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ABSTRACT

Purpose: This study proposes methods and procedures for evaluating imaging security systems quality of
cabinet x-ray screening system to enhance performance certification technology. Also, conducted a com—
parative analysis of the literature of test-kit for imaging security quality evaluation.

Methods: Comparative analysis of the test-kits and related documents for image quality assessment of cabinet
x-ray screening equipment. This allows assessment items were selected and the methods for each assessment
item were proposed. In addition, the configuration method of the assessment team was established by applying
the technology readiness assessment(TRA).

Results: Four of the assessment items were selected when estimate image quality by a comparative analysis
of literature. For each assessment item, the evaluation method and minimum level of availability were
determined. Finally, this paper proposes an imaging quality assessment of cabinet X-ray imaging security
systems.

Conclusion: Development of imaging security systems evaluation procedures for cabinet X-ray screening sys—

tems can be help improve performance certification of aviation security equipment.
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W, 5714 Qhu Y SF EE wolA 1 gtk olel @ FEEel U slete] 2 Fhol A 2 welg Fgoln
9ItHLee and Hwang 2018). A7 245e B8uele Jsksha 37k Aue] wote 3alehy] 9lste] FEQILY-B
MAsa W e BE BAS B B4 F48k3 9% FA0tKang and Kang, 2008). #2358 FFH
Hle) Aol mebg A ael HA A A AEATAES LYa) Aalglon, A2 S 4

TUTAE B9s A% 71k 5 2 A5 Aldekar ok A AAH oR Fedd e 543 WskE A 9
-l = tfgat7] flate] oy 7HA] tiskEe] B asiAar gitkBae et al., 2019). P52 93] 9
FLR oy iy A" 7)BES E3sbAA FESTE X (United States Department of Homeland Security,
DHS) @ 1 Abslol] W E R 4 (Transport Security Administration, TSA)S A X|alo] 330 2 oo tgh 2
A& Aa FgFHet AgFS {3 tHChun and Shin, 2011). 3 $13H(European Union, EU)2 31171839
3] (European Civil Aviation Conference, ECAC)S A #3}5It}. ECACAAME 915, A4 2 %F+3E S35
Qb dlolH, ks 3 B BA S, b Wt H Al v A ] A A F0] 2go tigk A A AES 118
akaLl Qv gk ek A3 ok Bk Aol gk gl e skl lom, g E ool thgk A
T A5 VEAd AkS AYsta dthlee et al, 2020). T3 T FTHUZFE=(Civil Aviation
Administration of China, CAAC) 155 WFAdS 7|9he 2 FAdstal Qlrh Ht oA e g3 Het A7 84
el & 918 2018 10€ 58 Tl A ALS=7] 9leh Farbgn|e] Ago] Bt Aol a4ate 7% o4
PFohe A5de5s FHAstodokshe FaHEet AH = A5dSAE A8t tHKim et al., 2020).
FEIFTIA Al 2020-456% 8 HLPIH] s A5 R s AAL 71l Ak S EQPgH e o
A AAAR|(X-ray screening system), ZEEEAAH|(Explosive detecting system), &S A]7H]
(Explosive trace detector), ¥&=<4E%)74H|(Walk-through metal detector), Fth-&=< 8% 74| (Hand-held
metal detector), AI'"#7 A7dH](Shoe metal detector), 9% 4%H](Whole body scanner) & H.QH Aol A AF-§-
= HE ongitt = 8 o8 S FulrdhE, AEehE 2 SE] fEEE e AdEd 2N E
AL o] & Apdeto] Fakat a7l AbaLE WA el AREEE A AEHE 3 @ HJung et al., 2020).

o % el A4 F GAolNAE ATaE FEULAH(N2A A4

‘_,
b4
o
A

O

E

alo

tjo

o
ot

3]
vz o] Fdo] PFH AL ol JETFS MR A GEF A 7o ol F-o] RAE o|nA] AFo] FAIZ o]
Folxokstt}(Jung et al., 2020). A&
of g dAl JFE el 9 A JFEE A o

i,
o
=
D)
1o
o
i)
9
pi
rlo
o
:(o
[
&6
A
<

O
- 2]

r
juh)
>

o



Yoon et al. : Improving Imaging Quality Assessment of Cabinet X—Ray Security Systems 49

Bk Al aPEE BAEAES A 77 L 4 5L ula BAse] BAGES Agelstn, B Havt
$45S ASYSIG olnAFAR) A3 HAESES] Fab olnAE wa Aol FHH o W]
H7Ph ol ol mw ol weel] 13 B P 2 9
o] e theat gk Al 2ol A Sl 2 Stele] o] EA
Al )2 = oju)A

