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ABSTRACT

A Study on Technique for Radiation Image
Processing to Maximize Container Inspection

Efficiency

Chang-Ho, Lee
(Advisor : Prof. Byung-in Min, Ph.D.)
Department of Emergency Management,
Graduate School, Inje University

The purpose of this study is to present the algorithm to minimize the
image noise caused by deterioration of high X-ray container inspection
equipment and the faulty detection sensors, and to improvement quality of
the container inspection images using MATLAB Toolbox. The daily
checking images for the container inspection were used with the subject
images and the noise caused by the horizontal and vertical images was
evaluated with root mean square(RMS) method, which is the most basic
evaluation method of digital radiation image. Also, quality of the improved
images was evaluated compared to quality of the original images. As a
result, all RMS value of the improved images was lower then the original
images by a mean of 13.5% in the horizontal images and 18.2% in the
vertical images respectively. Also so did RMS value of the improved
container images, by a mean of 13.4% in the horizontal images and 19.1% in
the vertical images respectively. By implementing the image processing
technique that can utilize the improved image quality, we have developed a

retrieval image interpretation program that can be easily used by anyone in
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a normal Windows environment instead of the MATLAB environment. It is
expected to contribute to the blocking of illegal smuggling through imported

cargo.

Key Words : Container inspection image, Noise, Improve image

quality, Image processing, Interpretation software
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Table 1. Performance of detecting container inspection smuggling

(Units : Count, Billion won)

2008 2009 2010 2011

Count Price Count Price Count Price Count Price

Detection
28 84 48 154 32 80 45 17.8
performance

Customs yearbook(2012, 2015)
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Figure 3. Detection image of methamphetamine and fake impotence

drug by container inspection(source : Suwon district prosecutor

office press release, 2015)
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Figure 4. Detection image of smuggling cigarette by container

inspection(source : Korea customs service press release, 2017)
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Table 2. Performance of detecting dried red chilli disguised as frozen red chilli

Penalty Deficient
Import Detecting
price duty
No. Date volume volume Method of mixed dried chilli
(Hundred | (Hundred
(Ton) (Ton)
million) million)
1 ‘15.12.04 101.0 135 67% mixed in one of five containers 11 12
2 15.12.15 1206 25.2 21% mixed in each of six containers. 2.0 2.2
3 16.01.08 120.6 14.0 31%, 39% mixed in two of six containers 11 12
4 ‘16.01.18 60.6 19.3 34% mixed in each of three containers. 16 1.7
5 16.01.25 101.0 15.0 25% mixed in three of five containers 12 1.3
Total 503.8 87.0 7.0 76

Korea customs service press release(2017)
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Figure 5. Detection image of dried red chilli by container inspection

(source : Korea customs service press release, 2016)



2z
zS|

=

T T T oA
o "
Mﬁ%%.@w W oTw
~— _AO q.wo.o‘|ﬂ
ﬂwQ%% .A_.ﬂpr_z_ﬂaq J
D ﬂ.@@m_ﬂwoa -
T oy o= o I T oF RS - o9 T . T
= o . = % 3 9 of T OF B r T
WP g = g K o0 . ™ H 2
}omﬂ‘mﬁuq s ® ow M ,Drz_lmuujl oﬁﬂ
B A e ﬂ?m%ﬂ&@ﬂﬂ%%% oy w
T ﬂ_l _WE‘.X_;_I '~ — —
A_.Mmmé T 5 =T z%%?u ° ® o
%H%%% mxﬁomﬂﬂﬁwﬂﬂaﬁvﬂﬁ ﬁﬁ.%
DT N Ujo o MM ) _ = ,_&U “Q- _z”o vl = &o A_l el O o 2
ma;.ﬁ 7nﬂr.n_ma_e T — o o 1ro)1m| m
é:v?&%ﬂwmﬂ]A.ﬂl ﬂx%w@r%z_
o moe L = = B T
%ﬂﬁo%.ﬂo_z%ﬂomu1wr %ﬂ_ﬂrload.. z
om.n_.mﬂr*_.urm%ﬂmﬁwm,MW]L%&%%EWW
MﬁJomomomﬁ%ﬂ%%g.whm%ﬂmmc;urHQQﬂLmu
. %o HRE o oy u. ,J|1_|
Wﬂ%é%ﬂo%m%mmﬂ%%%%ﬂﬂ_\/MﬁWﬂ
LI = TR g = 5 HoR e T
il m:_ﬁww%ogwﬁuﬂu%ﬂwoﬂ.«.%ﬂo ®
QEWU.ﬂhﬁrg%dﬂﬂmg%%%ﬁ%ﬂwa
W1ﬂ%%mﬂo_m%%¢@rmﬁ:W%ﬂﬁﬁ@%ﬂ
| 7 ! —_ —_—
oTMn%M%ﬂ%ﬂﬂ%%%%ﬂ1wr@%7H¢mo
” AEEE LS g Ee T TEG T T
%o ,o|1roT_:H uE‘W‘_‘uAI Ar .§9]ﬂgﬂﬂ$ﬂﬁw
ﬂ%%.zwﬁ.%o_hﬁ ﬂaﬂﬂw_mi%mo%%%H%L
oo TR o= N s w X = W
%H%%@MM#MW%M%MU%%@%%WE
0 O] _
Hlf_ﬂozmaa%ﬂo%szzﬁqua
.Smﬂqoﬁaﬁ}amdﬂoﬂaucwuﬂmn_zg
R Zn_.ulﬂ‘lxﬁm A=
HL E.EOO,‘WOZ
_zwﬁﬂvMOﬂOZE*wml
W T

