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System and method for glare reduction in imaging a patient’s interior

FIELD OF THE INVENTION

The invention relates to a syswu anu a WV W1 Blais 1ouucuon W Luagy
a patient’s interior, to a workstation and imaging system comprising the system, and to a
computer program product for causing a processor system to perform the method.

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 cervix using
a colposcope, i.¢., a device 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 image sensor to acquire an image of a region of interest in the
patient’s interior, e.g., the cervix or part thereof. Moreover, a colposcope typically comprises
a light source to illuminate the region of interest while acquiring the image. As a result, the
clinician is provided with an image of the region of interest being illuminated.

The light source may cause glare to appear in the image. Here, the term glare
refers to bright regions appearing within the image which hinder the viewing of the contents
of the image, ¢.g., the region of interest. Such glare may be caused by light being reflected
from the patient’s interior in a non-diffuse manner. In particular, glare may be caused by the
reflection of light from wet, shiny and irregular tissue surfaces within the patient’s interior.
Such reflections are also referred to as specular reflections, and essentially resemble mirror-
like reflections which involve directly reflecting the light instead of serving for illuminating
the region of interest, as would occur with diffuse reflections. Glare may obfuscate
underlying image details which may be of relevance to the clinician. Disadvantageously,

glare may hinder the clinician in obtaining a correct medical diagnosis.

BACKGROUND OF THE INVENTION

US patent 6,088,612 describes an apparatus for glare removal in digital
imaging of a cervix. The apparatus includes a digital camera operable to create first and
second digital images having substantially the same field of view; lights associated with the
camera for illuminating the cervix with light pulses emitted from two locations, and a digital

processor. The light pulses are synchronized so the cervix is illuminated with a first pulse for
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the creation of the first image and the cervix is illuminated with a second pulse for the
creation of the second image. First glare and first non-glare regions are created by the first
pulse in the first image, and second glare and second non-glare regions are created by the
second pulse in the second image. The processor creates a glare-free digital composite image
by replacing the digital elements of the glare region of the first image with the corresponding
digital elements from the non-glare region of the second image.

A problem of the aforementioned apparatus is that the glare reduction as

applied in the digital imaging of the cervix glare is insufficiently effective.

SUMMARY OF THE INVENTION

It would be advantageous to have a system or method which provides more
effective glare reduction when imaging a patient’s interior.

To better address this concern, a first aspect of the invention provides a system
for imaging a patient’s interior, comprising:

- a plurality of light sources for illuminating a region of interest in the
patient’s interior from a plurality of different positions;

- a light controller for controlling individual ones of the plurality of light
sources to enable illuminating the region of interest with a subset of light sources;

- an image sensor for acquiring an image of the region of interest; and

- a processor for 1) detecting glare in the image, ii) attributing the glare
to one or more light sources from the subset of light sources, and iii) based on said
attributing, generating control data for instructing the light controller to adjust the subset of
light sources so as to reduce the glare in a subsequent image of the region of interest.

In a further aspect of the invention, a workstation and an imaging apparatus is
provided comprising the system set forth.

In a further aspect of the invention, a method is provided for imaging a
patient’s interior, comprising:

- illuminating a region of interest in the patient’s interior from a
plurality of different positions using a plurality of light sources;

- acquiring an image of the region of interest;

the method further comprising:

- controlling individual ones of the plurality of light sources to enable

illuminating the region of interest with a subset of light sources; and
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- 1) detecting glare in the image, 11) attributing the glare to one or more
light sources from the subset of light sources, and iii) based on said attributing, generating
control data to adjust the subset of light sources so as to reduce the glare in a subsequent
image of the region of interest.

In a further 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 plurality of light sources which are differently
positioned with respect to a region of interest so as to illuminate the region of interest from
different positions. The term region of interest refers to a portion of the patient’s interior
which is shown in the image. Said region is a region of interest since it is a subject of the
imaging and thus indicates interest from a user of the system. The plurality of light sources
illuminates the region of interest so as make the region of interest visible in the image.

The light controller 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 set of
individual light sources, i.¢., a specific selection amongst the plurality of light sources. The
region of interest is therefore, when being illuminated by the subset of light sources, not, or
not substantially, illuminated by others of the plurality of light sources which are not
included in said subset. The subset of light sources are therefore active light sources whereas
the others of the plurality of light sources are, at least substantially, non-active light sources.

