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(57) Abstract: A data processing unit receives a reference image (IMG13p) of a deformable physical entity, a target image (IMG23p)
of said physical entity, and a first region of interest (ROI1 sp) defining a first volume in the reference image (IMG13p) representing a
reference image element. The reference image (IMG13p), the target image (IMG23p) and the first region of interest (ROI13p) all con-
tain 3D datasets. In response to user commands (c1; ¢2), the data processing unit defines a first contour (C1,p) in a first plane
through the target image (IMG23p), which is presented to a user via a display unit together with graphic data reflecting the reference
image (IMGlsp), the target image (IMG23p) and the first region of interest (ROI13p). The first contour (Clap) is aligned with at least
a portion of a first border (IEB1) of a target image element (IEsp) in the target image (IMG23p). The target image element (IEsp) cor-
responds to the reference image element in the reference image (IMGlsp). Based on the first contour (Clyp), the target image
(IMG23p) and the first region of interest (ROI13p); the data processing unit determines a second region of interest (ROI23p) detining
a second volume in the target image (IMG23p).
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System and Method for Handling Image Data

THE BACKGROUND OF THE INVENTION AND PRIOR ART

The present invention relates generally to processing of three-
dimensional, 3D, images. More particularly the invention relates
to an image handling system according to the preamble of claim
1 and a corresponding method. The invention also relates to a
computer program product and a processor-readable medium.

In some types of 3D imaging, especially in the medical field, it is
important that one can identify one or more particular items in
both a first image, a second image and any subsequent images
of an object/subject. For example, a patient’s liver may be defi-
ned in a first computer tomography, CT, image registered prior
to performing a radiation therapy session. Then, a physician is
interested in examining the effects of the therapy. To this aim, it
is important that the liver can be adequately identified in a se-
cond image registered after the therapy session. In the second
image, the liver may have a different shape than in the first ima-
ge. Presuming that tumorous tissue to be treated is located in
the liver, the irradiation, as such, will probably have deformed
the organ somewhat. However, the mere fact that the gastric
contents is different, the patient has a slightly different position
and/or that different imaging equipment was used when registe-
ring the second image may also explain why a deformation has
occurred. In any case, it is normally a far from trivial task to
identify the volume boundaries of an organ, e.g. a liver, in a se-
cond image on the basis of an identification made in a corres-
ponding first image. Since the data set is in 3D, the identifica-
tion of an organ or structure is often a manual process, wherein
an operator has to define the relevant boundary in a respective
image plane - segment per segment through the entire volume
of interest.

WO 2012/069965 describes a radiation therapy planning system
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including a planning module, which receives a first planning ima-
ge set from a diagnostic imaging apparatus and uses automatic
segmentation tools or manual segmentation tools and a radia-
tion therapy planning system to generate a first radiation thera-
py plan. After the first radiation therapy plan has been applied
for one or more therapy sessions, a second planning image set
is generated. The planning module uses a deformable image re-
gistration algorithm to register the planning image set and gene-
rate a corresponding deformation map which is applied to seg-
mented objects of interest, OOls, of the segmented first plan-
ning image set to propagate the objects of interest onto the se-
cond planning image set. The deformation map is corrected in
accordance with deviations between the propagated and actual
OOl locations in two steps: 1) manual and/or automated correc-
tions of the propagated OOIs are performed, such as region of
interest contour corrections and/or landmark point of interest po-
sitions; 2) a corrected global deformation map is generated from
these local OOI corrections. The corrected deformation map is
applied to the first radiation therapy plan and an accumulated
radiation map depicting the radiation accumulated in each OOl
during the therapy session(s) implemented with the first radia-
tion therapy plan.

PROBLEMS ASSOCIATED WITH THE PRIOR ART

Although the above-described solution may provide an end re-
sult of high-quality, the applied strategy is relatively inefficient
and time consuming because a complete 3D volume must be de-
fined manually in order to obtain the deformation map, i.e. the
vector field that describes the transform of the OOI from the first
image to the second image.