ﬂ-;g z‘g il
4 (container i
security initiative, CSI)<S
, S AlYA T
. 20039l =



o

AR ashr] Q] 23 T FH A AH A AAbstE st
ot¥ - A(secure fright initiative, SFI) A= & ¥ A7+ o] &3}
EE AHelY = sl d=dd 7E BAE =
EHAAE Adste Z2IHd Al FT WHAbs BA T/ (mega
ports initiatives, MD< A|3td ot 53] 2006d W= FFFrEQH
(SAFE Port Act)oll m|= o]2]e] XX % &}(stowage) H L W= &
7oA ¥Fét(landing)H = = HHOIYE 100% 222, LAY St=
ZAelold = 100% HAME T8l AdsES Abdd Sy eA Adetr]
3 AL wtEstPT g8 JHA dAoE 100% AH oY HAMY
R =T

9-11 ¥ o|F A a4 AEloly 3= %o Ao F8 H &
A= = A (theft proof)dl A 18 E A (tamper proof) o2 7ld o]
AR HHHES dFo F719 AdLS B ZAE sHE AA
FAZ o

olglgk Iuf - 9 IS st IAHLS A&
HAEHD 5 98 =59 IH oY
tetr] e 2002 Hx2 RAAEe] A3 7M4 7] (linear accelerat
—or)oll A Y& iz AAMH(X-Ray)S o838 ZAgH ooy F&F HAL

i

s

QA5 gA D BT BBE P

-

t

o
=

N

A 2l (container cargo inspection system)S =3At}h. AHolY A
718 T3 IHE FYHE A deEoy & Bl AAS s 3l
Qe F4rds nEsle A= F2 et 14U19 A" oly & HAF
AE7F A - &L U

HAH B= AR atd AAHY FTAAHATLLS HEH oY A
A7) FA4E s A3 FAAAMOU)E AAsHen 1 A3 A4t
3 Aoy 2717k BAFT H el 2018 3¥o] =QE o Foth P

A FFAR B g ostd AlA Hx 329 & AE oy HAY

_11_



715 st Fgge] DX AA #A 7] F(World Customs
Organization, WCO)& ZHo|Y 31E HAF A" A% GA9 & 4
2 91 2 (unified image file format)ol W3t T4 TFS W=s
A& AU oA E AR wA] I2HE o] 85 AH Y &

2H2 A& F7He FRbel flerz olek AEE ATt v

wah Aol AAZE UAE PAH G A2de Agac Ad

oY & A A2de Bdte] H5F IY(mage)e AL A v

Al AFHm AANEA FE§F 5 U= 57| Utk
Adold 38 PAF A2de g AdId 9 =) A

=
#EL A 2ol B

Aoy A7) Az Zes BT AxIA 2 FFAAE L7

Zdoly AN AvE AT Adgeoly AxFAvlg 1/ G4
olHE AT w5 ZEaPo| AR HE o]d wet #s =2 vt
=472 9 X (image format) F2A o2 FAdo] AX o] HolHE

PAY #elsis o BA7 w4 AF A# H95e 418
AzAbukeh Zi7ke] #% L2ade wgel g BAZ B4R 2
HHoE A% FHE FH7 el 9¥ UolHE Wt AA JuE

[«

S O
ST

;

_12_



ke
Y
P
pocs
*
)
oft
4
flo
3

2 A sE A AEE FF H A
A Ao #E g JFstetr] A8 AHOY AN AF VEs BT
AZIA 2 ZTFAA AU Z WHEA FA4 dolg = A xuld
sl S st 54 A9 Abgo]l a7 Ut

old wet & =EdAE HH Y & HAF A=A LA G

F ee HAxsee FnZEe Ausel 949 fde A
B

g F e TY 94 #5 Z=Z 1Y (unified image interpretation
program)& 7WL3te] FF BE THES FALA AT olF FH
Y 2eE R R A8 2% au igle Addo s BAA - AL
2 EdE Hageld A S AdE ¢ e 842E aRHo=R
Apgetal yobrh =Rl B 8 ghe] A Al A - o= opmpx
Aoz 7thar,

+ =29 47 5343% We2 g3 2o A, =F3d 157
(detector)ol Al TAsIE G4 FS& AlA
el 3= HAF A"l FEH I e WA 94 A 7
TATT AA, WA 9 AE 71 X
A& AT o e T 98 45 =239 Jidolt. UiA, Jidd
T Y 5 Z2a9s B3 TR 7Y EFOIEA F
o] =37 o8l ILF(Red chill) HAM &3t 15 G £

71 el

_13_



2F4°72000)2 AHelY AN7Z AL BE YFES Fol
4 Qe AL oyt AEely AV AT £ 2E e4d
Ae7t Agstel e 949 A(quality), BEA) ARl me} G4

gEo] ZAdY. do] 6~16m, E°] 24me| ZAHWUE HFH i

Aalixe dAE GB3AY 7IHES E83foF sk A A3 AT
24922004 Ao HE AAdog dAA FAME T4
g XEGo|E 7|t 1A AH HEVIE AFEET HHUE HAL
at7] 93 HE7E A% FHYoR A 2 YA W YA
M E A ol MEe AsE Py A HEV] ZHolE FUHAA
AZE ofyzt fFEo T7HE doeta AHsun. dEold HE719
Ae-e A3 o & H(signal to noise ratio, SNR)ol & F3S nZt}h
FFAP(005)e d2H GAMe e AT EXS wigoz
ZEpAel HEBn =g o] §ak A2 Fte] FE AA THE ALEHA

3
o SA4E ol&dto FHe AA AFE AT
= dHed W F29 9
S BERY] A4S BT Hrtetn 2 A wakd #E oAk
HES FA AALZ 2R Foh oA #E5AY = wE Pt
T At AFEG. 2HA S Aol A2 HAL =
ATEA AHOY W Fo] FY EFLE Aol FH3

22 FEE 7= A4 Wl AAL 9(scan image)e FETF F

1>

o&,‘i
*Ciz
~l
()
[a>)
S
rlr
[
2
_E
ot
1
Y,
>
>
r

!

