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(57) Abstract: The present invention concerns a method (Z)
of assigning a number of annotations to medical image data
(3BD, 3BD") of a patient wherein an annotation represents a
feature linked to a particular local candidate location (LF,
LF,, LF;, LF4) within the image data (3BD, 3BD'), whereby
the method comprises the following steps: conversion (Y) of
the image data from three-dimensional image data (3BD,
3BD") into a number of two-dimensional image data (2BD,
2BD;, 2BD;, 2BDs) in which the assignment is performed, as-
sociation (X) of the local candidate location (LF;( LF,, LFs,
LF,) with a weighting factor (WF, WF;, WF,, WF;, WF,)
which weighting factor (WF, WF,, WF,, WF;, WF,) repres-
ents a significance value of the local candidate location
(LF:( LF,, LF3, LF,) in the context of the image data (3BD,
3BD"), determination (W) of a distance between a number of
local candidate locations (LF,, LF,, LFs, LF4) to which an-
notations are assigned based on an extension (SIZ) of a
volume or area of the image data (3BD, 3BD"), based on a
predetined distance factor (DF), derivement (V) of the feature
based on a plurality of annotation vocabularies (VOC). The
invention also concerns an assignment system (5) for that pur-
pose.
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Description

Assignment of Annotations

The present invention concerns a method of assigning a number
of annotations to medical image data of a patient wherein an
annotation represents a feature linked to a particular local
candidate location within the image data. The invention alsgo

concerns an assignment system for the same purpose.

Despite their pivotal importance, very relevant findings such
as those referring to malignant tissue lesiong are often at
rigsk of being missed by practitioners in three-dimensional
(3D) medical images, even of the most commonly used modali-
ties. Not only the detection of abnormalities but also their
characterization, a treatment choice and risk assessment and
rigsk prognostics are difficult, in particular when it comes
to smaller findings. This hinders a prompt and personalized

pat ient management .

Several computer-based techniques have been proposed to as-
gigt practitionerg in such search for abnormalitieg in 3D
medical image data. The key element of these techniqueg is a
reliable representation (i.e. assignment) of each candidate
location (also called findings) with a set of wvariablesg which
are called "features" (or gynonymously "degcriptors"). In
other words, the candidate location is annotated with an an-

notation in the above-mentioned manner.

One approach thereby ig the bag-of-vigual words (or bag-of-
words - BoW) approach, which has recently been successfully
applied to the field of image and video analysis. For an
overview over this approach and its medical application cf.
Tsai, C.-F.: Bag-of-wordg representation in image annotation:
a review. ISRN Artifical Intelligence Vol 2012, 2012 and Yang
W. et al: Content-based retrieval of focal liver lesions us-
ing bag-of-visual-words representations of single and multi-

phase contrast-enhanced CT images. Journal of Digital Imaging
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25(6) 2012, pp. 708-719, the teachings of both of which are

considered to be an integral part of this description.

In the medical imaging field a BoW feature vector for an im-

age can be generated by uging the following steps:

First, local features over each candidate region and/or

points of interest within that candidate region are computed.
For instance, if medical image data of a liver are to be an-
notated with the bag-of-words approach, the candidate region
would be the region within the image data in which the liver
ig situated. The liver can then be gubdivided into so-called
patches, i.e. pointg of interest, to which patches a feature
ig asgsigned. Such feature may for ingtance comprise a vector

description.

Second, the features can be clustered into groups, which are
also considered "words" and which form a visual vocabulary of
the candidate region. The centregs of such clusters are then

used as the vocabulary words (i.e. a dictionary) of that can-

didate region.

Thirdly, a BoW feature histogram of word frequencies can be
computed baged on the previougly constructed vocabulary. This
means that a frequency of occurence of each vocabulary word

is computed in a histogramm.

To sum up, with the BoW approach, a visual vocabulary is gen-
erated in which a medical image data with a candidate loca-
tion can be represented as a histogram of wvisual word occur-
encies. Such histogram can then be used to generate a dis-
crete repregentation of the medical image data (in particular
of the candidate location) with (binary) information regard-
ing most frequently occuring visual words or a likelihood of

distribution of these wvisual words.

Although thig BoW approach ig getting increasingly popular

also in the field of medical imaging, it still has its lim-
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itgs. Thereunder count the computational complexity of dic-
tionary learning and in particular of clustering. In 3D im-
ages the amount of candidateg may easily amount to 1000 or
even more. Another issue ig precision of the results of such

BoW approach.

It is the object of the present invention to provide an im-
proved possibility of annotation of medical image data. This
includes for instance a reduction of computational effort

and/or an increase in precision of the results.