A
e A28 ANE. HAgtew

= -
2 ZREgAgulo] oA EARE LTHG ¥ AT BEE dad P oA ELH 7]

Table 1. Image quality evaluation criteria of X-ray Screening System

Classification Evaluation category Acceptable performance Usable Test kit
Equipment that Wire display Bi.di.rectif)nal 1. 30AWG
searches things for Unidirectional : 24AWG | AqTM F792 Test kit
cross— section area Simle enetration Bidirectional : 30AWG or STP Test kit
of Im > Im or less pie b Unidirectional : 24AWG
Equipment that Wire display 24AWG
searches things for ANSI N 42.46 Test
cross— section area kit

exceeding Im X 1m Simple penetration 30mm

AN Eet= wake] thaA o] 1m X 1m ©]8kel EEWS A Asl= Au)ols= ASTM(American society
H|AE7]|E B+ STP(Standard test piece) HIAEZ|E & 32 2831, o]+ 7l
HIS A AR = B 4= Qloh, @ Aol Im X 1m 23] 535S AMsk= AH]ol&= ANSI N 42.46 HAE7|
EE AR, dld AR ShEg d2ad AANE BRE o] 2 Aol A wiASGITE oA FAE s €]
AZAZE AN BA] 20 A Falei, AlY 5 BAET|Es Auo]oME Foldl| 938t
3505 7= A2 A 9] 71 sl tigk -8-& AdAls] HAE o] ot on|
AFAR7FE AT H2E7ES] &84y B |E3t 34 74 & TAA SR BAIEHY A gorE, o]
3k Ulgo] mekd Hao] itk Ed AFH HAEFEASTM F792, STP) +#4 &< A% 4] Hriaggos
A9 epolojetA] gl TRl ool e s HAET|EY Hriako] EATS o Aok whebd HA s 7]

F 9 b, BB ARsh 9 awsh} ase] oo Bd /12 AGeI e,
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2.2 ouAFIRbY WA she) WY L 734 B et

o 9‘1—&* AAEE T Pl AEHPY(TSA) v a9 93](ECAC) Y] FaHebdn] dF
& WL Qe Aot} uhEhA %141 N5% get] A8 TSA9 ECACHA ALgdhs Bl 2EFES 5f
ojal 7} 418 1010]: ok A 2 ATl M e FEAET-IAC] AEEHE ASTM F792 gl 2E7E9 o] & &
+= 722 ANSI N 42.44(American national strandard for the performance of checkpoint cabinet X-ray
imaging security systems), 2|3l STP HXAE7|Ed] tgt 148 431t}

2.2.1 ASTM F792 HIAEF|E mo}

ASTM F792% 1ot oj2d A2x8le] ojnlx] % 718 913 FEow u= TSA 9% 85 A AHEdH:
ASTM A0 731 HAEs ot a1 HAEs|EE A & Im, v o] 1me] HYL

== -
A A28 s SAE 918 JAARRE o|n A AlFele FUEPAA LS HlRe BE A 7ah 252
Azge] AR A2n Aswe] B Bk Y Asue] A5 AFsHed AASEE A B0 3
W A 9 g RS A gt 54 Sk did HA4 A 8308 AASHA ¥ow F 97 FHe digh
A A7 A 2Fe ojn|] FAE HUEs7] fl8l AEE AT 97HA] 7t o el gk W82 Table 20 1
RET =
Table 2. Test object of ASTM F792
Classification Details of test object
To determine how well an X-ray system display wires, the test object incorporates
Wire display a set of unobstructed wires. These wires are laid out on the test object in a sinusoidal

pattern.

To determine the useful penetration of an X-ray system, the test object incorporates
Useful penetration a set of wires placed under aluminum that varies in thickness. The wires shall be
laid out on the test object, under an aluminum step wedge in a sinusoidal pattern.

To determine the spatial resolution of an X-ray system, the test object incorporates
Spatial resolution a set of narrowly spaced wires. The gauge of these wires and the spacing between
them provieds sufficient range to characterize the system’s Spatial Resolution.

To determine the simple penetration of an X-ray system, the test object incorporates

Simpl tration .. . .
Hmpie pene lead digits placed on top of steel that varies in thickness.

To determine the thin organic imaging capability of an X-ray system, the test object
Thin organic imaging | incorporates plastic of various thicknesses. The thickness of the plastic provides
sufficient range to characterize the system’s ability to image thin organic material.

