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ABSTRACT

Purpose: This study was performed for advancement of aviation security equipments certification system.

Methods: We investigated aviation security equipments certification-related registrations and the latest re-

search trends of explosive detection technologies. Based on the literature studies, we draw the critical issues

of the aviation security equipment certification system and suggested improvement direction.

Results: We found some inaccuracies of the definition of explosive trace detection equipments, accreditation

review committee, and performance evaluation test method. These problems should be modified to suit being

practical.

Conclusion: The present results would be useful for basic data for modifying aviation security equipments

certification systems.
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2001 m=¢] 91182 o]F, AAl= Fik= "o tigh 93-S Al & W A =Ank A= Hyex
ERgk opyg} A= Ul FAEERE AINE BEs)of sttt 5o 897 Ao ZUlEgit) o= 13|
=, §4, 9 5 T8 A7bE THE B 3 ARE Guste i AAAE s A ela A5491
e #d AAg XA HAch 53], TiE g9 A Akes R oo 4402 w9]o] HATHEUm
JI 2018; Jung et al., 2020; Lee & Hwang 2018).

n) =8 ZESH X (United States Department of Homeland Security, DHS) AFstol] w% B ¢HY(Transport
Security Administration, TSA)S A28} tHEum 2018; Jung et al., 2020). DHSE H#|2 <18+ 343 x4 )
S|ZHE va HES kS X7]7] fla] 200249 11€ I AR Tk PA7|Ho = AUt TSAE 1079
ms o] s]ef A e Heto] FabEar, 22 W. 4] tEEe] $elsbiA 20019 11€ 199 Ao ® EHagith
Z7)o= w2 W5 (Department of Transportation) 4Fslel] 2A%iei}, 20039 3¥€ 9¢ DHSE o]# Ak
TSAL T2 38 GollA Bl A -5 widstal Q) darognel A A2 Farbgn] 459s
A7F Aek. o] Aol ofal rlxo R S| npA gl A of 2 B Shmo] gk AL W= AR} QIS G
HIRES ARg-sto{ vk gt

frie frad®(European Union) Absl7| 72 i wzHal3-91 93] (European Civil Aviation Conference,
ECAC)E A3t tHEum 2018; Jung et al., 2020). ECACE ZA|¥7F8}3 7] 7 (International Civil Aviation
Organization, ICAQ)$} 63 9)3](The Council of Europe)7} A 83t AE 7} 7)Fo|t}, 19954 197) 3| go =z
AYE ECACE A 2770 33U, F-Hstaotd A (European Aviation Safety Agency) 3171 3] 9=, 417}
EUROCONTROL 3]s Esto] & 4470 gld=rox 5o Sk Ad542 hdsta a&4o|v A& 7}
T FHEET & A=Y AEAQ NS FXFo A IYE 7 Wt e A BEs 23A7] AL, 3
A= EI A T2 AGE 71 A FAlol] tigk ols& SXIA1717] $gelth. ECACAIA = Q1% 1Al B 253}
& Fdsty A9 RUHPEE gt b HlolE, 2ok 9]

H R
FAb 2R o) 2Eo] ofe A AT ek, FTHAP|S AR ARRE FHAF 4 LAY A2} 9ok
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o
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R4 Ry A% .
22 200435 S 7FE-2H(Civil Aviation Administration of China, CAAC)S 23] 331 ot & A%

2 93k QItEum 2018; Jung et al., 2020). CAACE 1954 HuelvlgQslel] ols) Aguglon, dxje=

-2 (State council of the people’s republic of China)9] WE&4= Akalo] A F o] vl CAACE F=9] vzt
>

Fougs 93 FEEMV TR g FA e A AAsta JP g Eehdn| et HHg Aes v F
853 v 2 g EQPH] 5 ASA7E Atk o] ARl FFEt ] J1FE HASSHA XA f R
71Zke] Rhs gl gu] o] ARE-S FAISHAL Utk CAACE -3 Eebdn] QIS7|Ho 2] J8 % 8t gt} 3%
wHerguol ik A eAl @b ARAIRAE HER 95k st

SEvehs EEEPY (o] 8t g EebE ol gt dhrhol o FEH Y] 5 EAlE Aldetal Ark(Korea
ministry of government legislation 2018). &3R4 A5ASA = 20179 3Ry UFE MASHA 1

24 o] nh I AT AT B & adfste] tieg Rl wel fgshst], FEnhyd A2729
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Lee et al,
71#o 7 Ao tiKorea ministry of government legislation 2018, 2020a, 2020b;

