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Description

[0001] The following generally relates to K-edge imaging. While it is described with particular application to computed
tomography (CT), it also relates to other medical imaging and non-medical imaging applications.

[0002] US 2008/0137803 A1 discloses a diagnostic imaging system comprising a high frequency electromagnetic
energy source that emits a beam of high frequency electromagnetic energy toward an object to be imaged and be
resolved by the system. The system further comprises a detector that receives high frequency electromagnetic energy
emitted by the high frequency electromagnetic energy source and a data acquisition system operably connected to the
detector. The system also comprises a computer operably connected to the data acquisition system and programmed
to employ an inversion table or function to convert N+2 measured projections at different incident spectra into material
specific integrals for N+2 materials that comprise two non K-edge basis materials and N K-edge contrast agents, wherein
N comprises an integer greater than or equal to 1.

[0003] WO 2008/078255 A2 discloses an energy-resolving detection system for detecting radiation, wherein the de-
tection system comprises a first layer for absorbing a part of the radiation, a radiation quanta counting unit comprising
a second layer for counting radiation quanta of the radiation, and a read-out unit coupled with the radiation quanta
counting unit for reading out the radiation quanta counting unit, wherein the first layer and the second layer are arranged
such that the radiation, which is incident on the detection system and which reaches the second layer, has passed the
first layer.

[0004] WO 2006/084382 A1 discloses an image signal modifier composition for imaging of biological tissue, wherein
the composition comprises a) two or more signal modifying agents, each of the agents being specific for at least one
imaging modality, and b) a carrier comprising the two or more signal modifying agents, wherein the carrier is capable
of retaining a sufficient amount of the agents for a time sufficient to acquire imaging data using the composition.
[0005] A conventional computed tomography (CT) scanner includes an x-ray tube mounted on a rotatable gantry
opposite one or more detectors. The x-ray tube rotates around an examination region located between the x-ray tube
and the one or more detectors and emits polychromatic radiation that traverses the examination region and a subject
and/or object disposed in the examination region. The one or more detectors detect radiation that traverses the exam-
ination region and generate a signal or projection data indicative of the examination region and the subject and/or object
disposed therein. The projection data is used to reconstruct volumetric image data thereof, and the volumetric data can
be used to generate one or more images of the subject and/or object. The resulting image(s) includes pixels that typically
are represented in terms of grey scale values corresponding to relative radiodensity.

[0006] The grey scale values reflect the attenuation characteristics of the scanned subject and/or object, and generally
show structure such as anatomical structures within a patient, physical structures within an inanimate object, and the
like. However, since the absorption of a photon by a material is dependent on the energy of the photon traversing the
material, the detected radiation also includes spectral information, which provides additional information such as infor-
mation indicative of the elemental or material composition (e.g., atomic number) of the tissue and/or material of the
subject and/or object. Unfortunately, conventional CT projection data does not reflect the spectral characteristics as the
signal output by the one or more detectors as proportional to the energy fluence integrated over the energy spectrum.
In spectral CT, the spectral characteristics are leveraged to provide further information such as information indicative of
elemental composition.

[0007] A spectral CT system may include an energy resolving photon counting detector such as a direct conversion
CZT detector (or CdTe, Si, GaAs, etc) that produces an electrical signal for each photon that it detects, wherein the
electrical signal is indicative of the energy of that photon. A pulse shaper processes the signal and produces a voltage
or current pulse with the peak amplitude indicative of the energy of the detected photon. A discriminator compares the
amplitude of the pulse with one or more thresholds that are set in accordance with different energy levels. A counter
counts, for each threshold, the number of times the amplitude exceeds the threshold. A binner bins or assigns a detected
photon to an energy window based on the counts. The resulting energy-resolved detected photons provide information
that can be used for spectral reconstruction of the signals for the detected photons.

[0008] K-edge imaging leverages the fact that high-Z elements tend to attenuate photons to a much higher extent
above a particular energy, the K-edge energy of the given element, relative to attenuating photons just below the K-
edge energy. The discontinuity in

the attenuation behaviour of the element can be detected using an energy resolving photon counting detector such as
the one noted above. Generally, since the K-edge of iodine is located at a rather low energy of around 33 keV, iodine
is not well suited for K-edge imaging when the total attenuation is large and the x-ray spectrum is hardened considerably
upon passage through the patient. One way to improve the sensitivity is to use an element with higher Z than iodine
such as gadolinium, which has a K-edge at around 50 keV. Beam hardening at this energy is much less important and
yields relative good results even for high attenuation.

