11-1543000-001726-01

Q WS Z
i < ° maw E_H T 5 ol
Al _.n_ o ®1 %13 W o Hi
= N ¢ W ME I <
nd ' H_._ = JAUUTE <l
~ < S ommEgd 3
l-n x*o o ol Ho \_A_.M_u
0 g K 0 5o il
...Au._ |1h o"_o ~ =
K Mo Al Ho
N D
o] . _ il
S 4 X 3
= K- R
<1l
HK
3 Ko
o 10
<)

Hulff T I R&D Report



ild]

M

2013. 12. 04 ~ 2016. 12. 03)¥A o] HEH A2 AZE= Y},

(7] 7¢

12. 03.

2016.

o

mO
)
~
B!

)
NF

Tor

o
ﬁo

Jm_.o
!
N

B/

o

A A21

R

B!
=
NF

R

B/
Ho
e

=

1A A18% we} R dddo] E9
e,

s

= 7hed ALY €]




BHIAM 8N

3 @ o A | 2013.12.04.~
HA L HE 113044-3 oA 1/1
- A 7] 7+ | 2016.12.03.
FTAA H 7IEAE s A DAY
AFALA S
Al A
o) 3} A H o nE] upel o Al 7wk o]HEAL A& ALHA|E AL 2 AHes)
ALAE- - vlolej s A T2 A& AFHAL 718k 71E S
A2AR - lBEA AL AFTAAE 97 B 2EF FAAN=R A
A 3 Al b o | NTEE AN B A ASAFHAL AN A
AT OHR ews : asasacle 44 48 wag e
A3FE o FA} AL AFHAAE Auo]o]d 1k AF A Az s
AN4P%E ol FA} vy HE AHRd s AT EY] &
oA Z: 1044 AGehA  AE: 1,410,000
o W 1019 A ) 9 Wz 470,001H4
AT = 9F: 39 H] A 1,880,001 Y
oA A <) &} A
= ES ] =K %] &
&S fd%lﬂﬁ =: 104 F— AR 1,410,0007?43_
2 o Wi 1014 . w7k 470,0011 9
AL 5 995 39 Al 1,880,0011 ¢
et $-§ A%} etz
A7y A %%}tﬂzhﬂ H}Ouwéﬁim?ﬂ%iﬂﬂr g9 1w 2l v] 32 o}
&N Y (AU oy st Gl ] o121
FTHFAAEE A5
(1) CGMMV #d-sxrd uk ko] o|wgal ALkl F5¢45 | KAl W
(1970 ol EAy dA )
(2) HAAT dFHFHHNFTHENS Syeta HAATY 240
74 FE o|HEA B

A

R

(3) SWIR ZE-ZFIAF vlatz] AW Al < 3
- PLS-DA #4112 9-S #-83 Raman? SWIR i3 ¥ A~

Bl 3¢ (SWIR prs-pa: 96.8% , Raman prs-pa: 79.1% &%)

- WA (Speed): 14 seeds/sec
- A8 blind test (N=4009)E ZF3t] 92.9% HT:= it=

& FAAE et 233 Al2E 714 seed/sec) ¥ DB
st

TAAE st=dlo] AA 2 N (59, s o]FE, Aol
HE AAE, AEERE G4

oA}t HAF A E o] AlEH ol B SAAR

5 2

(4)
(5)

©) z2a3 A

- Push W29 7|2 2 EF AHog T3 Alxdl 29&% &
g AAk AR ng "3
- AN dlely AfFe Q¥+ B4 HAE DB :50%,
WAS:60%, WEB:60%, Client:60% 7+
(7) 5ol = 2 =l ¥ A=k £ H