SUMMARY OF THE INVENTION

The object of the present invention is therefore to ameliorate the
above problem, and thus offer an improved image handling
solution.
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According to one aspect of the invention, the object is achieved
by the image handling system described initially, wherein the da-
ta processing unit is further configured to define, in response to
the user commands, a first contour in a first plane through the tar-
get image. We here presume that such user commands are ente-
red so that the first contour is aligned with at least a portion of a
border of a target image element in the target image. Moreover,
we also presume that the target image element corresponds to
the reference image element in the reference image. Additionally,
the data processing unit is further configured to determine a se-
cond region of interest defining a second volume in the target
image. The second region of interest is determined by the data
processing unit based on the first contour, the target image and
the first region of interest.

This image handling system is advantageous because it does not
require a complete manual registration in 3D of the region of inte-
rest in the target image. In fact, in many cases, it is sufficient if
the user defines the first contour along a portion of the border of
the target image element in the first plane only.

According to one preferred embodiment of this aspect of the in-
vention, the data processing unit is further configured to compute
a vector field describing a relationship between the first and se-
cond regions of interest. The vector field has such properties that
the second region of interest is obtainable by transforming the
first region of interest via the vector field. This is advantageous
because it allows convenient double-checking that an adequate
relationship has been found. Namely, if one takes the first region
of interest and transforms it via the vector field, a resulting se-
cond region matching the second volume in the target image shall
be obtained. Thus, an operator may visually investigate the data
quality by comparing a transformed version of the first region of
interest with the image data of the target image.

Consequently, according to another preferred embodiment of
this aspect of the invention, the data processing unit is further
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configured to generate the second region of interest based on the
first region of interest and the vector field. The data processing
unit is also configured to produce graphic data for presentation on
the display unit, which graphic data reflect the second region of
interest overlaid on the target image. By this means, it is rendered
straightforward to corroborate the quality of the vector field, and
thereby also the data quality associated with the second region of
interest.

According to yet another preferred embodiment of this aspect of
the invention, the data processing unit is further configured to re-
ceive additional user commands, and in response thereto, define
a second contour in a second plane through the target image.
Analogous to the above, we also presume that the second contour
is aligned with at least a portion of a border of the target image
element in the target image. Then, on the further basis of the se-
cond contour, the data processing unit is configured to determine
the second region of interest. Hence, the user can adjust any
shortcomings of the original vector field in a very intuitive manner.

According to still another preferred embodiment of this aspect of
the invention, the data processing unit is configured to determine
the second region of interest based on a non-linear optimization
algorithm applied to the first contour and an intersection between
the second region of interest and the first plane. The non-linear
optimization algorithm is configured to penalize deviation of the
second region of interest from the first contour. Thereby, the se-
cond region of interest can be generated efficiently and with high
accuracy.

According to a further preferred embodiment of this aspect of
the invention, we assume that the second region of interest is
represented by a triangular mesh. Here, the non-linear optimiza-
tion algorithm involves computing a set of intersection points
between the second region of interest and the first plane, where
each intersection point in the set of intersection points is compu-
ted by means of a convex combination of eight voxel centers
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located adjacent to the intersection point using mean value
coordinates. The non-linear optimization algorithm involves app-
lying a two-dimensional distance transform on a Euclidean dis-
tance between each computed intersection point and the first con-
tour. Hence, the algorithm takes 3D aspects of the user-defined
contour in the first plane into account. This may further enhance
the efficiency and accuracy of the proposed system.

According to another preferred embodiment of this aspect of the
invention, we again assume that the second region of interest is
represented by a triangular mesh; and the non-linear optimization
algorithm involves computing a set of intersection points between
the second region of interest and the first plane. Here, however,
for each intersection point in the set of intersection points, a nor-
mal projection is determined from the second region of interest to-
wards the first plane. The normal projection extends in an interval
of predetermined length. If, within the predetermined length, the
normal intersects with the first contour at a juncture, the juncture
in question is included as a tentative delimitation point of an
updated second region of interest. The determining step is then
repeated based on the updated second region of interest until a
stop criterion is fulfilled. Consequently, the algorithm also takes
3D aspects of the user-defined contour in the first plane into ac-
count, however in a different manner than in the above-described
embodiment of the invention.

According to another aspect of the invention, the object is achie-
ved by the method described initially, wherein the method invol-
ves defining, in response to the user commands, a first contour in
a first plane through the target image. Here, we presume that
such user commands are entered so that the first contour is alig-
ned with at least a portion of a border of a target image element
in the target image. The target image element corresponds to the
reference image element in the reference image. The method
further involves determining a second region of interest defining a
second volume in the target image. The second region of interest
is determined based on the first contour, the target image and the
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first region of interest. The advantages of this method, as well as
the preferred embodiments thereof, are apparent from the dis-
cussion above with reference to the proposed system.