[0009] However, there is an unresolved need to further improve the sensitivity in K-edge imaging.

[0010] Aspects of the present application address the above-referenced matters and others.
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[0011] According to one aspect, an imaging system includes a radiation source that emits poly-chromatic radiation
that traverses an examination region and a detector that detects radiation traversing the examination region and produces
a signal indicative of the energy of a detected photon. The system further includes an energy discriminator that energy
resolves the signal based on a plurality of different energy thresholds, wherein at least two of the energy thresholds
have values correspondable to at least two different K-edge energies of two different elements in a mixture disposable
in the examination region. The system also includes a signal decomposer that decomposes the energy-resolved signal
into at least a multi K-edge component representing the at least two different K-edge energies to which the values of
the at least two energy thresholds are correspondable.

[0012] The mixture is a contrast agent and a stoichiometric ratio of the two different elements in the contrast agent is
known and substantially constant. The stoichiometric ratio and the K-edge energies can provide a unique finger print
for the mixture of the two different elements. Itis preferred that the two different elements are part if a single contrast agent.
[0013] In another aspect, a method includes detecting poly-chromatic radiation emitted by a radiation source that
traverses an examination region and generating a signal indicative of the energy of a detected photon. The method
further includes energy-resolving the signal based on a plurality of different energy thresholds, wherein at least two of
the energy thresholds have values corresponding to at least two different K-edge energies of two different elements of
a mixture disposed in the examination region, wherein a stoichiometric ratio of the two different elements of the mixture
is known. The method further includes decomposing the energy-resolved signal into at least a multi K-edge component
representing the at least two different K-edge energies. The method further includes reconstructing a multi K-edge image
based on the multi K-edge component and the stoichiometric ratio to generate volumetric image data indicative of the
two different elements.

[0014] In another aspect, a computer readable storage medium containing instructions which, when executed by a
computer, cause the computer to perform the steps of: detecting poly-chromatic radiation traversing the examination
region; producing a signal indicative of an energy of a detected photon; energy discriminating the signal based on a
plurality of different energy thresholds, wherein at least two of the energy thresholds have values correspondable to at
least two different K-edge energies of two different elements disposable in the examination region; and decomposing
the energy-resolved signal into a multi K-edge component representing the at least two different K-edge energies to
which the values of the at least two energy thresholds are correspondable. The mixture is a contrast agent, wherein a
stoichiometric ratio of the two different elements in the contrast agent is known and substantially constant.

[0015] Itis preferred that the instructions, when executed by the computer, cause the computer to further perform the
steps of: reconstructing the multi K-edge component based on a stoichiometric ratio of the two different elements in a
contrast agent, wherein the stoichiometric ratio is known and substantially constant.

[0016] Still further aspects of the present invention will be appreciated to those of ordinary skill in the art upon reading
and understand the following detailed description.

[0017] The invention may take form in various components and arrangements of components, and in various steps
and arrangements of steps. The drawings are only for purposes of illustrating the preferred embodiments and are not
to be construed as limiting the invention.

FIGURE 1 illustrates an imaging system.

FIGURE 2 illustrates an example pulse energy discriminator.
FIGURE 3 illustrates an example component decomposer.
FIGURE 4 illustrates an example multi K-edge attenuation curve.
FIGURE 5 illustrates a method.

[0018] With reference to FIGURE 1, a computed tomography (CT) system 100 includes a generally stationary gantry
102 and a rotating gantry 104, which is rotabably supported by the stationary gantry 102. The rotating gantry 104 rotates
around an examination region 106 about a longitudinal or z-axis 108. An x-ray source 110, such as an x-ray tube, is
supported by the rotating gantry 104 and emits poly-energetic radiation. A collimator 112 collimates the radiation beam
to produce a generally cone, fan, wedge or other shaped radiation beam that traverses the examination region 106.
[0019] Aradiation sensitive detector array 116 detects photons thattraverse the examination region 106. The illustrated
detector 116 is an energy-resolving detector such as a direct conversion detector (e.g., Si, Ge, GaAs, CdTe, CdZnTe,
etc.) or a scintillator-based detector that includes a scintillator in optical communication with a photosensor. The detector
116 generates an electrical signal, such as electrical currents or voltages, for each detected photon.