_14_



4 22 I AR AAE F old 2AE HAEske AT E T

Wicher Visser®(2016)= ©Hl(Cigarettes)9} 2 ¥ 3 o] 7ol

il
[0

© 4 EY EFo| flve 9HE AVEed, fH d%9] AH
Tl A AFE 7|9k T (computer based training, CBT)o] A|sj€ T}
A AEolY 32 J2H AAY HE Y] A FdE ALr A
ettt o] =&l et 3= HALE A% A2 G4 AE v

7S ACKIS Z2AEDGE o|FoR FHAF A Azt 35 7l
AT

& /g =2 I (framework programme EU)9 A LS it

Rl

Aok 22 AT 2ol FHUSE FA% A AHCY FJ==
AeelHolA EAAX Adle P NA &
inspection, NII) 7]&& &3ty AFEL &Y 55 o= ¢ F
3 Fulolt}y, T, 22 EFY ¥dd FX(density)E 7= 3
o g w5 7|He] AT x7] @Atk a8 AH ol IE A7
o] AFAb T g G WS AHESt] EEstE 94 EF(image
standard)e] {It}. o2 A3 thget A= JHES AL H4A &1
& Aol7b AL FAY #Zo] ol #E ZEIadfo] thgste @

A7) Zeadud 43 4 7)7e] Aas

H] 3] 7 A (non-intrusive

oy

_15_



2.2, AHoU 4] A2

Ze oY AMN7) = Ty A] JdAME ST = 77 Al 2= H"(acce
-lerator system)¥ 3|4 ZAHOUYE T3k oYX AxME 2H7]FH
ANe2 At AN F4E H=s JE A2 (detection system), 7

Holy 4t &S o] FA 7= °]4 X (cargo moving system, CMS)

[
o,
il
o
>
>
2
o
o
folr
o
rir
2
=
>
e
ol
(o

2 7997 Aoy A4
71 @8 AEolUE HAF & Aol AHold FE AAF AlE

, =% 39 W3 (seal number)

g g A4 Aoy £w FFe ol% FNE Fal A4 HY

il
o
of
[>

70 (cargo scanning)<
sHAl €t A Hd Wi 23 3 Wik 2t adyx] A
A A Fx9F 2019 A3E Hj<E(linear array) AE71E st HAF
g 9% 94 ARg 534 9o " (Figure 6)
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St M 21 (71 XL ZEES

Figure 6. Concept figure of fixed container inspection system

(source : Jeollabuk-do press release, 2016)
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23. Adold A4 G 574

A2, ek, 28 4
AE o] &@Th o] FoA AR d2ME o] &3 HAV|ZF M E
g AREEHI o @A AHelW HAZIE A ¥H A= Varex
Imaging(7 =), L3(7]3), RAPISCAN(7] %), Nuctech(33) 50| 9t
Aoy A= YgddA AHE&HE HAE A2 # Fule np
A2 A2d A FR], HE79 HAFH A2de® 745 th
A2 A7 HE&ET Wi EH
Holtt, 98-8 DR(digital radiography)E 2%+ vl (array) #HZ7]
AHgse] 3 M AR ZAHexposure)Z 239 WAMA S THEO
At sk A" oY FA 7= A4 Z7i(document scanner) A ¥ 1
A+ A3 wid(linear array) A&E71E AHESH7] Wi ML HE7
7b 23S A AHelY 3HEo] olFdtd e et Hel "=
57 o]y Hojgoz <lF oBENA ALEHE Wy HZE7](flat
panel detector) W2l ©@ZAA X333 7 Z7|(single crystal scintillation
detector) & AF&¥ 1 9ot
A2 A8 714 7] (electron linear accelerator)® %= Nutech AME Al
93k hFE-EolA w= Varian AF] Linatron-M 2 2@-& Al&-3t=d Az}
A thdte] H2dl FH(target) S F3 6 = 9 MeV7HA 74 H I ol
£4E FHstEA At AsEHA 924 (bremsstrahlung X-ray)©|
ZF7](slit collimator)E &¥ste] H3& W (Fan beam) FE =

Aol A4 B'I2 ZAHexposure)dtt Txolth? 7bF o] Al4H

l>

i

il

I A+ "= Varian AFe] Linatron M-9¢] 9 MeV A ¥ 7145719 2 ¢
xHo=HY 1 vE AgoA Hd 30 Gy/min®] WA HFES HES
stal lol AE 71E7] FHOE A AR 9% E& T3 AR
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For A g aH7E ol Fo|A Unh. wEtAM HHCIY e A
AP Al AdREHQD FEE AHOlY oFS f% AN BHEH AN H
d T4 FE AF 7HE7I7 e A9 JHEY] wrd Rl HE717h
YA st Pt

A% 7] (detector)= 1,000~15007] L2 @d A=7|7F 2= wjdd
Fejol @d HE7I= CAWOs A33A(pitch : 4~5mm, width @ 5~
15mm, length : 30~50 mm)¢} F-t}o] 2 =(pin photodiode)”} ZAgat 2
Hd #A7] 28 Feoltt® B A (scintillator)E HE7]e] S0]Q
WS Heor MR FE 988 I CAdWO, A3 A =2 4A
Hzet 928 7Bz d2Mdd gg HAE &&0] 0. F-Hol=
d3g Aol F2Eo AFACA wEd He Hd7H As=E nt
B3 982 #12(Figure 7)

N
N,
N
N
e
N

X-ray
generator  cCollimator  container

. —>- —
0 M-

CdWO, Photodiode

Figure 7. Conceptual image of fixed container inspection image

(source : Korea customs service press release, 2017)
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24. A E 949 =

