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(54) Assignment of localisation data

(57) The present invention concerns a method (Z) of
assigning first localisation data (LD1) of a breast (4) of a
patient (P) derived in first image data (ID1) of the breast
(4), the first image data (ID1) being the result of a first
radiological data acquisition process, to second localisa-
tion data (LD2) of the same breast (4) derived in second
image data (ID2), the second image data (ID2) being the
result of a second radiological data acquisition process,

or vice versa. Thereby, the first localisation data (LD1)
are assigned to the second localisation data (LD2) by
intermediately mapping them into breast model data
(MD) representing a patient-specific breast shape of the
patient (P) and then onto the second image data (ID2) -
or vice versa, thereby deriving assignment data (AD1,
AD2). The invention also concerns an assignment system
(33) for such purpose.
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Description

[0001] The present invention concerns a method of as-
signing first localisation data of a breast of a patient de-
rived in first image data of the breast, the first image data
being the result of a first radiological data acquisition
process, to second localisation data of the same breast
derived in second image data, the second image data
being the result of a second radiological data acquisition
process, or vice versa. The invention also concerns an
assignment system for such purpose.
[0002] Since recently, Digital Breast Tomosynthesis
(DBT) has been increasingly replacing common two-di-
mensional (2D) mammography for differential diagnosis
and is in discussion for screening purposes, too. DBT
provides three-dimensional (3D) image volumes of the
compressed human breast which are reconstructed from
several (multiple) 2D projections acquired at different (i.e.
varying) angles. Being a 3D imaging modality DBT nat-
urally allows superior spatial localization of suspicious
lesions.
[0003] Fig. 1 shows a mammography device 12 as is
standard in medical practice for the generation of image
data of a breast 4 of a patient P. In particular, such mam-
mography devices 12 are used to generate DBT image
data. The breast 4 is immobilized and compressed by
means of a mechanical mechanism, the so-called paddle
5. In an exemplary manner Figure 1 shows a positioning
of the patient P in the so-called mediolateral-oplique
(MLO) position. In addition, the papilla 3, the top of the
breast 7 and the inframammary fold 6, which in medical
practice is also called the inframammary crease or line
6, are shown.
[0004] With such a mammography device 12 in a first
orientation, a first MLO scan can be carried out. After
that, a second scan can be acquired in craniocaudal (CC)
direction during an examination. A CC scan implies that
the breast is compressed in feet/head direction of the
patient P and an MLO scan implies that the direction of
compression is rotated by approximately 45° to the left
or right depending on which of the two breasts is exam-
ined.
[0005] Fig. 2 shows the result data DB1 of a volume-
rendered 3D DBT MLO scan of the breast 4 whereas Fig.
3 shows the result data DB2 of a 3D DBT CC scan of the
same breast 4 in the form of one slice of the DBT data.
[0006] For the ease of navigation during reading DBT
data in a (for instance standard) viewing tool it is desirable
to quickly retrieve suspicious areas identified in the MLO
scan in the complementary CC scan and vice versa. It is
desirable to support the radiologist in assessing these
findings in a holistic manner without the need for lengthy
user interaction. As a result, the radiologist’s workflow
can remain focused on the medical question at hand and
is optimized in terms of patient throughput.
[0007] This approach is referred to as "ipsilateral map-
ping" between different DBT views, whereby the interior
of a deformed breast is volumetrically mapped to the in-