The image sensor acquires an image of the region of interest in that it captures
the reflected light from the region of interest and based thereon generates a digital image. The
image may or may not be part of an image sequence, i.¢., the image sensor may be arranged
for providing a real-time view of the region of interest in the patient’s interior.

The processor analyzes the image to detect glare. If glare is detected, the
processor determines how the glare relates to the plurality of light sources, and in particular,
identifies which of the subset of light sources, which was used in illuminating the region of
interest in the image, caused and/or contributed to the glare in the image. Thus, the glare in
the image is attributed to one or more light sources amongst the subset of light sources.

Based on the identified one or more light sources, the processor generates
control data for the light controller, with the control data instructing the light controller to
adjust the subset of light sources which are used in illuminating the region of interest. Here,
the manner of adjustment is determined by the processor, with the light controller effecting
the adjustment based on the control data received from the processor. The processor

establishes the manner of adjustment so as to reduce the glare. As a result, when a subsequent
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image is acquired by the image sensor, the glare is reduced. In general, glare may be reduced
due to, e.g., the number and/or intensity of reflections being reduced, reflections being
repositioned so as to reduce the perception of glare in the subsequent image, etc.

The above measures have the effect that a feedback mechanism is provided
which reduces glare in an image of a region of interest by analyzing the image and, based on
a result of the analysis, adjusting the illumination of the region of interest. Advantageously, a
clinician is provided with image details which otherwise may have been obfuscated by glare.
Advantageously, the likelihood of obtaining an incorrect medical diagnosis is reduced.

Optionally, the processor is arranged for instructing the light controller to
adjust the subset of light sources by replacing the one or more light sources from the subset
of light sources with one or more other light sources from the plurality of light sources for
establishing a new subset of light sources. The subset of light sources is adjusted by
removing the one or more light sources to which the glare in the image was attributed to.
Hence, said one or more light sources are not used for illuminating the region of interest
anymore. Instead, one or more other light sources are used. Effectively, by adjusting the
subset of light sources, a new subset of light sources is obtained which may have light
sources in common with the previous subset but may equally be a subset which has no light
sources in common therewith. Since the one or more other light sources are differently
positioned, they cause reflections to occur in different parts of the image. Advantageously,
the processor establishes the new subset of light sources so as to reduce the number and/or
the intensity of the reflections and/or to reposition the reflections in the subsequent image.

Optionally, the individual ones of the plurality of light sources are adjustable
in position and/or orientation, and the processor is arranged for instructing the light controller
to adjust the subset of light sources by adjusting the position and/or orientation of the one or
more light sources from the subset of light sources. The subset of light sources are adjusted
by physically re-positioning or re-orienting the one or more light sources to which the glare
in the image was attributed to so as to reduce the glare in a subsequent image. Hence, it is not
needed to remove said light sources from the subset of light sources.

Optionally, the light controller is arranged for variably illuminating the region
of interest by alternating between different subsets of light sources; the image sensor is
arranged for acquiring a sequence of images of the region of interest during said alternating
between the different subsets of light sources; the processor is arranged for, based on the
sequence of images, generating a composite image in which the glare is reduced; and the

processor is arranged for, based on the detecting of glare in the sequence of images,
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generating the control data to establish the different subsets of light sources. The glare is thus
reduced by temporally alternating between different subsets of light sources so as to spatially
shift the reflections throughout the image sequence, which allows the glare to be reduced by
generating a composite image based on the image sequence. In addition, the glare is reduced
by suitably establishing the different subsets of light sources based on detecting the glare in
the sequence of images. Thus, the different subsets of light sources are specifically
established by the processor so as to reduce the glare in the composite image of the sequence
of images. Advantageously, by combining establishing different subsets of light sources
based on glare detected in the sequence of images, and the temporally alternating between the
different subsets of light sources, the glare in the composite image is well reduced.

Optionally, the processor is arranged for establishing an illumination duration
of each of the different subsets of light sources based on the detecting of glare in the
sequence of images. The duration during which each of the different subsets of light sources
is used in the illumination of the region of interest is thus established based on the glare
detected in the sequence of images. Advantageously, if by detecting the glare in the sequence
of images, it is determined that one of the subset of light sources causes a low amount of
glare, the duration of said subset of light sources in the illumination of the region of interest
may be increased over another subset of light sources which is determined to cause a high
amount of glare. Advantageously, the glare in the composite image is well reduced.