Thigs object is met by the method according to claim 1 and the

assignment system according to claim 13.

According to the invention, the above-mentioned method is
further improved by comprising (generally in any arbitrary
order - with a preferred order given below) at least one of

the following steps:

a) conversion of the image data from three-dimensional image
data into a number of two-dimensional (2D) image data in
which the assignment is performed. "2D" image data thereby
may comprise image data referring to a plane, but also refer-
ring to a curved surface which can - by point-to-point pro-
jection be projected onto a planar surface. Thig implies an
enormous reduction of computational power necesgsary, because
ingstead of 3D image data, a 2D image data representing the 3D
image data are generated and used for annotation. While the
computational expenses are reduced, such use of representa-
tive 2D image data can still lead to very accurate results or
even to an improvement of accuracy of results as possibly
more candidates along one plane of the image data can be an-
notated than would be possible when operating in the 3D image
data. In other words, the distances between candidates can be
reduced because legs computational power is needed due to the

projection from 3D image data to 2D image data.
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b) association of the local candidate location with a weight-
ing factor which weighting factor represents a significance
value of the local candidate location in the context of the
image data and/or of a particular object of interest of the
image data. Such weighting factor gerves to prioritize candi-
date locations in comparison with other candidate locations.
For instance, a candidate location which is closer to a par-
ticular point of interest within the medical image data may
be prioritized over a candidate location which is further
away. This measure serves for instance to increase effectiv-
ity on the one hand and accuracy of the overall annotations

on the other hand.

c) determination of a distance between a number of local can-
didate locations to which annotations are assigned based on
an extension of a volume and/or area of the image data and/or
of an object of interest (such as an organ of interest and/or
a particular affected region therein - for instance a lesion
or the like) within the image data, based on a predefined
distance factor. Thigs implies that for instance if the wvolume
of the medical image data and/or the volume of the object of
interest is larger, the distance between local candidate lo-
cations can also be increased to get a clear overall picture
whilst at the same time reducing computational effort to a

neceggary minimum.

d) derivement of the feature based on a plurality of annota-
tion vocabularies. That implies that not only one method of

annotation (namely only one vocabulary behind the annotation
method) is used but several ones. Such measure leads for in-
stance to a more differenciated and thus more accurate over-

all result of the annotation process.

Any of the steps a) to d) can generally be used on its own

without a combination with the other mentioned steps.

However, the inventors have found out that a combination of

at least two of these steps makes the annotation process con-



10

15

20

25

30

35

WO 2015/070928 PCT/EP2013/074062

giderably more effective as any combinations of thege steps

lead to synergetic effects:

As for the combination of gteps a) and b), the effectivity
(i.e. the reduction in use of computational power) ig en-
riched with an increase of accuracy of the regults of the an-

notation process.

LAs for the combination of gsteps a) and c¢), these constitute
two steps which increase the overall effectivity of the proc-
ess whilgt still (at least) maintaining the accuracy of the

process.

As for the combination of steps a) and d), again, the effec-
tivity is enriched with an increase of accuracy of the re-

gults of the annotation process.

As for the combination of steps b) and c¢) this constitutes an
adaption of the resolution of the annotationg combined with a
weighting factor of each candidate candidate location. In
this case, again, computational power is reduced to a neces-
gary minimum whilgt potentially increasing the accuracy of

the results nevertheless.

The game applies mutatig mutandis for the combination of
steps ¢) and d), whilst the combination of steps b) and d4d)
provides for a particularly high accuracy of the results of

the annotation process.

A combination of three of the above-mentioned steps a) to d)
increases the above-named effects further, and it is most
preferred that all steps a) to d) are taken. Whenever step a)
is taken, it is further preferred that it is performed before
any of the other steps ag it reduces the amount of potential
candidateg beforehand considerably so that all succeeding
steps can be performed already for a very reduced number of

potential candidates.
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The above-mentioned asgsignment system ig enhanced according
to the invention by comprising at least one of the following

units:

a) a conversion unit realized to convert the image data from
three-dimensional image data into a number of two-dimensional
image data in which the assignment is performed. Such conver-
gion unit thus performs step a) of the method according to

the invention.

b) an association unit realized to associate the local candi-
date location with a weighting factor which weighting factor
represents a significance value of the local candidate loca-
tion in the context of the image data and/or of a particular
object of interest of the image data. Such association unit
thus performs step b) of the method according to the inven-

tion.

c) a determination unit realized to determine a distance be-
tween a number of local candidate locations to which annota-
tions are assigned based on an extension of a volume and/or
area of the image data and/or of an object of interest within
the image data, based on a predefined distance factor. Such
determination unit thusg performs step c¢) of the method ac-

cording to the invention.

d) a derivement unit realized to derive the feature based on
a plurality of annotation vocabularies. Such derivement unit
thus performgs step d) of the method according to the inven-

tion.