D-01

of ¥
MMI,..A_.O A
B T
" & Iy
_LE% A B ~
%HI ,AL OU#O Mﬂ%)_,MA o
N %@M?%
= N B T W
R o fo N BX Mo = iw
= o K owm ¥ i w - - -
—_
< & %%Mﬂu N T 7
AT% LM‘_ o ﬂulm_m - =n y . 3 o
T R 0 TH| " o s o S
- 1%¢ﬂ_é B 4 _ﬁﬁﬂx @ 2
4 Og n N - i — = i
]ﬁ21ro X sl )AH_IJI — < W . )
,Aw_l‘Ao dﬂ‘mwl‘me] ,.IA_. 4,rlua\l_ NFMIL 1 g
ﬂ%&1 ) K n_@_.klﬂ W{ il % S,E E he < = Jr.dgo
| ) 0
= = K n H N = cr < - 5 K W % B o
mﬂame mnmmﬁql,& B o b a2 Jo W
= NS ﬂnﬂ.l =0 —~ r 1H W _ x° <O s N X 1o o))
.E ~ 53 i) T I . —_ Ey jhy 7H
o) MaE - b % an B 5o =) < o it K
oF B 3 S ~ e N Xo == ~ i © ~ o A o
ﬁrjl% )mua1max i s = - % b = 0 | B
Mo 1o TH E | oK == Mo r o IS g - | < No ) u 4 %o %0
+EA J|d17,mo aal% » qSHT EA,__. = B o Gy Jlo o
)uh E g T 0 o ®E S ~ T ¥ oo w2 - o o 5
1¢eA ,r,AA_.eo ~ __.59. N = O 5 | 9 R 7u1_r41ro < = 2 o
B TR T =3 S > Lo E ;
T (et 2 TE0 S 4zF wo F GE ¢ T i g
. ' o = Zr o KE v ]M = = o < < g X 7 - =N ol —~ Nro= N
_65.;” }Hhxaﬂ : ,Amn_» o ﬂ_é = 2 m - o N 71|_a
T Ry "R E £ = 3 s A 7 " 55 o
o %mﬁ&u%mﬁ T mERMm% oﬂwmﬂ,,., s 4 H%M " m =
23 5T 5 =252 o e © 3% 3 >4 <
o = e ol m LN < 8 W o . T v B g il @
LSO o W Mo X g o = < 2 -~ U ] o T W o= i
=2 X0 HT_AT - = v s o= o B — ., = X B iy
hooF — W[ e T s b X = <! e o )
T Cal o oy X L& o iy X o i i i ®° L o T
T o n A 1 iy %o = 2 = 4o K i K i 50 £ 2 T oK o
= PR m ° 2o 2 S = 7 up o= < P * = ﬁ Pt 5 & 5K
$ ﬂrMﬂmﬂg%ﬁ:et mnzé 5 ) Lﬂﬁ < o -
}#Laﬁatqued o = M E_wrm.wgo 1r lL,aﬁ =
aoMMﬂ ! o%u.m Amwﬁ e < e & X 5 2 o o
iy momwwﬁrzm 5 22 7 g m%lfg fo %< o %
B = ~ el ﬂmo Mo ) DM o & palel o 4 T Aﬂ B © ~ M o 7o A E.EV
- moWSIqooLo A#J.Eq ~ o = = s W o N_.u
- LW,A11 ,I,QleoLl = 05_9 © m N K
o S n & 2 o A;r_g?AA %%%1 N s
Mﬂﬂ_‘.m ~ — @ﬂw N©O o ﬁnw Jlﬁ A XL o ‘MﬂXoﬂ
[4p) | #\.._ \&u ~ 2.#0 ,WE zi A_l ‘w ~ — N o Z.E — HL —_—
l|1 ~ ! o~ 1.!1_. " ) N H_x &l LiL WAI ET.E R 3 —
K ! Mo ¥ %) o xuo . 1u7ﬂoﬁko1r4 ~
‘mnw_ | m ,rl —_ T 1_7| iy % Z.E yAO f \\.Al o o AO :A_l _.E ﬁU
- oﬂxmezohé S ﬂno1 1717mmw
T > Mo T ) %) ~ © A~ ™ < Y - gyl A
o ~ é]ugth. %.1L7111 ~
] N oP]A nmmo,_ f_.x@.nnAEJxl X
2(\(2\ H]ae]qﬂa]ﬂ/lquiﬂ‘mﬂ A.
PR U =2 ~ 1r7u ) o P dr
@ O m T il
e NG | ,EH Fo ~ o~ i mo <
%° Lo M o M - i B J.ﬂ ! K
e @)W%i%%d mm Wo oy
- ! o W < W 3
) ! mougﬂﬂgu Ho
° &Fov BT
0 cER R
= | =
0 I o°
I s |
~= g
n./ﬂo#ﬂtu
RIS ~
5 2
<1 ©
No =
L




< SUMMARY >

| ZEWE | D-02

Purpose&
Contents

Purpose: Developing and commercializing a nondestructive/rapid/total inspection
sensing method (related to previous patent no. 10-123990) to detect virus
transmitted seeds for the import/export agricultural products quarantine measures
using hyperspectral imaging techniques.

