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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a device and a
method forimaging techniques. In particular, the present
invention relates to a device and a method for tomosyn-
thesis imaging.

BACKGROUND OF THE INVENTION

[0002] In tomosynthesis, a three-dimensional image
volume is reconstructed using X-ray projections from an
angular range less than 180°, e.g. typically 10° - 60° in
human breast tomosynthesis. Due to the limited angular
range of the setup, the spatial extent of an object under
examination in the principal direction of the X-rays cannot
be accurately reconstructed by known image reconstruc-
tion techniques.

[0003] EP 2,101,648 B1 describes a method and a de-
vice for generating a tomosynthetic three-dimensional X-
ray image, in which a plurality of digital two-dimensional
X-ray projection images are recorded from an examina-
tion object with different projection angles in a limited
angular range with an X-ray source and a digital X-ray
detector, so-called fan artefacts are eliminated by a bi-
nary three-dimensional mask, which is determined from
the projection image data of a first two-dimensional X-
ray image recorded at a first projection angle and the
projection image data of a second two-dimensional X-
ray image recorded at a second projection angle.
[0004] FR 2,978,911 A1 describes a method of illumi-
nating a part of the human body, e.g. a human breast,
with low energy radiation in order to acquire a low energy
image by animaging detector. The body partis positioned
between the radiation source and the detector. A com-
posite medical image is generated from the low and high
energy images by a controller, so that tissues of the body
part are displayable in the composite medical image. A
system for acquisition and processing of a medical image
of a body including an implant is further described.

SUMMARY OF THE INVENTION

[0005] There may be a need to improve the digital im-
age processing for tomosynthesis imaging.

[0006] These needs are met by the subject-matter of
the independent claims 1, 3, and 4. Further exemplary
embodiments are evident from the dependent claims and
the following description.

[0007] Anexample relates to a device for tomosynthe-
sis imaging, the device comprising: a mask generator
module configured to generate a binary mask based on
a geometric three-dimensional model of a scanned ob-
ject; an image capturing module configured to scan a
series of two-dimensional projectionimages of the object;
and an image processing module configured to apply the
generated binary mask during a reconstruction of a three-
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dimensional image volume from the scanned series of
two-dimensional projection images and to restrict an ex-
tent of the reconstructed image volume to the extent of
the geometric model.

[0008] A further example relates to an X-ray medical
imaging system comprising a mammography device and
a device for tomosynthesis imaging.

A further example relates to a method for tomosynthesis
imaging, the method comprising the steps of: generating
a binary mask based on a geometric model of a scanned
object; scanning a series of two-dimensional projection
images of the object; and applying the generated binary
mask to the scanned series of two-dimensional projection
images and restricting an extent of each of the recon-
structed three-dimensional image volume to the dimen-
sions of the geometric model.

[0009] The present invention provides an approach
overcome the occurrence of image artifacts outside the
object due to the limited angular range. Such artifacts
also manifest within the object, e.g. as low frequency
intensity variations because the true attenuation cannot
be recovered.

[0010] The present invention advantageously solves
this problem by applying a mask image generated by a
binary tomosynthesis reconstruction.

[0011] The present invention advantageously also
identifies X-rays with a non-zero line-integral value, using
the spectral information of these X-rays.

[0012] The presentinvention advantageously provides
thatthe multi-energy projection data can be decomposed
into basis materialimages, e.g. absorptions due to photo-
effect and due to Compton-effect. This advantageously
allows a quantitative expression of the length of each ray
through the object if the volume can be decomposed in
mixtures of two materials. This is the case for mammo-
graphic volumes, as breast tissue is in most cases a mix-
ture of fatty and glandular tissue. The decomposition can
then be expressed as height and glandularity.

[0013] If multi-energy projection data are not available,
the local height can also be estimated from conventional
single-energy projection data for those locations where
onetissue type, preferably fatty tissue, dominates. Height
information for the other locations can then be obtained
by interpolation.