As the method according to the invention preferably comprises
gseveral of the above-mentioned steps a) to d), the aggignment
gystem is realized accordingly with the corresponding number

of units a) to d) as well.

The invention further concerns a medical image processing

gystem comprising a provision unit for medical image data of
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a patient and an assignment system according to the inven-
tion. Thereby, the provision unit can for instance be a mem-
ory (and/or image database) in which the medical image data
are stored and provided, it may also comprise an acquisition
unit which in operation acquires such medical image data or
the provision unit may also be realized as an input interface
from other modalities, databases or memories (or the like)
via which interface the medical image data are simply fed

into the medical image processing gystem.

Any of the components of the assignment system, in particular
conversion unit, the association unit, the determination
unit, and the derivement unit, may each and possibly all of
them be realized as software components on a procesgsgor, but

also as hardware componentg or as a combination thereof.

Therefore, the invention also concerns a computer programme
product directly loadable into a procegsor of a programmable
assignment system comprising programme code means to conduct
all steps of the method according to the invention when the
computer programme product ig executed on the agssignment sys-

tem.

Particularly advantageous embodiments and features of the in-
vention are given by the dependent claims, as revealed in the
following description. Features of different claim categories
may be combined as appropriate to give further embodiments
not described herein.

In the context of the invention, it is most preferred that
the annotations are based on the bag-of-words methodology. As
outlined above, this method is particularly accurate at the
one hand and involvegs a large computational resource at the
same time. Therefore, the invention has a particularly strong
effect in this context, providing its advantages to its full

extent.



10

15

20

25

30

35

WO 2015/070928 PCT/EP2013/074062

According to a first embodiment referring to step a) the two-
dimensional image data comprise a number of surfaces derived
from a round object within the image data. A "surface" in the
context of this embodiment refers to such 2D geometric object
which describes the outer limits of the round object or parts
thereof. Such round object can be for instance an object of
interest such as an organ. "Round" in this context ig used as
a generaligation for any curved object, in particular also a
spherical or elliptical or oval object and also a curved ob-
ject with irregular shape. The surfaces derived from such ob-
ject can also be transferred into projections of the surface
or of parts thereof onto a planar surface as described above.
For instance, if one uses a ball-like, i.e. completely round
object, one can divide this into a number of longitudinal-
latitudinal surface parts (as on a globe) each of which can
then be projected onto such planar surface. Analogously, an
elliptical, oval or irregularly curved surface can also be
gubdivided and projected. This embodiment has the advantage
that the complete outer surface of an object of interest can

be annotated.

According to a second embodiment, which can be used alterna-
tively to the first embodiment or additionally, in step a)
the two-dimensional image data comprise a number, preferably
a plurality of non-parallel planes from the image data. Such
planes thus pass through an object of interest so that they
also repregent the inner part of that object. For instance,
guch planes can be orientated such that they essentially pass

a centre of an abnormality of an organ such as a lesion.

In this context, it is particularly preferred that at least
two non-parallel planes are aligned orthogonally with respect
to each other, most preferred that at least three non-
parallel planes are aligned orthogonally with respect to one
another. Such three non-parallel planes can advantageously
represent a coronal, and an axial, and a sagittal orientation

of the patient.
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Generally, any number of planes with arbitrary orientation
can be usgsed. Using two orthogonal planes meang that the 3D
medical image data are represented by at least two 2D planes
which are aligned such that they represgent the three-
dimensionality of the object of interest. This is even more
go 1f three planeg all aligned orthogonally to one another
are generated. If such three planes are orientated in the
above-mentioned fashion (i.e. to represent a coronal, and an
axial, and a sagittal orientation of the patient) this pro-
videg for a clear and well-establighed coordinate gystem of
the 2D medical image data which can thus be even better used

for comparison with other medical datasets.

Thusg, a solution with planes representing an axial, and a
gsagittal orientation of the patient is motivated by the fact
that radiologists in their search for malignancies and in
their decision making regarding finding characterization and
treatment choice usually rely on these three commonly used 2D
projections of 3D data. Therefore, if the planes represent
these three orientations, the results provide for a better

understanding of radiologists.