Optionally, the processor is arranged for attributing the glare to the one or
more light sources based on a position of the glare in the image. The plurality of light sources
typically has a relatively fixed position and/or orientation with respect to the image sensor.
The position of the glare in the image is therefore indicative of which of the subset of light
sources is most likely to have caused and/or contributed to the glare in the image.

Optionally, the processor is arranged for attributing the glare to the one or
more light sources using machine learning, the control data is indicative of the subset of light
sources, and the machine learning is based on the position of the glare in the image and the
control data. Machine learning is well suited for attributing the glare to the one or more light
sources. Advantageously, by basing the machine learning on the position of the glare in the
image and control data which indicates which subset of light sources were used in the
illumination of the region of interest, the glare contribution of each individual ones of the
plurality of light sources can be established, enabling the subset of light sources to be

adjusted so as to optimally reduce the glare in a subsequent image of the region of interest.
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Optionally, the light controller is arranged for variably illuminating the region
of interest by alternating between different subsets of light sources; the image sensor is
arranged for acquiring a sequence of images of the region of interest during the alternating
between the different subsets of light sources; and the processor is arranged for learning a
classifier based on the position of the glare in the sequence of images and the control data.
Machine learning is thus used to dynamically adjust the illumination of the region of interest.

Optionally, the plurality of light sources is a plurality of light emitting diodes.
Light emitting diodes are well suited as light sources when imaging a patient’s interior due to
their small size, low power requirements, fast switching on/off speeds, etc.

Optionally, the individual ones of the plurality of light sources are arranged in
a circular shape around the image sensor. A circular shape is well suited as this provides
significant flexibility in establishing a position of the subset of light sources with respect to
the image sensor, which in turn allows the reflection of light to be spatially shifted in the
image. Spatially shifting the glare in the image is advantageous since certain portions of the
patient’s interior may cause less specular reflections, thus causing fewer glare. Similarly,
certain portions may be of less relevance to the clinician, which causes the clinician to not to,
or to a lesser degree, perceive bright regions in said portions of the image as glare.

Optionally, the subset of light sources is formed by one of the group of: two
light sources arranged adjacently in the circular shape, and two light sources arranged
oppositely in the circular shape.

Optionally, the system further comprises a scope being one of the group of: a
colposcope, a laparoscope and a retinoscope, the scope comprising the plurality of light
sources and the image 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.

The invention is defined in the independent claims. Advantageous

embodiments are defined in the dependent claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

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

Fig. 1 shows a system according to the present invention;

Fig. 2 shows a method according to the present invention;

Fig. 3 shows a computer program product according to the present invention;

Fig. 4 shows a plurality of light sources mounted on a circular carrier and
arranged around an image sensor, with a subset of the light sources being activated;

Fig. 5a shows an image of a region of interest, the image comprising glare as a
result of the region of interest being illuminated by the subset of light sources;

Fig. 5b shows the glare being detected in the image;

Fig. 5¢c shows a position of the glare being established;

Fig. 6a shows a first image from a sequence of images, said image showing
the region of interest being illuminated by a first 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;

Fig. 7 shows a composite image being generated based on the first, second,
third and fourth image in which glare is reduced;

Fig. 8a shows a scope comprising the plurality of light sources and the image
sensor, with the plurality of light sources being mounted on a circular carrier; and

Fig. 8b shows the plurality of light sources being re-oriented.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 schematically shows a system 100 for imaging a patient’s interior. The
system 100 comprises a plurality of light sources 120 for illuminating a region of interest in
the patient’s interior from a plurality of different positions. The system 100 further comprises
a light controller 140 for controlling individual ones of the plurality of light sources 120 to
enable illuminating the region of interest with a subset of light sources. For that purpose, the
light controller 140 is show to be electrically connected to the plurality of light sources 120
via an electric connection 142. The system 100 further comprises an image sensor 160 for
acquiring an image 162 of the region of interest. The system 100 is shown to be connected to

a display 400 to enable displaying the image 162 to a user, ¢.g., a clinician. It is noted,
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however, that the system 100 does not need to be connected to a display 400. Rather, the
image 162 may be, e.g., transmitted to a different system, stored on a storage medium, etc.