To determine the 1QI sensitivity of an X-ray system. the test object incorporates a

Image-quality—in— set of flat-bottom holes drilled into steel and plastic samples that vary in thickness.
dicator(IQI) sensitivity | IQI sensitivity means the minimum discernible image and the designated hole in the
plaque type or the designated wire image in the wire type IQIL

Organic/inorganic To determine the organic/inorganic differentiation capability of an X-ray system, the
differentiation test object incorporates a steel and plastic sample.
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Classification Details of test object

To determine the organic differentiation capability of an X-ray system, the test object

Organic differentiation | . . .
incorporates various samples of plastic.

Useful organic To determine the useful organic differentiation of an X-ray system the test object
differentiation incorporates various samples of plastic placed on top of steel that varies in thickness.

2.2.2 ANSI N 42,44 EZ%714 mje}

AA) NS Al A A)2sElo] 483 A ASTM FT928] 9744 Aol tlat B2 A 2 7AFES de
EFO2, BOFAATsh A4 AFNA HALE SAal AHg I AN AaAl B Alawe] 714 Al e &
FS AR 0920 B A5 B A LTAGI AR, A A LA, A7 A 2 87 8T
A ARl A8 ATl o 143 olnAFA S GETL 3 o2 B el 0jg Ak a7
AVgh ZAAR AL AR LAY, 7] 1A 2 87 AR AR 918 B 0] ohd 7144 oy
AFA A5S GBS Y A9 AEUAE A A2A GAgu s AFsolgon Ak 45 /1F W EE
AAER 2] A ok,

2.2.3 STP HIAE7|E o}

STP E|2E7]E= ECAC 915 85 Al, AMSE & HAEI|ER o2 thdl o xal ] o] o|n|x|E-d 7}
Al AFEEH F 67HA] &858 HrEit 2018W % 1Y ©]F WG EWSTP(Exposed Wire Standard Test Piece)®
A E Ao 7|E STPoF B7HHES st 33 4| 7|l 53155 dA w0l 2709 HAEVEE BE

o2 &g 7t STP| W7Fd52 Table 33 2t

Table 3. Test object of STP

Classification Details of test object

To determine how well an X-ray system display wires, seeing copper wire of different

Wire displ .
re display thickness.

To determine the useful penetration of an X-ray system, seeing copper wire of

Useful penetration different thickness behind aluminium of different thickness.

To determine the spatial resolution of an X-ray system, seeing slots cut into a copper

i luti . . .
Spatial resolution plate, both parallel to and perpendicular to the direction of X-ray belt travel.

To determine the thin organic imaging capability of an X-ray system, seeing a steel

Thi .. . : :
Il organic Imaging sheet of different thicknesses.

To determine the simple penetration of an X-ray system, seeing a lead bar concealed

impl trati . . .
Simple: penetration behind steel of different thicknesses(stepped wedge).

Organic/inorganic dif- | To determine the organic/inorganic differentiation capability of an X-ray system,
ferentiation seeing salt&sugar(organic)
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Figure 1. Research process
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Table 4. Comparison of assessment items

ASTM F792 STP Selection of assessment items
Wire display Wire display Wire display(Useful penetration)
Useful penetration Useful penetration Spatial resolution
Spatial resolution Spatial resolution Organic/inorganic differentiation
Simple penetration Thin organic imaging Simple penetration
Thin organic imaging Simple penetration

Image—quality—indicator(IQI C . ..
ged y .. (1D Organic/inorganic differentiation
sensitivity
Organic/inorganic differentiation
Organic differentiation

Useful organic differentiation
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ASTM F792 STP
Test-Object Imaging-Performance Check Form
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Figure 2. Test object of Wire display and Useful penetration (ASTM F792, STP)
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Figure 3. Test object of Spatial resolution (ASTM F792, STP)
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Figure 4. Test object of Organic/inorganic differentiation (ASTM F792, STP)
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Figure 5. Test object of Simple penetration (ASTM F792, STP)
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Table 4. Minimum acceptable performance

Largest tunnel dimension
Assessment items
above 70cm 70cm or less
Wire display and Useful penetration:
Smallest wire noted under O mm Al 32 AWG 32 AWG
Smallest wire noted under 9.5 mm Al 30 AWG 30 AWG
Smallest wire noted under 15.9 mm Al 30 AWG 24 AWG
Smallest wire noted under 22.2 mm Al 30 AWG 24 AWG
Spatial resolution :
Vertical wire resolution 1.6 mm 1.6 mm
Horizontal wire resolution 1.6 mm 1.6 mm
Simple penetration : 26 mm 26 mm
Organic/inorganic differentiation 0 0
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