[0014] As such height or length information through
the volume is available from images taken at different
angles; one can reconstruct a binary image volume de-
scribing the outer shape of the scanned object. This prob-
lem is in general Non-deterministic Polynomial-time
hard, in short: NP-hard, but can be relaxed by introducing
geometrical priors, e.g. connectedness, smoothness and
convexity constraints. Also further boundary conditions
are known: The maximum length through the breast is
given by the compression height, which is constant over
alarge area across the breast. And also the skin-line can
be correctly delineated at the points where the X-rays
are parallel to the skin.

[0015] This kind of geometric height model information
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can be represented as a binary image. This binary image
can then be used as a mask in the actual tomosynthesis
image formation allows for a better reconstruction of the
object extent in the principal X-ray direction and hence
improves the tomosynthesis:

- allowing a delineation of the breast outline for all slic-
es (i.e. in 3D) and improved background masking;
and

- avoiding the intensity drop towards the breast edge
(no need for a post-processing thickness equaliza-
tion/compensation is given); and

- reduction of resulting image artifacts inside and out-
side the imaged object, for instance, the imaged hu-
man breast.

In other words, the present invention advantageously
proposes to generate a three-dimensional mask image
using length information from spectral image decompo-
sition. This removes image artifacts and overcomes the
need for thickness equalization.

[0016] The method can be used for tomosynthesis im-
ages, as it effectively "looks behind the breast" at angles
which are outside the coverage of the tomosynthesis
scan, which would otherwise be impossible due to the
limited tomo-angle, tomo-angle or tomographic angle is
the amplitude of tube travel expressed in degrees.
[0017] The term "scanned object" or "imaged object"
used within the description of the present invention re-
lates to the object to be scanned or any other object or
part of the human body, for instance, investigated by
Mammography or any other process of using high-or low-
energy X-rays to examine the human breast and used
as a diagnostic and a screening tool.

[0018] The term "energy-resolved X-ray images" or
"spectral X-ray images" may be understood as images
acquired using any kind of X-ray technique, wherein more
than two types of materials can be effectively separated,
e.g. with the use of an energy resolved photon-counting
detector and classification methodology. Specifically,
this applies to the case when contrast agents that contain
K-absorption edges in the energy range of interest are
present in the object. This separation is enabled via the
use of recently developed energy resolved photon-count-
ing detectors with multiple thresholds, which allow simul-
taneous measurements of the x-ray attenuation at mul-
tiple energies.

[0019] The binary mask is based on a geometric three-
dimensional model of a scanned object mask represent-
ing the object’s three-dimensional, possibly curved, spa-
tial extent.

[0020] According to an exemple, the mask generator
module is configured to generate the binary mask based
on the geometric model derived from a laser scanning of
the object. This may be combined with intensity informa-
tion from the projection images.

[0021] This advantageously provides an improved
matching of the geometric three-dimensional model with
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the scanned object.

[0022] According to an exemple, the mask generator
module is configured to generate the binary mask based
on the geometric model derived from image analysis of
the at least one two-dimensional projection image of the
scanned series of two-dimensional projection images of
the object.

This advantageously provides an improved matching of
the geometric three-dimensional model with the scanned
object.

[0023] According to an exemple, the mask generator
module is configured to determine the geometric model
of the object based on an intensity profile of the at least
one two-dimensional projection image of the object.
This advantageously provides an improved matching of
the geometric three-dimensional model with the scanned
object.

[0024] According to an exemple, the image capturing
module is capable of acquiring energy-resolved X-ray
images and the geometric model is derived from a quan-
titative height model obtained from a spectral material
decomposition of the energy-resolved two-dimensional
projection images.

[0025] According to an exemple, the mask generator
module is configured to generate the binary mask using
an object thickness value measured by a mechanical
compression unit.

[0026] Accordingtoanexemple, theimage processing
module is configured to apply the generated binary mask
during a reconstruction procedure of the scanned series
of two-dimensional projection images.

