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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

5. RE - AR TH

—=(0.125,0.125)
o (1.375,0.125)

—A—(1.875,0.125)
150
S |
100 A
s X :
j'_,% 1 k .’f’j'. \'
&= { \a
= 50 N"i ) i e ©°
o s
Aaa ‘>Y
\, A__Awa
S
0 T L} T T T
2 4 6 8 10
TR (cm)

Figure 6. Depth-scattering photon numbers of confirmatory experiment
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Figure 11. Depth-corrected electron density

B 11. RE - REFBRETEE

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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Figure 15. Attenuation correction image after stretching
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Figure 16. Virtual original
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