2025 T IR LI BEETE T EFANIRIL

Contribution ID: 45 Type: JBIRET

ET SR YRS 2B RIER A

=S

TERRE WS B RES T , SR F I EHE —RESEF, BEERES KEG .
AAX DRI — X ES, AR RS E SN ERNAAEN, ZESEREERIEWT
MBRFEIRAIBE T E KR, AR TE TR FP RIS A 2 XS RIEEREE, @il
PIRERs+ 2 R TR I (B (MABREE S BT (R 520, %07 RIRIESERRE e A F 47 5%
HURF AL, RAPRLEMEMENIEIRANR, REPT RV R AR, BEE LR ANEaREE, 15
EIXREREAL LR — R R, R, BEREGD SR M RG220k, FEARMAER+
LRI i T AR RAE B — BRI AT SRR T X S A1 R T O SR ST L
SRR, XCRGUEMEBM TR, A MLEM RIASEIERE S ERE R, N TRESEF
TR DI B EEAOR, R T — MR T SRR B R B D 2 R B T YRR RS . X
AR EEA R BV R LU AN R RS BREE RIS R M BSR4 R TR, AR TR A LUE AR = B R
fY CNR 1 SSIM, FIRSLEEMAIMIARTEEE R, DISIENERRREE GO, 5EZMNR
IRRR AL, ZTEAENIE T EREGREMRL, ZEREAR ARSI EA —ER
SKAME,

Pt
R BUTRG ST S REUHARE

Abstract

During the process of Compton backscattering imaging, detectors capture not only single-scattered photons
but also a large number of multiple-scattered photons. Distinguishing and extracting the single-scatter signals
while effectively reducing the adverse impact of multiple-scatter signals on reconstruction is crucial for im-
proving the signal-to-noise ratio (SNR) and defect identification capability of reconstructed images. This paper
proposes a Monte Carlo-based correction and reconstruction algorithm for multiple scattering in Compton
backscattering, which judges the defect locations and compensates for the changes in scatter signals caused
by defects through two rounds of Monte Carlo simulations. The method incorporates material properties as
prior knowledge to obtain the linear attenuation coefficient of the materials according to the characteristics of
practical non-destructive testing applications. Initially, the algorithm assumes there are no defects inside the
object to get a rough initial correction of single-scatter data. Then, image segmentation techniques are used
to differentiate between material and air defects, and two rounds of Monte Carlo simulations are employed to
precisely estimate the single-scatter counts in the original data. By establishing mathematical models of both
continuous spectrum X-ray tubes and Compton backscatter imaging systems, the system matrix is accurately
modeled, and higher SNR reconstructed images are obtained using the MLEM algorithm. To reduce noise
from Monte Carlo simulations and improve reconstruction quality, a statistics-based denoising algorithm is
proposed to decrease noise in multiple-scatter data. Simulation results on objects composed of different mate-
rials and with various defect sizes, as well as real experiments, show that the proposed method can effectively
enhance the contrast-to-noise ratio (CNR) and structural similarity index measure (SSIM) of images, provid-
ing more accurate information about the electronic density of objects for achieving more precise defect image
segmentation. Compared to direct reconstruction from raw data, this method significantly improves the SNR
of reconstructed images. The findings hold practical value for non-destructive testing of large objects.
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