It is further preferred that the assignment of annotations is
performed learning different annotation dictionaries for at
least two of the above-mentioned planes, preferably for more
than two planes and most preferred for all planes. In the
lagst-mentioned case, the assignment in each plane is thus
bagsed on an annotation dictionary of its own. Thus, for each
2D plane, an independent dictionary is learnt (thus, for the
case with the three clasgical orthogonal planeg or projec-
tions, three independent dictionaries are learnt, one for im-
ages of each projection). In an empirical study, the inven-
tors observed that while a repregentation with three inde-
pendent dictionarieg corresponding to the three planesg, cor-
onal, axial, and sagittal, clearly outperforms any pure 2D

solution.
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As for step b), it is preferred that the weighting factor is

assigned baged on a position of the local candidate location,
in particular with respect to the object of interegt. For in-
stance, the object of interest such as an organ or a particu-
lar abnormality (e.g. a lesion) within an organ, may comprise
positions or locations to which a higher importance is given

than to other positions. Such pogition may for ingtance refer
to an abnormality within an organ, but also to a centre loca-

tion of an organ and/or of an abnormality.

The idea behind this approach is that some sub-regions within
a given region of interest might be more relevant than oth-
ers, with a varying importance for decision making. To this
end, the inventors devised a weighting scheme for the con-
tributing image points, i.e. the local candidate locations.
For instance a Gaussian weighting scheme (although any other
function can be applied) can be used that prioritizeg the in-
formation contained towards the center or the outside along
for instance 2D planes. A 3D weighting scheme could alsgo be
devised and applied to a 3D region (i.e. 3D medical image
data or parteg thereof) as a whole.

According to a first embodiment of such step b), a centre lo-
cation of the object of interest is assigned a higher weight-
ing factor and locations away from the centre location are
assigned decreasing weighting factors, depending on their
distance from the centre location. In this embodiment, the
centre location is thus also a kind of centre of attention of
the annotation process. In particular, it is preferred in
that context that the centre location of the object of inter-
est is assigned the highest weighting factor of all weighting
factors.

According to a second embodiment of such step b) a centre lo-
cation of the object of interest is assigned a lower weight-
ing factor and locations away from the centre location are
assigned increasing weighting factors, depending on their

distance from the centre location. Such embodiment thus fo-
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cusses more on the limiting borders and/or on the periphery
of the object of interest. Then, it is particularly preferred
that the centre location of the object of interegt is as-

gigned the lowest weighting factor.

As for step c¢), the motivation for this step ig that if a
similar sampling scheme is applied, with dense grid sampling,
to both small and large regions and/or objects of interest
(such as lesions), the number of features that can be ex-
tracted from large objects/regions of interest can signifi-
cantly outnumber those extracted from smaller (e.g. sub-
centimeter) ones. Consequently, for instance large lesions
will dominate in the clustering procegsgs and in the ultimate
dictionary, while small lesions will be under-represented,
which can be an undesirable effect. In order to more equally
represent both large and small objects and/or regions of in-
terest, an adaptive sampling step (relying for insgstance on a
legion’s size) hag been devised. For large lesionsg, features
are extracted in a sparse pattern, while for small lesions

the sampling pattern is more dense.

Further, the distance between the local candidate locations
is preferably determined in a stepwise, i.e. in a non-gradual
assignment based on a plurality of different extension cate-
gorieg so that each extension category is linked to a sgpe-
cific distance between local candidate locations and assigned
to a corresponding predefined distance factor. Thus, instead
of smoothly increasing or decreasing the distance between lo-
cal candidate locations in linear dependence of the extengion
of the volume and/or area, i.e. region and/or object of the
image data, a step-wise, non-gradual approach is chosen,
whereby the steps of scaling the digtance between the local
candidate locations are asgigned to specific extension cate-
gories, such as for instance "small" = distance factor 0,5;
"medium" = digtance factor 0,75 and "large" = digstance factor
1. These are just arbitrary categorigations which serve the

purpose of illustration. The results clearly outperform an



10

15

20

25

30

35

WO 2015/070928 12 PCT/EP2013/074062

approach with equally-distant patch sampling, in particular

for smaller lesions.

As for step d) the approach of this step extends the classi-
cal histogram representation with a single dictionary. In-
gstead, multiple vocabularies are created to represgent 3D im-
age regiong, including, except already mentioned above vo-
cabularieg for different 2D projections, vocabularies of dif-
ferent size, and vocabularies obtained with different genera-
tion algorithmg (e.g. regions of interest of different size,
gampling patterng, and even clustering techniques), and con-
gtruct the ultimate (BoW) feature histogram as a combination
of the component feature histograms for the lesion in ques-
tion, generated from all the component vocabularies. The rep-
resentation with a combination of multiple, potentially sim-
pler dictionaries, is better than the generation of a single
complex dictionary, both in terms of predictive performance
and computational complexity. In an empirical study by the
inventors, the regults of such vocabulary combination, and
its associated combined histogram for objects of interest,
have clearly outperformed the results obtained with the rep-

resentations with just one vocabulary histogram.