According to a further aspect of the invention, the object is
achieved by a computer program product, which is loadable into
the memory of a computer, and includes software for performing
the steps of the above proposed method when executed on a
computer.

According to another aspect of the invention, the object is achie-
ved by a processor-readable medium, containing instructions
which, when executed by at least one processor, cause the at
least one processor to perform the proposed method.

Further advantages, beneficial features and applications of the
present invention will be apparent from the following description
and the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now to be explained more closely by means of
preferred embodiments, which are disclosed as examples, and
with reference to the attached drawings.

Figure 1 shows a block diagram over an image handling
system according to one embodiment of the inven-
tion;

Figure 2 illustrates a first example of a first contour in a

first plane in the target image together with a
border of an image element and an example of the
first contour;

Figures 3a-b illustrate how a second volume of interest in a tar-
get image is obtained from a first region of inte-
rest in a reference image according to one embo-
diment of the invention;
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Figure 4 illustrates a second example of a first contour in a
second plane in the target image together with a
border of the image element and another example
of the first contour;

Figure 5 illustrates a situation where the second example
of the first contour in the second plane in the tar-
get image has been updated so that the region of
interest matches the second volume;

Figure 6 illustrates how an intersection point with the first
plane is calculated based on a convex combina-
tion of eight voxel centers according to one embo-
diment of the invention;

Figures 7a-b illustrate how the second region of interest is ite-
ratively adapted to a user-defined contour accor-
ding to one embodiment of the invention; and

Figure 8 illustrates, by means of a flow diagram, the gene-
ral method according to the invention for handling
images.

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE IN-
VENTION

Initially, we refer to Figures 1 and 2, which show a block dia-
gram over an image handling system 100 according to one em-
bodiment of the invention, respective illustrates a first example
of a first contour in a first plane in the target image together
along with a border of an image element and an example of the
first contour.

The proposed image handling system 100 includes a data pro-
cessing unit 110, at least one data input unit 131 and 132 and a
display unit 140.

The data processing unit 110 is configured to receive a reference
image IMG13p of a deformable physical entity, e.g. representing
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an organ or a body structure of a patient. The reference image
IMG13p is a 3D dataset, typically containing a relatively large
number of voxels that may have been registered by an X-ray
computer tomograph, a magnetic resonance equipment (e.g.
using magnetic resonance imaging, MRI, nuclear magnetic reso-
nance imaging, NMRI, or magnetic resonance tomography,
MRT), an ultrasonic camera or a cone beam computed tomogra-
phy, CBCT, scanner.

The data processing unit 110 is also configured to receive a tar-
get image IMG23p of the physical entity, which target image
IMG23:p likewise is a 3D dataset, which typically contains a
relatively large number of voxels, for example registered by an X-
ray computer tomograph, a magnetic resonance equipment (e.qg.
using magnetic resonance imaging, MRI, nuclear magnetic reso-
nance imaging, NMRI or magnetic resonance tomography, MRT)
or an ultrasonic camera, however not necessarily the same
equipment, or same type of equipment, that was used for gene-
rating the reference image IMG13p.

Additionally, the data processing unit 110 is configured to receive
a first region of interest ROIl13p defining a first volume in the re-
ference image IMG13p. The first region of interest ROIl13p repre-
sents a reference image element defining a particular region on
the reference image IMG13p, for example corresponding to the de-
limitation boundaries of an individual organ, an organ system, a
tissue, or some other body structure of a patient. Similar to the re-
ference and target images IMG13p and IMG23p respectively the
first region of interest ROIl13p is a 3D dataset that may be rep-
resented by voxels. However, the first region of interest ROI13p is
normally a dataset that has been manually defined by a human
operator, e.g. a radiologist. Irrespective of the specific origin, the
first region of interest ROI13p, the reference image IMG13p and
the target image IMG23p are fed into the data processing unit 110
via one or more data interfaces.