[0020] A pre-amplifier 118 amplifies the electrical signal output by the detector 116. A pulse shaper 120 processes
the amplified electrical signal and generates a pulse such as voltage or other pulse indicative of the energy of the detected
photon. An energy discriminator 122 energy discriminates the pulse. In the illustrated example, the energy discriminator
122 includes a comparator 124 that compares the amplitude of the pulse with two or more different energy thresholds,
which correspond to different energies of interest. The comparator 124 produces an output signal indicative of the energy
of the photon based on the comparison.
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[0021] A threshold setter 126 sets the thresholds. As described in greater detail below, the threshold setter 126 may
be used to set two or more of the thresholds in accordance with the K-edge energies of elements of interest, such as
different contrast elements in a contrast agent administered to a patient to be scanned. Using two or more thresholds
tuned to the K-edges of two or more different Z elements in a given contrast agent may increase the sensitivity of the
K-edge imaging technique. As such, when the system 100 is configured with tuneable thresholds, it may be desirable
to tune the thresholds to the K-edge energies. Of course, thresholds may also be set to distinguish between Compton
effect and photo-electric effect components.

[0022] A counter 128 increments a count value for each threshold based on the output of the energy discriminator
122. For instance, when the output of the comparator 124 for a particular threshold indicates that the amplitude of the
pulse exceeds the corresponding threshold, the count value for that threshold is incremented. A binner 130 energy bins
the signals and, hence, the photons into two or more energy bins based on the counts. An energy bin encompasses an
energy range or window. For example, a bin may be defined for the energy range between two thresholds, where a
photon resulting in a count for the lower threshold but not for higher threshold would be assigned to that bin.

[0023] Asignal decomposer 132 decomposes the energy-resolved signals into various energy dependent components.
For example, in one instance a detected energy-resolved signal is decomposed into a Compton component, a photo-
electric component, and a multi K-edge component representative of two or more K-edge materials in a contrast agent.
It is to be appreciated that a maximum likelihood or another decomposition technique may alternatively be used.
[0024] A reconstructor 134 selectively reconstructs the detected signals. In one instance, this includes reconstructing
the Compton, photo-electric, and/or multi K-edge components, individually or in combination. For the multi K-edge
component, the stoichiometric ratio of the contrast elements in the contrast agent should be known and constant in order
to characterize the attenuation of the elements as a function of energy.

[0025] A characterization bank 136 includes information that characterizes the elements contributing to the multi K-
edge component as such. This information may include a K-edge energy of the two or more elements, the stoichiometric
ratio of the elements, etc. Such information is used when reconstructing the multi K-edge component as described in
greater detail below.

[0026] A general purpose computer serves as an operator console 138. The console 138 includes a human readable
output device such as a monitor or display and an input device such as a keyboard and mouse. Software resident on
the console 138 allows the operator to interact with the scanner 100 via a graphical user interface (GUI) or otherwise.
Such interaction may include selecting a scan protocol such as a multi K-edge imaging protocol, setting an energy-
discriminating threshold, etc.

[0027] An object support 140 such as a couch supports a patient or other object in the examination region 106. The
object support 140 is movable so as to guide the object with respect to the examination region 106 for performing a
scanning procedure.

[0028] As briefly discussed above, the scanner 100 may be used for multi K-edge component imaging of at least two
different contrast elements in a contrast agent in a subject or object where the stoichiometric ratio of the elements is
known and constant. With such an application, at least two of the thresholds of the comparator 124 are set in accordance
with the K-edge energies of the at least two different contrast elements. The following describes an example for a contrast
agent that includes both iodine and gadolinium for explanatory purposes and sake of brevity. It is to be understood that
other contrast agents including the same or more and/or similar or different contrast materials are also contemplated
herein.

[0029] FIGURE 2 illustrates a non-limiting example of the comparator 124 with two thresholds set in accordance with
two different K-edge energies for two different elements in a contrast agent. As illustrated, the comparator 124 includes
N sub-comparators 124, ..., 124,, ..., 1245, ..., 124y, wherein N is an integer equal to or greater than four. Each of the
sub-comparators 124 includes a first input, which receives the output of the pulse shaper 120. Each of the comparators
124 also includes a second input, which receives a corresponding threshold value THy, ... THo, ... THs, ..., THy.
[0030] In this example, two of the thresholds are respectively set based on the K-edge energies of iodine (K-edge ~
33 keV) and gadolinium (K-edge ~ 50 keV). Two other thresholds are set to distinguish between the Compton effect and
the photo-electric effect. Where more or different elements having a desired K-edge are present in the contrast, one or
more other thresholds may be set accordingly. For example, where the contrast agent includes Gold (K-edge ~ 80 keV),
a threshold can be set accordingly. Generally, the K-edge energies should fall within the diagnostic imaging range of
about 25 keV to about 150 keV. In one instance, the threshold setter 126 sets at least one of the thresholds based on
aselected scan protocol. In anotherinstance, an operator uses the threshold setter 126 to set atleast one of the thresholds.
[0031] For each of the comparators 124, ..., 124,, ..., 1245, ..., 124, when the amplitude of the incoming pulse
exceeds the corresponding threshold, the output of the comparator 124, ..., 124,, ..., 1245, ..., 124 changes state, for
example, goes from low to high, 0 to 1, or other transition. The output of the comparator 124 is fed to the counter 128,
which increments a count for each threshold based on a state transition.