241 9AE F&] Hs 54

A Gl e Fee A BRI BEolE o] okl 9
A A BN Bolet Qs B AEY WEold ¥ & ok
hgEaE Gaeld AgeE BE-= sduch @4 AHgshs
AR TAE 9 Axde o Bgstn ted FEZ o T glo]
Feo 990 Hi AxEo] Wol EAWT ofgE WE-23Y A
sgoAE 94 Azl FeoE Ad st JgdA e Goe

& 9 %7} ¥HF(fluctuation)dt= 24 A} HEAE (quantum mottle) ©]

W
ae)

ool Aot 13 Fe HEL A F4E A2 I
o] FA WE, FFA ZBAA FFY 7z BodAH #EE T
A FFo 4 ¥ME 2 HAl(emulsion)d ©¢ HAY FzAse ¢
2 9 A4 Ex=E Qe BE Z=(sensitivity)®] F37HE W F 0
ok SHAIRE, AR ORI E FF Alz"lolAE A2 R 9 O Hiel=

HAL AE7)e T2E e, A7 Ze, IR Fe So] urage
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242. X9 gAte] AL Hr) HHY

24.2.1. AFAT A F(root mean square, RMS)
F714 & 5449

A OA" GaelA dehte e @A oY F7]
o 93 HAS ARz EAH AH43® WA RMSE o
Asl7] ol FE EFHA A& Aot

T = l(9L=1Jracz+-~+a:n) = %in (1)
i=1
Equation 1 EX oA =77} nl ZE 2,2, s do F
39S W 2 (sample mean)o]&} 3+l
1 —\2 —\2 —\2
. n_l{(xl—x) (2~ 7)) +=+ (2, — 7)) @)
1 T —\2
B n—ll;(ml_m)

Equation 32
H 2} (sample

1o

BB A (sample variance)S YERY L

A
Jehje g2 EF

Equation 2& X E
Equation 29 FEEAFS <o AHS

standard deviation)©] t}.
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s = \/ ! {(azl—5)2—1—(252—E)Z—Fm—f—(mn—az} (3)

g
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2
2.
=
w
B
m
L
4|
e
S|
M
)
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1o
=
ok
o
a
)
i)
o2
0%
1o
off
k1
&
=}

o= =3, ~7) @

a:\/ . 5)

(~

A7IA ze A& e BEE vEdL, o= 74 a7 e A
&, ne GAelAe F 49 AFE Yetdnh ol AT HolA of
= AR WFo] BAG=AE HEll= Ao| Equation 42 FEE4E

oolt}. Equation 49 TEEA 2o AFZE HeE AHo] Equation 5

1o,
e
re
b
N
o)
_>|~l_,
)
N
it
o
AN
=
=<
05}
Y
o
iy
+
Jhu
=3
o
M
kY
rir
L
)
il
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24.2.2. A7) A% 34(autocorrelation function, ACF)

ACF= —AY FAdA F7180lv AdARE 7HA L A &2 53
< YedF= W9 styelth.  Equation 6

g 98 gde FE
= ool st kel JREAE UehiE F5olTh

-+

AFC (1) = llm / o fla—7dx 6)

m|@

A7NA, flx)e FANA da #AH Agd ug ¥iles 1349 g4,
= gae A71E Jehdth AaRa

JEUAE 2ARE AY, ot
A, RBAE 2ALeE

Al

2AbekE Ad 04 W AUge

e g g

i

g7t "o A5 =

2423 F< 3¢ 2% E 9 (noise power spectrum, NPS)

FFACHE A 99 58 T35 999 ¢4

NPS+= A7) &
2 AgslE Fo] W8 (fourier transform, FT)& Fa|A T30, ¥A
A GAo = 9 ~# Ed (wiener spectrum)o] @ nE )
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25. % A 714
25.1. 97] W3k 9AF A8 (intensity transformation image processing)
25.1.1. window width and window level

Aol AN Jdo B 4
A dehga, 9x7t 52 vl A2 F57F AA
F3ld FI 9 o =
(latitude)”t WA Ho] T3 D= X33 T2 7IAE FGado] @

t}. &, window widthe] W3}i= thZ%(contrast)E Z &3l window

window width&

levelS gAH¢] H¥7](brightness)E %43t} (Figure 8) WZ%E7F &5
E #EEE oA 22 HA™sA 2-3te G Ao &8-31d

E]— 38-45)

o

of

65335—

All Pixels Bright (White)

No Contrast
Center ) Image
(Level) Width Contrast

l —

All Pixels Dark (Black)
No Contrast

O —
Image
(Pixel values)

Figure 8. Digital image windowing
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25.1.2. 749} B A (Gamma correction)

vl B WY E(gray-scale) G 7] ¥WEeS HF 7|2
71%5elth #Ank gL Ay AE $4(non-linear transfer function)$
Abg-ete] Gl MY A =(intensity) ASE HAHAFAHoE WARs= A
oty e Al HolE gt AA &8 F4e #AE £HsA, O AdA
, BUY 59 FAA A&
A EdsE o Bad By FYo|pw

AW

(Figure 9)
Ziak7k 18 2o gre gAao 7 yYehya, bR Zeirl 18
3 o] T2 o=z WHEA ")

)

Gamma correction characteristic

Output ——

\ Brightness output of the display device

Input ——

Figure 9. Gamma correction
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25.2. 3|2E% FA *] 7] (Histogram image processing)

2.5.2.1. 3]2=% 1% (Histogram)