The display unit 140 is configured to present graphic data GD re-
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flecting the reference image IMG13p, the target image IMG23p and
the first region of interest ROI13p. Thus, a user, for example a ra-
diologist, may visually inspect the image data, preferably interac-
tively as seen from selected views, by entering commands via the
at least one data input unit 131 and 132, which may be repre-
sented by any known input member for generating user com-
mands to a computer, e.g. a keyboard 131 and/or a computer
mouse 132.

The at least one data input unit 131 and 132 is configured to re-
ceive user commands c¢1 and c2 respectively. In response to the
user commands c¢1 and/or ¢2, the data processing unit 110 is con-
figured to define a first contour C12p in a first plane through the
target image IMG23p, preferably corresponding to a view of the
target image IMG23p presented on the display unit 140. Here, we
presume that the user commands c1 and/or c2 are generated
such that the first contour C12p is aligned with at least a portion of
a first border IEB1 of a target image element |IE3sp (e.g. the outline
of a specific organ) in the target image IMG23p. In any case, the
target image element IEsp corresponds to the reference image
element in the reference image IMG13p.

The data processing unit 110 is further configured to determine a
second region of interest ROI23p defining a second volume in the
target image IMG23p. According to the invention, the second re-
gion of interest ROI23p is determined based on the first contour
C12p, the target image IMG2:p and the first region of interest
ROI13p.

Figures 3a and 3b illustrate how the second region of interest
ROI23p in a target image IMG23p is obtained from the first region
of interest ROI13p in the reference image ROI13p.

According to one embodiment of the invention, the data proces-
sing unit 110 is further configured to compute a vector field VF1_>
describing a relationship between the first region of interest
ROI13p and the second region of interest ROI23p. The vector field
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VFi_2 has such properties that the second region of interest
ROI23p is obtainable by transforming the first region of interest
ROI13p via the vector field VF1_2. In other words, the second re-
gion of interest ROI23p can be generated by for example multiply-
ing the first region of interest ROI13p with the vector field VF1_2.

Further preferably, the data processing unit 110 is configured to
generate the second region of interest ROI23p based on the first
region of interest ROIl13p and the vector field VF1_2. Then, the
data processing unit 110 is preferably configured to produce
graphic data GP for presentation on the display unit 140 so that
the graphic data GP reflect the second region of interest ROI23p
overlaid on the target image IMG2;p. Consequently, a user may
double check whether or not the vector field VF1_2 (and thus also
the second region of interest ROI23p) is a sufficiently accurate
definition of the organ, organ system, tissue, body structure etc.
in the target image IMG23;p. Should the vector field VF1_2 prove
to be unacceptably imprecise, it is desirable if the user has a
means to improve the data quality.

To this aim, according to one embodiment of the invention, the
data processing unit 110 is further configured to receive additio-
nal user commands c¢1 and/or ¢2 via the at least one data input
unit 131 and/or 132 respectively. In response thereto, the data
processing unit 110 is configured to define a second contour C22p
in a second plane P2 through the target image IMG23p as illustra-
ted in Figure 4. Again, we assume that the user commands c1/c2
are generated such that the second contour C2,p is aligned with
at least a portion of a second border IEB2 of the target image
element |E3p in the target image IMG23p. Thereafter, the data pro-
cessing unit 110 is configured to determine the second region of
interest ROI23p on the further basis of the second contour C22p.
Figure 5 illustrates an example of such an adjustment of an
original second region of interest ROI23p into an updated second
region of interest ROI2’3p.

When correcting/adjusting the second region of interest ROI23p
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as described above, the data processing unit 110 may apply one
or more of the strategies that will be described below with refe-
rence to Figures 6, 7a and 7b.

Figure 6 illustrates how an intersection point VO between the
second region of interest ROI23p and the first or second plane
P1 or P2 respectively is calculated based on a convex combina-
tion of eight voxel centers V1, V2, V3, V4, V5, V6, V7 and V8
according to one embodiment of the invention. In Figure 6, an
inner box around the intersection point VO here represents a vo-
lume within which the data value is one and the same, and in
which the graphic data GP may be represented by a particular in-
tensity and/or hue on the display unit 140.

