Hence,
the subset 300 of two opposite light sources is used in
illuminating the region of interest. As a result of the sur-
face of the apple’s exterior being shiny, specular reflec-
tions occur which result in bright regions being visible in
the image 162. It is noted that such types of reflections
may be used deliberately during a calibration procedure,
namely to measure the different light source directions
150. In particular, a mirrored object such as a sphere or
a flat 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 im-
aging sensor 120, e.g., by sequentially activating each
of the plurality of light sources 140 and acquiring a cor-
responding image. From said images, a light source di-
rection 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.
[0050] 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 plu-
rality of light sources 140 to illuminate the region of in-
terest with different subsets 410-440 of the plurality of
light sources when acquiring the series of images, there-
by establishing dynamically varying light source direc-
tions during said acquiring. Consequently, Fig. 6a shows
a first image 310 and a first subset of light sources 410,
Fig. 6b shows a second image 320 and a second subset
of light sources 420, Fig. 6c shows a third image 330 and
a third subset 430 of light sources, and Fig. 6d shows a
fourth image 440 and a fourth 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 a first 021, second 022, third
023 and fourth appearance 024.
[0051] Based on the dynamically changing appear-
ance 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 as follows. Firstly,
the processor 180 may obtain data from the light control-
ler 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 a light source direction of each of the plurality of light
sources 140, e.g., during a calibration procedure. Ac-
cordingly, the processor 180 may be provided with light-
ing data 164 which indicates from which light source di-
rection(s) the region of interest 020-024 is illuminated 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 a photometric
stereo technique. Such techniques are known per se.
For example, a photometric stereo technique may be ap-
plied as described in "Photometric method for determin-
ing surface orientation from multiple images", Woodham
R.J., Optical Engineering, Jan/Feb 1980, Vol. 19, No. 1,
pp. 139-144. The application of such a photometric ster-
eo technique in the context of the present invention is
based on the following recognitions. Unlike the surface
of the apple’s exterior, the actual region of interest
020-024 in a patient’s interior typically provides a diffuse-
ly reflective surface can be modeled by a Lambertian
reflectance model. In such Lambertian reflectance, the
apparent brightness of such a surface to an observer is
the same, i.e., isotropic, regardless of the observer’s an-
gle 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 viewing angle. Under this assumption, the ob-
served intensities by the imaging sensor 120, i.e., as ob-
tained from an image acquired of the region of interest,
can be expressed as follows: 

[0052] Here, the term I is representation of the ob-
served intensities of the region of interest, the term n is
a representation of the surface normals across the region
of interest, which are independent of the lighting and rath-
er determined by the shape of the surface of the region
of interest, and the term S is a representation of the light
source direction(s). The term I may be provided by the
image data of an acquired image. The term S may 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 is the light
source brightness, the term ρ is the surface albedo, and
c is an optical system constant. It is further 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 a Lambertian-modelled surface is the only
factor which changes the observed intensity of said sur-
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face in the Lambertian reflectance model.
[0053] 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 sur-
face normals of the region of interest. In particular, the
processor 180 may make use of multiple acquired imag-
es, 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 equa-
tion: 

namely by calculating the term n as: 

[0054] Here, terms I1, I2 and I3 are matrix representa-
tion of the intensities of respectively a first acquired im-
age, a second acquired image and a third acquired im-
age, together yielding a matrix representation of the term
I, whereas the terms S1, S2 and S3 are matrix represen-
tation of the light source direction(s) used in illuminating
the region of interest in each acquired image, together
yielding a matrix representation of the term S.
[0055] The processor 180 may also make use of more
than three acquired images in which the region of interest
is illuminated from different light source directions: 

[0056] In this case, however, the term S is not directly
invertible anymore since the matrix S is no 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 as follows: 

