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(54) SYSTEM FOR PROVIDING A SPECTRAL IMAGE

(57) The invention refers to a system for providing a
spectral image using a conventional CT system. The sys-
tem comprises a data providing unit (11) for providing
first projection data and second projection data, wherein
the first and second projection data have been acquired
using different acquisition spectra, wherein the first pro-
jection data has been acquired during a scout scan and
the second projection data has been acquired during a
diagnostic scan, or wherein the first and second projec-

tion data have been acquired by a first and second part
of the detector, respectively. The first and second part of
the detector acquire projection data with different acqui-
sition spectra. A spectral image generation unit (12) gen-
erates a spectral image based on the projection data.
With this system a spectral image can be provided using
a conventional CT system with a decreased acquisition
time.



EP 3 632 325 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The invention relates to a system, a method and
a computer program for providing a spectral image.

BACKGROUND OF THE INVENTION

[0002] Generally, spectral images are generated by
using a spectral CT system, for instance, a dual energy
CT system. But, such a specialized spectral CT system
is still not widely available today. Accordingly, it would
be advantageous to provide a system that allows for
spectral imaging using a conventional CT system.

SUMMARY OF THE INVENTION

[0003] It is an object of the present invention to provide
a system, a method and a computer program that allow
for providing a spectral image using a conventional CT
system.
[0004] In a first aspect of the present invention, a sys-
tem for providing a spectral image is presented, wherein
the system comprises a data providing unit for providing
projection data comprising first projection data and sec-
ond projection data acquired using a CT system com-
prising a detector, wherein the first projection data has
been acquired using a first acquisition spectrum and the
second projection data has been acquired using a sec-
ond acquisition spectrum, wherein the first projection da-
ta has been acquired during a scout scan and the second
projection data has been acquired during a diagnostic
scan or wherein the first projection data has been ac-
quired by a first part of the detector and the second pro-
jection data has been acquired by a second part of the
detector, wherein the first part and the second part of the
detector acquire projection data with the first acquisition
spectrum and the second acquisition spectrum, respec-
tively, due to an anode heel effect, and a spectral image
generation unit for generating a spectral image based on
the provided projection data.
[0005] Since the data providing unit provides first pro-
jection data and second projection data, wherein the first
projection data has been acquired during a scout scan
using a first acquisition spectrum and the second projec-
tion data has been acquired during a diagnostic scan
using a second acquisition spectrum, or since the first
projection data is acquired by the first part of the detector
and the second projection data is acquired by the second
part of the detector, wherein the first and the second part
of the detector acquire projection data with a first acqui-
sition spectrum and a second acquisition spectrum, re-
spectively, due to the anode heel effect, it becomes pos-
sible to acquire projection data comprising different spec-
tral information with a conventional CT system. Accord-
ingly, from the spectral information of the first and second
projection data a spectral image can be generated, such

that the system allows to generate a spectral image with
a conventional CT system. Moreover, the first projection
data and the second projection data can be acquired ei-
ther during the same scan by using the first and the sec-
ond part of the detector or the first projection data can
be acquired very fast during a scout scan, for instance,
with a lower resolution than the second projection data,
such that the time for acquiring the first and the second
projection data and thus for acquiring the information
necessary for providing a spectral image using a con-
ventional CT system can be decreased. Thus, a spectral
image can be provided using a conventional CT system
with a decreased acquisition time.
[0006] The data providing unit is adapted to provide
projection data that has been acquired during a CT scan
of an object. The data providing unit can be, for instance,
directly connected to the CT system used for acquiring
the projection data and directly provide the projection da-
ta acquired by the CT system. Moreover, the data pro-
viding unit can also be a part of the CT system acquiring
the projection data. Alternatively, the data providing unit
can be separate from the CT system and/or can be con-
nected, for instance, to a storage unit storing projection
data of the object that has been acquired by the CT sys-
tem. Further, the data providing unit can itself be config-
ured as a storage unit storing the projection data of the
object. The object can be any object scanned by the CT
system, for instance, a human being, an animal or an
inanimate object, like a suitcase. In a preferred embod-
iment, the object is a patient and the CT system is a
conventional medical CT system, wherein a conventional
medical CT system refers to a non-spectral CT system,
i.e. a CT system not specifically constructed to provide
spectral images.
[0007] The projection data provided by the data pro-
viding unit comprises first projection data and second
projection data, wherein the first projection data has been
acquired using a first acquisition spectrum and the sec-
ond projection data has been acquired using a second
acquisition spectrum. The acquisition spectrum refers to
the spectrum of the radiation, i.e. x-ray radiation, provid-
ed by a radiation source, i.e. an x-ray radiation source,
of the CT system. Accordingly, the first projection data
provided by the data providing unit has been acquired
with radiation comprising the first acquisition spectrum
and the second projection data has been acquired with
radiation comprising the second acquisition spectrum.
The first acquisition spectrum and the second acquisition
spectrum are different from each other, i.e. comprise dif-
ferent spectral characteristics.
[0008] In an embodiment, the data providing unit is
adapted to provide first projection data that has been
acquired during a scout scan and second projection data
that has been acquired during a diagnostic scan. A scout
scan refers to a scan of the object that is acquired before
the diagnostic scan. Generally, a scout scan is acquired
in a very fast way and with a signal-to-noise ratio being
lower than the signal-to-noise ratio of a diagnostic image.
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A scout scan can be used for planning the diagnostic
scan, for instance, for determining a region of interest in
a scout image reconstructed based on the projection data
from the scout scan, wherein the diagnostic scan is then
confined to the region of interest determined in the scout
image. Also other functions of a scout scan can be con-
templated, for instance, determining the position of a pa-
tient, radiation dose calculations for the radiation dose
to be provided to the object during the diagnostic scan,
determining or optimizing imaging settings for the diag-
nostic scan, etc. A diagnostic scan refers to a scan of the
object with imaging settings that allow providing a diag-
nosis of the object based on diagnostic images recon-
structed from the projection data acquired during the di-
agnostic scan. These imaging settings can refer, for in-
stance, to a good signal-to-noise ratio, a high resolution,
a high contrast between certain structures of the object,
etc.
[0009] In an embodiment, the data providing unit is
adapted to provide first projection data that has been
acquired by a first part of the detector of the CT system
and second projection data that has been acquired by a
second part of the detector of the CT system. The first
projection data acquired by the first part of the detector
has been acquired with a first acquisition spectrum and
the second projection data acquired by the second part
of the detector has been acquired with a second acqui-
sition spectrum due to the anode heel effect. The anode
heel effect leads to a variation of intensity of radiation,
i.e. x-ray radiation, emitted by an anode of a radiation
source, wherein the variation of the radiation intensity
depends on the direction of the emission of the radiation.
Accordingly, different parts of a detector detecting the
radiation emitted by the radiation source experience ra-
diation with different radiation spectra. Thus, due to the
anode heel effect, different parts of the detector acquire
projection data with different acquisition spectra.
[0010] In this embodiment, the first projection data is
acquired using a first part of the detector and the second
projection data is acquired using a second part of the
detector. The first and the second part of the detector are
defined by being irradiated with different acquisition
spectra. Accordingly, the first and the second part of the
detector are defined by the position and spectral radiation
characteristic of an anode of a radiation source of the CT
system. The first part and the second part of the detector
can refer to any part of the detector that allows the ac-
quisition of projection data with different acquisition spec-
tra due to the anode heel effect. For instance, the first
part of the detector can refer to a first half of the detector
and the second part of the detector can refer to a second
half of the detector in a direction providing different ac-
quisition spectra due to the anode heel effect, wherein
the first and the second part do not overlap. Alternatively,
the first part of the detector and the second part of the
detector can comprise an overlapping region, in which
the first part of the detector and the second part of the
detector overlap. Also, the first part of the detector and