Ministry of land, infrastructure and transport 2019).
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Aviation Security Equipment Certification System N. _ _ _
] Explosive Detection Techniques
Related Act and Subordinate Statute ‘]I

¥ $ @

Improvement Plans for Aviation Security Equipment Certification System

Figure 1. Research Model

A ] 712 dHds) Addel gk U84 Hele o AT TA 5, g, A3,
ag)a 7|saA7) AR, ik g 7S #3389 7]&(Spectroscopic Techniques)®t ¥ &gt} ZubE
2o 3t V)& T B34 7evhS 18t AL dA) Tl AeEE THE v gy o] gjitio] Rgst
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SEo] AT, o] Q157w Al RS Eelste] dsok sk, Q1% - AT SRS

ko] AL - FHE3ic) Ry AldE Al1939200 A= H Al2720030 A fldet A5 TE EEekdrlE

AR o wE gL A st s HAISHAL Qith AlF 713 W A27R4, 22 H AldetE #1439
"

SgFEegn e FHE TENEHIA A2019-54%0 7|EHo] vk R = ARE 7] Fol wEh A
AR, FEEAGH(EY 55X, S8 S5EAGH), SEEEAGH], SRS AGXGH], HA|Z
WEEXg], A, A d A 2 2o Ith(Figure 3)(Korea ministry of government legislation

oz EAE AAPNE FATh FEPAGY A7) A4S 0§l FEEAS BAE A
Wtk BRREAGUG ol A, oA AN, TR A, Sk G Sl ool Bug 0 Zepyrg
SIS S wETh BURS AR AR Bolgl HEYRE Fste] Herael oo na
W S o §3te] Fug 9 FepyRo £48 wHaks JHlE Dotk GAFRRYA PG Fuao] FAL A
Aol e AR AFE W BT FpYRL SIS JE FAT AFEHAN IR FEEA
o olstel B3] olele #/] E R 5 9840l Y BAS A B AF glo] BAsel 1 S

S wh ANAAPD FEYAV)Z G0 ofele A ofea s

Aviation Security Act (No. 14954]

Enforcement Decree of the Aviation Security Act [No. 30509

:

Enforcement Rules of the Aviation Security Act [No. 687)

#

Infrastructure and Transport Notice of Ministry of Land
> Air security equipment performance certification and performance inspection criteria (No. 2018-52)
» Regulations on the designation, operation, etc. of air security equipment testing institutions [No. 2019-53)
» Standards for aviation security equipment types, operation and maintenance, etc. [No. 2019-54)

Figure 2. Legal system of aviation security equipment certification system related act and subordinate statute




400 J Korean Soc Qual Manag \ol. 48, No. 3: 395-408, September 2020

wl
X-ray Screening System Explosive Detecting Walk=Through Metal Hand-Held Metal
System Detector Detector

Explosive Trace Detector Bottled Liquid Scanner Shoe Metal Detector Whole Body Scanner

Figure 3. Photograph of aviation security equipments(From: Korea institute of aviation safety technology,
https://www.kiast.or.kr)

(

FE o] Alsdsdt A s Al teh A= S ENEH-A] A)2019-525) HA|H o] JtHKorea minis—
try of government legislation, 2019a). ©] TZA|A A2l A5 Zole AH| AFA} T 98 xH (o]} “A)
A2 e} ghehzt ek g o] e AAe A3t i o] el FREHJSS &9 - FHEE ANE T
ot s Ak e AldatE All4xel5el wet WEAFE Agate] s AS AHEstaat dhe 4g-
G g7t s HAL 71l FHeteAE G916k sl Q15T AAlete AAME EEtH(Korea ministry
of government legislation, 2020b).