terior of the same but differently deformed breast. More
generally speaking, this approach relates to an assign-
ment of first and second image data onto each other, as
mentioned in the introductory paragraph.
[0008] A system addressing the problem is described
in the article van Schie, G. et al.: Correlating locations in
ipsilateral breast tomosynthesis views using an analytical
hemispherical compression model. Phys. Med. Biol. 56
(15), 4715-4730 (2011). There, corresponding regions
from ipsilateral 3D DBT views (MLO and CC) are
matched. Thereby, the behaviour of breasts - that are
assumed to be hemispheres - under compression/de-
compression is explicitly modeled and simulated by ap-
proximating breast tissue properties. Regions are
mapped by intermediately mapping them to a decom-
pressed version of a simply hemispherical geometrical
model that has been matched to the compressed breast
before. The matching region in the ipsilateral view is fi-
nally found after rotation and repeated simulative com-
pression. This method suffers from its computational
complexity. Also, the chosen intermediate representation
for ipsilateral mapping appears too simplistic to achieve
sufficient mapping accuracy.
[0009] It is thus an object of the present invention to
provide an improved possibility of assigning first and sec-
ond localisation data to one another, i. e. an improved
possibility of ipsilateral mapping, which preferably over-
comes the above-mentioned problems of the mentioned
state of the art.
[0010] This object is met by a method according to
claim 1 and by an assignment system according to claim
13.
[0011] Thus, according to the invention, the method
outlined in the introductory paragraph is characterised
by the fact that the first localisation data are assigned to
the second localisation data by intermediately mapping
them into breast model data representing a patient-spe-
cific breast shape of the patient and then onto the second
image data - or vice versa, thereby deriving assignment
data.
[0012] Throughout this application, it is to be under-
stood that the breast of the patient is particularly a human
breast (although animal breasts, in particular breasts of
mammals, can be inspected as well in the context of the
invention) and most particularly a female breast. Yet it
may be noted that breasts of male patients can be of
interest as well as for instance breast cancer - contrary
to the common belief - can also affect men.
[0013] The first and/or second image data of the breast
may comprise image data of the full breast but also of
parts thereof, depending mainly on the purpose of the
radiological data acquisition processes and to some ex-
tent also on the abilities of the radiologists and/or the
anatomical peculiarities of the patient.
[0014] As for the localisation data, these may firstly
comprise landmarks such as natural landmarks and/or
artificially generated landmarks: amongst the natural
landmarks there count the position of the papilla of the
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breast, in particular the centre of the papilla, but also
other positions or lines such as the top of the breast and
the inframammary fold (as mentioned above). Artificially
generated landmarks can be considered such landmarks
that are generated by a computer system to represent
the breast, in particular to represent the outer surface (or
skin) of the breast. Alternatively or additionally, the local-
isation data may secondly comprise target objects of the
breast, in particular (but not restricted to) in the inside of
the breast, i.e. below its surface. The position of such
target objects, for instance lesions or other deviations
from the normal (i.e. healthy) structure of the breast, can
be described in dependence of other localisation data,
in particular in dependence of the above-mentioned land-
marks.
[0015] The assignment process can also be consid-
ered a mapping process so that throughout this applica-
tion "mapping" is considered to be an equivalent of "as-
signing" unless explicitly stated otherwise.
[0016] Like in the state of the art, this assignment proc-
ess implies the use of a breast model onto which the
localisation data from the one image data are intermedi-
ately mapped before being transferred from the breast
model to the other localisation data of the other image
data. However, the breast model used for that purpose
is not a simple hemispheric model but a patient-specific
one instead. The intermediately used breast model data
are patient-specific since they rely on a machine learning-
based, data-driven method for shape prediction from the
first and/or second image data. Thus, unlike in the state
of the art, no explicit biomechanical modeling (and sim-
ulating) of deformations is used. As no biomechanical
modeling and associated simulation is involved, the
method according to the invention also does not require
a GPU implementation for real-time applications. Such
fast implementations are typically needed as biomechan-
ical modeling involves computationally expensive step-
wise simulation of tissue deformation.
[0017] As will be shown below, patient-specific 3D
breast modeling is a rather new achievement of medico-
technical science and has the effect that despite a huge
number of input data from image data of a breast it is still
possible to generate rather precise models of the very
breast of that patient.
[0018] Firstly, this enhancement of ipsilateral mapping
has the great advantage of a much higher precision of
mapping. The more refined the modeling method to
achieve the patient-specific breast model is the more pre-
cise can the mapping (or assignment) of the localisation
data be.
[0019] Secondly, the method can still be carried out
more effectively and with astonishingly less effort than
according to the above-mentioned state of the art. This
is due to the fact that the realistic input data need not first
be aligned with a standard and thus unrealistic model but
can rather be transferred into "their own" model instan-
taneously, i.e. directly and in a completely data-driven
way.

[0020] Further, the same or a similar breast modeling
method can be used when going further from the breast
model data to the localisation data in those image data
onto which the firstly used image data are to be mapped
- such modeling method can then simply be reversed in
order to achieve an accurate and rather rapid ipsilateral
mapping overall.
[0021] According to the invention, the above-men-
tioned assignment system comprises an assignment unit
which in operation assigns the first localisation data to
the second localisation data by intermediately mapping
them into breast model data representing a patient-spe-
cific breast shape of the patient and then onto the second
image data - or vice versa, thereby deriving assignment
data.
[0022] In other words, the assignment unit carries out
the above-mentioned assignment step of the method ac-
cording to the invention.
[0023] The invention further concerns an imaging de-
vice with an image data acquisition unit and with an as-
signment system according to the invention.
[0024] The imaging device according to the invention,
the assignment system according to the invention, in par-
ticular its assignment unit (but also other components of
the assignment system which will be mentioned below)
may be partially or wholly accomplished by hardware
components, for example using semiconductor chips
such as ASICs (Application Specific Integrated Circuits),
FPGAs (Field Programmable Gate Arrays), or PLAs (Pro-
grammable Logic Arrays). They may, however, also be
comprised of software components or combinations of
hardware and software components. Therefore, the in-
vention also concerns a computer programme product
which can be loaded directly into the memory of a pro-
grammable assignment system, by means of programme
code, in order to execute a method according to the in-
vention, when the programme is executed in the assign-
ment system.
[0025] Particularly advantageous embodiments and
features of the invention are given by the dependent
claims, as revealed in the following description. Thereby,
features revealed in the context of the method may also
be realized in the context of the products and vice versa,
unless the contrary is explicitly stated.
[0026] According to a preferred embodiment of the
method according to the invention the first and/or second
localisation data of the first and/or second image data
are transformed to be integrated into the breast model
data. This can be realised in the form of third localisation
data within the breast model data which represent the
first and/or second localisation data whereby the formers’
positions in the breast model data correspond to the lat-
ter’s position in the respective image data. In other words,
not only the image data are mapped, but also their local-
isation data. This way, the complete mapping process,
i.e. also the mapping of the localisation data themselves,
goes via the breast model data. This implies an even
more increased exactness of the mapping process over-
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all.
[0027] To carry out such method the assignment sys-
tem according to the invention also comprises a locali-
sation data transformation unit realized to transform the
localisation data of the first and/or second image data to
be integrated into the breast model data.
[0028] It is particularly preferred that the first image
data and/or the second image data are transformed into
the breast model data using a breast modeling method.
For such purpose, the assignment system comprises an
image data transformation unit realized to transform the
first image data and/or the second image data using a
breast modeling method into the breast model data. This
image data transformation unit may be comprised in a
common unit together with the (optional) above-men-
tioned localisation data transformation unit or both these
units may be indeed the same unit used for the two dif-
ferent purposes.
[0029] The breast modeling method may be chosen
from a variety of methods all of which must have in com-
mon to generate patient-specific breast model data rather
than artificial, non-personalized models.
[0030] A preferred breast modeling method is based
on breast shape data from a database of empirical breast
shape data of a plurality of breast samples. In other
words, the generation of breast model data of one par-
ticular person is based on experience with previously in-
spected persons. The plurality of breast samples of these
persons may already be pre-selected, for instance com-
prise only breast samples of persons of the same gender
as the patient currently under inspection. Other selection
criteria (such as age, diagnosis etc.) may be considered
as well, additionally or alternatively. Based on such em-
pirical data, the generation of the individual, i.e. patient-
specific, breast model data, is easier to accomplish and
can be even more refined. For example, the assignment
system can select - for instance derived from assump-
tions relating to the first and/or second image data - from
the database one particular breast shape or a particular
average breast shape and then compare that selected
breast shape with the first and/or second image data.
This way, the patient-specific breast model data can be
described in terms of deviations of the selected breast
shape, whereby the breast model (data) can generally
be identified as the selected breast model (i.e. breast
model data thereof) plus a deviation coefficient. Such
modeling is mathematically relatively easy and thus re-
quires relatively little computational power.
[0031] A particularly preferred breast modeling method
can be summarized by the following steps in which the
breast model data are modelled:

- determination of a set of a defined plurality of input
feature values, such as pixels, in the first and/or sec-
ond image data,

- prognostic determination of a set of target form pa-
rameters of a target form model with a defined plu-
rality of target form parameters by means of a data-

driven regression method from the plurality of input
feature values, wherein the plurality of target form
parameters is smaller than the plurality of input fea-
ture values,

- a determination of the breast model data from the
set of target form parameters,

whereby preferably the regression method is embodied
as multiple, multivariate random forest regression.
[0032] This method and its advantages (amongst oth-
ers a high degree of precision and accuracy whilst com-
paratively little computational power is necessary) is also
described in more detail in Wels, M., et al.: Data-Driven
Breast Decompression and Lesion Mapping from Digital
Breast Tomosynthesis. Proceedings of the 15 th Inter-
national Conference on Medical Image Computing and
Computer-Assisted Intervention (MICCAI 2012), Part I,
LNCS 7510, pp. 438-446, 2012. This reference and its
teachings are hereby incorporated in the present appli-
cation. Like the method according to the invention, the
breast modeling method according to this paper can be
designed as entirely data-driven and based on machine-
learning methods rather than on pre-defined geometrical
breast models such as the hemispherical model men-
tioned above.
[0033] In more detail, the breast modeling method con-
sists of a first step in which a set of a defined plurality K
of input feature values is determined in the first image
data. "Plurality" hereinafter means a positive natural
number greater than one. The set of input feature values
may involve a set of two-dimensional feature values or
three-dimensional feature values, for example a vector
which consists of a number K of three-dimensional fea-
ture values.
[0034] Hereinafter the terms "set" and "vector" are
used synonymously. Symbols for vectors and matrices
are shown in bold. The input feature values in the first
and/or second image data can be determined manually
or in an automated fashion or also in an appropriate semi-
automatic manner.
[0035] In a second step of the modeling method, a
prognostic determination of a set of target form param-
eters of a target form model takes place with a defined
plurality L of target form parameters by means of a data-
driven regression method from the plurality K of input
feature values. Advantageously the plurality L of target
form parameters is smaller than the plurality K of input
feature values. A mathematical model is here described
as a target form model which can describe breast model
data in as compact a manner as possible in order to keep
the expense of determining the breast model data low
so that the execution of the modeling method is possible
in a particularly time-efficient and therefore cost-efficient
manner. This is achieved by the target form model re-
producing the properties of the breast model data with a
plurality L of target form parameters, wherein the value
for L is selected in such a way that the target form pa-
rameters represent the breast model data sufficiently ac-

5 6 



EP 2 779 090 A1

5

5

10

15

20

25

30

35

40

45

50

55

curately, but at the same time the value for L is lower
than the plurality K of feature values of the input feature
values and also lower than a plurality M of feature values
such as pixels which determine the breast model data.
In particular, an individual target form parameter of the
target form model can also describe a plurality of feature
values in the breast model data, whereby the desired
efficiency is produced when determining the breast mod-
el data.
[0036] The plurality L of target form parameters from
the plurality K of input feature values is determined in the
modeling method by means of a regression method.
Compared with a purely analytical method, through the
use of a regression method it is possible to advanta-
geously ensure that a set of target form parameters can
be determined or at least assessed for all conceivable
manifestations of breasts. Through the use of a regres-
sion method the method therefore guarantees that breast
model data can be determined for all examination ob-
jects.
[0037] In particular, the regression method involves a
data-driven regression method, in other words the re-
gression method was derived from existing radiological
image data, so-called training image data. Accordingly,
no assumptions are made for the regression method
about the properties of breast. In particular, for determin-
ing the regression method it is not necessary to determine
biomechanical parameters, such as for example the elas-
ticity of muscle tissue, in advance.
[0038] In a third step of the method according to the
invention the breast model data are determined from the
set of target form parameters. The target form parame-
ters determined in the second step of the method estab-
lish the properties of the target form model so that breast
model data can be easily derived from the now parame-
terized target form model. For example, two-dimensional
breast model data can be easily generated from a pa-
rameterized three-dimensional target form model by
means of averaging with geometric planes. These two-
dimensional breast model data can then e.g. provide a
surgeon with valuable help in identifying critical tissue
structures when performing surgical interventions.
[0039] Particularly preferably the regression method is
characterized in that it is embodied as multiple, multi-
variate random forest regression. If this regression is ap-
plied to a vector x with K input feature values, then end
points or leaves of the regression trees which establish
the vector y with its L target form parameters are deter-
mined using the regression trees provided in this regres-
sion method - starting from the roots of the regression
trees. Previously established threshold values or deci-
sion-making criteria define the traversing of the regres-
sion trees from the roots of the regression trees to the
leaves of the regression trees during the execution of the
modeling method.
[0040] As for the first and/or second image data, these
preferably comprise 3D image data reconstructed from
multiple 2D acquisition image data. Such is the case for