[0027] A computer program performing the method of
the presentinvention may be stored on a computer-read-
able medium. A computer-readable medium may be a
floppy disk, a hard disk, a CD, a DVD, an USB (Universal
Serial Bus) storage device, a RAM (Random Access
Memory), a ROM (Read Only Memory) and an EPROM
(Erasable Programmable Read Only Memory). A com-
puter-readable medium may also be a data communica-
tion network, for example the Internet, which allows
downloading a program code.

[0028] The methods, systems and devices described
herein may be implemented as software in a Digital Sig-
nal Processor, DSP, in a micro-controller or in any other
side-processor or as hardware circuit within an applica-
tion specific integrated circuit, ASIC. The present inven-
tion can be implemented in digital electronic circuitry, or
in computer hardware, firmware, software, or in combi-
nations thereof, e.g. in available hardware of convention-
al mobile devices or in new hardware dedicated for
processing the methods described herein. The present
invention can be implemented for the use of image re-
construction in various image processing applications
and aims at demonstrating the usefulness of this trans-
formation forimage altering and segmentation tasks. Em-
bodiments as provided by the figures not falling under
the scope of the claims serve only to explain the inven-
tion. A more complete appreciation of the invention and
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the attendant advantages thereof will be more clearly un-
derstood by reference to the following schematic draw-
ings, which are not to scale, wherein:

Fig. 1 shows a schematic diagram of a device for
tomosynthesis imaging according to an exemplary
embodiment of the invention;

Fig. 2 shows a schematic flowchart diagram of a
method for tomosynthesis imaging according to an
exemplary embodiment of the invention;

Fig. 3 shows a schematic diagram of an X-ray med-
icalimaging system comprising a mammography de-
vice and a device for tomosynthesis imaging accord-
ing to an exemplary embodiment of the invention;
Fig. 7-9 each shows a back-projection for explaining
the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0029] The illustration in the drawings is purely sche-
matically and does not intend to provide scaling relations
or size information. In different drawings, similar or iden-
tical elements are provided with the same reference nu-
merals. Generally, identical parts, units, entities or steps
are provided with the same reference symbols in the de-
scription.

[0030] Figure 1 shows a schematic diagram of adevice
for tomosynthesis imaging according to an exemplary
embodiment of the invention.

[0031] A device 100 for tomosynthesis imaging may
comprise a mask generator module 101 configured to
generate a binary mask based on a geometric three-di-
mensional model of a scanned object.

[0032] The device 100 may further comprise animage
capturing module 102 configured to scan a series of two-
dimensional projection images of the object.

[0033] Further, the device may comprise an image
processing module 103 configured to apply the generat-
ed binary mask during a reconstruction of a three-dimen-
sional image volume from the scanned series of two-
dimensional projection images and to restrict an extent
of the reconstructed image volume to the extent of the
geometric model.

[0034] Figure 2 shows a schematic flowchart diagram
of a method for tomosynthesis imaging according to an
exemplary embodiment of the invention.

[0035] The method is visualized in terms of a block
diagram. The method may comprise three steps S1, S2,
and S3.

As afirst step of the method, generating S1 a binary mask
based on a geometric model of a scanned object is con-
ducted.

[0036] As a second step of the method, scanning S2
a series of two-dimensional projection images of the ob-
jectis performed. The step of scanning S2 the series may
also be performed prior to the step of generating S1 the
binary mask, if, for instance, the geometric model of the
scanned object is based on produced projection images
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which are scanned in the step of scanning S2 the series.
If, for instance, the binary mask is generated from an
object thickness value measured by a mechanical com-
pression unit, the step of scanning S2 may be performed
subsequently to the step of generating S1 the binary
mask, as illustrated in the schematic flowchart diagram
of Figure 2.

[0037] As a third step of the method, applying S3 the
generated binary mask to the scanned series of two-di-
mensional projection images and restricting an extent of
each of the images to the dimensions of the geometric
model is performed.

[0038] According to an exemplary embodiment of the
invention, these steps may be carried out simultaneously,
divided into multiple operations or tasks or iterated.
[0039] Figure 3 shows a schematic diagram of an X-
ray medical imaging system comprisinga mammography
device and a device for tomosynthesis imaging according
to an exemplary embodiment of the invention.