3 HOMH Al Al14x9)2¢l met gu]e] A5 AF
Figure 4¢} 22 At wetof ek WA 45 A5 AHA= A

23
Ak QF/1Re ABVS A5 9F Y ARE ARt AFrhn A4HE A5 o
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< AFAE At A
T AT AN Aess dast A7l Ao A AAel dEe SRIY AR A IS A4
B7F 37N Rl AR o5 SRlekr] Hste] A H A S SR ATV Ald T Hel M TR
W= A 7AE Aol i A o5 & Sdska, AAA ] SRIFHA ASHAI YIS T ATAFE
AR 5 ASHME Tk A8 demrE 2 AR B @] BAsglon, 30 ol =
A7F TFe @ Al AFERl 5 AR 712 13]0] Fste] Albzel] wE AN glo] AeHIMAEE AFBE -
Atk A AT AHAF ey A Al1422418500 wEk A7) gel T Fujol v s ST
A= AFE AL o224 AeH7IAE e A B dFE SF8E] AW oR [l Af 4T
AT A= o7l A5 B 43S HANRES 5 vk ofo tigh 242 AU A 3]0l A g,
AT D3l = FeRAIPA BT A1422900 nt2} de ATe A oH7I1ME 23 R AT dF5 59
o, AR AN B dREA o, A AAF Aot sl AAHe) e A o R (1d o4 29 ol
Rhel), e A 715 N, Adale] el Wi AH - 7)9] - 3jn)], e S T el s3I et
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(Korea In:

1. AuthenticationReguest . 2 Receipt of an Application Form

2-1. Complementary Measures l

3. Notice of Authentication Request

l

4. Quality System Assessment

* B, Submission of Test Plan

4-1. Complementary Measures

6. Approval of Examination Plan —  7.Performance Test

7-1. Complementary Measures - - >

8. Performance Certification Judge hmiagi ok Dl
[Certification Judge Board) S Sinmssanaries Ban

9-1. Complementary Measures

11. Certificate Acauisition « — 10. Certificate Issuing

Figure 4. Process of aviation security equipments certification(From: Korea Institute of Aviation Safety
Technology, https://www.kiast.or.kr)

3.2 TE4E HA Vs

ZubE g2 ulo] giste] Al M= 7Eel wE E5 2ok g o B5E Y @l ARS-H(Caygill
et al., 2012; Lee & Lee, 2019; Yinon, 2007). Rref A 22} 7h Fdbaghx)7gn], Sk S A4 ehA]gn], A2 $kE g
A7gu] o] BFE g 7] VR AFEglohi, - rebdu] QIFAldA = 37 R AR BRI Ak s
SHoR vgtEH 25 A 2 o] ¥ =od %
|

= A
], LS TAY], AAFLE A F dE g AR B4 A=

A 7)ee IA B38hE )4, 7447] 7]14(Sensor Techniques), 32} 7+47] 7|4 (Olfactory Type
Sensors Techniques), 835244 714 (Quartz Crystal Microbalance Techniques)52.& g &= gt} o]
T B4 el dA deH e ARG 1 gol &85 9ti(Caygill et al., 2012; Yinon,

2007).



402 J Korean Soc Qual Manag \ol. 48, No. 3: 395-408, September 2020
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Bt 7l gl whE B B b A ARS o) &9ith s gx e ddd BEeH e
Table 13} o] A2k B4 (Mass Spectroscopy), ©]< o]5%= H4 % (Ion Mobility Spectroscopy), Hl &3l 2
239 (Terahertz Spectroscopy), =29 X 3 (Infra-Red Spectroscopy), @04 = Zz}=n}
(Laser-Induced Breakdown Spectroscopy, LIBS), 2%+ #33*H(Raman Spectroscopy), &5 FAF 744
(Cavity Ringdown Spectroscopy) S°] AtHCaygill et al., 2012; Lee & Lee, 2019; Yinon, 2007).

Table 1. Spectroscopic Techniques for Detection of Explosives

Analytical Technique Operating Principle

Mass spectrometry 1is an analytical technique that measures the
mass—to—charge ratio of ions. The results are typically presented as a mass
Mass Spectroscopy spectrum, a plot of intensity as a function of the mass—to—charge ratio. Mass
spectrometry is used in many different fields and is applied to pure samples
as well as complex mixtures.

lon-mobility spectrometry is an analytical technique used to separate and
identify ionized molecules in the gas phase based on their mobility in a carrier
buffer gas. Though heavily employed for military or security purposes, such
as detecting drugs and explosives, the technique also has many laboratory
analytical applications, including the analysis of both small and large
biomolecules.

Ion Mobility Spectroscopy

Terahertz spectroscopy detects and controls properties of matter with
electromagnetic fields that are in the frequency range between a few hundred
Terahertz Spectroscopy gigahertz and several terahertz (abbreviated as THz). In many-body systems,
several of the relevant states have an energy difference that matches with
the energy of a THz photon.

Infrared spectroscopy (IR spectroscopy or vibrational spectroscopy) is the
measurement of the interaction of infrared radiation with matter by absorption,
emission, or reflection. It is used to study and identify chemical substances
or functional groups in solid, liquid, or gaseous forms.