HA0, L-1191M dA Lje] "= 7Hx = "UAE F49] 3=Ea

& Equation 73 72L& o|Atgrgo|t},

h(r,) =n, (7

7|4, r FZHO, L-119) kAA HAdE, nt GG HL=r}
nQl B2 F ond GFIM AA Fa Folth F2EIYL 77
s g oh(r)d BE 22F 94 AA & F(E UFo] Equation

83} o] Aqtstd S|A2EIHOE FPIT

(8)

A7AM, A4 G k=1,2,....,L oty plr)E BI=E r, TAT
g9 FAHAXLES & F Uk

Figure 10 3|2E1o] 7Fx& dutE <l Helxo] o Fi(dark), ¥
31 (brightness), I WZ%(high contrast), A WZ%(ow contrast) 54

sy
& BHOFED X523 ¥9E #d L= o siFein, FdelAe ¢l

sEIPE 02 AeM, 255= @A IS uPJth YEE

AT GHNA HNZETRL 0o e Zol AFHo| gow, we
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Y Y
p(re) (@) p(r) (b)
255 255

X

0 255 Tk 0 255 Tk

Y Y
p(r) (0 p(ne) (d)
255 255

X ‘ X
0 255 1% 0 255 1%

Figure 10. Histogram according to basic form : (a) Dark image

(b) Brightness image (c) Low contrast (d) High contrast
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25.22. 3|~2E 1% &3} (Histogram Equalization)

S 2EDH B = G4 TR EXE UEHE S2EaH9] FH

TH 32 ge o8t AAHoR e FEHA T o BEF

T A FE7A FERA AstEAM Gde dozrt AstEo] s E e
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=

3.1 AHOIY A4 93 54

Adoly & HMAAN= AF7FS47](Linatron M9, Varian Medical
System, USA)7} 3R] d24-& AR ZITE CAWO, A3 HE719

12 AY wlE AE71AM = AHHE FHE d24dE A4 Az

fu
'
rlol
:(I)|:lr‘
HN
&
o
o
ot
A
>
[»
i)
flo
&Y
N
i
>,
fol
il
24
Y
>
o
k]
Jo
(o3
o
g

e
e
>
m
5
2
o
jm
(@)
@)
&
ro
)
=,
-0,
°
Y
%,
>,
[»
o
Lo
(o,
ek
!
»
offl
oy
fuj
il

Y stEo] gle AHAdA As A4 A
o Figure 113 2 9934 F4o] wHEoxitt ddHdd 439 +
<4 TIFF 49 d& 3dS AHEsidtt. 4933 I8 Figure 11
(a) 9 22 &% J47 Figure 11(b)%} 2 53 F4S 378 S 4
dHHAE F3 53t G4 24 AH&staA AT

Figure 129} 2 A A ZA"H oY@ A <7d(actual container inspection
image)< 2017'd 69l AMT FFor JdIdFH FEH VA=
TIFF 4ol A& AdS AR&sido. AA AHolvagA Jad2
Figure 12(a)9} Z°] % 943 Figure 12(b)¢} 22 24 AJ4E

A ZAHeY AAE &8st 4 £4 AHEstAt

o

3
(=
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Figure 11. Daily check image : (a) Side view (b) Top view
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W el L LR
T v e e e i N 1 5 oy

Figure 12. Actual container inspection image : (a) Side view (b) Top

view
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QAR JAoIN BHAF AF @AY FER sk Figure 13%
e Gl AAHoR A2E Fee] Feol 47 vehHe AL
g 5 gk olg ngs] AN 4 AU e A
Akl 2t #x1719] #5E Equation 98 o] mtzgg 4 glck

_‘ﬂ
r\r

3] (power)=

Gain Calibration Factor(y) = N 9
b.g (xvy)

dIHH FRolM = Figure 149148k o] 37 270 (air scanning) e
FGelA Bl Fe oulsith. A ZAeoly AA FolAe HA FGY
w7 Zk(background value)2.2 AT 4= glow 2 Figure 159 #o] A
Aozt e &7 995 WA #oeE AAstd BAS FHEATh
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Figure 13. Horizontal noise in the daily check image : (a) Side view,

(b) Top view
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(a)

- —— '
(b) l

Figure 14. Set background area in daily check image : (a) Side

view, (b) Top view
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4 - ‘ir ‘:’ ‘-}.' ‘i}“‘ .
- (AN |
o e« RN E
O | TR T e ]
. R —

L

Figure 15. Set background area in actual container inspection image

: (a) Side view, (b) Top view
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Equation 92 7t=7} BAE F39] qd7 A& JA49 P9 dgd &
o2 712 g9 FeS Equation 108 E3) A|AS A}t stk

Processed Img = Img & Gain Calibration Factor (10)

o

71X, ProcessdImg v+ 24719 HAZE7] |39 #A=7F BEAE JFe=
71E FEdH TtEE EEY Feol AA" dBelth ®

Gain Calibration Factor 23} Ing FE& yZol disiA doid & 28
3 7158 YEepdth o5 w4 <AAKgain calibration factor)= ¥l 3LoA]
299 I 7IEE HES 194 WrolE goeE AR Hed YEH
=4 &82 4 Ut} Figure 16 Equation 1022 F&-o] AAE AJAHY]

Onginal Image Processed Image

@

Gain Calibration Factor

Figure 16. Mark of Operators
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322. Al¥HT AFRMS) F+s @d B7}

2 =RdAE 299 949 32e griste P 7184 dwes
Ade) AFHT AFZRMS) 5 @ Brre FIsHch A5 dd 3
7he Z1RHeR Hl R(aing I F4E vgeE HA 9E dd @
S F(true image) 22 7H43tal Equation 113} o] #dF 4 v &
FE FEE FE FSe) Foz ofFof Ho= I o= Wl R
o BE Fol e & AAE sta gtk

n m

True Image = I, ZZ](:cy (11

x=1y=

AN
ol
i,

AN ne rFAA BA 27, me yEe] sa 27, 1=
2Fe] v &2 2(matrix) ] o},

Equation 123 A1F%7 AF2ERMS) F& B7F $Hoz 99 44 Gl
Hgsje] g A WalE SAAH, oF AA AT ol A
g3t Ggol e WA F4sT GPNA sk AL Bksack