the second part of the detector together can refer to only
a fraction of the detector, i.e. the first part and the second
part together can be smaller than the whole detector. For
instance, the first part of the detector can refer to a first
third of the detector and the second part of the detector
can refer to a second third of the detector, wherein one
third of the detector might not be used for acquiring pro-
jection data. Further, if the detector comprises detector
elements, wherein the detector elements form detector
element rows, the first and the second part can be defined
by the detector element rows. For instance, the first part
can refer to the first three detector rows and the second
part can refer to the last three detector rows in a direction
defined by providing a difference between the acquisition
spectra.
[0011] Moreover, the data providing unit is preferably
adapted to provide third projection data having been ac-
quired using a third acquisition spectrum at a third part
of the detector, wherein also the third part of the detector
acquires projection data with a third acquisition spectrum
due to the anode heel effect. In this preferred embodi-
ment, the spectral image generating unit is adapted to
generate the spectral image based on the provided pro-
jection data comprising the first, second and third projec-
tion data. Furthermore, the data providing unit can be
adapted to provide further projection data, for instance,
fourth projection data, in addition to the first, the second
and the third projection data. Thus, the data providing
unit can provide any number of further projection data in
addition to the first and second projection data, wherein
each further projection data would be acquired with a
further acquisition spectrum using a further part of the
detector, wherein all acquisition spectra comprise differ-
ent spectral characteristics. Also for all further projection
data the corresponding parts of the detector can com-
prise an overlapping region with any of the other parts of
the detector. The spectral image generation unit is in this
case adapted to generate the spectral image also based
on the further projection data.
[0012] The spectral image generation unit is adapted
to generate the spectral image based on the provided
projection data comprising the first projection data and
the second projection data. Since the first projection data
and the second projection data have been acquired with
a first acquisition spectrum and a second acquisition
spectrum, spectral information of the imaged object is
available for generating the spectral image. The spectral
image can be, for instance, a material image, a content
scatter image, a K-edge image, a mono-energetic image,
etc. Moreover, the spectral image generation unit can be
adapted to generate more than one spectral image based
on the provided projection data, for instance, to generate
an image showing a first material of the object and an
image showing a second material of the object. An ex-
emplary method for generating a spectral image is de-
scribed, for instance, in the article "Energy-selective Re-
construction X-ray Computerized Tomography" by R. Al-
varez et al, Physics in Medicin and Biology, volume 21,
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pages 733-744 (1976).
[0013] In an embodiment, the CT system comprises a
radiation source and the first projection data acquired
during a scout scan has been acquired by operating the
radiation source with a first radiation energy and/or by
providing the radiation source with a first filter for filtering
the radiation of the radiation source and the second pro-
jection data acquired during the diagnostic scan has been
acquired by operating the radiation source with a second
radiation energy and/or by providing the radiation source
with a second filter for filtering the radiation of the radia-
tion source. If the radiation source is operated with the
first radiation energy, i.e. with a first voltage, the radiation
emitted by the radiation source will comprise a first ac-
quisition spectrum, i.e. a first spectral characteristic, and
when the radiation source is operated with the second
radiation energy, i.e. a second voltage, the radiation emit-
ted by the radiation source will comprise a second ac-
quisition spectrum, i.e. a second spectral characteristic.
Preferably, the first radiation energy can lie within a range
between 70 and 90 keV, and the second radiation energy
can lie within a range between 120 and 140 keV. Alter-
natively, the second radiation energy can lie within a
range between 70 and 90 keV, and the first radiation
energy can lie within a range between 120 and 140 keV.
Moreover, if the radiation source is provided with a first
filter for filtering the radiation emitted by the radiation
source, the emitted radiation detected by the detector
will comprise a first acquisition spectrum, and if the radi-
ation source is provided with the second filter for filtering
the radiation emitted by the radiation source, the radiation
detected by the detector will comprise a second acquisi-
tion spectrum. Preferably the first and the second filer
can comprise a tin potential filter.
[0014] In an embodiment, the scout scan has been ac-
quired with a tube current being lower than the tube cur-
rent at which the diagnostic image has been acquired
and/or wherein the scout scan has been acquired with a
spatial resolution being lower than the spatial resolution
with which the diagnostic image has been acquired. The
spatial resolution of projection data refers to the amount
of information, i.e. the amount of projection values, per
spatial volume that are acquired during the scanning of
an object, i.e. during the acquisition of the projection data.
The spatial resolution of the projection data depends, for
instance, on the radiation energy with which the projec-
tion data is acquired, on the relative movement of the
detector with respect to the object during the acquisition,
etc. If the projection data is acquired in a helical scan
mode, the spatial resolution further depends on a pitch
with which the projection data is acquired. Moreover, the
spatial resolution can also be changed by adapting, for
instance, the number of projections acquired, the size of
the focal spot, the size of the detector elements by con-
necting or disconnecting detector elements with each
other, etc. If the first spatial resolution is lower than the
second spatial resolution, the first projection data can be
acquired much faster than the second projection data. In