The use of multiple simple dictionaries is thus more computa-
tionally efficient that using a single complex dictionary.
Not only has this step improved the representational power
for the (BoW) featureg, but it is alsgso applicable to a wide
variety of tasks, including detection, segmentation and/or

characterization of any structure in 2D and 3D images.

Other objects and features of the present invention will be-
come apparent from the following detailed descriptions con-
sidered in conjunction with the accompanying drawings. It is
to be understood, however, that the drawings are designed
golely for the purposes of illustration and not as a defini-
tion of the limits of the invention. They are not necessarily

drawn to scale.
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Fig. 1 shows a schematic block diagramme of an embodiment of

the method according to the invention,

Fig. 2 shows a first example of two-dimensional image data
which can be used in step Y (corresponding to step a) in the

claimsg) of the method of Fig. 1,

Fig. 3 shows a second example of two-dimensional image data
which can be used in step Y of the method of Fig. 1,

Fig. 4 shows a third example of two-dimensional image data
which can be used in step Y of the method of Fig. 1,

Fig. 5 shows a fourth example of two-dimensional image data
which can be used in step Y of the method of Fig. 1,

Fig. 6 shows an example of a weighting scheme which can be
applied in step X (corresponding to step b) of the claims) of
the method of Fig. 1,

Fig. 7 shows gchematically an example of a procedure of step
V (corresponding to step d) in the claims) of the method of

Fig. 1,

Fig. 8 shows a gchematic block diagramme of an agsgignment

gystem according to an embodiment of the invention.

Fig. 1 shows a schematic block diagramme of an embodiment of
the method Z according to the invention. The method comprises
four steps Y, X, W, V only one of which is principally neces-
gsary, but which are preferably combined in combinations of

two, three or even all of the mentioned steps Y, X, W, V.

From a memory DB (alternatively directly from an acquisition
unit of a medical imaging system) medical image data 3BD are
supplied. In this example, the medical image data 3BD com-
prise three-dimengional image data 3BD, i.e. volume image
data 3BD.
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In the first step Y these three-dimensional image data 3BD
are converted into a number of two-dimensional image data
2BD. These can then be used to perform an assignment of anno-
tations therein, for instance basgsed on the bag-of-words ap-
proach. The assignment of annotations is part of the method Z

but not shown for reasons of clarity.

In the second step X which can be uged alternatively to step
Y or in addition to the latter, a local candidate location is
associated with a weighting factor WF which is supplied from
a weighting factor provision unit WPU. This is preferably
baged on a position POS of that local candidate location
within the image data 3BD and/or within a particular object
of interest therein. The result from thig step is weighted
data WBD.

In the third step W which can again be used as an alternative
to any of the above-named steps Y, X or in addition to any
(possibly also both) of them, a distance between a number of
local candidate locations to which annotations are agsigned
is determined. This determination is based on an extension
SIZ and on a predefined distance factor DF from a distance
factor provision unit DPU. The extension SIZ refers to a vol-
ume and/or area of the image data 3BD and/or of an object of
interest within the image data 3BD. From this step W there

result distance-adjusted data DBD.

The fourth step V comprises a derivement V of a number of
features of the annotations based on a plurality of annota-
tion vocabularieg VOC. The regult of that step are multi-

vocabulary data VBD.

As is shown by the double arrows from each of the steps Y, X,
W, V to one another, the resulting data 2BD, WBD, DBD, VBD
can be used in order to perform any of the other steps next.
In particular, if step Y is performed, it is preferred that

it be performed before any of the other steps so that the
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next steps are not based in the three-dimensional image data
3BD but rather on the two-dimensional ones 2BD in order to
safe computational power.

Figs. 2 to 5 show four different examples of two-dimensional
image data 2BD;, 2BD,, 2BDs;, 2BD, which can be used in step Y
of the method of Fig. 1.

Fig. 2 shows 2D image dada 2BD; comprising three image planes
P;, P,, P; aligned with respect to each other at angles o, B,
vy which angles o, B, y are all 90°. In other words, the three
planes P, P, Ps are orthogonal to one another. They are
preferably aligned such that they represent the coronal, ax-
ial, and sagittal orientation of the patient whose image data
2BD; are shown.