Infra—Red Spectroscopy

Laser—induced breakdown spectroscopy is a type of atomic emission
spectroscopy which uses a highly energetic laser pulse as the excitation
Laser-Induced Breakdown source. The laser is focused to form a plasma, which atomizes and excites

Spectroscopy samples. The formation of the plasma only begins when the focused laser
achieves a certain threshold for optical breakdown, which generally depends
on the environment and the target material.

Raman spectroscopy is a spectroscopic technique typically used to determine
vibrational modes of molecules, although rotational and other low-frequency
Raman Spectroscopy modes of systems may also be observed. Raman spectroscopy is commonly
used in chemistry to provide a structural fingerprint by which molecules can
be identified.

Cavity ring—down spectroscopy is a highly sensitive optical spectroscopic
technique that enables measurement of absolute optical extinction by samples
Cavity Ringdown Spectroscopy | that scatter and absorb light. It has been widely used to study gaseous samples
which absorb light at specific wavelengths, and in turn to determine mole
fractions down to the parts per trillion level.
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A S Ao Ags sk W o R 191296 Thompsonell 98 A &o& 717]& vhsoj3ith &
FeA7le Bl S 2 of Ao vz SAs, o] &2 o] 7hA] o] &3k el oaiM FdTh A
A7) 3A AN FYT, ol23HE A7IE EAl(Source Region), Al=E HAatel ghell whe} RjshA sl A

r_>.i

Z=A7|(Mass Analyzer), HA3ke] z+& BA3tE= HAZ7)(Detector) TEZ Ut ek Bapde] gz
Quadrupole, Ion Trap, Time-of-Flight, Tandem based Techniques 5©] gJom, E&o] sholx} BA A7+

= 44wl HdE BAE gk AA Aol AREEHJT B3] v=2 911 HE o] F, AL BE w5 FEo|
ZUE 831 ZA7F FEEHNeH, o] F FE £4 g@X|7je 7IA ABRvEDY A BAVE ARES
(Caygill et al., 2012; Lee & Lee, 2019; Yinon, 2007).

o] o]l T % FAHLE d7|¢elA T Whe 9oz FYg v 371 FYT ol ¥ B o235 A
ol Al B T8 9A(Am241 B Ni63)E AHE3te] ZE8AE o233t o5 A7)l o] sAlA A7t &
T3 548 AEste Wolth 71A ARntEay A 2479 vt 25t vhssteE Fulo® A}
£5 ZUE T4 g@x|7|2 ALEHET vls TSA 9% 7]ES B o] olFk EBX7]e] tEZQ JR2e=

Barringer Instruments, Inc.2] IONSCAN 3500] 9lthCaygill et al., 2012).
Hs| 22 F33S nlo|F2sle} Ao) M Aloldf] EAlee HEs|229E o] &3t} Ui HiE B &

W A e Hghsl22m oA a3 549 2 ERS 7HA L gtk 53] Hed| Exake 2}pe] o]
U XAl mlsf eux]7F A7) wdell, EA0] &S HAastetaA B4E BAE ke FHE 7 AL 9l
N2 T8E 92 V&2 F5 v 9 th(Caygill et al., 2012; Lee & Lee, 2019; Yinon, 2007).

A T A o] &3t} Aol TR ¥ 2 3 gt o] A2 WEg s 7RIt A9
A IS FE F5F T3S 7R st 7les oA A o] 7s thdd 318 EAES BAekaL
At o] 88 ¢ vk A e AU Tk, VIAY TR e FoIxl ARl tisiA, A E3el vF
T oY 7l -] Fashe Ao g9 AAplat 2AERS 7] flE Aol EEAE o] &3 A
A AR 712 A AAER- S gl 9 FHol= Asru 3dS BA8H, 74 Fol= 78 F9 gt
s Fshs A7 gl gt 249 FFE(EE FHE)E EA ST A9 AHAEQEAA ARREE A T3
T HAEE cm-1 7|S 8 FAEE AETE Y] 95 ghe o] &3t A9 3t Gl FE who| A R1E ¢
2 FolAH, 7|5 um 7|EE o] &at=tl, ol ] ool #do] k. o] Ves o] &she dukAl A¥

]

A
71715 Fglo] Mgk 29X B337)(Fourier transform infrared spectrometer, FTIR)9} 744 AukA} sFgjo] W
2 2] (Attenuated Total Reflection-Fourier Transform Infrared, ATR-FTIR) %37] it} Z0E €]} 7
sl FTIRE= £ 29 e dAZaEe] @471 7b53slH, ATR-FTIRS Aol 9 Fi4d ¢ Z9|
7hsatthar Batso] gleh ARk Edo] ek e dEee FHiew Qs A8 R sk Hekar Stk
(Caygill et al., 2012; Lee & Lee, 2019; Mou et al., 2009; Yinon, 2007).