The system 100 further comprises a processor 180 for detecting glare in the
image 162. For that purpose, the processor 180 is shown to receive the image 162 from the
image sensor 160. The processor 180 is further arranged for attributing the glare to one or
more light sources from the subset of light sources, and based on said attributing, generating
control data 182 for instructing the light controller 140 to adjust the subset of light sources so
as to reduce the glare in a subsequent image of the region of interest.

It can be seen that the combination of image sensor 160, processor 180, light
controller 140 and plurality of light sources 120 effectively forms a feedback system in that
the plurality of light sources 120 illuminate a region of interest, the image sensor 160
acquires an image 162 of the region of interest, the processor 180 detects glare in the image
and, based thereon, generates control data 182 for the light controller 140, and the light
controller controls the plurality of light sources 120 based on the control data 182 to reduce
the glare in a subsequent image of the region of interest acquired by the image sensor 160.

Fig. 1 schematically shows the plurality of light sources 120, the light
controller 140 and the image sensor 160 being arranged within a scope 110. The scope 110
may be used for entry into the patient’s interior. The scope 110 may be, ¢.g., a colposcope, a
laparoscope or a retinoscope. However, this is not a limitation. For example, the plurality of
light sources 120 and the image sensor 160 may be separate components that are individually
positionable with respect to the patient’s interior. In addition, the light controller 140 may be
an external component, i.¢., not used for entry in the patient’s interior.

Fig. 2 shows a method 200 for imaging a patient’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, ¢.g., using a different system or device.

The method 200 comprises, in a step titled “ILLUMINATING REGION OF
INTEREST USIGN PLURALITY OF LIGHT SOURCES”, illuminating 210 a region of
interest in the patient’s interior from a plurality of different positions using a plurality of light
sources. The method 200 further comprises, in a step titled “ACQUIRING IMAGE OF
REGION OF INTEREST”, acquiring 220 an image of the region of interest. The method 200
further comprising, in a step titled “CONTROLLING PLURALITY OF LIGHT SOURCES”,
controlling 260 individual ones of the plurality of light sources to enable illuminating the
region of interest with a subset of light sources. The method 200 further comprises, in a step

titled “DETECTING GLARE IN IMAGE”, detecting 230 glare in the image. The method
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200 further comprises, in a step titled “ATTRIBUTING GLARE TO PLURALITY OF
LIGHT SOURCES?”, attributing 240 the glare to one or more light sources from the subset of
light sources. The method 200 further comprises, in a step titled “GENERATING
CONTROL DATA?”, based on said attributing 240, generating 250 control data to adjust the
subset of light sources so as to reduce the glare in a subsequent image of the region of
interest. It will be appreciated that the method 200 may be performed in an iterative manner,
as indicated in Fig. 2 with the steps of the method 200 forming a circle. However, this is not a
limitation, i.e., the method 200 may also be performed non-iteratively.

Fig. 3 shows a computer program product 290 comprising instructions for
causing a processor system to perform the method according to the present invention. The
computer program product 290 may be comprised on a computer readable medium 280, 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.

Fig. 4 shows a plurality of light sources 120 being, by way of example, a
plurality of light emitting diodes (LEDs). Fig. 4 shows the plurality of light sources 120
head-on, i.¢., facing a light-emitting end of the light sources. The plurality of light sources
120 is arranged in a circular shape around the image sensor 160. For supporting the plurality
of light sources 120 in the circular shape, the plurality of light sources 120 is shown to be
mounted on a circular carrier 130. The circular carrier 130 may be, ¢.g., a printed circuit
board (PCB), which may be further encapsulated so as to allow entry into the patient’s
interior. Fig. 4 further shows a subset 122 of the plurality of light sources 120 being
activated. This is indicated by a star-shaped contour surrounding said light sources 120. Here,
the subset of light sources 122 is constituted by two light sources, the two light sources being
arranged adjacently in the circular shape, i.e., a right one and a bottom-right one of the
plurality of light sources 120 when viewed head-on. The others of the plurality of light
sources are not activated, being indicated by the star-shaped contour being absent.