instance with the above-mentioned DBT data.
[0041] It is further preferred that the first acquisition
process is an MLO scan of the breast and/or the second
acquisition process is a CC scan of the breast. This way,
the coordinates of the resulting image data are in line
with the currently used coordinates. However, it may also
prove that other scan orientations may be useful, alter-
natively or additionally to the mentioned ones.
[0042] Furthermore, the method according to the in-
vention is particularly useful in such settings in which the
first and/or the second acquisition process is a scan of
the breast in a compressed state. Such compression au-
tomatically leads to deformations of the breast, at least
in part. Therefrom result shifts of selected locations (such
as target objects - cf. above) which makes ipsilateral
mapping much more difficult and which thus necessitates
a high precision of the mapping method.
[0043] It may be sufficient that the breast model data
comprise 2D model data, for instance a plurality of pa-
tient-specific 2D slice models of the given breast. It is
preferred, however, that the breast model data represent
a 3D breast model. Such is particularly useful in such
cases in which the first and/or second location come from
a scan of the breast in a compressed state. The breast
model data can generally provide a 3D reference which
is easier to comprehend for the user and which is much
more self-explaining than a 2D breast model would be.
[0044] Further, it is considered advantageous if the
breast model data represent a breast model of the un-
compressed breast. This gives the user an even better
impression of the shape of the breast - one which can
also be counterchecked visually by simply looking at the
patient after (or before or during) the data acquisition
process. Such breast model of the uncompressed breast
is preferably generated based on the assumption of a
particular position of the patient, i.e. a particular position
of the breast. For instance, such a selected position could
be such that the patient lies on a patient table with the
breast hanging downwards towards the patient table. Al-
ternatively, a selected position could be with the patient
standing upright. With both these mentioned positions
medical practitioners are well-acquainted because the
first position would be the typical one for a data acquisi-
tion in a CT or MR tomograph whilst the second position
is the one in which the practitioner typically encounters
the patient at a first inspection. Such selected positions
can thus serve as good reference positions with a great
recognition factor for the user.
[0045] The first image data and second image data
can be displayed separately, for instance on different
screens or parts of one screen, and/or consecutively. Ac-
cording to a preferred embodiment of the invention, the
first image data and the second image data are matched
to combined image data for display in the form of an im-
age - preferably one single image - comprising matched
localisation data derived from matching the first localisa-
tion data and the second localisation data and bringing
them into a combined coordinate system. This implies
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that both the first and the second images are merged into
one image which is based on the previous ipsilateral map-
ping process. Such display of the combined image can
for instance be carried out as a 3D virtual image but also
as 2D virtual image(s), for instance depicting slices of
the breast in a pre-defined or used-selected perspective.
The user is thus offered an integrated view incorporating
information from both the first and second image data.
This makes it yet easier for the user to get a quick and
significant impression of the breast structure and possi-
ble targets including their quality and position.
[0046] In this context, it is further preferred that corre-
sponding first location data and second location data are
registered, and preferably the first image data and sec-
ond image data are matched on the basis of such regis-
tration of the location data. Such registration may com-
prise a non-rigid, image based registration as this offers
more accurate registration results overall (bearing in
mind the possible compression of the breast during one
or two data acquisitions). In other words, the correspond-
ing location data are approximated according to prede-
fined registration rules in order to be matched in the com-
bined image data.
[0047] Further, a first image resulting from the first im-
age data and a second image resulting from the second
image data can be displayed together to a user. Alterna-
tively, the display of the first image and second image is
not done at the same time but consecutively, for instance
if the user explicitly choses to change from one image to
the other. In both cases, upon the user navigating along
first locations based on the first localisation data in the
first image, second locations based on the corresponding
second localisation data to the first localisation data can
be indicated to the user in the second image or vice versa.
Such (parallel or consecutive) cross-image indication of
locations makes orientation easier for the user while nav-
igating in the images.
[0048] Moreover, it is preferred that in addition to the
first and second images a breast model image resulting
from the breast model data is also displayed. Upon the
user navigating along first and/or second locations based
on the first and/or second localisation data in the first
and/or second image, model locations in the breast mod-
el image based on third localisation data, corresponding
to the first and second localisation data, are then indicat-
ed to the user. This add-on uses the breast model image
(which is preferably a 3D model image and/or a model
image of an uncompressed breast) as a comparison
and/or orientation image for the user - a kind of reference
of what the breast looks like in a more natural state than
a compressed state. Thus the already generated breast
model data are now used again for additional display
purposes as well, which means that the user gets a vir-
tually free add-on during viewing which can further sup-
port his understanding.
[0049] The method according to the invention relates
to the mapping of breasts, i.e. to an area of the body
which occurs in pairs in the patient. Therefore, it is pos-