[0032] FIGURE 3 illustrates an example signal decomposer 132. The following provides an example for the four
threshold case, which includes two thresholds that can be used to distinguish between the Compton effect and the photo-
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electric effect, a threshold for a first K-edge energy and a threshold for a second K-edge energy. In this example, the
signal decomposer 132 receives at least three energy-resolved detection signals d;, wherein i is an integer, for the
different energy bins. The detection signal d; shows a spectral sensitivity D, (E) of the i-th energy bin b;. Furthermore,
the emission spectrum T (E) of the polychromatic radiation source 110 is generally known.

[0033] The signal decomposer 132 models the information as a combination of the photo-electric effect with spectrum
P(E), the Compton effect with spectrum C(E) and the multi K-edge contrast agent with spectrum K(E). The density length
product for each of the components, in particular the photo-effect component p, the Compton-effect component ¢ and
the multi K-edge componentk, in each detection signal d; is modeled in a discrete system in accordance with Equation 1:

Equation 1:
d,= j dE T(E) Dy(E)exp(- (p P(E) + ¢ C(E) + k K(E))).

[0034] Since at least three detection signals d;, d, and d5 are available for the at least three energy bins b4, b, and
b3, a system of at least three equations is formed having three unknowns, which can thus be solved with known numerical
methods. Generally, three energy bins are sufficient in this case. However, using more detection signals for more energy
bins may increase the sensitivity and noise robustness. If more than three energy bins are available, a maximum likelihood
approach that takes into account the noise statistics of the measurements may be used. A suitable maximum likelihood
approach is described in connection with "K-edge imaging in x-ray computed tomography using multi-bin photon counting
detectors," E. Roessl and R. Proksa, 2007 Phys. Med. Biol. 52 4679-4696.

[0035] Theresults, in particularthe components p, cand k, can then be used in order to reconstruct a desired component
image with conventional reconstruction methods, in particular for reconstructing a multi K-edge component image. A
conventional CT image as well as a Compton component image and/or a photo-electric component image may also be
reconstructed.

[0036] When the stoichiometric ratio of the elements in the contrast agent is unknown, Equation 1 can be modified to
include a K-edge component for each K-edge, for instance, one for lodine, one for Gadolinium, etc. A suitable decom-
position for the individual K-edge components is described in application serial number PCT/IB2007/055105, filed on
December 14, 2007, which claims the benefit of provisional application serial number EP 06126653.2, filed on December
20, 2006. When the stoichiometric ratio of the elements in the contrast agent is known and substantially constant, the
stoichiometricratio of the elements in the contrastagent, along with K-edge energies thereof, characterizes the attenuation
of the combination of the elements as a function of energy. As a consequence, the stoichiometric ratio and K-edge
energies are used during reconstruction to generate a multi K-edge component image. The stoichiometric ratio and K-
edge energy information can be stored in the characterization bank 136 for use by the reconstructor 134.

[0037] Generally, the stoichiometric ratio and K-edge energies provide a unique signature or fingerprint for the com-
bination of elements. This is illustrated in connection with FIGURE 4, which shows an attenuation curve 400 as a function
of photon energy for a 1:1 mixture that includes lodine and Gadolinium. Of course, other mixture ratios (e.g., up to 1:5
or more), another number of materials, and/or other materials are contemplated herein, and the mixture including lodine
and Gadolinium are shown for explanatory purposes.

[0038] In FIGURE 4, the x-axis, axis 402, represents energy (E) in units of keV, and the y-axis, axis 404, represents
attenuation () as a function of energy (E). The K-edge of lodine (K-edge ~ 33 keV) is shown at 406, and the K-edge of
Gadolinium (K-edge ~ 50 keV) is shown at 408. As such, the attenuation of the contrast agent can be characterized by
two discontinuities at respective K-edge energies with fixed respective heights. If the stoichiometric ratio were different
(not 1:1), for example, two units (e.g., atoms, etc.) of lodine to one unit of Gadolinium, then a height-ratio of the K-edge
406 and 408 in FIGURE 4 would be twice as high. As a consequence, the curve 400 can be used as a unique signature
for a particular combination of elements.