a preferred embodiment, the first projection data ac-
quired with the first resolution corresponds to projection
data that has been acquired during a 3D scout scan. In
other embodiments the scout scan can also be a 2D scout
scan. Moreover, the first projection data can also be ac-
quired during two 2D scout scans. It is necessary in many
medical applications to acquire first a scout scan that
allows to exactly determine the region of interest that
should be imaged during a following diagnostic CT scan.
Accordingly, if the scout scan is acquired using a first
acquisition spectrum, for instance, by operating the ra-
diation source with a first energy, and the follow-up scan,
i.e. diagnostic scan, is acquired using a second acquisi-
tion spectrum, for instance, by operating the radiation
source with a second energy, first and second projection
data, respectively, can be provided without requiring ad-
ditional acquisition time or exposing a patient to addition-
al radiation.
[0015] In an embodiment, the data providing unit is fur-
ther adapted to provide spectral characteristics indicative
of the characteristics of the first acquisition spectrum and
of the second acquisition spectrum, wherein the spectral
generation unit is adapted to generate the at least one
spectral image based further on the provided spectral
characteristics. Preferably, the data providing unit is
adapted to provide spectral characteristics that have
been measured during a calibration measurement using
the CT system and settings of the CT system that are
used for acquiring the projection data. Alternatively, the
data providing unit can be adapted to provide spectral
characteristics that have been modelled using a model
of the CT system, in particular of the radiation source of
the CT system. If the data providing unit provides the first
projection data that has been acquired during a scout
scan and the second projection data that has been ac-
quired during a diagnostic scan, the data providing unit
is further adapted to provide the spectral characteristics
indicative of the first spectrum that have been measured
or modelled for the CT system using the settings of the
CT system used for acquiring the first projection data and
the spectral characteristics indicative for the second
spectrum measured or modelled for the CT system using
the settings used for acquiring the second projection da-
ta. If the data providing unit provides the first projection
data acquired with the first part of the detector and the
second projection data acquired with the second part of
the detector, the data providing unit is further adapted to
provide the spectral characteristics indicative of the char-
acteristics of the first spectrum by measuring or modelling
characteristics of the spectrum of the radiation received
by the first part of the detector and to provide the spectral
characteristics indicative of the characteristics of the sec-
ond acquisition spectrum that has been acquired by
measuring or modelling the radiation received by the sec-
ond part of the detector. An exemplary method using the
spectral characteristics for generating a spectral image
is described, for instance, also in the article "Energy-se-
lective Reconstruction X-ray Computerized Tomogra-
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phy" by R. Alvarez et al, Physics in Medicin and Biology,
volume 21, pages 733-744 (1976).
[0016] In an embodiment, the first projection data ac-
quired with the first part of the detector and the second
projection data acquired with the second part of the de-
tector have been acquired during a same acquisition
scan, wherein the acquisition scan has been performed
in a helical scan mode with a pitch smaller than 1. The
pitch of a CT system in a helical scan mode is defined
as a table distance travelled in one 360° gantry rotation
divided by the detector height, wherein the detector
height is defined as a height of the detector projected on
the rotation axis. Accordingly, a pitch being smaller than
1 refers to a scan mode in which a region of the object
imaged during consecutive 360° gantry rotations partly
overlaps. For instance, during an exemplary first 360°
gantry rotation, a region of the object is imaged by the
first part of the detector, wherein in an exemplary subse-
quent second 360° gantry rotation the same region of the
patient is imaged by the second part of the detector. The
pitch preferably used for acquiring the provided projec-
tion data depends on the extent of the first and/or second
part of the detector in an acquisition scan direction. In a
helical scan mode, the acquisition scan direction is de-
fined as a direction opposite to a direction in which the
table travels, i.e. as a direction parallel to a table in which
the helical trajectory of the radiation source extends.
Moreover, in this preferred embodiment, the first part of
the detector refers to a part of the detector being, in ac-
quisition scan direction, in front of a part of the detector
to which the second part of the detector refers. More pref-
erably, in this embodiment, the pitch is selected such that
the first part of the detector, during a 360° gantry rotation,
images a same region of the object as the second part
of the detector during a subsequent 360° gantry rotation.
Moreover, if the data providing unit is adapted to provide
third projection data, the data projection unit is adapted
to provide projection data that has been acquired using
a pitch determined such that a same region of the object
is imaged by the first part of the detector during a first
360° gantry rotation, the second part of the detector dur-
ing a following 360° gantry rotation of the detector and
by the third part of the detector during a further following
360° gantry rotation of the detector. If the data providing
unit is adapted to further provide additional further pro-
jection data, it is preferred that the pitch has been deter-
mined accordingly. Moreover, the pitch used for acquiring
the projection data can also be determined based on a
maximum pitch that depends on a diameter of a recon-
structed field of view, wherein the pitch is then determined
as maximum pitch divided by the number of projection
data that should be acquired with a different acquisition
spectrum. The number of projection data is, for instance,
2 if first and second projection data are acquired, or 3,
when first, second and third projection data are acquired.
[0017] In an embodiment, the spectral image genera-
tion unit is adapted to reconstruct a first image based on
the first projection data and a second image based on