Fig. 3 shows 2D image data 2BD, which differ from the 2D im-
age data 2BD; of Fig. 2 in that there is not just a single
one, but rather two parallel planes Pi./Pip, P2a/Pap, Psa/Psp for
each of the above-named orientations (coronal, axial, and
sagittal) .

Fig. 4 shows 2D image data 2BD; which differ from the two
preceding examples by comprising three or even four planes
Pio'/Pip'/Pic, Paa'/Pap'/Pac/P2a, Psa'/Pap'/Psc/Psa.

Fig. 5 shows a slightly different approach to the three pre-
ceding figures: it shows 2D image data 2BD, which are com-
prised of a plurality of 2D surfaces P,, P,, P., Ps', Pp', P.'
of the outer surface of a round object of interest 0OI. The
longitudinal and latitudinal lines of the round object of in-
terest OI divide it into such 2D surfaces P,, P,, P., P.',

Po', P.' which can also be considered to be 2D image data 2BD,

in the context of the invention.

Fig. 6 servesg to further illustrate step X of Fig. 1: it
shows an example of weighted data WBD with a number of local
candidate locations LF;, LF,, LFs;, LF;. The weighted data WBD
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are based on medical image data - here 2D medical image data,
which implies that the image data have previously been proc-
essed through step Y or that they have been provided right
from the start as 2D data rather than 3D data. The weighted
data WBD are thus planar and reach from a centre location C
to a periphery. Each of the local candidate locations LF;,
LF,, LF;, LF, is associated with a corresponding weighting
factor WF;, WF,, WF;, WF;. The weighting factor WF, associated
with the local candidate location LF, at the centre location
C is the highest weighting factor, whilst the weighting fac-
tors WF,;, WF,, WFs; associated with the more peripheral local
candidate locations LF,, LF,, LF; are lower the further these
local candidate locations LF;, LF,, LFs; are away from the cen-
tre location C. Alternatively, the logic could algo be re-
verse, with the weighting factor WF, associated with the lo-
cal candidate location LF, at the centre location C being the
lowest weighting factor, whilst the weighting factors WFi,
WF,, WF; associated with the more peripheral local candidate
locations LF;, LF,, LFs; being higher the further thege local
candidate locations LF;, LF,, LF; are away from the centre lo-
cation C. Such choice of weighting logic depends on the ap-
plication of the annotations derived with the step X. If one
wants to focus mainly on a centre of an object of interest
guch as a lesion, one may choose the first wvariant whilst if
it is more necessgary to speficially look at the boundaries of

guch object of interest, the second variant may be chosen.

Fig. 7 shows gchematically a representation of step V: medi-
cal image data, in this exemplary case the 2D image data of
Fig. 2, are processed through two different dictionary vo-
cabularies VOC;, VOC,, wherefrom there result two different
annotationg AN;, AN,. This annotationg AN;, AN, can be proc-
essed further into one common and thus refined annotation
AN, /5.

Fig. 8 shows a gchematic block view of a medical image proc-
essing system 1 according to an embodiment of the invention.

It comprises a provision unit 3 for medical image data 3BD of
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a patient and an assignment gystem 5 according to an embodi-
ment of the invention. The assignment system 5 comprises an
input interface 7 for the medical image data 3BD and an out-
put interface 9 for results RES and at least one of the fol-
lowing units: a convergion unit 11, an association unit 13, a
determination unit 15 and a derivement unit 17. With refer-
ence to Fig. 1, the convergion unit is realized to perform
step Y, the association unit 13 is realized to perform step
X, the determination unit 15 is realized to perform step W,

and the derivement unit 17 is realized to perform step V.

Although the present invention has been discloged in the form
of preferred embodiments and variationg thereon, it will be
understood that numerous additional modifications and varia-
tions could be made thereto without departing from the scope

of the invention.

For the sake of clarity, it is to be understood that the use
of 'a' or 'an' throughout this application does not exclude a
plurality, and 'comprising' does not exclude other steps or

elements.
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Claims

1. Method (Z) of asgigning a number of annotations to medical
image data (3BD, 3BD') of a patient wherein an annotation
represents a feature linked to a particular local candidate
location (LF;, LF,, LFs;, LF,;) within the image data (3BD,
3BD'), whereby the method comprises at least one of the fol-
lowing steps:

a) convergion (Y) of the image data from three-dimensional
image data (3BD, 3BD') into a number of two-dimensgional image
data (2BD, 2BD;, 2BD,, 2BD;3) in which the assignment is per-
formed,