As is common practice in computer graphics as well as in compu-
ter aided image processing of medical data, we presume that the
second region of interest ROI23p is represented by a triangular
mesh. Preferably, the same is true also for the first region of inte-
rest ROIl13p. Of course, regardless of how the above-mentioned
first or second plane is oriented, many of the intersection points
between the second region of interest ROI23p and the first or se-
cond plane will occur at points different from one of the corners of
a triangle in the triangular-mesh representation. In other words,
the intersection line will miss numerous voxel centers of the vec-
tor field describing the second region of interest ROI23p. The-
refore, the specific intersection points must be calculated.

According to one embodiment of the invention, this calculation is
formulated as a non-linear optimizing problem including a term
which penalizes deviation from the contour (i.e. C12p or C22p).
Here, a two dimensional distance transform is used as follows:

We assume that a contour C12p or C22p has been defined in a
plane P1 or P2 for the second region of interest ROI23p, which, in
turn, is represented by a triangular mesh, and the plane P1 or P2
intersects the second region of interest ROI23p. We define a set
of edges of the second region of interest ROI23p, where inter-
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section occurs as E.

For each edge in E, we compute the intersection point with the
plane P1 or P2. As mentioned above, the resulting set of inter-
section points are typically not located at the voxel centers of the
vector field. In order to express the intersection points in terms of
the vector field, each intersection point VO is computed by means
of a convex combination of eight voxel centers V1, V2, V3, V4,
V5, V6, V7 and V8 being adjacent to the intersection point VO
using mean value coordinates. We call such a point a virtual point
vi, where:

8 8
vi=> w;*p, and > w, =1

i=1 i=1
A distance transform D(x) is computed for the contour C12p or
C22p in the plane P1 or P2, such that D(x) = 0 on the contour and
> 0 otherwise. D(x) thereby approximates the Euclidean distance
to the contour C12p or C22p.

A non-linear term that penalizes deviation from the contour C12p
or C22p may now be written:

f(x) = 3 D(v,(x))’.

Figures 7a and 7b illustrate an alternative strategy according to
which the intersection between the first or second plane P1 or
P2 and the second region of interest ROI23p may be computed,
namely via an iterative process running outer iterations as well as
inner iterations relative to the contour C12p or C22p.

Also in this case, the second region of interest ROI23p is repre-
sented by a triangular mesh. Here the non-linear term of the ob-
jective function due to the contour C12p or C2,p is unchanged du-
ring a major iteration, and updated between major iterations.
Using the terminology from the above-described strategy, the dif-
ference is that for each intersection point vi between the contour
C12p or C22p and the plane P1 or P2 a normal N; is computed by
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interpolation of the vertex normal at the edge corners.

The normal N; is then projected onto the plane P1 or P2 and a
search along the projected normal in an interval of length L is
performed. If an intersection point t; with the contour C12p or C22p
is found this is added to the non-linear function:

I

f(x)= 2w, *|v, -t

Here, the weight w; may either be 1, or the weight wi may depend
on an intersection angle with the contour C12p or C22p in such a
way that an almost orthogonal intersection results in a relatively
high weight and an almost parallel intersection results in a relati-
vely low weight.

Figures 7a and 7b show an example of a situation where an inter-
section point t; is found within the interval of length L in an itera-
tion i; and therefore, a corresponding intersection point vi+1 is in-
cluded in the contour C12p in a subsequent iteration of the pro-
cedure.

A stop criterion for the iteration is defined, which stop criterion
preferably is chosen from heuristics. For example, the stop crite-
rion may be considered to be fulfilled if the number of new inter-
section points ti decreases (i.e. becomes lower in a subsequent
iteration i+1), and/or if the number of intersection points ti begin
to remain approximately the same from one iteration to another.

The data processing unit 110 preferably contains, or is in com-
municative connection with a memory unit 115 storing a com-
puter program product SW, which contains software for making
at least one processor in the data processing unit 110 execute
the above-described actions when the computer program pro-
duct SW is run on the at least one processor.

In order to sum up, and with reference to the flow diagram in Fi-
gure 8, we will now describe the general method executed in the
data processing unit 110 according to the invention when pro-
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cessing image data and user commands.

A first step 810 checks if a reference image IMG13p of a deform-
able physical entity has been received; and if so, a step 820 fol-
lows. Otherwise, the procedure loops back and stays in step 810.
The reference image IMG13p is a 3D dataset, for example repre-
sented by a relatively large number of voxels registered by a
computer tomograph or similar equipment.