RMS Noise = \| 2=~ 1 = 12)

A AFHRMS)S) ghol = Ao Faghdd ks zpol7t 22
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1%5E £33 £ dE  Interpretation W2 18 J|AEIHE £33
A& T 4 3+ Analysis 202 AA Al 7HX] Aoz F3F

3 4 Q= E Figure 1794 22 222 AAHAL

of
ox
M

Load and Pre-Processing

: Image
; (Format : TIFF, BMP, JPG)

[ Noise Reduction }

Gray Scale Pseudocolor mapping ||
Image Image

Interpre@tion | i e o i Analysis

[ Image Interpretation J [ Image Analysis }

Intensity control} Image Enhancement ] ‘ Crop Image }»L[ ROI ]

Wmdow H|stogram :
[ Width/Level J[ Equalization M BiE ] L Segmentation i“t Histogram ]

Gamma
Correction '

Figure 17. Class structure
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332. #5208 /Nt =
B4 FH A4S 3 "= Mathworks Aboll Al 7idkE R2017a H
e W Ex(MATLAB) 97 A2 E(image processing toolbox, IPT)
= AHEE AT MERS #33 AN AZstE s b AHSETh
HEHLS &3 #obd AR adgds 24 & Y= W 78T
AZEofolth. WERL 53 AL AlZtstE fg B2 W
s 3 2o & F JdE Y /Y 7 (integrated development
environment, IDE)& A&&th WEFJS AL 7Fse JZET Qo=
dtfom C e Cr+ 3 22L& A& AT 7 e 7l R 221
|

1

i

g 25 AFst). Figure 182 W EZ HF7] 3pdHo|t} o] HF Y
A g B At st =g AR
e B Bl =20 |

1=
12| ylin(1700 1000l inC 514

Figure 18. MATLAB Editor window
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w3 A FEES f8 AgE Aoy HA G w5 Z2a
#He wjE WA GUI(graphical user interfaces)E 7/|¥st 4 A= 7
A&d GUIDEE AH&stith. "lEs] GUIDE= AH&AZE Z2bstal
Aold 4 A+ GUIDE layout editorE A3 3tt}. GUIDE layout editor
o B wE adga EF54A 22 FAHLLE AMESt 229

o

2

o

2 0% 44 #9F F Ak o= ANANY FYLLE Hesta 2
7] 52 2483 AT F Yor], B (alback) F5E AHEH] Al

L7 FALAE xZsle GUIE AAE 4+ 9t GUIDEE GUI ¥
TALAL Yk E9 s5E ¥ Z=E wEL Y FA(figure

file) @ M-3ZE 32U (code file)Z AAdta] 238 H > (Figure 19)

B Reuderiy
YR BO LAV HOORW EO SEE)
DSH 4209 ¢ [sBhod D% >

5 axes?

(o]z]
] st
=

]
e

aaaaa

Figure 19. Layout Editor of MATLAB GUIDE

_40_



41 = BAS B3 g4 QA

411, ddAdd 949 3 Ad 23

Vg

>

Figure 202 Figure 14(a)9] ¥4
Figure 20(a)¥ Figure 14(a)9] ®i7 i

gAtolal, Figure 20(b)E Figure 14(a)e] 9GS M t)-$(color
mapping) ¥ F-&elth. Figure 20014 (2)dd% ()& FE& AA

7] A G4 e Figure 0(0)E #E HAS 58 AHE w7

A7 59 Gael RAE Gabeld
Ge

A= % (color mapping) 3t

(e} [e 2]
M A G Figure 20 ()G b)FART A F Gl
Figure 20 (0)9743 ()F¥42 9 AAFoz 7125 JH Y FLo]
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200 400 600 800

=600 =400  -200 o 200 400 800 800

Figure 20. Results of comparison

500 1000 1500 2000 2500 3000 3500 4000 4500 5000

(d)

1500

2000

2500

500 1000 1500 2000 2500 3000 3500 4000 4500 5000

original with processed image of

horizontal daily check image : (a) Background image of original (b)

Original image (c) Background image of processed image (d)

Processed image
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Figure 212 Figure 14(b)e] 44 A 3 F49 BAH Fdo|th
Figure 21(a)& Figure 14(b)¢ #lZAFE4S MA d§3 Fdola,
Figure 21(b)+= Figure 14(b)2] 9S AA] &3+ FAolt}. Figure 21
A (@98 IFEde ZF5S AAs7 A 84S dUehdth Figure
21(c)2 = HAE T /M| mF FAelth. Figure 21(d)E
Equation 10& o]-&3to] vt282 dddd 3 Fdo|th

A A 449 Figure 21 (@947 b)FFET A F G4
Figure 21 (0)943 (3L J4 AAHo=z 725 e

AdE AL AT 5 AT

dlo

°]

1
(]
(a) = o (D)
200 1 e
400 ° —_— = *]'
500 i 05
€00
1000 I-
800
== o 1500 [}
1000 2000
1200 05 2500 0%
500 400 200 0 200 400 600 80D 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
15 1500 5
0
(c) <ol (d)
200 1 -500 3
00 oh
| |
65 500 0s
600 |
1000 f
800
o 1500 o
3200 2000
1200 .05 2500 o
600 -400 200 O 200 400 600  BOO 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Figure 21. Results of comparison original with processed image of
vertical daily check image : (a) Background image of original (b)
Original image (c) Background image of processed image (d)

