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ABSTRACT

X-ray backscattering imaging has garnered significant attention
worldwide due to its diverse industrial applications, including non-
destructive testing, security inspection, and quality control. In this study, a
backscattering imaging system utilizing a pencil X-ray beam was designed
and fabricated. The system comprises an industrial X-ray generator, two
plastic detectors, a rotating chopper wheel, a data acquisition unit, data
processing software, and MATLAB-based image reconstruction. The
chopper wheel modulates the X-ray beam, enabling it to scan the entire
sample. To assess the system’s performance, a series of experiments were
conducted using full and partially filled oil and paint cans. The results
demonstrate that backscattering imaging is particularly effective for low-
density and low atomic number materials, such as adhesives, paints, and
oils, producing high-quality images. Additionally, combining data from
both detectors and applying a low-pass filter significantly enhances image
quality. One of the key advantages of backscattering imaging systems is
their capability to scan materials with low atomic numbers—including
adhesives, paints, petroleum-derived fluids, plastics, polymers, explosives,
and even aluminum—a finding corroborated by this study. The results
highlight the device’s potential for a broad range of industrial applications.
Future work will focus on implementing a spatial division method for signal
processing and comparing its performance with the time division algorithm
used in this study. Additionally, the authors plan to extend the imaging
experiments to other lightweight materials.
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