Step 820 checks if a target image IMG23p of the deformable phy-
sical entity has been received, i.e. another image of the same ob-
ject/subject as represented by the reference image IMG13p. If, in
step 820 a target image IMG23p is received, a step 830 follows.
Otherwise the procedure loops back and stays in step 820. The
target image IMG23p is a 3D dataset, for example represented by
a relatively large number of voxels registered by a computer
tomograph or similar equipment.

Step 830 checks if user commands have been received via one or
more data input units (e.g. a computer mouse and/or a keyboard),
which user commands are presumed to be entered aiming at defi-
ning a first contour C12p in a first plane through the target image
IMG23p. If such user commands are received, a step 840 follows.
Otherwise the procedure loops back and stays in step 830.

Step checks if a first region of interest ROIl13p has been received,
and if so a step 850 follows. Otherwise, the procedure loops back
and stays in step 840. The first region of interest ROIl13p defines a
first volume in the reference image IMG1s3p, which first volume
represents a reference image element, for instance a particular
organ/structure in a patient. The first region of interest ROI13p is
a 3D dataset, preferably represented by voxels that may have
been manually defined by an operator.

It should be noted that the exact order of steps 810 to 840 is not
critical, and may be varies according to the invention provided
that the user commands are received after the target image
IMG23p. Namely, the user commands are entered based on the
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target image IMG23p.

In step 850, in response to the user commands, a first contour
C12p is defined in a first plane through the target image IMG23p.
The first contour C12p is presumed to be aligned with at least a
portion of a border IEB1 or IEB2 of a target image element IE3p in
the target image IMG23p. The target image element |Esp corres-
ponds to the reference image element in the reference image
IMG13p.

Subsequently, in a step 860, a second region of interest ROI23p is
determined, which defines a second volume in the target image
IMG23:p. The second region of interest ROI23p is determined ba-
sed on the first contour C12p, the target image IMG2;3p and the
first region of interest ROI13p. Preferably, in connection with de-
termining the second region of interest ROI23p, graphic data GD
are presented on a display unit, which the graphic data GD reflect
the target image IMG23;p and the second region of interest
ROI23p.

Thereafter, the procedure ends. However, according to preferred
embodiments of the invention, the user is provided with an input
interface via which he/she may enter additional commands for
adjusting any mismatching between the second region of interest
ROI23:p and the deformable physical entity in the target image
IMG23p, for example by defining a second contour C22p in a se-
cond plane P2 through the target image IMG23p.

All of the process steps, as well as any sub-sequence of steps,
described with reference to Figure 8 above may be controlled by
means of a programmed computer apparatus. Moreover, although
the embodiments of the invention described above with reference
to the drawings comprise a computer apparatus and processes
performed in a computer apparatus, the invention thus also
extends to computer programs, particularly computer programs on
or in a carrier, adapted for putting the invention into practice. The
program may be in the form of source code, object code, a code
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intermediate to source and object code such as in partially com-
piled form, or in any other form suitable for use in the implemen-
tation of the process according to the invention. The program may
either be a part of an operating system, or be a separate appli-
cation. The carrier may be any entity or device capable of carr-
ying the program. For example, the carrier may comprise a stora-
ge medium, such as a Flash memory, a ROM (Read Only Me-
mory), for example a DVD (Digital Video/ Versatile Disk), a CD
(Compact Disc) or a semiconductor ROM, an EPROM (Erasable
Programmable Read-Only Memory), an EEPROM (Electrically
Erasable Programmable Read-Only Memory), or a magnetic
recording medium, for example a floppy disc or hard disc. Further,
the carrier may be a transmissible carrier such as an electrical or
optical signal which may be conveyed via electrical or optical
cable or by radio or by other means. When the program is embo-
died in a signal which may be conveyed directly by a cable or
other device or means, the carrier may be constituted by such
cable or device or means. Alternatively, the carrier may be an
integrated circuit in which the program is embedded, the integra-
ted circuit being adapted for performing, or for use in the perfor-
mance of, the relevant processes.

The term “comprises/comprising” when used in this specification
is taken to specify the presence of stated features, integers, steps
or components. However, the term does not preclude the presen-
ce or addition of one or more additional features, integers, steps
or components or groups thereof.