sible - and highly advantageous due to the reduction of
calculation effort - that for the second part of the pair, i.e.
the second breast of the patient the method for the first
part is used. Thus, the breast model data of the second
breast can be mirrored in a mirror axis. This means that
through this embodiment of the method according to the
invention which was created for the first breast can be
applied to the second breast at little expense, without the
method for the second breast having to be developed in
addition. If the breast model data for the left breast have
been modelled the mirrored breast model data of the left
breast can be used as breast model data for the right
breast or vice versa.
[0050] Other objects and features of the present inven-
tion will become apparent from the following detailed de-
scriptions considered in conjunction with the accompa-
nying drawings. It is to be understood, however, that the
drawings are designed solely for the purposes of illustra-
tion and not as a definition of the limits of the invention.
[0051] In the drawings, like reference numbers refer to
like objects throughout. Objects in the drawings are not
necessarily drawn to scale. The figures show:

Figure 1 a perspective view of a mammography de-
vice according to the state of the art,

Figure 2 a volume rendered 3D DBT image of the
breast of Fig. 1,

Figure 3 a slice of a 3D DBT image of the same
breast as in the previous figures,

Figure 4 a schematic diagramme of the method ac-
cording to an embodiment of the invention,

Figure 5 a schematic representation of a breast, im-
ages of which have been acquired in a CC scan,

Figure 6 a schematic representation of a first breast
model of the same breast, which has been derived
from the images represented in Fig. 5,

Figure 7 a schematic representation of a second
breast model of the same breast as in Figs. 5 and 6,
corresponding to images acquired in an MLO scan,

Figure 8 a schematic representation of the same
breast as in Fig. 5 to 7, images of which have been
acquired in an MLO scan,

Figure 9 exemplary first image data and corresond-
ing breast model data for explanation of an embod-
iment of modelling method which can be used in the
context of the invention,

Figure 10 an example of a detail of the modelling
method of Fig. 9 for determining input pixels,
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Figure 11 an exemplary application of the modeling
method shown in Figs. 9 and 10 for determining
curve points,

Figure 12 an example with first image data and as-
sociated contour points,

Figure 13 an example with second image data and
associated contour points,

Figure 14 a schematic block diagramme of an as-
signment system according to an embodiment of the
invention.

Figs. 1 to 3 have already been discussed above with
reference to the state of the art.

Fig. 4 shows a schematic block diagramme of the
steps of a method according to an embodiment of
the present invention.

[0052] First image data ID1 with first localisation data
LD1 are to be mapped onto second image data ID2 with
second localisation data LD2 in a mapping or assignment
process Z. The first image data ID1 were taken of a breast
4 (cf. the previous figures) in a first compressed state,
namely in an MLO scan, whereas the second image data
ID2 were taken of the same breast 4 in a second com-
pressed state, namely in a CC scan.
[0053] The first localisation data ID1 and the second
localisation data ID2 each comprise a number of surface
landmarks which serve to describe the surface (pattern)
of the breast 4 in the respective compression. The sur-
face landmarks comprise both natural landmarks such
as the centre of the papilla 3 of the breast 4 and of its
upper and lower boundaries such as the top of the breast
7 and the inframammary fold 6, but also artificially gen-
erated surface landmarks resulting for instance from a
segmentation of the breast from its surroundings (cf. Fig.
5 to 13) and from a surface patterning algorithm which
assigns the artificially generated landmarks relative to
the natural landmarks mentioned above.
[0054] In order to ipsilaterally map in the mapping proc-
ess Z the first image data ID1 onto the second image
data ID2 or vice versa, use is made of an intermediate
mapping model in the form of breast model data MD onto
which the first image data ID1 and/or the second image
data ID2 are mapped in an intermediate mapping step V.
For that purpose, the first image data ID1 are mapped in
a step Y by means of a modeling algorithm into first model
data MD1 and/or the second image data ID2 are mapped
in a step X by means of a modeling algorithm into second
model data MD2. The first and second model data MD1,
MD2 can already be considered breast model data - for
the purpose of distinction with those breast model data
eventually utilized for intermediate mapping in the con-
text of this particular embodiment of the invention, they
are simply referred to as first and second model data,