[0057] It is noted that in case singularity arise during

the inverting of the square matrix ST S, this may be dealt
with by the known technique of computing the SVD of
the matrix, dropping the near-zero singular values, re-
ducing the rank of the matrix after this, and inverting the
diagonal and multiplying in the singular vectors to obtain
a pseudo inverse.
[0058] The application of such a photometric stereo
technique in the context of the present invention is further
based on the following recognitions. The inventors have
recognized that, in general, problems may arise in pho-
tometric stereo techniques due to shadows occurring on
the surface of a region of interest which may not be prop-
erly accounted for in the photometric stereo technique.
Moreover, problems may also arise due to the surface
of the region 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 a region of interest in a pa-
tient’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 is reduced or en-
tirely avoided. For example, the inventors have recog-
nized that the system 100 may be well applied to a cer-
vical region which is examined as part of a colposcopy,
as well as a wide variety of other regions of interest within
a patient’s interior.
[0059] 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 a
polygonal model of the surface which fits the surface nor-
mals. In this respect, it is noted that instead of estimating
the surface normals of the surface of the region of inter-
est, other surface parameters may be equally estimated
and used in establishing the 3D surface profile. For ex-
ample, tangent vectors may be estimated.
[0060] 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 ster-
eo 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 inter-
vals, the region of interest 020-024 and/or the imaging
sensor 120 may have moved. In such a case, 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 as is known
per se from the fields of image and/or video processing.
Accordingly, the processor 180 may detect a position of
the region of interest 020-024 in each of the series of
images 310-340, e.g., using a region of interest detection
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technique, and then apply a filter to the detected positions
of the region of interest to dampen out or entirely elimi-
nate variations of the position of the region of interest
020-024 across the series of images 310-340. As a result,
a stabilized series of images may be obtained, which may
then be used in the photometric stereo technique. An-
other example is that 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 exam-
ple, the inertial sensor 112 may be provided on a scope
110 to which the imaging sensor 120 is affixed, as pre-
viously 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 im-
ages may be obtained, which may then be used in the
photometric stereo technique. Yet another example is
that 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 is illuminated by a given
subset of light sources so as to estimate the movement
of the region of interest in a direction orthogonal to the
light source direction(s) of the given subset of light sourc-
es.
[0061] Furthermore, the processor 180 may be ar-
ranged for using the 3D surface profile of the region of
interest 020-024 to enhance images acquired by the im-
aging sensor 120. In particular, the processor 180 may
enhance the images acquired by the imaging sensor 120
to improve a visibility of the region of interest. A first ex-
ample is that the processor 180 may be arranged for
using the 3D surface profile of the region of interest to
stabilize the region of interest 020-024 in the images ac-
quired 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 po-
sitions 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, a
viewer of such images may be provided with a more sta-
ble 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.
[0062] A further example is that 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, a low 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 a brightness of the
region of interest in the acquired images to determine if

the area is insufficiently illuminated. For example, if an
area of the region of interest is distanced from the imaging
sensor and has a low brightness, this may indicate that
the area is insufficiently illuminated.
[0063] The processor 180 may be further arranged for
processing the images acquired by the imaging sensor
120 to enhance a brightness and/or contrast of the insuf-
ficiently illuminated areas of the region of interest
020-024. Accordingly, the processor 180 may increase
a value 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 a gain value, applying a transfer 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 areas 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.
[0064] Figs. 7a and 7b illustrate this principle. Here,
the ring-shaped structure 130 has been enlarged for il-
lustration 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 sourc-
es 140. In particular, Fig. 7a shows the region of interest
025 being illuminated by a first light source 141 which
illuminates the region of interest 025 from a southeast
light source direction 151. As a result, northwestern areas
of the region of interest 025 are poorly illuminated. The
processor 180 may instruct the light controller 160 to ad-
ditionally illuminate the region of interest 025 with a fur-
ther light source 143 to increase the illuminating of the
region of interest 025. Fig. 7b shows a result of this, in
that the region of interest 026 is better illuminated, namely
additionally from an eastern light source direction 153.
As a result, the region of interest 026 is better 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 adjusta-
bility may be used to increase the illuminating of the re-
gion 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 is poorly illuminated.
Such steeply sloping part may be determined by the sys-
tem from the 3D surface profile of the region of interest.
[0065] It will be appreciated that the 3D surface profile
of the region of interest may be used in various ways,
such as in image enhancement, medical diagnosis, etc.
For example, if the 3D surface profile has a certain
’bumpy’ or ’mosaic-like’ pattern, this may be indicative of
lesions. Such a pattern is more easily discernible in a 3D
surface profile of the region of interest than from a 2D
view of the region of interest. Another example is that a
focal range of the imaging sensor 120 may be adjusted
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based on the 3D surface profile. For example, the system
may obtain a uniformly sharp image of the region of in-
terest by sequentially passing through the depth range
of the region of interest and acquiring images thereof,
with the processor then combining said images into a
uniformly sharp image of the region of interest.
[0066] It will be appreciated that the invention also ap-
plies to computer programs, particularly computer pro-
grams on or in a carrier, adapted to put the invention into
practice. The program may be in the form of a source
code, an object code, a code intermediate source and
an object code such as in a partially compiled form, or in
any other form suitable for use in the implementation of
the method according to the invention. It will also be ap-
preciated that such a program may have many different
architectural designs. For example, a program code im-
plementing the functionality of the method or system ac-
cording 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 appar-
ent 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 compu-
ter-executable instructions, for example, processor in-
structions and/or interpreter instructions (e.g. Java inter-
preter instructions). Alternatively, one or more or all of
the sub-routines may be stored in at least one external
library file and linked with a main program either statically
or dynamically, e.g. at run-time. The main program con-
tains 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 pro-
gram product comprises computer-executable instruc-
tions 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 dynam-
ically. Another embodiment relating to a computer pro-
gram product comprises computer-executable instruc-
tions corresponding to each means of at least one of the
systems and/or products set forth herein. These instruc-
tions may be sub-divided into sub-routines and/or stored
in one or more files that may be linked statically or dy-
namically.
[0067] The carrier of a computer program may be any
entity or device capable of carrying the program. For ex-
ample, the carrier may include a storage medium, such
as a ROM, for example, a CD ROM or a semiconductor
ROM, or a magnetic recording medium, for example, a
hard disk. Furthermore, the carrier may be a transmissi-
ble carrier such as an electric or optical signal, which may
be conveyed via electric or optical cable or by radio or
other means. When the program is embodied in such a
signal, the carrier may be constituted by such a cable or
other device or means. Alternatively, the carrier may be
an integrated circuit in which the program is embedded,
the integrated circuit being adapted to perform, or used
in the performance of, the relevant method.