b) association (X) of the local candidate location (LF:;, LF,,
LF;, LF,) with a weighting factor (WF, WFi, WF,, WF;, WFy)
which weighting factor (WF, WF,, WF,, WFs;, WF,;) represents a
gignificance value of the local candidate location (LF;, LF,,
LF;, LF4;) in the context of the image data (3BD, 3BD') and/or
of a particular object of interest of the image data (3BD,
3BD!'),

c) determination (W) of a distance between a number of local
candidate locations (LF,, LF,, LF;, LF,;) to which annotations
are assigned based on an extension (SIZ) of a volume and/or
area of the image data (3BD, 3BD') and/or of an object of in-
terest within the image data (3BD, 3BD'), based on a prede-
fined distance factor (DF),

d) derivement (V) of the feature based on a plurality of an-

notation vocabularies (VOC).

2. Method according to claim 1, comprising at least two of
steps a) to d), preferably three of steps a) to d) and most
preferred all steps a) to d).

3. Method according to claim 1 or 2, whereby the annotations

are based on the bag-of-words methodology.

4. Method according to any one of the preceding claims,

whereby in step a) the two-dimensional image data comprise a
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number of surface planes derived from a round object within
the image data (3BD, 3BD').

5. Method according to any one of the preceding claimsg,
whereby in step a) the two-dimensional image data (2BD, 2BD,
2BD,, 2BD;) comprise a number of non-parallel planes (P;, Pj,
Ps, Pia, Pib, P2a, Pob, Pza, Pab, Pia', Piw', Pic, P2a', Pap', Pac,
Poa, Psa', Psp', Pic, Pig) from the image data (3BD, 3BD').

6. Method according to claim 5, whereby at least two non-
parallel planes (Pll PZI P3l Plal Plbl P2al P2bl P3al P3bl Pla ! I
Plb ! 7 Plc 7 P2a ! 7 P2b ! 7 PZC 7 P2d 7 P3a ! 7 P3b ! 7 P3c 7 P3d) are al igned

orthogonally with respect to each other.

7. Method according to claim 6, whereby at least three non-
parallel planes (Py, Pz, P3, Pia, Pin, P2a, Poap, Pza, P3p, Pia',
Pip', Pic, Pa2a', Pa', Pac, Pa2g, P3a', Pap', Pic, Pig) are aligned
orthogonally with respect to one another, the three non-
parallel planes (P;, Pz, Pz, Pis, Pip, Poa, Pop, P3a, Pip, Pia',
Piv', Pic, P2a', Pa', Pac, Paa, Pia', Pip', Pic, Pig) preferably
representing a coronal, and an axial, and a sagittal orienta-

tion of the patient.

8. Method according to any one of claims 3 to 7, whereby the
assignment of annotation in at least two different planesg,
preferably more than two planes, most preferred all planes,

is performed learning a different annotation dictionary.

9. Method according to any one of the preceding claims,
wherein in step b) the weighting factor (WF, WF;, WF,, WFs,
WF,) is assigned based on a position (POS) of the local can-
didate location (LF;, LF,, LFs;, LF4), in particular with re-

gspect to the object of interest.

10. Method according to claim 9, whereby a centre location
(C) of the object of interest is assigned a higher weighting
factor (WF,;) and locations away from the centre location are

assigned decreasing weighting factors (WF;, WF,, WFs3), depend-
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ing on their distance from the centre location (C), and
whereby preferably the centre location (C) of the object of

interest is assigned the highest weighting factor (WFy).

11. Method according to claim 9, whereby a centre location
(C) of the object of interest is assigned a lower weighting
factor (WF,;) and locations away from the centre location (C)
are assigned increasing weighting factors (WF;, WF,, WF;), de-
pending on their distance from the centre location (C) and
whereby preferably the centre location (C) of the object of

interest is assigned the lowest weighting factor (WFy) .

12. Method according to any one of the preceding claimsg,
whereby in step c¢) the distance between the local candidate
locations (LF;, LF,, LFs;, LF,;) is determined in a stepwise as-
signment based on a plurality of different extension catego-
ries so that each extension category is linked to a specific
distance between local candidate locations (LF.,, LF,, LFs,
LF,;) and assigned to a corresponding predefined distance fac-
tor (DF).