Contents: Hybrid technique with Infrared—Ray and Raman spectroscopy to develop
a rapid detection method for the seeds contaminated with plant pathogens (Virus
and Bacteria). Application of combined nondestructive detection system using
hyperspectral short wave infrared (SWIR) imaging technique and decision making
support techniques based multivariate analysis methods to file the field-collected
plant tissue and seed companied to detect viral disease-infected seeds.

Results

1. Developed a rapid detection system for virus infected seeds (Specifically
focused in Melon and Watermelon) (1°' and 2" subteam)

(1) CGMMYV infected seeds with various virus concentrations were collected
from watermelon and melon (Produced more than 10000 seeds) fruits

(2) Established synthetic inoculation of plant pathogenic bacteria to watermelon
seeds using vacuum infiltration.

(3) Developed prediction model based PLS-DA algorithm (Raman and SWIR
hyperspectral imaging prediction model showed 79.1%, 96.8% accuracy,
respectively)

(4) Completed SWIR hyperspectral imaging system and field application (Blind
test (N=400) showed 92.9% discriminant accuracy with 14 seeds/sec)

2. Developed hardware and software to be used for rapid plant pathogen
detection in contaminated seeds (3rd and4 th subteam)

(1) Constructed a rapid and manageable speeds conveyor system connected to
Raman hyperspectral imaging spectrometer with DB model

(2) Developed specialized hardware selected for use with seeds selected
specialized hardware (feed hoper, vibratory conveyor, conveyor belt, sorting
sensor, and ejector)

(3) Completed the sorting software simulation test for the contaminated seeds with
plant pathogens and the collected information analysis using statistical methods

(4) Establish export and sales strategy within 5 years

Expected
Contribution

1. Developing rapid and nondestructive assessment system for various virus
infected seeds

2. Potential value added values profits resulted from commercialized techniques of
Raman hyperspectral imaging technique and software for data analysis,
modification, and real-time assessment system

3. Able to produce and sell highly safe quality agricultural products in industry
for seed production and quarantine at initial stage before going to market

4. Able to sort and control highly qualified products without any destructive
pretreatment

5. Able to establish combined system of data analysis, modification, and to
construct DB with IT and hybrid sorting system

6. Able to enhance the assessment accuracy for agricultural products, and to
construct database for pathogenic species

Keywords

Rapid and total Non-destructive Hyperspectral

Quarantine . . Plant pathogen . . . .
mspection nspection 1maging
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ALAR (1, 2, 32 =)

2.

F8 AN B4 PAL A voldx 29 L woldx 73E B AN
- AZATATAN B RZVAGEN) TG wpolP s FAFA AL

T8 AAE TAES, FHl, 1F, EvtE)Y dtold 2 e FAE AAksr] fsko
20143 4€47¥ 20161 104714 HiQtel e 7 sAEILs¢2)122d %) H F
diidn sHAEATNE FFAFEZONE G -2)CAER)E st i 2=
S AWstR o Potato virus X(PVX), TRV, Cucumber mosaic virus(CMV), CGMMVE&
AEste T2 S (E 1-1, 1-2, 1-3)

HEL TR vtolH 25 F9Y ATt omdd), Aol 420 FR
of J™deh2 AiAR 210649

AT AEL SAo = 7} ntolgj 29 WAL Ao, Hiolg 2o g Fo3
gtolH & o]&, RT-PCRS F3Y3l H6¥)

1APd =9 A5 31(TRV), EvfE(ALIMY), 8H(CGMMV)e] Erfol A <k 7,000712] &
A5 gretglorn, 2, 3RS & 1-400A 9} o] FAE 3, APl A83E

Ll

Hrsh

I«

#E 1-1L ol A 4 TS AT A= ¥y dA0AEdE)

