Applied Physics N F##, 2021, 11(2), 126-138 Hans X
Published Online February 2021 in Hans. http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2021.112015

ETREEE MRS H RS U A&
hE

1&;%’ % g'*

KHEHITRYE, HHh KF
Email: 1163694113@qq.com, liyecust@163.com

Weks H#: 20214F1H8H; FAHHM: 20214F2H10H; KAHM: 202142 H23H

=

R R OUE B U EMR B T A R T AR B ARATIE PR . RS BRVE R R R 13,
BHN AR AHEARAREKT; ISR RBR 2 HROHRNSE, RENELHAEER, A5
HERTHEERER, FBNEC. S SCERERT 75 R RIATRR 32 B 2T SRR R T 28 ) BRI
BB ARG, LRSS A BECR B B e AR BRAEE BN TEMNLT, FETHRUNKAR
H T RERAHR, FERGERNETEEMNRFR, THRA RSO A LR RIS SR B
BAETHE BRI SE AR IE, RARGUMENRE R TERSMREEZRE. FCFARE
REI5E, BUMEEE, SRRETHEHNRGIENGE, SERTEERERKE, A3WEN
FRETEEULEREER.

XA
FESE B, MFENE, KRS, RISRBTE BGER, ZRKE

Compton Backscatter Imaging Simulation
Based on Precise Collimated Linear Array
Detector

Xinyang Wang, Ye Li*

Changchun University of Technology, Changchun lJilin
Email: 1163694113@qq.com, liyecust@163.com

Received: Jan. 8", 2021; accepted: Feb. 10", 2021; published: Feb. 23", 2021

AR

XEGIF: T0W, ZE9. B TR B2 MR A8 3 B g 05 5. R, 2021, 11(2): 126-138.
DOI: 10.12677/app.2021.112015


http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2021.112015
https://doi.org/10.12677/app.2021.112015
http://www.hanspub.org

Eoob, 2

Abstract

Conventional Compton backscatter imaging image reconstruction methods include precise focus-
ing and energy spectrum analysis. Accurate focusing requires point-by-point scanning, long scan-
ning time and low ray utilization; energy spectrum analysis relies on high-time resolution detec-
tors, which can obtain limited energy spectrum data, and the reconstruction algorithm has high
computational complexity and time-consuming. Therefore, this paper proposes a Compton back-
scatter imaging system based on a linear array detector on the premise of a precise focusing me-
thod. A collimator is installed on each detection unit of the ray source and the linear array detec-
tor to determine the incident source and the linear array. After the spatial position of the detector,
the linear array detector can only receive backscattered photons from a fixed scattering angle and
with a fixed energy, and the object to be measured is divided into several unit blocks. Each unit
block is scanned, and each time the linear array detector is scanned, the depth-photon number
information of the corresponding unit block can be obtained to complete the backscattered pho-
ton positioning. In the subsequent image reconstruction process, the ray attenuation is considered,
and the attenuation correction can be completed by using only the backscattered photon informa-
tion collected by the linear array detector without using the energy spectrum data, and the elec-
tron density of each point inside the object to be measured is obtained to obtain the reconstructed
image. This paper uses the Monte Carlo method to establish a simulation model to complete the
simulation of the Compton backscatter imaging process. After theoretical calculation, the attenua-
tion correction is completed, and the electron density of each point in the object and the recon-
structed image are obtained.
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Figure 1. Compton scattering diagram
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Figure 2. The relationship of differential scattering cross section with incident photon energy and scattering angle
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Figure 3. Schematic diagram of Compton backscatter imaging system
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Figure 4. Simulation model diagram
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Figure 5. Depth-scattering photon numbers
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Figure 6. Depth-scattering photon numbers of confirmatory experiment
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Figure 9. Energy spectrum at different depths of (1.875, 0.125) unit block
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Figure 10. Depth-uncorrected electron density
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Figure 11. Depth-corrected electron density
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Figure 12. Image without attenuation correction
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Figure 13. Image after attenuation correction
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Figure 14. Image without attenuation correction after stretching
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