[0039] FIGURE 5 illustrates a multi K-edge component imaging method. At 502, poly-chromatic radiation emitted by
a radiation source and traversing an examination region is detected. At 504, the detected radiation is energy-resolved
and binned across different energy windows based on a plurality of threshold corresponding to different energies in
which at least two of the thresholds are set in accordance with the K-edge energies of at least two elements in a contrast
agent provided to a patient prior to scanning the patient. As discussed above, this may include four (4) energy thresholds
in which two (2) of the thresholds are tuned to two different K-edge energies in accordance with the dual K-edge material
contrast agent. At 506, the energy-resolved data is decomposed into constituent components, including a multi K-edge
component representing two or more K-edge energies corresponding to the at least two elements in the contrast agent.
At 508, at least the K-edge component is reconstructed using the stoichiometric ratio of the elements in the contrast
agent to generate a multi K-edge component image.

[0040] The invention has been described with reference to the preferred embodiments. Modifications and alterations
may occur to others upon reading and understanding the preceding detailed description. It is intended that the invention
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be constructed as including all such modifications and alterations insofar as they come within the scope of the appended
claims or the equivalents thereof.

Claims

1.

10.

1.

12.

An imaging system, comprising:

a radiation source (110) that emits poly-chromatic radiation that traverses an examination region;

a detector (116) that detects radiation traversing the examination region and produces a signal indicative of the
energy of a detected photon;

an energy discriminator (122) that energy resolves the signal based on a plurality of different energy thresholds,
wherein at least two of the energy thresholds have values correspondable to at least two different K-edge
energies of two different elements in a mixture disposable in the examination region; characterized by

a signal decomposer (132) that decomposes the energy-resolved signal into at least a multi K-edge component
representing the at least two different K-edge energies to which the values of the at least two energy thresholds
are correspondable, wherein the mixture is a contrast agent, wherein a stoichiometric ratio of the two different
elements in the contrast agent is known and substantially constant.

The imaging system of claim 1, wherein the imaging system further includes a reconstructor (134) that reconstructs
the multi K-edge component to generate a multi K-edge image, representative of the different materials, based on
the stoichiometric ratio.

The imaging system of claim 1, wherein the stoichiometric ratio is in a range of about 1:1 to about 1:5.

The imaging system of any of claims 1 to 3, wherein the signal decomposer (132) further decomposes the energy-
resolved signal into a Compton component and a photo-electric component.

The imaging system of claim 4, wherein the reconstructor (134) reconstructs the Compton component and the photo-
electric component to generate a Compton component image and a photo-electric component image.

The imaging system of any of claims 1 to 5, wherein the K-edge energies are within a range from about 25 keV to
about 150 keV.

The imaging system of any of claims 1 to 6, wherein at least one of the K-edge energies is about 33 keV.
The imaging system of any of claims 1 to 7, wherein at least one of the K-edge energies is about 50 keV.
A method, comprising:

detecting poly-chromatic radiation emitted by a radiation source (110) that traverses an examination region;
generating a signal indicative of the energy of a detected photon;

energy-resolving the signal based on a plurality of different energy thresholds, wherein at least two of the energy
thresholds have values corresponding to at least two different K-edge energies of two different elements of a
mixture disposed in the examination region, wherein a stoichiometric ratio of the two different elements of the
mixture is known and substantially constant; characterized by

decomposing the energy-resolved signal into at least a multi K-edge component representing the at least two
different K-edge energies; and

reconstructing a multi K-edge image based on the multi K-edge component and the stoichiometric ratio to
generate volumetric image data indicative of the two different elements.

The method of claim 9, wherein the stoichiometric ratio is in a range of about 1:1 to about 1:5.

The method of any of claims 9 and 10, wherein the stoichiometric ratio and the K-edge energies uniquely characterize
the attenuation behavior of the elements as a function of photon energy.

The method of any of claims 9 to 11, further including decomposing the energy-resolved signal into a Compton
effect component and a photo-electric effect component.
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13. The method of any of claims 9 to 12, wherein the mixture includes at least a third contrast element, and further

including at least a third threshold corresponding to the third contrast element; decomposing the energy-resolved
signal into at least a multi K-edge component representing the at least three different K-edge energies; and recon-
structing a multi K-edge image based on the multi K-edge component and the stoichiometric ratio to generate
volumetric image data indicative of the three different elements.