the second projection data, and to provide the spectral
image by applying an image based spectral separation
on the first and second image. An example for an image
based spectral separation is given, for instance, in the
article "Image-based dual energy CT using optimized
precorrection functions: A practical new approach of ma-
terial decomposition in image domain" by C. MaaB et al.,
Medical Physics, volume 38, pages 3818-3829 (2009).
[0018] Alternatively, the spectral image generation unit
can be adapted to use a machine learning approach to
generate the spectral image. In such an embodiment, in
a training phase, first projection data, second projection
data and spectral images generated based on the first
and the second projection data are provided to the ma-
chine learning system, for instance, to a neural network,
to train the machine learning system, wherein after the
training phase the machine learning system is configured
to generate the spectral image based on provided the
first and second projection data.
[0019] In an embodiment, the first projection data has
been acquired with the first part of the detector and the
second projection data has been acquired with the sec-
ond part of the detector, and the spectral image gener-
ation unit is adapted to reconstruct the first and the sec-
ond image based on the provided projection data com-
prising the first and the second projection data using an
aperture weighted helical reconstruction with shifted ap-
erture weighting functions, wherein for reconstructing the
first image a first aperture weighting function is used be-
ing only non-zero for projection data acquired in the first
part of the detector and wherein for reconstructing the
second image a second aperture weighting function is
used being only non-zero for projection data acquired in
the second part of the detector. A suitable aperture
weighted helical reconstruction with shifted aperture
weighting functions can be found, for instance, in WO
2018050572.
[0020] In an embodiment, the first projection data has
been acquired during a scout scan and the second pro-
jection data has been acquired during a diagnostic scan,
and the spectral image generation unit is adapted to apply
a de-noising algorithm to the first image before applying
the image based spectral separation. An exemplary de-
noising algorithm that can be used with the invention is
described in the article "Nonlinear total variation based
noise removal algorithms" by L. Rudin et al., Physica D,
volume 60, pages 259-268 (1992).
[0021] In an embodiment, the first projection data has
been acquired during a scout scan and the second pro-
jection data has been acquired during a diagnostic scan,
and the spectral image generation unit is adapted to reg-
ister the first and second image with each other before
applying the image based spectral separation. The reg-
istration between the first and the second image can be
performed using any suitable known registration algo-
rithm. One example of a suitable algorithm is described,
for instance, in the article "Evaluation of 4D-CT Lung
Registration" by S. Kabus et al., MICCAI 2009. Lecture
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Notes in Computer Science, volume 5761, pages
747-754 (2009).
[0022] In an embodiment, the spectral image genera-
tion unit is further adapted to segment the first and second
image and to base the registration and the image based
spectral separation on predetermined segments in the
first and second image. The spectral image generation
unit can be adapted to segment the first and second im-
age based on any suitable known segmentation algo-
rithm, for instance, based on an algorithm that segments
the images in accordance with predetermined image val-
ue thresholds. Preferably, if a bone mineral density is to
be determined using the spectral image, the segmenta-
tion can be based on a bone model of the region of in-
terest to segment the respective bones in the region of
interest, wherein then the registration of the first image
and the second image is based on the bones segmented
in the first image and the second image and wherein fur-
ther the image based spectral separation is applied to
the segmented areas, i.e. to the segmented bones. In
case that the accuracy of the segmentation is limited, the
spectral information may be generated based on down-
sampled first and second images. A down-sampled im-
age is here defined as an image generated from an orig-
inal image, wherein for the down-sampled image the im-
age data has been interpolated to a voxel size that is
greater than the voxel size of the original image. The
voxel of a down-sampled image can, for instance, refer
to a voxel merged from eight adjacent voxels of the orig-
inal image.
[0023] In a further aspect of the present invention, a
method for providing a spectral image is presented,
wherein the method comprises providing projection data
comprising first projection data and second projection
data acquired using a CT system comprising a detector,
wherein the first projection data has been acquired using
a first acquisition spectrum and the second projection
data has been acquired using a second acquisition spec-
trum, wherein the first projection data has been acquired
during a scout scan and the second projection data has
been acquired during a diagnostic scan or wherein the
first projection data has been acquired by a first part of
the detector and the second projection data has been
acquired by a second part of the detector, wherein the
first part and the second part of the detector acquire pro-
jection data with the first acquisition spectrum and the
second acquisition spectrum, respectively, due to an an-
ode heel effect, and generating a spectral image based
on the provided projection data.
[0024] In a further aspect of the present invention, a
computer program for providing a spectral image is pre-
sented, wherein the computer program comprises pro-
gram code means for causing the system of claim 1 to
carry out the steps of the method as defined in claim 14
when the computer program is run on a computer con-
trolling the system.
[0025] It shall be understood that the system of claim
1, the method of claim 14 and the computer program of

claim 15 for providing a spectral image of an object have
similar and/or identical preferred embodiments, in par-
ticular as defined in the dependent claims.
[0026] It shall be understood that a preferred embod-
iment of the present invention can also be any combina-
tion of the dependent claims or above embodiments with
a respective independent claim.
[0027] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] In the following drawings:

Fig. 1 shows schematically and exemplarily an em-
bodiment of a system for providing a spectral image
of an object,
Fig. 2 shows schematically and exemplarily an illus-
tration of an aspect of an embodiment of the system,
Fig. 3 shows schematically and exemplarily an illus-
tration of an aspect of a further embodiment of the
system,
Fig. 4 shows schematically and exemplarily aperture
weighting functions suitable to be used with an em-
bodiment of the system,
Figs. 5 and 6 show exemplary spectra for different
parts of a detector acquired without the influence of
the heel effect and with the influence of the heel ef-
fect, respectively, and
Fig 7 shows a flow chart exemplarily illustrating an
embodiment of a method for providing a spectral im-
age of an object.

