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This study examines the development of X-ray-based imaging technologies employed for drug detection in security screening and
compares the principles and limitations of each technology. While current airport security screening predominantly relies on
conventional X-ray systems, recent advances have driven a transition toward detection systems integrating computed tomography
(CT) with artificial intelligence (Al) algorithms. Conventional two-dimensional projection X-ray systems have limitations in precise
drug detection due to object superimposition and difficulties in distinguishing organic materials with similar densities. In contrast, CT
improves detection accuracy by analyzing material density and elemental composition in three dimensions based on Hounsfield units
(HU) and the effective atomic number (Z,). Alongside these technological advances, the need for surrogate test materials—
simulants—for Al algorithm training and performance evaluation has become increasingly prominent. This paper proposes the
integration of high-resolution CT with drug detection-specific Al algorithms as a next-generation security screening system, based on
a review of X-ray-based security screening technologies from X-ray imaging to CT.
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Fig. 1. (Color online) Cluttered X-ray images of airport luggage. Representative images acquired from an in-house dataset, demonstrating complex
object overlap and internal structural clutter. The red arrows indicate inorganic powder-like substances, whereas the green arrows denote electronic
clutter. These examples highlight the inherent limitations of two-dimensional X-ray projection imaging for reliable material identification in
densely packed baggage. Reproduced from Vukadinovic et al., 2023, licensed under CC BY 4.0 [33].
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Fig. 2. (Color online) Conceptual comparison of 2D X-ray projection and 3D CT imaging in airport baggage screening. A schematic illustration
shows X-ray irradiation of a baggage containing a target object, followed by image acquisition using either 2D X-ray or 3D CT. (a, b) Two-
dimensional X-ray projection images acquired from different viewing angles, demonstrating structural overlap and limited depth information. (c)
Three-dimensional volume-rendered image and (d) corresponding CT slice image, enabling improved separation of overlapping structures and
more accurate localization of the target object. The region of interest is highlighted in red. This comparison illustrates the inherent limitations of 2D
projection imaging and the advantages of 3D CT imaging for reliable identification in complex baggage environments. Adapted from

Hattenschwiler et al., 2018, licensed under CC BY-NC 4.0 [34].
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Fig. 3. (Color online) HI-SCAN 6040 CTiX enhanced automated threat resolution and high-throughput baggage screening efficiency. Image

courtesy of Smiths Detection Group Ltd.
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