14. A computer readable storage medium containing instructions which, when executed by a computer, cause the

computer to perform the steps of:

detecting poly-chromatic radiation traversing the examination region;

producing a signal indicative of an energy of a detected photon;

energy discriminating the signal based on a plurality of different energy thresholds, wherein at least two of the
energy thresholds have values correspondable to at least two different K-edge energies of two different elements
disposable in the examination region; characterized in that the computer readable storage medium further
contains instructions which, when executed by the computer, cause the computer to perform the step of:

decomposing the energy-resolved signal into a multi K-edge component representing the at least two
different K-edge energies to which the values of the at least two energy thresholds are correspondable,
wherein the mixture is a contrast agent, wherein a stoichiometric ratio of the two different elements in the
contrast agent is known and substantially constant.

Patentanspriiche

Bildgebungssystem, umfassend:

eine Strahlungsquelle (110), die polychromatische Strahlung emittiert, welche eine Untersuchungsregion durch-
quert;

einen Detektor (116), der die Untersuchungsregion durchquerende Strahlung detektiert und ein die Energie
eines detektierten Photons angebendes Signal erzeugt;

einen Energiediskriminator (122), der das Signal basierend auf einer Vielzahl von verschiedenen Energie-
schwellenwerten nach Energie auflést, wobei mindestens zwei der Energieschwellenwerte Werte haben, die
mindestens zwei verschiedenen K-Kanten-Energien von zwei verschiedenen Elementen in einer Mischung
entsprechen, die in der Untersuchungsregion angeordnet werden kann; gekennzeichnet durch

eine Signalzerlegungseinheit (132), die das energie-aufgeldste Signal in mindestens eine Multi-K-Kanten-Kom-
ponente zerlegt, die die mindestens zwei verschiedenen K-Kanten-Energien darstellt, denen die Werte der der
mindestens zwei Energieschwellenwerte entsprechen, wobei die Mischung ein Kontrastmittel ist, wobei ein
stochiometrisches Verhaltnis der beiden verschiedenen Elemente in dem Kontrastmittel bekannt und im We-
sentlichen konstant ist.

Bildgebungssystem nach Anspruch 1, wobei das Bildgebungssystem weiterhin eine Rekonstruktionseinheit (134)
umfasst, die die Multi-K-Kanten-Komponente rekonstruiert, um basierend auf dem stdchiometrischen Verhaltnis ein
Multi-K-Kanten-Bild zu erzeugen, das die verschiedenen Materialien darstellt.

Bildgebungssystem nach Anspruch 1, wobei das stéchiometrische Verhaltnis in einem Bereich von ca. 1:1 bis ca.
1:5 liegt.

Bildgebungssystem nach einem der Anspriiche 1 bis 3, wobei die Signalzerlegungseinheit (132) weiterhin das
energie-aufgeldste Signal in eine Compton-Komponente und eine photoelektrische Komponente zerlegt.

Bildgebungssystem nach Anspruch 4, wobei die Rekonstruktionseinheit (134) die Compton-Komponente und die
photoelektrische Komponente rekonstruiert, um ein auf der Compton-Komponente basierendes Bild und ein auf der

photoelektrischen Komponente basierendes Bild zu erzeugen.

Bildgebungssystem nach einem der Anspriiche 1 bis 5, wobei die K-Kanten-Energien in einem Bereich von ca. 25
keV bis ca. 150 keV liegen.

Bildgebungssystem nach einem der Anspriiche 1 bis 6, wobei mindestens eine der K-Kanten-Energien ca. 33 keV
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betragt.

Bildgebungssystem nach einem der Anspriiche 1 bis 7, wobei mindestens eine der K-Kanten-Energien ca. 50 keV
betragt.

Verfahren, umfassend:

Detektieren von polychromatischer Strahlung, die durch eine Strahlungsquelle (110) emittiert wird und eine
Untersuchungsregion durchquert;

Erzeugen eines Signals, das die Energie eines detektierten Photons angibt;

Auflésen des Signals nach Energie basierend auf einer Vielzahl von verschiedenen Energieschwellenwerten,
wobei mindestens zwei der Energieschwellenwerte Werte haben, die mit mindestens zwei verschiedenen K-
Kanten-Energien von zwei verschiedenen Elementen einer Mischung entsprechen, die in der Untersuchungs-
region angeordnetist, wobei ein stéchiometrisches Verhaltnis der beiden verschiedenen Elemente der Mischung
bekannt und im Wesentlichen konstant ist; gekennzeichnet durch

Zerlegen des energie-aufgeldsten Signals in mindestens eine Multi-K-Kanten-Komponente, die die mindestens
zwei verschiedenen K-Kanten-Energien darstellt; und

Rekonstruieren eines Multi-K-Kanten-Bilds basierend auf der Multi-K-Kanten-Komponente und dem stdchio-
metrischen Verhaltnis, um volumetrische Daten zu erzeugen, die die beiden verschiedenen Elemente angeben.