Claims

1. System (100) for imaging a patient’s interior, the sys-
tem comprising an imaging sensor (120) for acquir-
ing, in the form of image data (122), a series of im-
ages (310-316) of a region of interest (020-024) in
the patient’s interior, the system further comprising:

- 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) for controlling individual
ones (142-146) of the plurality of light sources
(140) to illuminate the region of interest with dif-
ferent 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
- a processor (180) for i) obtaining lighting data
(164) indicative of the dynamically varying light
source directions, ii) using the lighting data to
apply a photometric stereo technique to the im-
age data for estimating a plurality of surface pa-
rameters defining a surface of the region of in-
terest in the series of images, iii) based on the
surface parameters, establishing a three-di-
mensional [3D] surface profile of the region of
interest, and iv), characterized in:

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

2. System (100) according to claim 1, wherein the proc-
essor (180) is arranged 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 compris-
ing 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 sen-
sor.

4. System (100) according to claim 1, wherein the proc-
essor (180) is arranged for using the 3D surface pro-
file 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 proc-
essor (180) is arranged for using the 3D surface pro-
file of the region of interest to stabilize the region of
interest (020-024) in the images acquired by the im-
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aging sensor (120).

6. System (100) according to claim 1, wherein the proc-
essor (180) is arranged for processing the images
acquired by the imaging sensor (120) to enhance a
brightness and/or contrast of the insufficiently illumi-
nated areas of the region of interest (020-024).

7. System (100) according to claim 1, wherein the proc-
essor 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 pa-
tient’s interior.

8. System (100) according to claim 1, wherein the sys-
tem is arranged for maintaining a fixed physical re-
lation 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 in-
dividual ones of the plurality of light sources (140)
are arranged on a ring-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 proc-
essor (180) is arranged for, when operating in a cal-
ibration 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 compris-
ing a scope (110) being one of the group of: a col-
poscope, a laparoscope, an ophthalmoscope, and a
retinoscope, the scope comprising the plurality of
light sources (140) and the imaging sensor (120).

12. Workstation or imaging system (102) comprising the
light controller (160) and the processor (180) of the
system according to claim 1.

13. A computer program product (260) comprising in-
structions for causing a processor system to

- acquire (210), in the form of image data, a se-
ries of images of a region of interest in the pa-
tient’s interior, the region of interest being illu-
minated in the patient’s interior by a plurality of
light sources from different light source direc-
tions;
- control (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;

- obtain (230) lighting data indicative of the dy-
namic sequence of light source directions;
- use the lighting data to apply (240) a photo-
metric stereo technique to the image data for
estimating a plurality of surface parameters de-
fining a surface of the region of interest in the
series of images;
- based on the surface parameters, establish
(250) a three-dimensional [3D] surface profile of
the region of interest; and
- detect insufficiently illuminated areas of the re-
gion of interest (020-024) in the images acquired
by the imaging sensor (120), using the 3D sur-
face profile of the region of interest.