The invention is not restricted to the described embodiments in
the figures, but may be varied freely within the scope of the
claims.
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Claims

1. An image handling system (100), comprising:

a data processing unit (110) configured to receive: a refe-
rence image (IMG1sp) of a deformable physical entity, a target
image (IMG23p) of said physical entity, and a first region of inte-
rest (ROI13p) defining a first volume in the reference image
(IMG13p), which first volume represents a reference image ele-
ment, the reference image (IMG13p), the target image (IMGZ23p)
and the first region of interest (ROI13p) containing a respective
three-dimensional dataset;

at least one data input unit (131, 132) configured to receive
user commands (c1; ¢c2); and

a display unit (140) configured to present graphic data (GD)
reflecting the reference image (IMG13p), the target image
(IMG23p) and the first region of interest (ROI13p),
characterized in that the data processing unit (110) is further
configured to:

define, in response to the user commands (c1; c2), a first
contour (C12p) in a first plane through the target image (IMG23p),
the first contour (C12p) being aligned with at least a portion of a
first border (IEB1) of a target image element (IEsp) in the target
image (IMG23p), the target image element (IEsp) corresponding to
the reference image element in the reference image (IMG13p);
and

determine a second region of interest (ROI23p) defining a
second volume in the target image (IMG23p), the second region of
interest (ROI23p) being determined based on the first contour
(C12p), the target image (IMG23p) and the first region of interest
(ROI13p).

2. The image handling system (100) according to claim 1, whe-
rein the data processing unit (110) is further configured to compu-
te a vector field (VF1_2) describing a relationship between the first
region of interest (ROIl13p) and the second region of interest
(ROI23p), the second region of interest (ROI23p) being obtainable
by transforming the first region of interest (ROI13p) via the vector

RECTIFIED SHEET (RULE 91) ISA/EP
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field (VF1_2).

3. The image handling system (100) according to claim 1,
wherein data processing unit (110) is further configured to:

generate the second region of interest (ROI23p) based on
the first region of interest (ROI13p) and the vector field (VF1-2);
and

produce graphic data (GP) for presentation on the display
unit (140), which graphic data (GP) reflect the second region of
interest (ROI23p) overlaid on the target image (IMG23p).

4. The image handling system (100) according to any one of
the preceding claims, wherein data processing unit (110) is fur-
ther configured to:

receive additional user commands (c1; c2), and in response
thereto, define a second contour (C22p) in a second plane through
the target image (IMG23p), the second contour (C22p) being alig-
ned with at least a portion of a second border (IEB2) of the target
image element (IEsp) in the target image (IMG2sp); and

determine the second region of interest (ROI23p) on the fur-
ther basis of the second contour (C22p).

5. The image handling system (100) according to any one of
the preceding claims, wherein data processing unit (110) is confi-
gured to determine the second region of interest (ROI23p) based
on a non-linear optimization algorithm applied to the first contour
(C12p0) and an intersection between the second region of interest
(ROI23p) and the first plane, the non-linear optimization algorithm
being configured to penalize deviation of the second region of
interest (ROI23p) from the first contour (C12p).

6. The image handling system (100) according to claim 5, whe-
rein the second region of interest (ROI23p) is represented by a tri-
angular mesh, and the non-linear optimization algorithm involves:

computing a set of intersection points between the second
region of interest (ROI23p) and the first plane, each intersection
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point (VO) in the set of intersection points being computed by
means of a convex combination of eight voxel centers (V1, V2,
V3, V4, V5, V6, V7, V8) being adjacent to the intersection point
(VO) using mean value coordinates; and

applying a two-dimensional distance transform on a Eucli-
dean distance between each computed intersection point and the
first contour (C12p).

7. The image handling system (100) according to claim 5, whe-
rein the second region of interest (ROI23p) is represented by a tri-
angular mesh, and the non-linear optimization algorithm involves:

computing a set of intersection points between the second
region of interest (ROI23p) and the first plane, and for each inter-
section point in the set of intersection points;

determining a normal projection from the second region of
interest (ROI123p) towards the first plane, the normal projection ex-
tending in an interval of predetermined length, and if within the
predetermined length the normal intersects with the first contour
(C12p) at a juncture, the juncture is included as a tentative delimi-
tation point of an updated second region of interest; and

repeating the determining step based on the updated se-
cond region of interest until a stop criterion is fulfilled.