LIBS2 #olARlE JAEAA de Eetzrts o83t o) Frditaaizrids 44 % el i e
7] =8 7L Siek o] Wil A5E T7ISAA ARG E W= 5 7ML 7h ok o] F A o)A
£ ALEEte] Al5olA AvKablation)dll 9J3] Eef=vtE AGAA 1A ABE RS 9 o] 23A]7]aL o] 7] A1 A
ARG SATH= %J*Eﬁ‘%; < LIBsola} gt LIBS2 12 B tofst whdsto] AR FHle] Sde, ARk
4]

4, Fug AU A% 298 154, 4 Fo) U Anel 48
u

HEX
el
Ur LIBSPJ ‘%@E At wkef AT X WS ARSSH T ARk o ofefoll A 74|

¥ ol g e g
adlor Bk B, BE TR TR B, 44, A4, A4 FoT TAT] Jov], Bast Saol gg 42
o Aol NS B YUS PHERE 54 F sholnl, F7] Fo Aash M2t S ek o o]
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o}2] LIBSE o]&3l ZiE P2 E ek A8 g2 P =2 el tH(Caygill et al., 2012; Lee & Lee, 2019;
Yinon, 2007).

2k #3349 (Raman Spectroscopy) 19284 Q1=9] #&x} =g} M7t2 ghgto] wtAsH gt a3E o] &
g Aol golAE AFE w2 AR HAY] oUAEH 9 ApolntE AUAE Foeke ARS
THE dodl= Wolth s ©X 9} FAste] gyt BagHe AAIRE B4 0] 7hEet 9AE S540] 7Hed
o}, SN ) 7F auvtelm AR 7ke] 7] ZEar glo], A¥stE whdebA] ekl gith(Caygill et al., 2012
Lee & Lee, 2019; Yinon, 2007).

W

o

3% FAF 73] 49 (Cavity Ring-down Spectroscopy, CRDS) CRDS2 W& AHgA|7] 31 &3 A&
o Adj 3t 28e 54 & 5 e A= G 2 VlEelth 54 el Ble Fadks VA S AT
otal ppm ©lste] TS AT F vk A T FA ] BAeM e S o] Yol & ukp
Aol ol FAY T gl FAS AL, & Woll F23 WA o] SH W, HojA7F AR AL AlFhe] wlet
glo] Al7je] A= #Z47F SAET 1 F W SEe] B ARbe A S8E dHrehs o AREY nlalste] A9
ERS At} B FHRe wE ¥ 2y £ER5E 4EE . 3FAIRE CRDS+= 714 Al gl djfiAfet

o] 48 A= THHA Sk thCaygill et
al., 2012; Lee & Lee, 2019; Yinon, 2007).

3.3 FFHIAA AeASA EAAET AL

3.3.1 FL=TAgAH] 9] 9

FERegH] AeATA Y] kst Weks Table 20 YERASI UM 7]1E8l05e], TEAET-IA A
A s
[}

o)y : 5
2019-54%5 A2%0] oJapd, FLETAFAGH| g A LE 2o S Fste] shehAl o] 2%
A W 55 o] &3ty FHubE Wl Zop o] B4 8 BXsl= A& et Korea ministry of government leg-
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Table 2. Improvement Plans for Aviation Security Equipment Certification System

Clause

Content

Improvement Plan

Notice of Ministry of Land,

Infrastructure and Transport No.

2019-52, Article 7.

Methods for chemical ion analysis
by inhaling chemical components,
etc.

Methods for chemical ion analysis
by inhaling chemical components or
surface conditions, etc.

Notice of Ministry of Land,

Infrastructure and Transport No.

2019-52, Article 21.

The committee can not request
amendments for clause in table 1-5
and 6.

The certification institution and
testing institution can request
amendments for clause in table 1-5
and 6.

Notice of Ministry of Land,

Infrastructure and Transport No.

2019-52, Article 7.

Minor matters that can be fixed
within 30 days.

Minor matters that can be fixed
without replacing the device within
15 days.
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