Patentansprüche

1. System (100) zur Abbildung des Inneren eines Pa-
tienten, wobei das System einen Bildgebungssensor
(120) zum Erfassen, in Form von Bilddaten (122),
einer Reihe von Bildern (310-316) einer interessie-
renden Region (020-024) im Inneren des Patienten
umfasst, wobei das System weiterhin Folgendes
umfasst:

- eine Vielzahl von Lichtquellen (140) zum Aus-
leuchten der interessierenden Region im Inne-
ren des Patienten aus verschiedenen Lichtquel-
lenrichtungen (152-156);
- eine Lichtsteuereinheit (160) zum Steuern von
einzelnen (142-146) der Vielzahl von Lichtquel-
len (140), um die interessierende Region mit un-
terschiedlichen Teilgruppen (410-440) der Viel-
zahl von Lichtquellen auszuleuchten, wenn die
Reihe von Bildern erfasst wird, wodurch wäh-
rend des genannten Erfassens dynamisch vari-
ierende Lichtquellenrichtungen erreicht werden;
und
- einen Prozessor (180) zum i) Erlangen von Be-
leuchtungsdaten (164), die die dynamisch vari-
ierenden Lichtquellenrichtungen angeben, ii)
Verwenden der Beleuchtungsdaten, um eine
photometrische Stereotechnik auf die Bilddaten
anzuwenden, um eine Vielzahl von Oberflä-
chenparametern zu schätzen, die eine Oberflä-
che der interessierenden Region in der Reihe
von Bildern definieren, iii) basierend auf den
Oberflächenparametern Erstellen eines dreidi-
mensionalen [3D] Oberflächenprofils der inter-
essierenden Region, und iv) gekennzeichnet
durch:

Detektieren von unzureichend ausgeleuch-
teten Bereichen der interessierenden Regi-
on (020-024) in den durch den Bildgebungs-
sensor (120) erfassten Bildern mithilfe des
3D-Oberflächenprofils der interessieren-
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den Region.

2. System (100) nach Anspruch 1, wobei der Prozessor
(180) dafür ausgelegt ist, die interessierende Region
(020-024) über die Reihe von Bildern (310-340) hin-
weg zu stabilisieren, bevor die photometrische Ste-
reotechnik auf die Bilddaten (122) angewendet wird.

3. System (100) nach Anspruch 2, weiterhin umfas-
send einen Trägheitssensor (112) zum Schätzen der
Bewegung des Bildgebungssensors (120) während
des Erfassens der Reihe von Bildern (310-340), und
wobei der Prozessor (180) dafür ausgelegt ist, die
interessierende Region (020-024) über die Reihe
von Bildern hinweg basierend auf den vom Träg-
heitssensor empfangenen Daten zu stabilisieren.

4. System (100) nach Anspruch 1, wobei der Prozessor
(180) dafür ausgelegt ist, das 3D-Oberflächenprofil
der interessierenden Region (020-024) zu nutzen,
um durch den Bildgebungssensor (120) erfasste Bil-
der zu verbessern.

5. System (100) nach Anspruch 4, wobei der Prozessor
(180) dafür ausgelegt ist, das 3D-Oberflächenprofil
der interessierenden Region zu nutzen, um die inte-
ressierende Region (020-024) in den durch den Bild-
gebungssensor (120) erfassten Bildern zu stabilisie-
ren.

6. System (100) nach Anspruch 1, wobei der Prozessor
(180) dafür ausgelegt ist, die durch den Bildgebungs-
sensor (120) erfassten Bilder zu verarbeiten, um ei-
ne Helligkeit und/oder einen Kontrast der unzurei-
chend ausgeleuchteten Bereiche der interessieren-
den Region (020-024) zu verbessern.

7. System (100) nach Anspruch 1, wobei der Prozessor
dafür ausgelegt ist, die Beleuchtungssteuereinheit
(160) anzuweisen, die Ausleuchtung durch die Viel-
zahl von Lichtquellen (140) in den unzureichend aus-
geleuchteten Bereichen der interessierenden Regi-
on (020-024) im Inneren des Patienten zu erhöhen.

8. System (100) nach Anspruch 1, wobei das System
dafür ausgelegt ist, einen festen physikalischen Zu-
sammenhang zwischen der Vielzahl von Lichtquel-
len (140) und dem Bildgebungssensor (120) wäh-
rend des Erfassens der Reihe von Bildern (310-340)
aufrechtzuerhalten.

