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« Material decomposition of spectral CT data into
contributions of two or more materials

 Rawdata-based material decomposition requires
dedicated models to predict the measured counts

« Calibration of spectral response to account for...
— Spectral distortions: charge sharing, K-escape
— Count rate-dependent distortions: pulse pileup
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Material Decomposition
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Forward Model

 The detection process of a PCD is described using
the bin sensitivity function S, (E).

Ny(ly,...,m) < No | dE w(E) - Sb%l) (_ Sy i (E) - lm)
)/ N

Total number X-ray spectrum  Bin sensitivity Interaction with
of x-rays the sample




Bin Sensitivity.

|deal Detector

 The detection process of a PCD is described using
the bin sensitivity function S, (E).
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Bin Sensitivity.

Real Detector

 The detection process of a PCD is described using
the bin sensitivity function S, (E).

1 -
0,8 A

0,6

Sp(E)

04 A

- .
0 - __rr __° -  *  +  +©  _ °rr— 1
10 20 30 40 0] 60 70 80

Energy / keV




Bin Sensitivity.

Real Detector

 The detection process of a PCD is described using
the bin sensitivity function S, (E).

No(lv....11) < No [ dE w(E) - Sy(E) - exp (_ M (EB) - zm)
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Calibration Measurements

 Measure transmission through slabs of aluminum

and POM
« Adapt forward model such that it reproduces the

calibration measurement
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Calibration

Reference Methods

 Method 1 by Liu et al. (2015)
No(li . a1) < No - c'b(de w(E) - Sp(E) - exp (— SM (B - zm) )

N
Cp(N) = alb:y%]\f

 Method 2 by Sidky et al. (2005)

No(la,...a1) < No - [ dE w(E) - Sy(E) - exp (— SM (B zm)

Ve

='wb(E)

Liu, et al. (2015) “Spectral response model for a multibin photon-counting spectral computed
tomography detector and its applications”. Journal of Medical Imaging, 33502

Sidky et al. (2005) “A robust method of x-ray source spectrum estimation from transmission

measurements: Demonstrated on computer simulated, scatter-free transmission data”.
Journal of Applied Physics, 97(12), 124701.



Count Rate-Dependent
Spectral Calibration

* Include a multiplicative correction function P, (E,N,) to
account for spectral distortions and effects depending on
the count-rate N,

 Model the correction function as a polynomial of order K

K-—-2
Pb(E,Nb) =1 —+ (E — Emin)(E — Emax) . Z Ckb(Nb)Ek
k=0

where the coefficients depend linearly on the count-rate

C}gb(Nb) = C](C%) —F C,(:b) . Nb



Count Rate-Dependent
Spectral Calibration
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Count Rate-Dependent
Spectral Calibration
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Count Rate-Dependent
Spectral Calibration
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Simulation Study

« Material decomposition into 6 4
lodine and water : e @ 2
« Spectrum 80 kV, 6 mm Al . .
prefiltration 10 ‘. : &
a) Distorted bin sensitivity function LY, 0 @
for decomposition 14 16

C=0HU /W =400 HU lodine Concentration in mg/mL

b) Simulated pulse pileup for
paralyzable detector and rectangular shaped pulses

Faby et. al. (2016). “An efficient computational approach to model statistical correlations in photon
counting x-ray detectors”. Medical Physics, 43(7), 3945-3960

Schlomka et. al. (2008) “Experimental feasibility of multi-energy photon-counting K-edge imaging in
pre-clinical computed tomography” Physics in Medicine and Biology, 53(15), 4031-4047

Frey et. al. (2007). “Investigation of the use of photon counting x-ray detectors with energy
discrimination capability for material decomposition in micro-computed tomography”.
Proceedings of SPIE Medical Imaging, 65100A



Simulation Study
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Phantom Measurements

« QRM dual energy phantom DEP-002.

« Reference concentration determined with Siemens
Somatom Definition Flash scanner.

@ Water
@ lodine
O calcium

lodine ROI: 21.5 mg/mL
——— \Water ROI: 0.6 mg/mL



Table-Top Photon Counting CT

Rotation stage

with sample

Dectris Santis
prototype

Pixel 512 x 256
Pixel size 150 x 150 pm?
Sensor thickness 1.0 mm CdTe

dkfz.



Phantom Measurements

No Calibration Ref. 1 Ref. 2 Prop. Method

lodine

Water (VNC)

5cm € =10 mg/mL, W =40 mg/mL
] C = -500 HU, W = 2000 HU
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Conclusions

 The count rate-dependent spectral calibration can
accommodate both for spectral distortions and count
rate-dependent effects.

* In measurements, artifacts in material images were
down to noise level.

« Agreement with clinical CT system within 2% for
lodine quantification.
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