[0040] An X-ray medical imaging system 300 may
comprise a mammography device 200 and a device 100
for tomosynthesis imaging. According to a further exem-
plary embodiment of the present invention, on the con-
trary to Figure 3, the device for tomosynthesis imaging
may be integrated to the mammography device 200. Fur-
ther, also in contrast to the representation of Figure 3,
the medical imaging system 300 may further comprise
an operator’s computer or a control terminal. The mam-
mography device 200 may comprise a mechanical com-
pression unit, which may contain two plates for com-
pressing the breast during mammography or biopsy.
[0041] Duringthe procedure, the breastis compressed
using the dedicated mammography device. Parallel-
plate compression of the mechanical compression unit
evens outthe thickness of breast tissue toincrease image
quality by reducing the thickness of tissue that x-rays
must penetrate, decreasing the amount of scattered ra-
diation, scatter degrades image quality, reducing the re-
quired radiation dose, and holding the breast still pre-
venting motion blur. Diagnostic mammography may in-
clude cranio-caudal, medio-lateral oblique and other
views, including geometrically magnified and spot-com-
pressed views of the particular area of concern.

[0042] Figure 4-6 show a decomposition of spectral
mammography data: Figure 4 shows a two-dimensional
projection image for explaining the invention. In Figure
4, mammogram data is measured with at least two dif-
ferent energy spectra. Figure 5 shows a decomposition
of the spectral mammogram into a heightimage, the val-
ues are given in mm. Figure 6 illustrates a glandularity
image, also obtained by spectral decomposition, show-
ing the percentage of glandular tissue.

[0043] According to a further exemplary embodiment
of the present invention, the height information is used
and taken from different angles to calculate the three-
dimensional breast shape.

[0044] Figure 7-9 show a back-projection for explain-
ing the invention showing cross-section through a tomo-
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synthesis image volume, the principal X-ray direction is
from top to bottom.

[0045] Figure 7 shows a tomo-synthesis reconstruc-
tion of an elliptical object, e.g. a cross-section through
the breast, shaded in dark gray. The spatial extend of
the object cannot be reconstructed in the principal X-ray
direction, leading to artifacts, the X-rays represented by
the light gray areas, but also by artifacts within the object.
Figure 8 shows a reconstruction using a binary mask
obtained pure by identification of background rays which
can reduce the artifacts. Figure 9 shows a reconstruction
using binary mask generated from a geometric model,
e.g. by the spectral heightimage in Figure 5 in combina-
tion with binary spectral tomosynthesis, recovering the
true object outline, thus also reducing artifacts within the
object.

[0046] Theterm "binary spectral tomosynthesis" refers
to a reconstruction of a binary three-dimensional volume
representing the object’s spatial extent using spectral
mammography projection images.

[0047] In another exemplary embodiment of the
present invention, a computer program or a computer
program element is provided that is characterized by be-
ing adapted to execute the method steps of the method
according to one of the preceding embodiments, on an
appropriate system.

[0048] According to a further exemplary embodiment
of the present invention, the computer program element
mighttherefore be stored on a computer unit, which might
also be part of an embodiment of the present invention.
This computing unit may be adapted to perform orinduce
a performing of the steps of the method described above.
[0049] Moreover, it may be adapted to operate the
components of the above described apparatus. The com-
puting unit can be adapted to operate automatically
and/or to execute the orders of a user. A computer pro-
gram may be loaded into a working memory of a data
processor. The data processor may thus be equipped to
carry out the method of the invention. This exemplary
embodiment of the invention covers both, a computer
program that right from the beginning uses the invention
and a computer program that by means of an up-date
turns an existing program into a program that uses the
invention.

[0050] Further on, the computer program element
might be able to provide all necessary steps to fulfill the
procedure of an exemplary embodiment of the method
as described above.

[0051] According to a further exemplary embodiment
of the present invention, a computer readable medium,
such as a CD-ROM, is presented wherein the computer
readable medium has a computer program element
stored on it, which computer program element is de-
scribed by the preceding section.