9. System (100) nach Anspruch 8, wobei die einzelnen
von der Vielzahl von Lichtquellen (140) auf einer
ringförmigen Struktur (130) angeordnet sind, und
wobei die ringförmige Struktur um den Bildgebungs-
sensor (120) herum befestigt ist.

10. System (100) nach Anspruch 8, wobei der Prozessor

(180) dafür ausgelegt ist, wenn er im Kalibriermodus
betrieben wird, die verschiedenen Lichtquellenrich-
tungen (152- 156) basierend auf dem Detektieren
von Reflexionen in durch den Bildgebungssensor
(120) erfassten Bildern zu messen.

11. System (100) nach Anspruch 8, weiterhin umfas-
send ein Skop (110), bei dem es sich um eines aus
der Gruppe bestehend aus einem Kolposkop, einem
Ophtalmoskop und einem Retinoskop handelt, wo-
bei das Skop die Vielzahl von Lichtquellen (140) und
den Bildgebungssensor (120) umfasst.

12. Workstation oder Bildgebungssystem (102) umfas-
send die Lichtsteuereinheit (160) und den Prozessor
(180) des Systems nach Anspruch 1.

13. Computerprogrammprodukt (260) umfassend An-
weisungen zum Veranlassen eines Prozessorsys-
tems zum

- Erfassen (210), in Form von Bilddaten, einer
Reihe von Bildern einer interessierenden Regi-
on im Inneren des Patienten, wobei die interes-
sierende Region im Inneren des Patienten durch
eine Vielzahl von Lichtquellen aus verschiede-
nen Lichtquellenrichtungen ausgeleuchtet wird;
- Steuern (220) von einzelnen der Vielzahl von
Lichtquellen, um die interessierende Region mit
unterschiedlichen Teilgruppen der Vielzahl von
Lichtquellen auszuleuchten, wenn die Reihe
von Bildern erfasst wird, wodurch während des
genannten Erfassens dynamisch variierende
Lichtquellenrichtungen erreicht werden;
- Erlangen (230) von Beleuchtungsdaten, die die
dynamische Sequenz von Lichtquellenrichtun-
gen angeben;
- Verwenden der Beleuchtungsdaten, um eine
photometrische Stereotechnik auf die Bilddaten
anzuwenden (240), um eine Vielzahl von Ober-
flächenparametern zu schätzen, die eine Ober-
fläche der interessierenden Region in der Reihe
von Bildern definieren;
- basierend auf den Oberflächenparametern Er-
stellen (250) eines dreidimensionalen [3D]
Oberflächenprofils der interessierenden Regi-
on; und
- Detektieren von unzureichend ausgeleuchte-
ten Bereichen der interessierenden Region
(020-024) in den durch den Bildgebungssensor
(120) erfassten Bildern mithilfe des 3D-Oberflä-
chenprofils der interessierenden Region.

Revendications

1. Système (100) pour former des images de l’intérieur
d’un patient, le système comprenant un capteur
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d’imagerie (120) pour acquérir, sous la forme de don-
nées d’image (122), une série d’images (310-316)
d’une région d’intérêt (020-024) à l’intérieur du pa-
tient, le système comprenant en outre :

- une pluralité de sources de lumière (140) pour
éclairer la région d’intérêt à l’intérieur du patient
depuis différentes directions de sources de lu-
mière (152-156) ;
- un dispositif de commande de lumière (160)
pour commander aux sources individuelles
(142-146) de la pluralité de sources de lumière
(140) d’éclairer la région d’intérêt avec différents
sous-ensembles (410-440) de la pluralité de
sources de lumière lors de l’acquisition de la sé-
rie d’images, établissant ainsi des directions de
sources de lumière variables dynamiquement
pendant ladite acquisition ; et
- un processeur (180) pour i) obtenir des don-
nées d’éclairage (164) indicatives des directions
de sources de lumière variables dynamique-
ment, ii) utiliser les données d’éclairage pour ap-
pliquer une technique stéréo-photométrique
aux données d’image afin d’estimer une pluralité
de paramètres de surface définissant une sur-
face de la région d’intérêt dans la série d’images,
iii) en partant des paramètres de surface, établir
un profil de surface tridimensionnel [3D] de la
région d’intérêt, et iv)

caractérisé par :

la détection de zones insuffisamment éclairées
de la région d’intérêt (020-024) dans les images
acquises par le capteur d’imagerie (120), au
moyen du profil de surface 3D de la région d’in-
térêt.