rather than breast model data. An example of the mod-
eling method (or algorithm) will be described in detail
below.
[0055] The first and/or second model data MD1, MD2
represent a 3D patient-specific model of the same, but
uncompressed breast 4. Further, the corresponding first
and/or second localisation data LD1, LD2 also mapped
onto the respective model data MD1, MD2 so that there-
from result third localisation data LD3. These third local-
isation data LD3 together with the first and/or second
breast model data MD1, MD2 are comprised in breast
model data MD. Thus, the corresponding surface land-
marks of the first and/or second localisation data LD1,
LD2 are defined between first and/or second image data
ID1, ID2 on the one hande and the breast model data MD
on the other hand for instance through canonical surface
re-sampling schemes.
[0056] In a next step, coming from the breast model
data MD with their third localisation data LD3 mapping
goes on to those image data ID1, ID2 onto which the re-
spective other image data ID2, ID1 are to be mapped.
Therefore, the breast model data MD are now mapped
onto either - in a mapping step X with a reverse modeling
algorithm - the second image data ID2 (if the breast model
data MD have been derived from the first image data ID1)
or onto - in a mapping step Y with a reverse modeling
algorithm - the first image data ID1 (if the breast model
data MD have been derived from the second image data
ID2). This way, the first and second image data ID1, ID2
with their first and second localisation data LD1, LD2 are
indirectly assigned to each other via the breast model
data MD. From this mapping or assignment process Z
there result first and/or second assignment data AD1,
AD2. In a further, optional, combination step T the first
image data ID1 and the second image data ID2 are ad-
ditionally matched. From this matching, there result com-
bined image data CID for display in the form of an image
comprising matched localisation data MLD. These
matched localisation data MLD are derived from match-
ing the first localisation data LD1 and the second locali-
sation data LD2 and bringing them into a combined co-
ordinate system.
[0057] Figs. 5 to 8 show four representative images of
the same breast 4. The shape of the breast 4, namely its
surface, is thereby represented by artificially generated
surface landmarks xa, xm1, xm2, xb. A target object Ta,
Tm1, Tm2, Tb within the breast 4 is also shown. In Fig. 5,
first localisation data LD1 comprise the surface land-
marks xa and the target object Ta. In Fig. 6, first model
localisation data LD1. comprise the surface landmarks
xm1 and the target object Tm1. In Fig. 7, second model
localisation data LD2. comprise the surface landmarks
xm2 and the target object Tm2. In Fig. 8, second localisa-
tion data LD2 comprise the surface landmarks xb and the
target object Tb. It may be noted that while the landmarks
xa, xm1, xm2, xb may differ from each other (as they only
represent the particular shape of the breast 4 in a partic-
ular compression and/or modelling state), the target ob-
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ject Ta, Tm1, Tm2, Tb is the same object all throughout
the Figs. 5 to 8.
[0058] Fig. 5 shows first image data ID1 of the breast
4 which where acquired in a CC scan of the compressed
breast 4. Due to the CC compression, the first image data
ID1 depict a breast shape the surface of which is de-
formed both in the upper region and in the lower region.
The target object Ta is positioned here below the surface
of the breast 4 about a third of its thickness down inside
of the breast 4 at the right hand side, comparatively close
to the chest (not shown).
[0059] From these first image data ID1, using a breast
modelling method, one can arrive at the first model data
MD1 of the breast 4 in Fig. 6, which show the breast 4 in
an uncompressed state in a CC orientation. The target
object Tm1 appears to be in the upper quarter of the breast
4, quite in the middle along its horizontal orientation.
[0060] This first model can now be compared to (and
mapped onto) a second model with corresponding sec-
ond breast model data MD2 of the same breast 4 as
shown in Fig. 7, which models the uncompressed breast
4 in an MLO orientation. This second model has been
derived from second image data ID2 as shown in Fig. 8
which stem from an MLO scan of the compressed breast
4. The target object Tm2, Tb appears to be in quite different
locations of the breast 4 which is due to the different
compression and/or orientation of the breast imaging de-
vice that was used/modelled.
[0061] The succession of Figs. 5 to 8 also indicate as
an illustration how the first image data ID1 can be mapped
onto the second image data ID2 or vice versa. They are
mapped onto each other via an intermediate mapping
onto the respective breast model data MD1, MD2 and
then further to the respective other image data ID2, ID1.
[0062] Fig. 9 shows the first image data ID1 and the
corresponding breast model data MD1 of an exemplary
nature in order to explain a particularly preferred breast
modeling method which can be used in the context of the
method according to the invention. In particular, Fig. 9
shows how in the first image data ID1, which were already
segmented, an interface 9 is determined using an inter-
face determination device 18 as an interim step. The in-
terface 9 in this example involves the surface of the skin
of the breast 4. In addition, Fig. 9 shows the breast model
data MD1, which were determined using a prognostic de-
vice 15 and an image data determination device 16. Fur-
ther, Fig. 9 shows how the breast model data MD1 in a
non-compressed manner can be advantageously pre-
dicted from the first image data ID1, which show the
breast 4 in compressed form, without further image ac-
quisition, i.e. completely data-driven.
[0063] As for Figs. 10 to 13, an example of a modeling
method is given with reference to modeling first model
data MD1 from first image data ID1. It is to be understood,
however, that the same way second model data MD2
from second image data ID2 can be modelled and that
indeed the breast model data MD used in the context of
the invention are then derived from the first and/or second