Verfahren nach Anspruch 9, wobei das stéchiometrische Verhaltnis in einem Bereich von ca. 1:1 bis ca. 1:5 liegt.

Verfahren nach einem der Anspriiche 9 und 10, wobei das stéchiometrische Verhaltnis und die K-Kanten-Energien
das Abschwéachungsverhalten der Elemente als eine Funktion der Photonenenergie eindeutig charakterisieren.

Verfahren nach einem der Anspriiche 9 bis 11, weiterhin umfassend das Zerlegen des energie-aufgeldsten Signals
in eine auf dem Compton-Effekt basierende Komponente und eine auf dem photoelektrischen Effekt basierende
Komponente.

Verfahren nach einem der Anspriiche 9 bis 12, wobei die Mischung mindestens ein drittes Kontrastelement umfasst,
und weiterhin umfassend mindestens einen dritten Schwellenwert, der dem dritten Kontrastelement entspricht;
Zerlegen des energie-aufgeldsten Signals in mindestens eine Multi-K-Kanten-Komponente, die mindestens drei
verschiedene K-Kanten-Energien darstellt; und Rekonstruieren eines Multi-K-Kanten-Bilds basierend auf der Multi-
K-Kanten-Komponente und dem stéchiometrischen Verhaltnis, um volumetrische Bilddaten zu erzeugen, die die
drei verschiedenen Elemente angeben.

Computerlesbares Speichermedium umfassend Anweisungen, die, wenn sie durch einen Computer ausgefiihrt
werden, den Computer veranlassen, die folgenden Schritte durchzufiihren:

Detektieren von polychromatischer Strahlung, die die Untersuchungsregion durchquert;

Erzeugen eines Signals, das die Energie eines detektierten Photons angibt;

Auflésen des Signals nach Energie basierend auf einer Vielzahl von verschiedenen Energieschwellenwerten,
wobei mindestens zwei der Energieschwellenwerte Werte haben, die mit mindestens zwei verschiedenen K-
Kanten-Energien von zwei verschiedenen Elementen entsprechen, die in der Untersuchungsregion angeordnet
werden koénnen, dadurch gekennzeichnet, dass das computerlesbare Medium weiterhin Anweisungen um-
fasst, die, wenn sie durch den Computer ausgefiihrt werden, den Computer veranlassen, die folgenden Schritte
durchzufiihren:

Zerlegen des energie-aufgeldsten Signals in mindestens eine Multi-K-Kanten-Komponente, die die min-
destens zwei verschiedenen K-Kanten-Energien darstellt, denen die Werte der mindestens zwei Energie-
schwellenwerte entsprechen, wobei die Mischung ein Kontrastmittel ist, wobei ein stéchiometrisches Ver-
haltnis der beiden verschiedenen Elemente in dem Kontrastmittel bekannt und im Wesentlichen konstant ist.

Revendications

1.

Systeme d’imagerie, comprenant:
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une source de rayonnement (110) qui émet un rayonnement polychromatique qui traverse une région d’examen ;
un détecteur (116) qui détecte le rayonnement traversant la région d’examen et produit un signal indicatif de
I'énergie d’'un photon détecté ;

un discriminateur en énergie (122) qui entraine une résolution en énergie du signal sur la base d’une pluralité
de seuils d’énergie différents, dans lequel au moins deux des seuils d’énergie ont des valeurs pouvant corres-
pondre a au moins deux énergies de bord K différentes de deux éléments différents dans un mélange disponible
dans la région d’examen ; caractérisé par

un décomposeur de signal (132) qui décompose le signal de résolution en énergie en au moins un composant
de bord K multiple représentant les au moins deux énergies de bord K différentes auxquelles les valeurs des
au moins deux seuils d’énergie peuvent correspondre, dans lequel le mélange est un agent de contraste, dans
lequel un rapport stoechiométrique des deux éléments différents dans I'agent de contraste est connu et sensi-
blement constant.