DETAILED DESCRIPTION OF EMBODIMENTS

[0029] Fig. 1 shows schematically and exemplarily an
embodiment of a system for generating a spectral image.
In this embodiment, the system 10 is adapted to generate
a spectral image of a patient 13 lying on a support means
14, like a patient table. The system 10 comprises a data
providing unit 11 for providing projection data of the pa-
tient 13 acquired by a CT system 15, wherein the CT
system is a conventional CT system, i.e. a non-spectral
CT system. Further, the system 10 comprises a spectral
image generation unit 12 for generating the spectral im-
age of the patient 13.
[0030] In an embodiment, the data providing unit 11 is
adapted to provide projection data of the patient 13 com-
prising first projection data that has been acquired with
the CT system 15 with a first acquisition spectrum and
second projection data acquired with the CT system 15
with a second acquisition spectrum. Preferably, in this
embodiment, the data providing unit 11 is adapted to pro-
vide as first projection data projection data that has been
acquired during a 3D scout scan of the patient 13. The
3D scout scan can be, for instance, an ultra-low dose 3D
scout scan, wherein a radiation source of the CT system
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15 is operated during the 3D scout scan with a first en-
ergy, i.e. with a first voltage, for providing radiation with
a first acquisition spectrum. Further, the data providing
unit 11 is in this embodiment adapted to provide as sec-
ond projection data projection data that has been ac-
quired during a diagnostic scan following the 3D scout
scan of the patient 13. The diagnostic scan has been
acquired with a radiation source operated with a second
energy, i.e. with a second voltage, to acquire second pro-
jection data with a second acquisition spectrum. In this
embodiment, the spectral image generation unit 12 is
adapted to reconstruct, based on the first projection data,
a first image and, based on the second projection data,
a second image and to generate the spectral image
based on the first and second image. This generation of
the spectral image will be explained in more detail in the
following with respect to Fig. 2.
[0031] In Fig. 2, a first image 21 reconstructed based
on the first projection data acquired during the 3D scout
scan and a second image 20 reconstructed based on the
second projection data acquired during the diagnostic
scan are depicted. The spectral image generation unit
12 is adapted to process the first image 21 and the second
image 20 to generate spectral images 24. In a first em-
bodiment, the spectral image generation unit 12 is adapt-
ed to first register the first image 21 and the second image
20 with each other, to provide a known de-noising algo-
rithm to the first image 21, and to then apply an image
based spectral separation algorithm on the first image
21 and the second image 20 to generate the spectral
images 24. In Fig. 2, this processing is schematically il-
lustrated by box 22. Additionally or alternatively, the
spectral image generation unit 12 can be adapted to proc-
ess the first image 21 and the second image 20 by using
a trained neural network, illustrated in Fig. 2 as a box 23.
In this case, the first image 21 and the second image 20
are provided as input to an already trained neural net-
work, wherein the neural network provides the spectral
images 24 as output in accordance with its training.
[0032] Although in the above embodiment the first pro-
jection data was acquired using a first energy for oper-
ating the radiation source and the second projection data
was acquired using a second energy for operating the
radiation source, alternatively or additionally, the first pro-
jection data can be acquired by providing a first filter to
the radiation emitted by the radiation source and the sec-
ond projection data can be acquired by providing a sec-
ond filter to the radiation emitted by the radiation source.
In this case, the first filter and the second filter are se-
lected such that the radiation passing the first filter com-
prises a first acquisition spectrum and the radiation pass-
ing the second filter comprises a second acquisition
spectrum.
[0033] Although in the above embodiment the data pro-
viding unit was adapted to provide the first projection data
as projection data acquired during a 3D scout scan, the
data providing unit can also be adapted to provide the
first projection data as projection data acquired during