The operation of the system 100 may be further explained in reference to Figs.
5a-5c¢. Fig. 5a shows an image 162 of a region of interest. For illustration purposes, the region
of interest shown in the image 162 is a portion of the exterior of an apple. It is noted,
however, that the region of interest typically constitutes a region of interest within a patient’s
interior, e.g., the cervix or part thereof. The image 162 shows the region of interest being
illuminated by the plurality of light sources 120 as shown in Fig. 4. Hence, the subset 122 of
two adjacent light sources is used in illuminating the region of interest. As a result of the

surface of the apple’s exterior being shiny, specular reflections occur which result in bright
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regions being visible in the image 162. Said bright regions constitute glare 302 in that they
obfuscate image details, i.e., details of the apple which otherwise may be visible.

Figs. 5b and 5c show a result of the processor 180 detecting the glare 302 in
the image 162, and attributing the glare 302 to one or more light sources from the subset of
light sources 122 based on a position of the glare 302 in the image 162. The glare 320 may be
detected in a number of ways. For example, the image 162 may be considered in RGB color
space, i.c., expressed in red, green and blue color components. The green color component of
the RGB color space may be used as a so-termed feature space since it provides a high
contrast ratio between the glare 302 and the region of interest. Pixels belonging to the glare
302 are typically white in color whereas the background, being the exterior of the apple, is
typically red in color. As such, the green color component provides a suitable feature space.
It is noted that the green color component typically also provides a suitable feature space for
when the image 162 shows a region of interest from a patient’s interior, ¢.g., the cervix, since
such region of interests are also typically red or pink in color. A histogram may be generated
for the green color component. Herein, a local maximum may be identified. Pixels of the
image having a value for the green color component which exceed this local maximum may
then be deemed to be part of the glare 302. Fig. 5b shows a resulting glare mask 170, in
which the glare is represented by white pixels. The glare mask 170 thus shows the
corresponding parts of the image 162 which are deemed to be part of the glare 302.

The position of the glare 302 may also be established using a number of ways.
For example, a clustering algorithm may be applied to the glare mask 170 so as to obtain one
or more clusters 172, 174 of glare. The positions of said clusters 172, 174 may provide the
position of the glare 302. Alternatively or additionally, the image 162 may be divided into
segments, ¢.g., twelve segments 1-12 as shown in Fig. 5c, and within each segment 1-12, a
number of glare pixels may be counted, with said number of glare pixels constituting an
amount of glare in each respective segment 1-12. In this particular example, it can be seen
that the bottom-left segments 7-9 comprise the largest amounts of glare. The position of the
glare may therefore be established based on which of the segments 1-12 comprise glare, or
comprise an amount of glare which exceeds a predetermined threshold.

The processor 180 may attribute the glare 302 to one or more light sources
from the subset of light sources 122 in a number of ways. For example, the processor 180
may, if glare 302 is detected within the image 162, attribute the glare 302 per default to all of
the light sources being part of the subset of light sources 122. Based thereon, the processor

180 may establish a new subset of light sources which does not comprise the light sources
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from the earlier subset of light sources 122 so as to reduce the glare in a subsequent image.
For example, the processor may establish a new subset of light sources 124 as shown in Fig.
6b, which is constituted by two light sources, the two light sources being arranged adjacently
in the circular shape, i.¢., a top one and a top-right one of the plurality of light sources 120
when viewed head-on. Hence, the right and bottom-right ones of the plurality of light sources
120 are replaced in the new subset of light sources 124 with said top and top-right ones.

The processor 180 may determine or estimate that the new subset of light
sources 124 reduces the glare 302 in a subsequent image of the region of interest in a number
of ways. For example, the processor 180 may analyze the correspondence between the
position of the glare 302 in the image 162 and the positions of the subset of light sources 122
with respect to the image sensor 160. For example, the glare 302 may be detected in a left-
hand side of the image 162 whilst the subset of light sources 122 is located on a right-hand
side of the image sensor 160 when viewed along its principal optical axis. Such a
correspondence may be attributed to a certain shape and/or orientation of the region of
interest. Based on said shape and/or orientation, the processor 180 may estimate that the glare
302 may be reduced by using a different subset of light sources. For example, it may be
estimated that the region of interest shown in the image 162 is slanted with respect to the
image plane of the image sensor 160. As a result, the processor 180 may establish a new
subset of light sources 124 of which it is estimated that, based on their relative position to the
image sensor 160 and the slant of the region of interest, the specular reflections on the
surface of the region of interest are directed away from the image sensor 160.