Processed image
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412. AA AHY AY F4de gd A 243

Figure 22+ Figure 15(a)¢] AA e oy 3 G4 HAA F4
olt}. Figure 22(a)+ Figure 15(a)®] w73 34S A 83 Fdolx
Figure 22(b)+ Figure 15(a)9 ¥7&<S A &3 Fdolth. Figure 22
A (@FEF )FEde JF5S AAs7 A F4ES vebdth Figure
2(c)= ZE BAS 3 AH"E wiAE gAolth Figure 22(d)E
Equation 10& o] &3t nt23e A ZHolY 3 Fdelth. MA
A 4239 Figure 22 ()97 (b)FAHET /A F F23<2 Figure 22
BT (DI 94 AAHgez 7122 g #&go] AXE A
< A F Ak

15
) -
(a) =
200
400
05 05
800
800
2 2000
1000
2500
1200 - 05
600 400  -200 0 200 400 600 800 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
15
-1000
of (c) (d)
J

<600  -400 -200 o 200 400 600 800 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Figure 22. Results of comparison original with processed image of
horizontal actual inspection image : (a) Background image of
original (b) Original image (c) Background image of processed

image (d) Processed image
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Figure 232 Figure 15(b)8] AA AdH oY 2 J4 HAH FA
olt}. Figure 23(a)¥ Figure 15(b)8 WiZ F4E x| of&st o],
Figure 23(b)+= Figure 15(b)2] dAS AA] 33+ FAolt}. Figure 23
A (@FdH IS &S AAS] A F4<e Hehdd. Figure
23(c)e = HAE T JNdE wF FAolth. Figure 23(d)2
Equation 10& o]-&ste npzzr2 Al AHelY 4 F4delth. AA
A G4 Figure 23 (2)F4# (b)FAdET WA F G420 Figure 23
)98 (DIFE G4 AAZez 7122 Fego FLo] /MAE A

o |
(a) B o
200 to
400 0 b
05 500
600
1000
800
o 1500 o
Lol 2000
2500 05

500 ~400 -200 0 200 400 600 800

. ()

-600 400 200 0 200 400 600 800 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Figure 23. Results of comparison original with processed image of
vertical actual inspection image : (a) Background image of original
(b) Original image (c) Background image of processed image (d)

Processed image
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Figure 24 Figure 229} Figure 232] A A Ag ol AA gie] &
) GAoltt. Figure 24(a)= Figure 22(b)e] BA A 43 JArel &)
JAS Vel a1, Figure 24(b)E Figure 22(d)8 BA & 3 A9
AMAE g JAoltt. Figure 24(c)= Figure 23(h)e] BA A $37 o
Ao g g4e Yeld i, Figure 24(d)& Figure 23(d)9] ®A ¥ &
2l G JhAdE g Fgelth

AA Aeold AMe] o) 4 Figure 24014 AH A (a)d 47
(©)9ZET M T gd 942l Figure 24 (©)F3H (DI 34
AAHez 7t2E FH Fool /idd As FAd 5 AU

8

Figure 24. Results of comparison extended image of side with top
view in the actual inspection image : (a) Original image of side
view (b) Processed image of side view (c) Original image of top

view (d) Processed image of Top view
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A% HAS B 4L AA EHE 04 A% Y Fo 9Y vnE
S8 9990z A8 Jguu vAY NN A2E Foe Fool
Bol #2HUSE ¢ F AT oIF FFHeE BHS] At

RMS noise level 37} A 33} At}
42.1. 4484 939 4 Fr7F A5
dLddHANAE AH oY & A 22 A5 ALLd o=

S st 54 g Azel wolzk YKUTh 20179 5934 69
4 374

F(side-view)d} 422 X (top-view)ol] s L& JgA+

I AdE FEe 3B3IY FAsY AwHTE AFTRMS) A2HAAE AL
ot olE T 44 98 FAe AA A" A - F Y A
<= #71éklv.(Table 5)

dIdHH FAA AEHTE AFTRMS) 2HAA = @EerF I3

sdo] JMdE o eIt ¥ dE 42 HW 01198, F
0.0943, B 011122 Yetsth ol A i I3 8 42
Hoj 00197, H4 00143, B¢ 00151 YEFRT ol FHd 20.1%, H
A 11.9%, BT 135%¢ ZAFAA7F ol & gdo] AES ve
ok =3 98 3 942 Hd 00215 FH4 00201, BE 0.0209=
e ol & N E JHA 42 g2 o 0.0046, 24 0.0036, B
0.0038= YElRT ol FHUW 229%, HA& 16.7%, BT 182%9 X7}t
2059 94 4ol MdEE e

B>
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Table 3. Results of RMS noise level(daily check image(air scanning))

RMS Noise Level

Max Min Avg.
Original 0.1198 0.0943 0.1112
Side-view
Processed 0.0197 0.0143 0.0151
Original 0.0215 0.0201 0.0209
Top-view
Processed 0.0046 0.0036 0.0038
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4.22. AA AHY AY Fde] gd B7F 43

AA AgoeluAN GAGME AFoR AR Ao F 3 I 5
2 gaollq Ao o)zt ATk 20173 6ol AN =38 A 537
Ao dia] LB G AME IS 7038 =Aste] A
(RMS) Z#AXE &35 o8 T3 AA el HA 949 s
AA A A - F F4 3-2& Brkstsivh(Table 4)
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Table 4. Results of RMS noise level(actual container image)