another scan, for instance, an additional scan for provid-
ing the first projection data.
[0034] Although in the above embodiment the data pro-
viding unit was adapted to provide the first projection data
having been acquired during a scout scan and the second
projection data having been acquired during a diagnostic
scan, in another embodiment the data providing unit is
adapted to provide first projection data that has been
acquired by a first part of the detector and second pro-
jection data that has been acquired by a second part of
the detector, as will be explained in detail in the following.
[0035] In this embodiment, the CT system 15 compris-
es a multi-row detector, wherein a plurality of detector
elements are arranged in consecutive detector element
rows. With such a multi-row detector, a plurality of image
slices, i.e. projection data corresponding to an image
slice in a reconstructed 3D image, can be acquired at the
same time. The data providing unit 11 is then adapted to
provide as first projection data projection data that has
been acquired by detector element rows in the first part
of the detector and second projection data that corre-
sponds to projection data that has been acquired by de-
tector element rows in a second part of the detector, as
will be explained with reference to Fig. 3 in the following.
[0036] In this embodiment, the data providing unit 11
is adapted to provide projection data acquired in a helical
scan mode. In a helical scan mode, a radiation source
32 and a detector 31 can be regarded as moving on a
helix 33 around the patient 13. The acquisition scan di-
rection 30 is in this case defined as a direction parallel
to the longitudinal, i.e. symmetry, axis of the CT system
in which the radiation source 32 moves, i.e. the direction
opposing the direction in which the patient table 14 moves
during the acquisition of the projection data. A helical
scan mode is further defined by a pitch, wherein the pitch
is defined as a table distance travelled in one 360° gantry
rotation divided by a total thickness of all simultaneously
acquired image slices, i.e. the pitch determines the dis-
tance between the windings of the helix 13 the radiation
source 32 follows with respect to the object. In this em-
bodiment, the pitch is chosen as being smaller than 1,
such that a same region of a scanned object is imaged
with different parts of the detector at subsequent revolu-
tions, i.e. 360° gantry rotations.
[0037] In the embodiment shown in Fig. 3, the projec-
tion data acquired by detector 31 comprises first projec-
tion data, second projection data and third projection da-
ta. The first projection data is acquired with a first part
341 of the detector 31 comprising in this embodiment the
last six detector element rows of detector 31 in acquisition
direction 30. The second projection data is acquired with
the second part 351 of the detector 31, referring in this
embodiment to the middle six rows of detector 31, and
the third projection data is acquired with a third part 361
of the detector 31, referring in this embodiment to the
first six rows of detector 31 in acquisition direction 30.
The pitch is in this embodiment chosen such that a same
region of the object is imaged by the third part 361 during
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a gantry revolution, by the second part 351 during a sub-
sequently following gantry revolution, and by the first part
341 during the next subsequently following gantry revo-
lution. Moreover, due to the anode heel effect of the ra-
diation source 32, the first part 341, the second part 351
and the third part 361 of the detector 31 receive radiation
comprising a first, a second and a third acquisition spec-
trum, respectively.
[0038] Figs. 5 and 6 illustrate the respective heel effect
for the three parts 341, 351, 361 of the detector for an
exemplary CT system. Both figures show a first tube out-
put spectrum 54, 64 corresponding to the first part 341
of the detector 31, a second tube output spectrum 53, 63
corresponding to the second part 351 of the detector 31,
and a third tube output spectrum 52, 62 corresponding
to the third part 361 of the detector 31, wherein the X-
axis 51, 61 reflects the photon energy in keV and the Y-
axis 50, 60 depicts the values of the tube output spectra.
Fig. 5 shows the first tube output spectrum 54, second
tube output spectrum 53 and third tube output spectrum
52, i.e. the first, second and third acquisition spectrum,
wherein the radiation emitted by the radiation source has
been filtered using an aluminum wedge filter to compen-
sate for the heel effect, as commonly applied during CT
image acquisition. As is illustrated, the spectra for the
different parts of the detector only show very small dif-
ferences.
[0039] Fig. 6 shows the first tube output spectrum 64,
second tube output spectrum 63 and third tube output
spectrum 62, i.e. the first, second and third acquisition
spectrum, without the application of a heel effect com-
pensation filter. It is illustrated that in this case the spectra
for the different parts of the detector are clearly distin-
guishable and show different spectral characteristics. Ac-
cordingly, projection data acquired with these different
acquisition spectra provide different spectral information,
as can be utilized in an embodiment of the invention.
[0040] Accordingly, now referring again to Fig. 3, the
image generation unit in this embodiment is adapted to
reconstruct a first image 342 from the first projection data
acquired with the first part 341 of the detector 31, a sec-
ond image 352 from the second projection data acquired
with the second part 351 of the detector 31 and a third
image 362 from the third projection data acquired by the
third part 361 of the detector 31. In this embodiment,
spectral image generation unit 12 is adapted to recon-
struct the first image 342, the second image 352 and the
third image 362 from the projection data comprising the
first, second and third projection data using an aperture
weighted helical reconstruction algorithm with shifted ap-
erture weighting functions. An example for suitably shift-
ing aperture weighting functions is depicted in Fig. 4.
[0041] The graph shown in Fig. 4 comprises an X-axis
41 referring to a respective detector row and a Y-axis 40
referring to values of the weighting function. In this em-
bodiment, the first image 342 is reconstructed with a first
weighting function 42, the second image 352 is recon-
structed with a second weighting function 43 and the third

image 362 is reconstructed with a third weighting function
44. As illustrated in Fig. 4, the first weighting function 42,
the second weighting function 43 and the third weighting
function 44 only comprise function values substantially
greater than zero for detector element rows correspond-
ing to the part of the detector 341, 351, 361 to which the
respective image that is to be reconstructed corresponds.
Accordingly, the first, second and third image can in this
embodiment directly be reconstructed from the projection
data comprising the first, second and third projection data
and it is not necessary to provide the first, second and
third projection data as separate data sets for recon-
structing the respective images.
[0042] Since the first image 342, the second image 352
and the third image 362 each correspond to projection
data acquired with a different acquisition spectrum, spec-
tral information can be derived from the three images.
Accordingly, in this embodiment, the spectral image gen-
eration unit 12 is adapted to generate the spectral image
based on the first image 342, the second image 352 and
the third image 362.
[0043] Although in the above embodiment the data pro-
viding unit is adapted to provide three projection data
sets, i.e. the first, second and third projection data, having
been acquired by three parts of the detector, in another
embodiment the data providing unit can be adapted to
provide only two projection data sets or to provide more
than three projection data sets, wherein the spectral im-
age generation unit is then adapted to generate the spec-
tral image based on the two or more projection data sets.
[0044] Although in the above embodiment the data pro-
viding unit is adapted to provide the third image having
been acquired by a third part of the detector, in another
embodiment the data providing unit can be adapted to
provide the third projection data as projection data that
has been acquired during a scout scan, in particular dur-
ing a 3D scout scan. In such an embodiment, the spectral
image can be generated based on three projection data
sets that have been acquired using three very different
acquisition spectra. Thus, even more spectral informa-
tion can be provided for generating the spectral image.
[0045] Although in the above embodiments the spec-
tral image generation unit was adapted to generate the
spectral image based on images, for instance, a first im-
age and a second image, reconstructed from the provid-
ed projection data, the spectral image generation unit
can also be adapted to generate the spectral image di-
rectly from the provided projection data, for instance, the
first projection data and the second projection data. In
such an embodiment, the spectral image generation unit
can be, for instance, adapted to use a trained neural net-
work to generate the spectral images from the provided
projection data.
[0046] Fig. 7 shows a flow chart exemplarily illustrating
an embodiment of a method for generating a spectral
image of an object. The method 700 comprises a first
step 710 of providing the projection data comprising first
projection data and second projection data acquired us-