[0052] The present invention may be used for X-ray
tomosynthesis in different medical fields, like, for in-
stance, breastimaging, chestimaging, ordentalimaging.
A computer program may be stored and/or distributed on
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a suitable medium, such as an optical storage medium
or a solid state medium supplied together with or as part
of other hardware, but may also be distributed in other
forms, such as via the internet or other wired or wireless
telecommunication systems.

[0053] However, the computer program may also be
presented over a network like the World Wide Web and
can be downloaded into the working memory of a data
processor from such a network.

[0054] According to a further exemplary embodiment
of the presentinvention, a medium for making a computer
program element available for downloading is provided,
which computer program element is arranged to perform
a method according to one of the previously described
embodiments of the invention.

[0055] It has to be noted that embodiments of the in-
vention are described with reference to different subject
matters. In particular, some embodiments are described
with reference to method type claims whereas other em-
bodiments are described with reference to the device
type claims.

[0056] However, a person skilled in the art will gather
from the above and the following description that, unless
otherwise notified, in addition to any combination of fea-
tures belonging to one type of subject matter also any
combination between features relating to different sub-
ject matters is considered to be disclosed with this appli-
cation. However, all features can be combined providing
synergetic effects that are more than the simple summa-
tion of the features.

[0057] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art and practicing the
claimed invention, from a study of the drawings, the dis-
closure, and the appended claims.

[0058] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an"does not exclude a plurality. A single processor
or controller or other unit may fulfill the functions of sev-
eral items recited in the claims. The mere fact that certain
measures are recited in mutually different dependent
claims does not indicate that a combination of these
measures cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting
the scope.

Claims

1. A system, comprising scanning means adapted to
perform a laser scanning of an object; said system
further comprising a device for tomosynthesis imag-
ing, the device comprising:
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- a mask generator module (101) configured to
generate a binary mask based on a geometric
three-dimensional model of said scanned ob-
ject, derived from scanning said object with said
scanning means;

- an image capturing module (102) configured
to scan a series of two-dimensional projection
images of the object; and

- an image processing module (103) configured
to apply the generated binary mask during a re-
construction of a three-dimensional image vol-
ume from the scanned series of two-dimension-
al projection images and to restrict an extent of
the reconstructed image volume to the extent of
the geometric model.

The system according to claim 1, wherein the image
processing module (103) is configured to apply the
generated binary mask during a reconstruction pro-
cedure of the scanned series of two-dimensional pro-
jection images.

An X-ray medical imaging system (300) comprising
a mammography device (200) and a system accord-
ing to any one of claims 1 to 2.

A method for tomosynthesis imaging, the method
comprising the steps of:

- generating (S1) a binary mask based on a ge-
ometric model of a scanned object, derived from
a laser scanning of the object;

- scanning (S2) a series of two-dimensional pro-
jection images of the object; and

- applying (S3) the generated binary mask to the
scanned series of two-dimensional projection
images and restricting an extent of each of the
images to the dimensions of the geometric mod-
el.

The method for tomosynthesis imaging according to
claim 4, wherein the method further comprises the
step of generating a binary mask during a recon-
struction procedure using the scanned series of two-
dimensional projection images.

Patentanspriiche

1.

System, das eine Vorrichtung zum Scannen um-
fasst, die daflr ausgelegt ist, ein Objekt mit einem
Laser zu scannen; des Weiteren umfasstdas besag-
te System ein Gerat zur Tomosynthese-Bildgebung,
wobei das Gerat umfasst:

- ein Maskengenerator-Modul (101), das so kon-
figuriert ist, dass es eine bindre Maske erzeugt,
die auf einem geometrischen dreidimensiona-
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len Modell des besagten gescannten Objekts
beruht, das aus dem Scannen des besagten Ob-
jekts mit der besagten Scanvorrichtung erhalten
wurde;

- ein Bilderfassungs-Modul (102), das so konfi-
guriertist, dass es eine Serie zweidimensionaler
Projektionsbilder des Objekts scannt; und

- ein Bildverarbeitungs-Modul (103), das so kon-
figuriert ist, dass es die erzeugte bindre Maske
bei einer Rekonstruktion eines dreidimensiona-
len Bildvolumens aus der gescannten Serie
zweidimensionaler Projektionsbilder des Ob-
jekts anwendet und die Ausdehnung des rekon-
struierten Bildvolumens auf die Ausdehnung
des geometrischen Modells begrenzt.

