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Figure 4 R decreases monotonicaly with the increment of atomic num-
ber, the values are cal culated with two X-ray energies of 60 and 100 keV

B 5 HaedE IR @R REE LR (o)X L
Figure 5 Comparison of single-energy (a) and dual-energy (b) X-ray
transmission image

XIS 4 15 W AR T AR AE 54 LA BOIR B AT 25 400
Gk A PG T IZ R — A LR R AR
B LR SRR S | R AR R ARk | 3t
SEALFE A5 B A SR (5T 6). o, BLREXT £k
AR AT B N T Z e A AR Z —, B2
XE T RERE B RE 3 0 e A HEME LSS B | S K 2
SfeRY A, FiE EWBIREOR B, B
R REBE AR . 2GR AR, ek
Mo & TH T MR B Bk KE W BORS L BE T, A A
T S TR R 9SG AR B R AR R A 5
ok, M TFEXPLERGRIIE FIRE, &

1352

e N

XEHELIR

e L

Bi&IRE —
Bl 6 HIAXPLENRR R RER
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Figure 21 X-ray diffraction charts of sodium chloride powder, water
and ethyl alcohol samples
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Figure 22 Interaction cross sections of X-ray absorption and phase
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Figure 24 X-ray transmission image (a) and phase contrast image (b)
of alotion mixed with powder
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Recent progresson X-ray security inspection technologies
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Emerging terrorist attacks seriously impacted the global security situation which brings unprecedented challenges to
public transportation. Effectual anti-terrorist ways to protect personal safety and assets security become an important
global demand. Consequently, to improve security inspection capabilities with state-of-art technology has long been a
serious issue and hot research topic. Recent years, with the rapid development of X-ray detection technology, utilizing
X-rays to inspect hidden explosives and contrabands in cargo, luggage, vehicle and on human body become both
effective and efficient. Based on different X-ray interaction behaviors with matter, a variety of inspection techniques
have been researched and developed which show great potentials for security applications. This paper provides a general
review on different X-ray inspection techniques such as X-ray transmission imaging, backscatter imaging, phase-contrast
imaging, spectral imaging, CT reconstruction, X-ray diffraction and so on. Basic physica mechanisms, research
progresses and application features are investigated. And outlooks to new technologies and applications are given.

X-ray transmission imaging detects the attenuation of X-ray flux while penetrating objects. The transmission image
has a strong discrimination for high-density materials with strong X-ray absorption, such as guns, knives, grenades,
detonators and other high atomic number items. Dual-energy X-ray imaging is an important complement that provides
preliminary material classification capability. The technology has been widely used for sea freight cargo and passenger
luggage inspection.

X-ray back-scatter imaging detects X-rays that reflects from the scanned objects (e.g., vehicle, container and human
body). It is good for imaging low density (or low atomic number) materials. The source and detectors of the scanning
device are usually designed on one side of the target object, and a rotating wheel with pencil beam collimators is the key
to scan in a point-by-point method.

Computed tomography (CT) inspection system generates volumetric image of scanned item. It provides high
resolution 3D inner structures nondestructively and without overlap. Due to the rapid development in CT reconstruction
theory, various applications for security inspection have emerged. Hot research and devel opment topics include material
classification method, dual-energy and multi-energy CT imaging, non-spira trgjectory CT scan, artifacts correction and
scan speed improvement.

X-ray diffraction (XRD) technique has been widely used to identify minerals and other crystalline materials. It also
shows good ability for detecting drug, explosives and hazardous liquids in security examination. Photo-counting
detectors are utilized to measure scatter flux on different photon energy levels to form diffraction spectrum. Currently
research on XRD for security application is focused on improving signal-to-noise ratio, reducing scanning time, material
recognition method and system design.

Phase-contrast imaging (PCl) calculates X-ray phase-shift when traversing the item. For low atomic number materials
the cross section of the phase-shift can achieve up to 10° times larger than the one of attenuation. Thus it gains much
better image contrast for fruits, clothes, drugs, liquids and other low atomic number items. Grating-based imaging has
been regarded as the most promising PCI method because it is a first approach that requires only conventional X-ray
source rather than synchrotron or micro-focus X-ray sources. Preliminary research work can be found on the security
application potentials of grating-based PCI systems and methods.

security inspection, X-ray imaging, CT reconstruction, phase-contrast imaging, X-ray diffraction

doi: 10.1360/N972016-00698
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