8. A method of handling images, the method comprising:

receiving a reference image (IMG13p) of a deformable phy-
sical entity;

receiving a target image (IMG23p) of said physical entity;

receiving a first region of interest (ROI1zp) defining a first
volume in the reference image (IMG13p), which first volume repre-
sents a reference image element, the reference image (IMG13p),
the target image (IMG23p) and the first region of interest (ROI13p)
containing a respective three-dimensional dataset;

receiving user commands (c1; c2) via at least one data input
unit (131, 132); and

presenting graphic data (GD) on a display unit (140), the
graphic data (GD) reflecting the reference image (IMG13p), the
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target image (IMG23p) and the first region of interest (ROI13p),
characterized by the method comprising:

defining, in response to the user commands (c1; c2), a first
contour (C12p) in a first plane through the target image (IMG23p),
the first contour (C12p) being aligned with at least a portion of a
first border (IEB1) of a target image element (IEsp) in the target
image (IMG23p), the target image element (IEsp) corresponding to
the reference image element in the reference image (IMG13p);
and

determining a second region of interest (ROI23p) defining a
second volume in the target image (IMG23p), the second region of
interest (ROI23p) being determined based on the first contour
(C12p), the target image (IMGZ23p) and the first region of interest
(ROI13p).

9. The method according to claim 8, further comprising com-
puting a vector field (VF1-2) describing a relationship between the
first region of interest (ROI13p) and the second region of interest
(ROI23p), the second region of interest (ROI23p) being obtainable
by transforming the first region of interest (ROI13p) via the vector
field (VF1-2).

10. The method according to claim 8, further comprising:
generating the second region of interest (ROI23p) based on
the first region of interest (ROI13p) and the vector field (VF1-2);
and
producing graphic data (GP) for presentation on the display
unit (140), which graphic data (GP) reflect the second region of
interest (ROI23p) overlaid on the target image (IMG23p).

11. The method according to any one of the claims 8 to 10, fur-
ther comprising:

receiving additional user commands (c1; c2), and in respon-
se thereto, defining a second contour (C22p) in a second plane
through the target image (IMG23p), the second contour (C22p) be-
ing aligned with at least a portion of a second border (IEB2) of the
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target image element (IEsp) in the target image (IMG23p); and
determining the second region of interest (ROI23p) on the
further basis of the second contour (C22p).

12. The method according to any one of claims 8 to 11, com-
prising determining the second region of interest (ROI23p) based
on a non-linear optimization algorithm applied to the first contour
(C12p0) and an intersection between the second region of interest
(ROI23p) and the first plane, the non-linear optimization algorithm
being configured to penalize deviation of the second region of
interest (ROI23p) from the first contour (C12p).

13. The method according to claim 12, wherein the second
region of interest (ROI23p) is represented by a triangular mesh,
and the method involves:

computing a set of intersection points between the second
region of interest (ROI23p) and the first plane, each intersection
point (VO) in the set of intersection points being computed by
means of a convex combination of eight voxel centers (V1, V2,
V3, V4, V5, V6, V7, V8) being adjacent to the intersection point
(VO) using mean value coordinates; and

applying a two-dimensional distance transform on a Eucli-
dean distance between each computed intersection point and the
first contour (C12p).

14. The method according to claim 12, wherein the second re-
gion of interest (ROI23p) is represented by a triangular mesh, and
the method involves:

computing a set of intersection points between the second
region of interest (ROI23p) and the first plane, and for each inter-
section point in the set of intersection points;

determining a normal projection from the second region of
interest (ROI123p) towards the first plane, the normal projection ex-
tending in an interval of predetermined length, and if within the
predetermined length the normal intersects with the first contour
(C12p) at a juncture, the juncture is included as a tentative delimi-
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tation point of an updated second region of interest; and
repeating the determining step based on the updated se-
cond region of interest until a stop criterion is fulfilled.

15. A computer program product (SW) loadable into a memory
(115) of at least one processor, comprising software for perfor-
ming the method according to any of claims 8 to 14 when exe-
cuted on the at least one processor.

16. A processor-readable medium (115) comprising instructions
which, when executed by at least one processor, cause the at
least one processor to perform the method according to any one
of claims 8 to 14.
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