The processor 180 may also estimate that the new subset of light sources 124
reduces the glare in the subsequent image of the region of interest based on historical data.
The historical data may indicate, for different subsets of light sources which were previously
used in illuminating the region of interest, which glare occurred in a respective image of the
region of interest. The historical data may thus indicate an amount of glare, a position of the
glare, etc. As such, the processor 180 may determine that a previously used subset of light
sources reduces the glare with respect to the currently used subset of light sources 122.
Accordingly, the processor 180 may revert to the previously used subset of light sources, i.¢.,
establish said subset as the new subset of light sources 124. It is noted, however, that due to a
re-positioning of the image sensor 160 and/or the plurality of light sources 120 with respect
to the region of interest within the patient’s interior, such historical data may be particularly

useful, i.e., provide good estimates, when it reflects recently used subsets of light sources.
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The historical data may be obtained by means of machine learning. In
particular, the processor 180 may be arranged for attributing the glare 302 to the one or more
light sources using machine learning. For that purpose, the control data 182 may be indicative
of the subset of light sources 122, i.e., indicate which light sources were used in illuminating
the region of interest in the image 162, and the machine learning may be based on the
position of the glare in the image and the control data 182. The historical data may be
generated by the light controller 140 being arranged for variably illuminating the region of
interest by alternating between different subsets of light sources 122-128, and the image
sensor 160 being arranged for acquiring a sequence of images 162-168 of the region of
interest during the alternating between the different subsets of light sources 122-128. A result
of this is shown in Figs. 6a-6d, where each Figure shows a different subset of light sources
122-128 and an image 162-168 showing the region of interest being illuminated by the
respective subset of light sources 122-128, with each image comprising glare 302-308 caused
by the respective subset of light sources 122-128. Consequently, Fig. 6a shows a first image
162 and a first subset of light sources 122, Fig. 6b shows a second image 164 and a second
subset of light sources 124, Fig. 6¢ shows a third image 166 and a third subset 126 of light
sources, and Fig. 6d shows a fourth image 168 and a fourth subset of light sources 128.

The processor 180 may arranged for learning a classifier based on the position
of the glare 302-308 in the sequence of images 162-168 and the control data 182. Hence, the
processor 180 may associate which subset of light sources 122-128 causes which glare 302-
308. As a result, the processor may select one of the different subsets 122-128 of light source
which is estimated to reduce the glare in a subsequent image of the region of interest.
Furthermore, the processor 180 may be arranged for, when the glare increases in a current
image, ¢.g., due to a re-positioning of the image sensor 160 and/or the plurality of light
sources 120 with respect to the region of interest, updating the historical data based on the
increase in glare. In addition, the processor 180 may select another one of the different
subsets of light sources 122-128 which is estimated to cause a lower amount of glare.

For example, in case the first subset of light sources 122 as shown in Fig. 6a
constitutes a currently used subset of light sources 122, the fourth subset of light sources 128
as shown in Fig. 6d may be established as the new subset of light sources 128. In this respect,
it is noted that although the aforementioned example shows the processor 180 establishing a
new subset of light sources 128 in which none of the light sources overlap with the current
subset of light sources 122, the processor 180 may also attribute the glare 302 to specific

ones of the subset of light sources 122, and establish a new subset of light sources 128 in
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which only said specific light sources are removed, i.e., other light sources from the current
subset of light sources 122 may still be included in the new subset of light sources 128.

Alternatively or additionally to using a sequence of images 162-168 to
generate historical data, the processor 180 may be arranged for, based on the sequence of
images 162-168, generating a composite image 320 in which the glare 302-308 is reduced.
Fig. 7 shows an example of such a composite image 320 which is generated based on the
sequence of images 162-168 shown in Figs. 6a-6d. It is noted that methods for generating
such a composite image are known per se. For example, US patent 6,088,612 describes an
apparatus which creates a glare-free digital composite image by replacing the digital elements
of the glare region of the first image with the corresponding digital elements from the non-
glare region of the second image. Alternatively, the composite image 320 may be created by,
e.g., applying a rank order filter to the sequence of images 162-168 on a per-pixel basis. For
example, a value pixel of the composite image 320 may be obtained by calculating a median
of the values of co-located pixels in the sequence of images 162-168. The composite image
320 may also be created by averaging the sequence of images 162-168, or by weighted
averaging, ¢.g., in which glare-pixels have a lower weight than non-glare pixels. The
processor 180 may be arranged for performing image registration, motion compensation or
similar techniques to align the region of interest within the sequence of images 162-168.
Hence, it is possible to compensate for a re-positioning of the image sensor 160 with respect
to the region of interest while obtaining the sequence of images 162-168.