13 14 



EP 3 632 325 A1

9

5

10

15

20

25

30

35

40

45

50

55

ing the CT system 15 in accordance with one of the em-
bodiments described above. Further, the method com-
prises a second step 720 of generating a spectral image
based on the provided projection data, as also disclosed
in the above embodiments.
[0047] In the present invention, it is proposed to per-
form a 3D scout scan at a first energy, i.e. by operating
the radiation source at a first energy, with a first filtration,
i.e. by providing a first filter to the radiation emitted by
the radiation source, while performing a diagnostic scan
of a planned sub volume of the 3D scout scan at a second
energy and a second filtration. This leads to spectral in-
formation being available for the same image volume,
i.e. the sub volume. In this case, spectral information can
be generated on a conventional CT scanner from the 3D
scout scan and the diagnostic scan, wherein no addition-
al hardware is required.
[0048] The following steps are proposed for an embod-
iment of this invention. First, a 3D scout scan with a first
energy and with a first filtration and a diagnostic scan at
a planned sub volume of the 3D scout scan at a second
energy and a second filtration are performed. Next, im-
age volumes at identical positions and volume sizes are
reconstructed for both scans, i.e. based on the provided
projection data of the two scans. In case that motion has
occurred, i.e. that the patient has moved, between the
3D scout scan and the diagnostic scan an image based
registration can be performed on the image volumes, i.e.
on the first image and the second image. Subsequently,
an image based spectral separation is applied to the im-
age volumes, i.e. the first image and the second image,
to generate photo, Compton, mono-E, or material imag-
es, i.e. spectral images. Alternatively to a hand-crafted
image based spectral separation algorithm, a machine
learning based approach can be used, wherein for in-
stance a neural network is trained for a spectral separa-
tion, wherein the neural network can be additionally
trained to provide, if necessary, a de-noising to the image
volumes, particularly to the first image. In case informa-
tion on bone mineral density is a primary target of the
diagnosis, a model based bone segmentation may be
applied to both image volumes and only voxels inside
the segmented bones are registered and used for the
image based spectral separation. In case that the accu-
racy of the segmentation is limited, the spectral informa-
tion may be generated on a down-sampled data set.
[0049] In one embodiment of the invention, it is further
proposed to make use of the anode heel effect, which
modifies the spectrum of an x-ray beam across the de-
tector element rows in z-direction, i.e. in acquisition di-
rection, when using a cone beam CT system. Using a
low pitch helical acquisition and a reconstruction with
shifted aperture weighting functions, multiple images can
be reconstructed which correspond to data acquired with
certain detector element rows, i.e. with different parts of
the detector. Thereby, image volumes with different
spectral information are generated and can be exploited
using image based spectral separation.

[0050] Although the data might have a low spectral
separation yielding a limited signal to noise ratio in the
material decomposition, these image volumes can be ad-
vantageously used to generate spectral images using
known separation approaches or machine learning meth-
ods for the spectral separation.
[0051] Accordingly, the following steps are proposed
for an embodiment of the invention. First, a spectral anal-
ysis of the CT scanner, which is used for acquiring the
projection data, can be performed via calibration or phys-
ical modelling, such that a detector element row depend-
ent spectral characteristic generated by the anode heel
effect is determined. Then, projection data can be ac-
quired in a helical scan mode with a low pitch smaller
than 1. Subsequently, image volumes at identical posi-
tion, volume size, and resolution can be reconstructed
using aperture weighted helical reconstruction with shift-
ed aperture weighting functions. Since redundant data
are acquired due to the low pitch, the aperture weighting
function can be chosen in a way that it is only significantly
non-zero in a certain area of the detector. Depending on
the pitch, two or even more image volumes can be re-
constructed using different data and yielding different ef-
fective acquisition spectra. Accordingly, an image based
spectral separation based on the multiple image volumes
reconstructed in the previous step with different spectral
characteristics can be performed. Moreover, while mul-
tiple images with different spectral characteristics can be
generated using this method, a conventional CT image
is also always available when all data is taken into ac-
count for the reconstruction. In further embodiments, an
additional beam filter may be used to increase the heel
effect induced modification of the spectrum.
[0052] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art and practicing the planned invention from the study
of the drawings, the disclosure and the appendant claims.
[0053] 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.
[0054] A single unit or device may fulfill the functions
of several items to be cited 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.
[0055] Procedures like the generating of the spectral
image or the providing of the projection data performed
by one or several units or devices can be performed by
any other number of units or devices. The procedures
and/or the operations of the system can be implemented
as program code means of a computer program and/or
as dedicated hardware. A computer program may be
stored/distributed in a suitable medium, such as an op-
tical storage medium or a solid state storage medium,
supplied together with or as part of other hardware, but
might also be distributed in other forms, such as via the
internet or other wired or wireless telecommunication
systems.
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[0056] Any reference signs in the claims should not be
construed as limiting the scope.
[0057] The invention refers to a system for providing a
spectral image using a conventional CT system. The sys-
tem comprises a data providing unit for providing first
projection data and second projection data, wherein the
first and second projection data have been acquired us-
ing different acquisition spectra, wherein the first projec-
tion data has been acquired during a scout scan and the
second projection data has been acquired during a diag-
nostic scan, or wherein the first and second projection
data have been acquired by a first and second part of
the detector, respectively. The first and second part of
the detector acquire projection data with different acqui-
sition spectra. A spectral image generation unit gener-
ates a spectral image based on the projection data. With
this system a spectral image can be provided using a
conventional CT system with a decreased acquisition
time.

