Validation of a Monte Carlo Model of a Dual-Layer JW UNIVERSITY
Flat-Panel Detector

¢/ OF ALBERTA

JULY 19-22
V#NCOUVER BC Zachary Cox, MScl; Tania Wood, PhD'?; Brad Warkentin, PhD'?; Satyapal Rathee, PhD*:? Cancer Care

*Universi 2 | Alberta
JOINT AAPM ‘ COMP MEETING University of Alberta, Cross Cancer Institute | Edmonton, AB, Canada

—
INTRODUCTION ntseatter Gri f A

Q0
N)
l

o
o
L) L) ' L)

* |Incorporating multi-energy capabilities into diagnhostic
imaging systems may improve soft tissue contrast:

» Overlapping anatomies can be discriminated due to
differences in tissue sensitivity to different X-ray energies.
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* Dual-layer flat-panel detectors utilize two scintillating PMMA
layers, each sensitive to different parts of the spectrum, Optical PET
where the detector signal in each layer, I, can be written as, Glue
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Figure 5. Energy separation between the two layers

[, = — anSH(E)e_plﬂl(E)'l' p2u2(E) JF for varying bottom layer thicknesses.

* However, integrating dual-layer flat-panel detectors into * Validation against results from Ref. [2] yielded
radiotherapy applications faces challenges: 11.2 mm NRMSEs over frequencies from 0 to 3.5 mm™ of
> Use of a second scintillation layer, farther from the Figure 1. Schematic of the detector construction and scintillator geometry. 0.007 and 0.016 for the MTF curves of the top

source, reduces the resolution and the signal magnitude. and bottom layers, respectively.

/ \ RESU LTS  The DQE(O) for both the top and bottom layer

Purpose: To develop and validate a Monte Carlo agreed with results from Ref. [4] to within 2%.
] e e Varying the bottom scintillator thickness from
model of a dual-layer flat-panel detector; to optimize 10F | . e 10~~~ ¢ T T TS 400 to 800 pum:
Fhe composition of the bf)ttom s.cmtlllaftlor.\ Igyer to g | —— Top » —— Top (Ref. [2]) : > increased the DQE(0) from 0.09 to 0.13;
improve spectral separation, while maintaining 3 0.8 -- Bottom 4 0.8 -~ Bottom (Ref. [2]) > decreased the MTF., from 1.01 to 0.74 mm-L;
adequate resolution and detection efficiency. 2 ' 77 Top LTS Wari) Z > increased the energy separation between
/ > 0.6 1. 006r v~~~ Bottom (This Work) - the two layers from 7.3 to 8.3 keV.
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METHODS AND MATERIALS ¢ I CONCLUSIONS
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c A dual'layer flat-panel detector is modelled in TOPAS, din OOO 20 40 ' 60 l ‘8; ' mo OOO — 1 — 5 — 3 e This work developed and pre“minarily
extension wrapping GEANTA4. Energy (keV) Spatial Frequency (mm-1) validated a Monte Carlo model of a dual-layer
* Optical transport is modelled using the UNIFIED model. Figure 2. (Left) Detected energy spectra of the two layers under a RQA 9 beam and flat-.panel detector. | 3
* The model is validated against simulation and experimental (Right) a comparison of the MTF against experimental results from Ref. [2]. ’ Opt.lcal thranspcértl paramethers wclere‘ |dent|(1;|ed by
results frOm the |iterature. tun|ng t e mode tO matC 'eso Ut|0n an
* Multiple detector configurations are simulated by varying 1.0 1.0 , detection efficiency from literature.
the thickness of the bottom scintillator. _ ‘ 5 i  Simulated DQE and MTF spaces and calculated
* Detector performance is evaluated using the MTF., and the 09 Wl 0.8 - Tpect.rﬁ\l separz:\jtl.on of the bgttorr;l de]:cfector
DQE(0), a multi-parameter space for detector optimization. é 08 | . ‘ ‘ . ay.er illustrated image metrlc tra e.o S. B
* The MTF is derived from a slanted edge technique and a s | v ‘ Shad! 2ot 400 um | - * Using these parameters, this work identlilec
precomputed incident spectrum consistent with RQA 9. ~ 0.7F | 1w | H i i opportunities for further optimizing the
. . . S | —e— 600 um 1 Qoal— Bot. 600 um N - configuration of the two scintillation layers.
 The DQE(0) is computed using the Swank formalism, where > 06L = 600 um Ref. [3] ; o ot 500 .
the Swank factor is computed from the moments, M;, of the b E - ' : . ot um
pulse height spectra, 0.5F 47 Hm :
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simulations. Figure 4. (Left) The MTF., and (Right) DQE(0) for varying bottom layer thicknesses. (780) 231-2638