Systeme d’imagerie selon la revendication 1, dans lequel le systéme d’imagerie inclut en outre un reconstructeur
(134) qui reconstruit le composant de bord K multiple pour générer une image de bord K multiple, représentative
des différents matériaux, sur la base du rapport stoechiométrique.

Systeme d’imagerie selon la revendication 1, dans lequel le rapport stoechiométrique se situe dans une plage
d’environ 1:1 a environ 1:5.

Systeme d'imagerie selon I'une quelconque des revendications 1 a 3, dans lequel le décomposeur de signal (132)
décompose en outre le signal de résolution en énergie en composant de Compton et en composant photo-électrique.

Systeme d’imagerie selon la revendication 4, dans lequel le reconstructeur (134) reconstruit le composant de Comp-
ton etle composant photo-électrique pour générer une image de composantde Compton et une image de composant
photo-électrique.

Systeme d’imagerie selon I'une quelconque des revendications 1 a 5, dans lequel les énergies de bord K se situent
dans une plage d’environ 25 keV a environ 150 keV.

Systeme d’imagerie selon I'une quelconque des revendications 1 a 6, dans lequel au moins I'une des énergies de
bord K est d’environ 33 keV.

Systeme d’imagerie selon I'une quelconque des revendications 1 a 7, dans lequel au moins I'une des énergies de
bord K est d’environ 50 keV.

Procédé, comprenant :

la détection d’un rayonnement polychromatique émis par une source de rayonnement (110) qui traverse une
région d’examen ;

la génération d’'un signal indicatif de I'énergie d’'un photon détecté ;

la résolution en énergie du signal sur la base d’'une pluralité de seuils d’énergie différents, dans lequel au moins
deux des seuils d’énergie ont des valeurs correspondant a au moins deux énergies de bord K différentes de
deux éléments différents d’'un mélange disposé dans la région d’examen, dans lequel un rapport stoechiomé-
trique des deux éléments différents du mélange est connu et sensiblement constant ; caractérisé par

la décomposition du signal de résolution en énergie en au moins un composant de bord K multiple représentant
les au moins deux énergies de bord K différentes ; et

la reconstruction d’'une image de bord K multiple sur la base du composant de bord K multiple et du rapport
stoechiométrique pour générer des données d’'image volumétriques indicatives des deux éléments différents.

Procédé selon la revendication 9, dans lequel le rapport stoechiométrique se situe dans une plage d’environ 1:1 a
environ 1:5.

Procédé selon I'une quelconque des revendications 9 et 10, dans lequel le rapport stoechiométrique et les énergies
debord K caractérisent uniquement le comportement d’atténuation des éléments en fonction de I'énergie photonique.

Procédé selon I'une quelconque des revendications 9 a 11, incluant en outre la décomposition du signal de résolution
en énergie en un composant a effet de Compton et un composant a effet photo-électrique.
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Procédé selon I'une quelconque des revendications 9 a 12, dans lequel le mélange inclut au moins un troisieme
élément de contraste, et incluant en outre au moins un troisieme seuil correspondant au troisieme élément de
contracte ; la décomposition du signal de résolution en énergie en au moins un composé de bord K multiple repré-
sentant les au moins trois énergies de bord K différentes ; et la reconstruction d’'une image de bord K multiple sur
la base du composant de bord K multiple et du rapport stoechiométrique pour générer des données d’image volu-
métriques indicatives des trois éléments différents.

Support de stockage pouvant étre lu par un ordinateur contenant des instructions qui, lorsqu’elles sont exécutées
par un ordinateur, entrainent la réalisation par I'ordinateur des étapes de :

détection d’'un rayonnement polychromatique traversant la région d’examen ;

production d’un signal indicatif d’'une énergie d’'un photon détecté ;

discrimination en énergie du signal sur la base d’une pluralité de seuils d’énergie différents, dans lequel au
moins deux des seuils d’énergie ont des valeurs pouvant correspondre a au moins deux énergies de bord K
différentes de deux éléments différents disponibles dans la région d’examen ; caractérisé en ce que le support
de stockage pouvant étre lu par un ordinateur contient des instructions qui, lorsqu’elles sont exécutées par
I'ordinateur, entrainent la réalisation par I'ordinateur des étapes de :

décomposition du signal de résolution en énergie en un composant de bord K multiple représentant les au
moins deux énergies de bord K différentes auxquelles les valeurs des au moins deux seuils d’énergie
peuvent correspondre, dans lequel le mélange est un agent de contraste, dans lequel un rapport stoechio-
métrique des deux éléments différents dans I'agent de contraste est connu et sensiblement constant.
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