model data MD1, MD2 by including the third localisation
data LD3 in them, as explained above.
[0064] Fig. 10 shows the modeling method steps for
determining a set of input feature values x1, ... , xK in the
first image data ID1 of the breast 4. For this purpose, in
the first image data ID1 firstly characteristic anatomical
landmarks 6, 7, 9 of the area of the body of the patient
P considered are determined. The inframammary fold 6
and the top of the breast 7 are identified in the first image
data ID1. This identification can take place automatically
or also with the manual support of medical personnel.
[0065] Subsequently, in a first method step 40 for de-
termining input feature values x1, ... , xK - in the given
example pixels x1, ... , xK - an interface 9 is extracted
which runs through the inframammary fold 6 and the top
of the breast 7 and which is defined by a number of feature
values (pixels). In a further method step 41 the number
of feature values is modified by removing existing feature
values or generating additional ones in such a way that
their number corresponds to a pre-defined plurality K.
Furthermore, the input feature values are positioned on
the interface 9 by means of (for instance canonical) re-
sampling methods, i.e. for example in such a way that
they are uniformly distributed on the interface 9. In par-
ticular in this method step 41 additional landmarks can
be determined, for example the papilla 3. The uniform
distribution of the feature values may be selected in such
a way that the feature values are arranged equidistantly
between the landmarks, for example therefore equidis-
tantly between the papilla 3 and the inframammary fold
6, or equidistantly between the papilla 3 and the top of
the breast 7. This results in the input feature values x1,
... , xK. Furthermore, in a method step 42 distance vec-
tors d1, ... , dK are calculated between a number of land-
marks and the input feature values x1, ... , xK. The dis-
tance vectors d1, ... , dK are suitable as input variables
for the prognostic, data-driven regression method for de-
termining a defined plurality L of target form parameters
y1, ..., YL.
[0066] Canonical re-sampling can also take into ac-
count the surface of the pectoral muscle. It is visible in
DBT scans and can be fully automatically detected, e.g.,
by the method described in Ghesu, Florin Cristian: Pec-
toral Muscle Detection in Mediolateral-Oblique Images
from Mammography and Digital Breast Tomosynthesis.
B.A. thesis. Lehrstuhl für Mustererkennung (Informatik
5), Friedrich-Alexander-Universität Erlangen-Nürnberg
2012. Regarding uncompressed shapes, the pectoral
muscle surface is identical with the dorsal surface of the
predicted uncompressed patient-specific shape. In CC
scans the rough localization of the pectoral muscle sur-
face can be concluded from the image acquisition and
positioning guidelines.
[0067] In the example shown in Figure 10 and other
figures it goes without saying that the methods and de-
vices according to the invention are naturally also suita-
ble for 3D first image data ID1 and 3D (breast) model
data MD1 and can be used advantageously even if a 2D
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image was selected here for reasons of clarity. In partic-
ular, in the figures the interfaces 9 and additional planes
are shown as lines on account of the image selected here
- but without restricting the application of the invention.
[0068] Figure 11 provides an exemplary application of
the method according to the invention for determining
curve points k1, ... , kK and the contours in the first image
data ID1 and of the corresponding (breast) model data
MD1 of the breast 4 of the patient P. For this purpose,
firstly characteristic anatomical landmarks such as the
papilla 3, the inframammary fold 6 and the top of the
breast 7 are determined in the first image data ID1 and
of the corresponding (breast) model data MD1. Then, a
determination of an interface 9 which runs through the
determined landmarks 3, 6, 7 takes place. In addition, a
curve k is determined in each case, which is established
by the curve points k1, ... , kK, and runs approximately
in the interface 9 as well as through the anatomical land-
marks 3, 6, 7. The curve points k1, ... , kK are preferably
established in such a way that they are distributed ap-
proximately uniformly on the curve. In addition, the breast
plane 21 is determined, which is vertical to the MLO
(and/or CC) plane and which runs through the points es-
tablished by the inframammary fold 6 and the top of the
breast 7. Then a projection of the papilla 3 onto the breast
plane 21 takes place, by means of which a projection
point 8 of the papilla 3 is produced. In an additional step,
planes 22 which are produced by rotating the breast
plane 21 around the projection point 8 are established in
such a way that they run through the curve points k1, ... ,
kK.
[0069] With the aid of the curve points k1, ... , kK or of
the rotated breast planes 22 determined in this way, con-
tour points kt1, ... , ktK can be determined in the interface
9 of the first image data ID1 by means of section formation
between the rotated breast planes 22 and the interface
9. This is shown in exemplary fashion in Fig. 12.
[0070] Correspondingly, Fig. 13 shows the contour
points kt1, ... , ktK in the interface 9 of the corresponding
(breast) model data MD1, which were determined in turn
by means of section formation between the rotated breast
planes 22 and the interface 9. The contour points kt1,
... , ktK in the interface 9 of the first image data ID1 and
the (breast) model data MD1 can now be used to describe
target objects 10, 11 (which can be considered to be tar-
get objects such as the target objects Ta, Tb, Tm1, Tm2
as shown in Figs. 5 to 8) which are inside the breast 4.
This can, for example, be achieved by a spatial thin plate
spline interpolation between the contour points (i.e. any
points on the contour). With the corresponding applica-
tion of thin plate spline interpolation in the description of
the target objects 10 in the first image data ID1 to the
contours of the (breast) model data MD1, it is possible to
determine the position of the target objects 11 in the
(breast) model data MD1.
[0071] Fig. 14 depicts a block diagramme of an imaging
device 31 according to an embodiment of the invention.
It comprises an image data acquisition unit 12 such as a

mammography device 12 and an assignment system 33
according to an embodiment of the invention.
[0072] The assignment system 33 comprises a first in-
put interface 35a and a second input interface 35b. Fur-
ther, it comprises an image data transformation unit 37,
a localisation data transformation unit 39, an assignment
unit 43 and an output interface 45.
[0073] The image data acquisition unit 12 produces
the first image data ID1 and second image data ID2, i.e.
with reference to the previous figures image data from
an MLO scan and from a CC scan of the breast 4. These
first and second image data ID1, ID2 are introduced via
the two input interfaces 35a, 35b (which can indeed also
be a combined or integral single input interface instead
of two separate ones) into the assignment system 33.
Within the assignment system 33 or even before, these
first and second image data ID1, ID2 are both enriched
by their localisation data LD1, LD2 such as the ones men-
tioned above with recourse to Fig. 4. The image data
transformation unit 37 transforms the first image data ID1
and/or the second image data ID2 using a breast mode-
ling method into the first and/or second (breast) model
data MD1, MD2. The localisation data transformation unit
39 further transforms the first and/or second localisation
data LD1, LD2 of the first and/or second image data ID1,
ID2 so that they are integrated into the respective (breast)
model data MD1, MD2, therefrom resulting the breast
model data MD comprising the third localisation data LD3.
[0074] Next, the assignment unit 43 assigns the first
localisation data LD1 to the second localisation data LD2
- or vice versa - by intermediately mapping them into the
breast model data MD. The breast model data MD, as
has previously been described, represent a patient-spe-
cific breast shape of a patient P. After the intermediate
mapping, the assignment unit then maps the first image
data ID1 further onto the second image data ID2 - or again
vice versa. Therefrom result the assignment data AD1,
AD2, which are output via the output interface 45 for dis-
play and/or documentation purposes.
[0075] Although the present invention has been dis-
closed in the form of preferred embodiments and varia-
tions thereon, it will be understood that numerous addi-
tional modifications and variations could be made thereto
without departing from the scope of the invention.
[0076] 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.