RMS Noise Level

Max Min Avg.
Original 0.1213 0.0945 0.1113
Side-view
Processed 0.0152 0.0144 0.0149
Original 0.0210 0.0189 0.0199
Top-view
Processed 0.0047 0.0036 0.0038
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Figure 25. Main screen of developed container inspection
—_ 51 —_

interpretation software
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F4E 24 (analysis) s}
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Fd &4 7|5dA = Figure 269 2% ol & ”7](crop) 715

o|g3te] WA 49 w: B 9
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&, ZeHcropd G0l #A F9 F(window)ol BHAZITE FA
AL GG A9 st (pixe)l A e ZH7+e] F % Fh(density value)S 7}
A 4 & 2HPZE Yt a#zogA X-F& ATt 7HA

A A (histogram analysis)< 7F5AE =o|7] 93ty Jayx A&
o+ 318 S (peakness detection algorithm)< 2] -& 3} ot
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“IXGuider ==

3 Cargo X-Guider ver.1.0

o

Figure 26. Image analysis screen of developed container inspection

interpretation software
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T3 "o M E FAH &gol= ul(slide bar) 247 FA o2 A4
=3tk [Load & Pre-Processingloll A+ 2] 94S E2& 4 e [Load
Image-file[Topll, &% I4S &2 4 U+=[Load Image-file[Side]]l, & &
L JgAs AT 4 9= [Rotation], FA2] MAl(color)E WHIAZ
A= [Gray]l 2 [Color], #&& =o]+= 7|%o] ¥£34 [Noise Reduction],
FEE gl == F4F F UE 7152 [Zoom mode]E T4 3T

[Image Enhancementlol A& 94 $4S 53 #d5 535S Fdstxn
A AASA T gt (contrast) Ag S 2EIYH HEs Edt
2 34E  [Adaptivel, 32E1# H&3t Bt g4 [E
¥ [Rotation], 79 87 24d& g 21 92 34+ [LOGIE
T3t th B, Window width ¢+ Window level¥ 7w} XA & n| A
sHAl 24 5 e Sdol= vt2 £HI|E FA S FBdlA e ¥l
HstE a9 or & F YRS 3t
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~Controd Panel
S Load & Pre-Processing
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Figure 27. Operation panel of developed

container inspection interpretation

software
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432. 9% A& /1Y T4

4.3.2.1. Window width/level =4 7]%

Figure 28(a)= GAA g de 9¥ gAto]il, Figure 28(b)+= window

width/level & 43 F/olt}. window width Y& A-¢ #E&=7F HA
Hol ggst dx FEE JAHodA BIEE 4 doh SHA T, window

O

width7} o9 F83 S gaoz WHIlth window width®t window
v 24715 T3 vAsHA 224 5 JEE Y

level & &8}o]

[n
PN

Figure 28. Results of post-processing image by window width/level

: (a) Original image, (b) Post-processing image
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4322 7Zrv} B A (Gamma correction) Z& 7]%

vl BAo] Ay HAE JAL Figure 299+ 2t}  Figure 29(b)%}
2ol Zulrt 18t Fow we gAaow el ¥ E Figure 29(c)
o ol w7l 18t AW o FE o= WA 4. vt BAFLS &
ghol= 2H7|E T3 mASHA 24T + UA=E 3T

Al it it i b LAl fhhia sk iabieall 2 ich Rl Gl 1T AES R LA 4 i i fuiasnl

e

Figure 29. Results of post-processing image by gamma factor : (a)
Original image (b) Controlled image with gamma factor greater
than 1 by slice bar (¢) Controlled image with gamma factor less

than 1 by slice bar
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43.23. 3|2E1¥ B &3} (Histogram equalization) &4 7]%
e T X E UEHU = S2EIHY FEHI =S HAEH

o Js FEA s o] HEs = HA F LS

staA G =7t AdtEo] 583 Kol @il Ut s|AED
# F&st= [EQI¥ E(button)S FEW S|2EH F&sir7t FAdolA
#4449 F J=F 3y th.(Figure 30)

Figure 30. Results of post-processing image by histogram

equalization : (a) Original image (b) Controlled image
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Rgow A&

1 A3 Figure 31(d)e] #A 99 Fol crop(ROD) FAo] Holx
Figure 31(e)9] 3|2EY Fd s|A2EIHo] BRITh F& F&o] oy
PFE 1F Aol Figure 3l(e)dl A& 3 71x] RS w7t 32 E
WY Hola, E OE g A ARS @Yo E HAFo F 71
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©ixGuider S0 e

Figure 31. Main screen for analyzing the frozen red chilli image by
developed container inspection interpretation software : (a)
Crop&ROI function button (b) Window of Top-view (c) Window
of Side-view (d) Window of segmentation (e) Window of
histogram (f) List box of segmentation (g) Yellow box of Crop&
ROI
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Figure 31(d)¢ #4 99 FolAd= o 37kx +4 A

[¢] [e]

of utz}
Figure 329} #Zo] ¥ ot} Figure 32(a)= crop(ROI) 7]5o] Ag&d =

Sh

d Y98 A4 Figure 32(b)9] A2 99L& Figure 31(f)9] component

1¢] 94, Figure 32(c)9] A4 99L& Figure 31(f)¢] component 2¢]

Gde G4e HAETh
b) (c)

o
AN

(a) ;

Figure 32. Results of post-processing image divided into three

components in the region of interest : (a) Original image of
segmentation (b) Black is component 1 of segmentation (C) Black

color is component 2 of segmentation

_61_



Figure 33& Figure 3l(e)olA HAEFE J|2EIHEL Fdsrt.
Figure 33914 R A o] 3|2BEIYHL FA A& H5F A9}
Zol T 7HA AES HYFu Y FE7F AuHoz o
WA 2B FErl Aoz B JAS Fee rE
aPoz HAFEUT

1 1 1 1 1 1 1 1

Figure 33. Enlarged image of histogram analysis results according to
the analysis of frozen red chili : (a) Red is component 1 of

segmentation (b) Blue is component 2 of segmentation
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