2. Système (100) selon la revendication 1, dans lequel
le processeur (180) est conçu pour stabiliser la ré-
gion d’intérêt (020-024) à travers la série d’images
(310-340) avant d’appliquer la technique stéréo-
photométrique aux données d’image (122).

3. Système (100) selon la revendication 2, comprenant
en outre un capteur inertiel (112) pour estimer un
mouvement du capteur d’imagerie (120) lors de l’ac-
quisition de la série d’images (310-340), et dans le-
quel le processeur (180) est conçu pour stabiliser la
région d’intérêt (020-024) à travers la série d’images
en fonction des données de capteur reçues du cap-
teur inertiel.

4. Système (100) selon la revendication 1, dans lequel
le processeur (180) est conçu pour utiliser le profil
de surface 3D de la région d’intérêt (020-024) pour
améliorer les images acquises par le capteur d’ima-
gerie (120).

5. Système (100) selon la revendication 4, dans lequel
le processeur (180) est conçu pour utiliser le profil
de surface 3D de la région d’intérêt pour stabiliser
la région d’intérêt (020-024) dans les images acqui-
ses par le capteur d’imagerie (120).

6. Système (100) selon la revendication 1, dans lequel
le processeur (180) est conçu pour traiter les images
acquises par le capteur d’imagerie (120) afin d’amé-
liorer la luminosité et/ou le contraste des zones in-
suffisamment éclairées de la région d’intérêt
(020-024).

7. Système (100) selon la revendication 1, dans lequel
le processeur est conçu pour donner instruction au
dispositif de commande d’éclairage (160) d’augmen-
ter l’éclairage par la pluralité de sources de lumière
(140) dans les zones insuffisamment éclairées de la
région d’intérêt (020-024) à l’intérieur du patient.

8. Système (100) selon la revendication 1, dans lequel
le système est conçu pour maintenir une relation
physique fixe entre la pluralité de sources de lumière
(140) et le capteur d’imagerie (120) pendant l’acqui-
sition de la série d’images (310-340).

9. Système (100) selon la revendication 8, dans lequel
les sources individuelles de la pluralité de sources
de lumière (140) sont agencées sur une structure de
forme annulaire (130), et dans lequel la structure de
forme annulaire est fixée autour du capteur d’ima-
gerie (120).

10. Système (100) selon la revendication 8, dans lequel
le processeur (180) est conçu, lorsqu’il fonctionne
dans un mode d’étalonnage, pour mesurer les diffé-
rentes directions de sources de lumière (152-156) à
partir de la détection de reflets dans des images ac-
quises par le capteur d’imagerie (120).

11. Système (100) selon la revendication 8, comprenant
en outre un scope (110) qui appartient au groupe
d’un colposcope, d’un laparoscope, d’un ophtalmos-
cope et d’un rétinoscope, le scope comprenant la
pluralité de sources de lumière (140) et le capteur
d’imagerie (120).

12. Poste de travail ou système d’imagerie (102) com-
prenant le dispositif de commande de lumière (160)
et le processeur (180) du système selon la revendi-
cation 1.

13. Produit-programme informatique (260) comprenant
des instructions pour amener un système de proces-
seur à :

- acquérir (210), sous la forme de données
d’image, une série d’images d’une région d’in-
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térêt à l’intérieur du patient, la région d’intérêt
étant éclairée à l’intérieur du patient par une plu-
ralité de sources de lumière depuis différentes
directions de sources de lumière ;
- commander (220) à des sources individuelles
de la pluralité de sources de lumière d’éclairer
la région d’intérêt avec différents sous-ensem-
bles de la pluralité de sources de lumière lors
de l’acquisition de la série d’images, établissant
ainsi des directions de sources de lumière va-
riables dynamiquement pendant ladite
acquisition ;
- obtenir (230) des données d’éclairage indica-
tives de la séquence dynamique des directions
des sources de lumière ;
- utiliser les données d’éclairage pour appliquer
(240) une technique stéréo-photométrique aux
données d’image afin d’estimer une pluralité de
paramètres de surface définissant une surface
de la région d’intérêt dans la série d’images ;
- en partant des paramètres de surface, établir
(250) un profil de surface tridimensionnel [3D]
de la région d’intérêt ; et
- détecter les zones insuffisamment éclairées
de la région d’intérêt (020-024) dans les images
acquises par le capteur d’imagerie (120), en uti-
lisant le profil de surface 3D de la région d’inté-
rêt.
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