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X-ray security screening technology has continuously evolved in response to the strengthening of global security frameworks,
extending its applications beyond airport baggage inspection to large-scale cargo screening, container inspection, and the protection of
critical infrastructure. With the rapid growth of international logistics, concealment strategies for illicit materials such as narcotics,
explosives, and weapons have become increasingly sophisticated, leading to heightened demands for improved detection performance.
However, two-dimensional transmission-based X-ray imaging inherently suffers from object overlap, resulting in structural ambiguity
and limited discrimination between materials with similar density and atomic number. To address these limitations, advanced
techniques including dual-energy material decomposition and three-dimensional (3D) computed tomography (CT) imaging have been
introduced, along with the integration of photon counting detectors and artificial intelligence driven algorithms for automated threat
detection. This paper systematically reviews the structural evolution and technological trends of X-ray security screening systems
based on the fundamental physical principles of X-ray image formation, providing an integrated analysis of hardware configurations
and image analysis methodologies with a focus on dual-energy material decomposition and 3D volumetric imaging. The recent
advancements and future directions of Al-based threat detection approaches are also discussed.
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Fig. 1. (Color online) Schematic of the X-ray generation process,
showing electrons emitted from the cathode, accelerated toward the
target by a high voltage, and producing bremsstrahlung and
characteristic X-rays upon collision with the target.
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Fig. 2. (Color online) Conceptual illustration of X-ray image
formation governed by the Beer-Lambert law, in which image
contrast is produced by spatial variations in transmitted intensity
resulting from differences in material attenuation properties and X-ray
path length.
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Table 1. Comparison of detector types used in X-ray security screening systems.

Category Type Strengths Limitations Typical use
Established, reliable, Limited spectral Conventional
EID . . L .
operationally efficient discrimination X-ray screening
Detector Spectral imaging Count-rate limit.
. ’ . 1
PCD improved CNR, charge sharing, Spectral and

material discrimination

. CT-based screening
pulse pile-up
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Table I1. Comparison of X-ray acquisition modes in security screening systems.

Category Type Strengths

Limitations Typical use

Transmission

Full-thickness penetration,

Object overlap in Baggage, Luggage,

. imagin, suitable for bulk inspection rojection images cargo screenin,
Acquisition eing .. P p '] g g ¢
Sensitive to near-surface Limited penetration,
mode Backscatter . e . Surface and near
o and low-Z materials, low sensitivity for . .
imaging e e . surface inspection
material discrimination deep objects
(a) L-shaped detector Filter
T R e R G,
X-ray generator
X-ray
X-ray Low energy  High energy
detector detector

X-ray generator

Fig. 3. (Color online) (a) Detector configuration of an L-shaped security screening system enabling multi-view X-ray acquisition to reduce object
overlap. (b) Schematic of a dual-energy X-ray inspection system for material discrimination based on energy-dependent attenuation characteristics.
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Fig. 4. (Color online) (a) Exterior view of the Rapiscan 920CT
system for baggage security screening. (b) Reconstructed CT slice
showing cross-sectional internal structures with reduced structural
superposition compared with conventional projection X-ray imaging.
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