Claims

1. A method (Z) of assigning first localisation data (LD1)
of a breast (4) of a patient (P) derived in first image
data (ID1) of the breast (4), the first image data (ID1)
being the result of a first radiological data acquisition
process, to second localisation data (LD2) of the
same breast (4) derived in second image data (ID2),
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the second image data (ID2) being the result of a
second radiological data acquisition process, or vice
versa, whereby
the first localisation data (LD1) are assigned to the
second localisation data (LD2) by intermediately
mapping them into breast model data (MD) repre-
senting a patient-specific breast shape of the patient
(P) and then onto the second image data (ID2) - or
vice versa, thereby deriving assignment data (AD1,
AD2).

2. Method according to claim 1, whereby the localisa-
tion data (LD1, LD2) of the first and/or second image
data (ID1, ID2) are transformed to be integrated into
the breast model data (MD).

3. Method according to claim 1 or 2, whereby the first
image data (ID1) and/or the second image data (ID2)
are transformed into the breast model data (MD) us-
ing a breast modeling method (Y).

4. Method according to claim 3, whereby the breast
modeling method is based on breast shape data from
a database of empirical breast shape data of a plu-
rality of breast samples.

5. Method according to any of the preceding claims,
whereby the breast model data (MD) are modelled
by the steps of

- a determination of a set (x) of a defined plurality
of input feature values (x1, ... , xK) in the first
and/or second image data (ID1, ID2),
- a prognostic determination of a set of target
form parameters (y) of a target form model with
a defined plurality of target form parameters (y1,
..., yL) by means of a data-driven regression
method from the plurality of input feature values
(x1, ... , xK), wherein the plurality of target form
parameters (y1, ..., yL) is smaller than the plu-
rality of input feature values (x1, ... , xK),
- a determination of the breast model data (MD)
from the set of target form parameters (y),
whereby preferably the regression method is
embodied as multiple, multivariate random for-
est regression.

6. Method according to any of the preceding claims,
whereby the first and/or the second acquisition proc-
ess is a scan of the breast in a compressed state.

7. Method according to any of the preceding claims,
whereby the breast model data (MD) represent a
three-dimensional breast model.

8. Method according to any of the preceding claims,
whereby the breast model data (MD) represent a
breast model of the uncompressed breast.

9. Method according to any of the preceding claims,
whereby the first image data (ID1) and the second
image data (ID2) are matched to combined image
data (CID) for display in the form of an image com-
prising matched localisation data (MLD) derived
from matching the first localisation data (LD1) and
the second localisation data (LD2) and bringing them
into a combined coordinate system.

10. Method according to claim 9, whereby correspond-
ing first location data (LD1) and second location data
(LD2) are registered, and preferably the first image
data (ID1) and second image data (ID2) are matched
on the basis of such registration.

11. Method according to any of the preceding claims,
whereby a first image resulting from the first image
data (ID1) and a second image resulting from the
second image data (ID2) are displayed together to a
user and whereby upon the user navigating along
first locations (xa, Ta) based on the first localisation
data (LD1) in the first image, second locations (xb,
Tb) based on the corresponding second localisation
data (LD2) to the first localisation data (LD1) are in-
dicated to the user in the second image or vice versa.

12. Method according to claim 11, whereby in addition
to the first and second images a breast model image
resulting from the breast model data (MD) is also
displayed and whereby upon the user navigating
along first and/or second locations based on the first
and/or second localisation data (LD1, LD2) in the first
and/or second image, model locations in the breast
model image based on the third localisation data
(LD3), corresponding to the first and second locali-
sation data (LD1, LD2) are indicated to the user.

13. Assignment system (33) for assigning first localisa-
tion data (LD1) of a breast (4) of a patient (P) derived
in first image data (ID1), the first image data (ID1)
being the result of a first radiological, to second lo-
calisation data (LD2) of the same breast from second
image data (ID2) derived in a second radiological
data acquisition process or vice versa, comprising:

an assignment unit (43) which in operation as-
signs the first localisation data (LD1) to the sec-
ond localisation data (LD2) by intermediately
mapping them into breast model data (MD) rep-
resenting a patient-specific breast shape of the
patient (P) and then onto the second image data
(ID2) - or vice versa, thereby deriving assign-
ment data (AD1, AD2).

14. An imaging device (31) with an image data acquisi-
tion unit (12) and with an assignment system (33)
according to claim 13.
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15. A computer programme product which can be loaded
directly into the memory of a programmable assign-
ment system (33), by means of programme code, in
order to execute a method as claimed in one of the
claims 1 to 12, when the programme is executed in
the assignment system.
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