The processor 180 may be further arranged for, based on the detecting of glare
302-308 in the sequence of images 162-168, generating the control data 182 to establish the
different subsets 122-128 of light sources. Hence, the processor 180 may select which of the
plurality of light sources 120 are included in each of the different subsets of light sources
122-128. For example, the processor 180 may be arranged for establishing the different
subsets of light sources 122-128 such that the glare 302-308 does not overlap, i.¢., is not
spatially co-located, in the sequence of images 162-168. This may facilitate reducing the
glare in the composite image 320. Additionally or alternatively, the processor 180 may be
arranged for establishing an illumination duration of each of the different subsets of light
sources 122-128 based on the detecting of glare 302-308 in the sequence of images 162-168.
For example, in the example shown in Figs. 6a-6d, the processor 180 may cycle through the
different subsets of light sources 122-128 and may, instead of assigning equal illumination
durations to each of the different subsets of light sources 122-128, establish a longest

illumination duration for the fourth subset of light sources 128 based on the fourth image 168
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showing the least glare 308, and establish a shortest illumination duration for the first subset
of light sources 122 based on the first image 162 showing the most glare 302.

In general, the individual ones of the plurality of light sources 120 may be
adjustable in position and/or orientation, and the processor 180 may be arranged for
instructing the light controller 140 to adjust the subset of light sources 122-128 by adjusting
the position and/or orientation of at least the one or more light sources from the subset of
light sources. Fig. 8a shows an example of a scope 110 comprising the plurality of light
sources 120 and the image sensor 160. Here, a primary light emission direction of individual
ones of the plurality of light sources 120 is indicated with dashed arrows. In this particular
example, the individual ones of the plurality of light sources 120 are adjustable in orientation
by virtue of being mounted on a circular carrier 130 which is adjustable in orientation with
respect to an optical axis of the image sensor 160. Hence, by adjusting the orientation of the
circular carrier 130, the orientation of all of the plurality of light sources 120 is adjusted. Fig.
8b shows a result of adjusting the orientation of the circular carrier 130. It can be seen that
the primary light emission direction is changed with respect to Fig. 8a. As a result, the glare
may shift in a subsequent image of the region of interest. Depending on a shape and/or
orientation of the region of interest in the image, the amount of glare may also be reduced,
¢.g., when the glare shifts from a shiny portion of the region of interest to a matte portion and
consequently the reflection changes from specular to diffuse.

In general, the processor 180 may be arranged for variably adjusting the
power of the individual ones of the plurality of light sources 120 so that when the glare 302
saturates the image 162, as may be determined by analyzing the image 162, said power may
be reduced so as to reduce the glare in a subsequent image. Advantageously, a better
composite image may be obtained. In case the plurality of light sources 120 is a plurality of
LEDs, the surface of the individual ones of the plurality of LEDs maybe convex and/or flat to
enable the light being emitted in a diffuse manner. Moreover, the individual ones of the
plurality of LEDs may be oriented at a slanting angle which crosses the center of the image
162 so that, when the region of interest is flat and oriented orthogonal to a principal optical
axis of the image sensor 160, no or little specular reflections reach the image sensor 160.

It will be appreciated that the invention also applies to computer programs,
particularly computer programs 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 appreciated
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that such a program may have many different architectural designs. For example, a program
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 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 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 a computer program may be any entity or device capable of
carrying the program. For example, 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 transmissible 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.