System nach Anspruch 1, wobei das Bildverarbei-
tungs-Modul (103) so konfiguriert ist, dass es die er-
zeugte bindre Maske bei einer Prozedur zur Rekon-
struktion der gescannten Serie zweidimensionaler
Projektionsbilder anwendet.

Medizinisches R&ntgenbildsystem (300), das ein
Mammographiegerat (200) umfasst und ein System
nach einem der Anspriche 1 bis 2.

Methode zur Tomosynthese-Bildgebung, wobei die
Methode die Schritte umfasst:

- Erzeugen (S1) einer bindren Maske, die auf
einem geometrischen Modell eines gescannten
Objekts beruht, das aus dem Scannen des Ob-
jekts erhalten wurde;

- Scannen (S2) einer Serie zweidimensionaler
Projektionsbilder des Objekts; und

- Anwenden (S3) der erzeugten bindren Maske
auf die gescannte Serie zweidimensionaler Pro-
jektionsbilder und Begrenzen der Ausdehnung
jedes der Bilder auf die Abmessungen des ge-
ometrischen Modells.

Methode zur Tomosynthese-Bildgebung nach An-
spruch 4, wobei die Methode des Weiteren den
Schritt der Erzeugung einer bindren Maske bei einer
Prozedur zur Rekonstruktion unter Verwendung der
gescannten Serie zweidimensionaler Projektionsbil-
der umfasst.

Revendications

Systéme, comprenant des moyens de balayage ap-
tes a effectuer un balayage par laser d’'un objet ; ledit
systéme comprenant en outre un dispositif d’'image-
rie par tomosynthése, le dispositif comprenant :

- un module générateur de masque (101) con-
figuré pour générer un masque binaire sur la
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base d’un modéle géométrique en trois dimen-
sions dudit objet scanné, obtenu a partir du ba-
layage dudit objet avec lesdits moyens de
balayage ;

- un module de capture d’image (102) configuré
pour balayer une série d'images de projection
en deux dimensions de l'objet ; et

- un module de traitement d'image (103) confi-
guré pour appliquer le masque binaire généré
pendantune reconstitution d’'un volume d’'image
en trois dimensions a partir de la série scannée
d’'images de projection en deux dimensions et
pour limiter une ampleur du volume d’image re-
constituée dans la mesure du modéle géomé-
trique.

Systeme selon la revendication 1, dans lequelle mo-
dule de traitement d'image (103) est configuré pour
appliquer le masque binaire généré pendant une
procédure de reconstitution de la série scannée des
images de projection en deux dimensions.

Systeme d’imagerie médicale a rayons X (300) com-
prenant un dispositif de mammographie (200) et un
systéme selon I'une quelconque des revendications
1a2.

Procédé d’imagerie par tomosynthése, le procédé
comprenant les étapes consistant a :

- générer (S1) un masque binaire sur la base
d’'unmodeéle géométrique d’'un objet scanné, ob-
tenu a partir d’'un balayage par laser de I'objet ;
- balayer (S2) une série d'images de projection
en deux dimensions de l'objet ; et

- appliquer (S3) le masque binaire généré a la
série scannée d’'images de projection en deux
dimensions et limiter une ampleur de chacune
des images aux dimensions du modéle géomé-
trique.

Procédé d'imagerie par tomosynthése selon la re-
vendication 4, dans lequel le procédé comprend en
outre I'étape de génération d’'un masque binaire pen-
dant une procédure de reconstitution en utilisant la
série scannée d’images de projection en deux di-
mensions.
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