Claims

1. A system for providing a spectral image, wherein the
system comprises:

a data providing unit (11) for providing projection
data comprising first projection data and second
projection data acquired using a CT system
comprising a detector, wherein the first projec-
tion data has been acquired using a first acqui-
sition spectrum and the second projection data
has been acquired using a second acquisition
spectrum, wherein the first projection data has
been acquired during a scout scan and the sec-
ond projection data has been acquired during a
diagnostic scan or wherein the first projection
data has been acquired by a first part of the de-
tector and the second projection data has been
acquired by a second part of the detector,
wherein the first part and the second part of the
detector acquire projection data with the first ac-
quisition spectrum and the second acquisition
spectrum, respectively, due to an anode heel
effect, and
a spectral image generation unit (12) for gener-
ating a spectral image based on the provided
projection data.

2. The system according to claim 1, wherein the CT
system comprises a radiation source and wherein
the first projection data acquired during a scout scan
has been acquired by operating the radiation source
with a first radiation energy and/or by providing the
radiation source with a first filter for filtering the ra-
diation of the radiation source and the second pro-
jection data acquired during a diagnostic scan has
been acquired by operating the radiation source with

a second radiation energy and/or by providing the
radiation source with a second filter for filtering the
radiation of the radiation source.

3. The system according to any of claims 1 and 2,
wherein the scout scan has been acquired with a
tube current being lower than the tube current at
which the diagnostic image has been acquired
and/or wherein the scout scan has been acquired
with a spatial resolution being lower than the spatial
resolution with which the diagnostic image has been
acquired.

4. The system according to any of claims 1 to 3, wherein
the scout scan is a 3D scout scan.

5. The system according to any of claims 1 to 4, wherein
the data providing unit (11) is further adapted to pro-
vide spectral characteristics indicative of the char-
acteristics of the first acquisition spectrum and of the
second acquisition spectrum, wherein the spectral
generation unit is adapted to generate the at least
one spectral image further based on the provided
spectral characteristics.

6. The system according to any of claims 1 and 5,
wherein the first projection data acquired with the
first part of the detector and the second projection
data acquired with the second part of the detector
have been acquired during the same acquisition
scan, wherein the acquisition scan has been per-
formed in a helical scan mode with a pitch smaller
than 1.

7. The system according to claim 6, wherein the pitch
used for the acquisition scan depends on the extent
of the first and/or second part of the detector in an
acquisition scan direction.

8. The system according to any of claims 1 and 5 to 7,
wherein the CT system comprises a radiation source
and wherein the first projection data acquired with
the first part of the detector and the second projection
data acquired with the second part of the detector
have been acquired using a spectral filter that in-
creases a spectral difference of the first acquisition
spectrum and the second acquisition spectrum
caused by the anode heel effect.

9. The system according to any of claims 1 to 8, wherein
the spectral image generation unit (12) is adapted
to reconstruct a first image based on the first projec-
tion data and a second image based on the second
projection data, and to provide the spectral image
by applying an image based spectral separation on
the first and second image.

10. The system according to claim 9, wherein the first
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projection data has been acquired with the first part
of the detector and the second projection data has
been acquired with the second part of the detector,
and wherein the spectral image generation unit (12)
is adapted to reconstruct the first and the second
image based on the provided projection data com-
prising the first and the second projection data using
an aperture weighted helical reconstruction with
shifted aperture weighting functions, wherein for re-
constructing the first image a first aperture weighting
function is used being only non-zero for projection
data acquired in the first part of the detector and
wherein for reconstructing the second image a sec-
ond aperture weighting function is used being only
non-zero for projection data acquired in the second
part of the detector.

11. The system according to claim 9, wherein the first
projection data has been acquired during a scout
scan and the second projection data has been ac-
quired during a diagnostic scan, and wherein the
spectral image generation unit (12) is adapted to ap-
ply a de-noising algorithm to the first image before
applying the image based spectral separation.

12. The system according to any of claims 9 and 11,
wherein the first projection data has been acquired
during a scout scan and the second projection data
has been acquired during a diagnostic scan, and
wherein the spectral image generation unit (12) is
adapted to register the first and second image with
each other before applying the image based spectral
separation.

13. The system according to claim 12, wherein the spec-
tral image generation unit (12) is further adapted to
segment the first and second image and to base the
registration and the image based spectral separation
on predetermined segments in the first and second
image.

14. A method for providing a spectral image, wherein
the method comprises:

providing projection data comprising first projec-
tion data and second projection data acquired
using a CT system comprising a detector,
wherein the first projection data has been ac-
quired using a first acquisition spectrum and the
second projection data has been acquired using
a second acquisition spectrum, wherein the first
projection data has been acquired during a scout
scan and the second projection data has been
acquired during a diagnostic scan or wherein
the first projection data has been acquired by a
first part of the detector and the second projec-
tion data has been acquired by a second part of
the detector, wherein the first part and the sec-

ond part of the detector acquire projection data
with the first acquisition spectrum and the sec-
ond acquisition spectrum, respectively, due to
an anode heel effect, and
generating a spectral image based on the pro-
vided projection data.

15. A computer program for providing a spectral image,
wherein the computer program comprises program
code means for causing the system of claim 1 to
carry out the steps of the method as defined in claim
14 when the computer program is run on a computer
controlling the system.
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