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 as limiting the claim. Use
of the verb "comprise" and its conjugations does not exclude the presence of elements or
steps other than those stated in a claim. The article "a" or "an" preceding an element does not

exclude the presence of a plurality of such elements. The invention may be implemented by
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means of hardware comprising several distinct elements, and by means of a suitably
programmed computer. In the device claim enumerating several means, several 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 a patient’s interior, comprising:

- a plurality of light sources (120) for illuminating a region of interest in the
patient’s interior from a plurality of different positions;

- a light controller (140) for controlling individual ones of the plurality of light
sources (120) to enable illuminating the region of interest with a subset (122-128) of light
sources;

- an image sensor (160) for acquiring an image (162-168) of the region of
interest; and

- a processor (180) for 1) detecting glare (302-308) in the image, ii) attributing
the glare to one or more light sources from the subset of light sources (122-128), and 1iii)
based on said attributing, generating control data (182) for instructing the light controller
(140) to adjust the subset of light sources so as to reduce the glare in a subsequent image of

the region of interest.

2. System (100) according to claim 1, wherein the processor (180) is arranged
for instructing the light controller (140) to adjust the subset of light sources (122-128) by
replacing the one or more light sources from the subset of light sources with one or more
other light sources from the plurality of light sources for establishing a new subset of light

Sourcces.

3. System according to claim 1, wherein the individual ones of the plurality of
light sources (120) are adjustable in position and/or orientation, and wherein the processor
(180) is arranged for instructing the light controller (140) to adjust the subset of light sources
(122-128) by adjusting the position and/or orientation of at least the one or more light sources

from the subset of light sources.

4. System (100) according to claim 1, wherein:
- the light controller (140) is arranged for variably illuminating the region of

interest by alternating between different subsets of light sources (122-128);
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- the image sensor (160) is arranged for acquiring a sequence of images (162-
168) of the region of interest during said alternating between the different subsets of light
sources (122-128);

- the processor (180) is arranged for, based on the sequence of images (162-
168), generating a composite image (320) in which the glare (302-308) is reduced; and
wherein

- the processor (180) is arranged for, based on the detecting of glare (302-308)
in the sequence of images (162-168), generating the control data (182) to establish the
different subsets of light sources (122-128).

5. System (100) according to claim 4, wherein the processor (180) is arranged
for establishing an illumination duration of each of the different subsets of light sources (122-

128) based on the detecting of glare (302-308) in the sequence of images (162-168).

6. System (100) according to claim 1, wherein the processor (180) is arranged
for attributing the glare (302-308) to the one or more light sources based on a position of the

glare in the image (162-168).

7. System (100) according to claim 6, wherein the processor (180) is arranged
for attributing the glare (302-308) to the one or more light sources using machine learning,
wherein the control data (182) is indicative of the subset of light sources (122-128), and
wherein the machine learning is based on the position of the glare in the image and the

control data (182).

8. System (100) according to claim 7, wherein

- the light controller (140) is arranged for variably illuminating the region of
interest by alternating between different subsets of light sources (122-128);

- the image sensor (160) is arranged for acquiring a sequence of images (162-
168) of the region of interest during the alternating between the different subsets of light
sources (122-128); and wherein

- the processor (180) is arranged for learning a classifier based on the position

of the glare (302-308) in the sequence of images and the control data (182).
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9. System (100) according to claim 1, wherein the plurality of light sources (120)
is a plurality of light emitting diodes.
10. System (100) according to claim 1, wherein the individual ones of the

plurality of light sources (120) are arranged in a circular shape (130) around the image sensor

(160).

11. System (100) according to claim 10, wherein the subset of light sources (122-
128) is formed by one of the group of: two light sources arranged adjacently in the circular

shape (130), and two light sources arranged oppositely in the circular shape.

12. System (100) according to claim 1, further comprising a scope (110) being
one of the group of: a colposcope, a laparoscope and a retinoscope, the scope comprising the

plurality of light sources (120) and the image sensor (160).

13. Workstation or imaging system comprising the system according to claim 1.

14. A method (200) for imaging a patient’s interior, comprising:

- illuminating (210) a region of interest in the patient’s interior from a plurality
of different positions using a plurality of light sources;

- acquiring (220) an image of the region of interest;

the method further comprising:

- controlling (260) individual ones of the plurality of light sources to enable
illuminating the region of interest with a subset of light sources; and

- 1) detecting (230) glare in the image, i1) attributing (240) the glare to one or
more light sources from the subset of light sources, and iii) based on said attributing,
generating (250) control data to adjust the subset of light sources so as to reduce the glare in a

subsequent image of the region of interest.

15. A computer program product (290) comprising instructions for causing a

processor system to perform the method according to claim 14.
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