13. Assignment system (5) for assigning a number of annota-
tions to medical image data (3BD, 3BD') of a patient wherein
an annotation represents a feature linked to a particular lo-
cal candidate location (LF;, LF,, LF;, LF,;) within the image
data (3BD, 3BD'), whereby the assignment gystem compriseg at
least one of the following units:

a) a convergion unit (11) realized to convert the image data
from three-dimensional image data (3BD, 3BD') into a number
of two-dimensional image data (2BD, 2BD;, 2BD,, 2BD;) in which
the assignment is performed,

b) an association unit (13) realized to associate the local
candidate location (LF;, LF,, LFs;, LF,;) with a weighting fac-
tor (WF, WF;, WF,, WFs;, WF,;) which weighting factor (WF, WFi,
WF,, WF;, WF,;) represgents a significance value of the local
candidate location (LF;, LF,, LFs;, LF,;) in the context of the
image data (3BD, 3BD') and/or of a particular object of in-
terest of the image data (3BD, 3BD'),
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c) a determination unit (15) realized to determine a distance
between a number of local candidate locations (LF., LF,, LFs,
LF,;) to which annotations are assigned based on an extension
(81zZ) of a volume and/or area of the image data (3BD, 3BD')
and/or of an object of interest within the image data (3BD,
3BD'), based on a predefined distance factor (DF),

d) a derivement unit (17) realized to derive the feature

baged on a plurality of annotation vocabularies (VOC).

14. Medical image processing system (1) comprising a provi-
gion unit (3) for medical image data (3BD, 3BD') of a patient

and an asgignment system (5) according to claim 13.

15. Computer programme product directly loadable into a proc-
essor of a programmable assignment system (5) comprising pro-
gramme code means to conduct all steps of a method according
to any one of claims 1 to 12 when the computer programme

product is executed on the assignment system (5).
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Claims Nos.: 2(completely); 1, 3-15(partially)

1 Independent method claim 1 defines an undue number of
non-concise alternatives which obscure the subject matter for which
protection is sought (Art. 6 PCT).

1.1 Claim 1 defines a method
of assigning a number of annotations to medical image data comprising "at
least one of" four steps a, b, ¢ and d.

1.2 Step b comprises an

"and/or" combination Teading to step b representing in fact 3 different
features, since "A and/or B" equals A, B or A and B (i.e. three
alternatives).

1.3 Similarly, step ¢ comprises two "and/or"
combinations and thus seven alternatives.
1.4 Regarding the very

annotation of medical image data (i.e. 1. 3 - 4 of claim 1) as a further
step in itself, the claim comprises this step plus a (1 step) plus b (3
steps) plus ¢ (7 steps) plus d (1 step), hence 13 different possible
steps. Choosing "at least one" of these features leads to any of the
single steps plus any possible pair of steps plus any possible triple of
steps - and so forth - until the combination of all 13 possible steps.
Even when restricting to the case that the sequence of steps does not
matter, this lTeads to 2 13 -1 = 8191 different alternatives in claim 1
alone.

2 The same holds true for corresponding independent
claims 13 (system) and 15 (computer program product).
3 As a

result, the alternatives defined in the independent claims as a whole
violate the requirement of conciseness (Art. 6 PCT) and cannot be clearly
distinguished one from another. It would be very cumbersome for the
skilled person to determine the scope for which protection is sought.
4 In view of the massive lack of conciseness (see point VIII
below), with submission of 30 July 2014, the applicant has filed an
amended set of claims to clarify the desired scope of the search. As the
applicant may not amend the claims before the international search report
has been drawn up (Art. 19(1) PCT), said amended claims cannot formally
form the basis of this report and to this extent, the request to base the
search on these claims is refused. However, the applicant's indications
have certainly been taken into account, leading to restriction of the
searched subject matter as follows and as requested by the applicant:

4.1 Independent claims 1 (method), 13 (system) and by reference 15
(computer program product) have been interpreted as "comprising the steps
of" (c1. 1, 1. 7), "comprises the following units" (c1. 13, p. 20, 1. 26
- 27) and using the same restriction in claim 15 by reference,
respectively.

4.2 Furthermore, steps/units b and ¢ have been

interpreted as no longer referring to an object of interest (cl. 1, 1. 17
-19and 23 - 24 / c1. 13, p. 20, 1. 37 - 38 and p. 21, 1. 5 - 6).

4.3 Finally, step/unit b have been interpreted as now referring to
an extension of a volume or area (cl. 1, 1. 22 / cl. 13, p. 21, 1. 4).
4.4 Dependent claim 2 has been disregarded and hence not
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

searched.

4.5 The optional features "preferably more than two
planes, most preferred all planes" in claim 8 (1. 26) have been
disregarded.

4.6 Dependent claims 3 - 7, 9 - 12 and 14 have been

searched as filed under the provision of the above restrictions of the
antecedent claims.

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guidelines C-1V, 7.2),
should the problems which led to the Article 17(2) declaration be
overcome.
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