_7"‘_
GHE = ) (=N &) (3 oF<5)
271 [&7&3s] (PR EELFH] [&-F1tol 2]
3¢ [0 - aF
49 119 CGMMV HZF AltMV, PVX, TRV HF TRV HZF
5¢ 99 A4 A2 A4
239 EA, SFoh] HA, o7l HA
62l 99) HE AE A HE AE A HE AE A
= 4 ok 74 dohy 7] 4 ok
69 139 E ol 2 Fohp7] 2 Foh7]
8¢ 8d T35 35
1Y As N AE
18~ . _ . _
9¢) 20 Real time-qgPCR A]8)  Real time-qPCR A3} Real time-qPCR A] 3}
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ALARF (1, 2, 3abd &=

£ 12 doldz 2 B4 AL A 4E B PEAIE

2B =1F 2 a3
(& = 5 (ZHIEE)  ExHA 29 (A of5)
A7l [5733 5] [PPS]  [x$nolo] [5$-1po] 2]
g 7d 1A g#F 13 9%
1Y -
44 64 23 AT 23 9%
20 CGMMV 1z A= CGMMV 1z H= PMMoV H=
590 1Y 1A A 12+ A2 A2
18Y 23k A2 22} A2
229 #HA "3, $otd7] g3
CGMMV 2z A= CGMMV 2z H= PMMoV 2z A=
274 1A HF AE 23 HE: AE AT 13 HE: AE AT
7FA| 5ot 7] 7FA 5ot 7]
64 159 E Kokl % Hotu~]
74 19 23 HE AHE I 22 JF AE Ad 22 JF AE Ad
8 74 g
12¢d T T
3¢ AF A AHF
1990  Real time-qPCR A] 3} Real time-qgPCR 4|3} Real time-qPCR A| 3}
£ 1-3. vlolg = I T4 ATS AT AE #E dAHGCAER)
A= Uk (A B S
A7) o iy

3¢ 28¢ 12+ 9=

44 25¢ CGMMV 1x HF

5¢ 14 Hidee-= @44
7€ Hidee= W ASA, A A
18 A4

0¢ 23 IF B 1A HAF AE A

62 159  £AE27] @ CGMMV 23+ H=

74 1d 22t AF A= A
8¢ 26
9¢ 5 A&

10€ 22% RT-PCR %l
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ALARF (1, 2, 3abd &=

3.

Fub 8 Fe] FAe A A9 Total RNA & (A2AF £33 34 F I3)

2P 5 e B gt 2 Fe, ~nEE Fejd CGMMVE HEAIZ 44t
I Feol A Z+ ZFE F ¢F 500070, 3xbdE CGMMVE HEAZ] AR Z4uto) A ¢
4,50070 9] FAE A+

BER oz AW Hlold = f5FE SAHT &

a4 AAFE gdetua FA | RNAFZE 9 vloll = dg 3.

FoFA= FAAA AH RNAS o ubFAb= RNAS &=7b wf-¢- wol 2%
RNAE @717} oj#islen ofefo] 1dI} o] Wt %E oA FHets Al FAE

(A2A|F- 3), A T2 W vl 2

WolAlA wolsl fEZFE RNAE FZste] vloleis 4ol i Slsiele
oEAel Wl A, e WAGTA AR Fel Leld FeolsE 4
o AHg

Totd bAoA o] Hiolg 2~ AHE WHE B A" Hx=E ’%U\]ff} WS
o] e Al 7S Sl A W wvtolgls fF SRS v F

tubell &4 T

Fro &7 FAEL Deep freezer (-72C)ollA Bt RNAFE Aol HAAALE o
&t FelFat g dolgk FutFAE dear, nalES o] &kl wiAE mpHg F
A= RNA extraction kit.#} Trizol, Chloroform< ©] &3 WH O Z RNAE F=3;
FZ73 total RNAE o] 83l cDNAE A =#stal, FAY wlolg] 2~ copy & &S 4
g A0 AF(Q-RT-PCR) F73). cDNA AlZtelli= TOYOBOAF2] Revertra Ace qPCR
RT kit.E& AF&sten, A" cDNAE Hlolgl2 5old xglo|mE o] 831
Q-RT-PCR< %8, nlolz]~ RNA ¢ AH#=#HES 9135l TOPO vectordl CGMMVe] CP&
2493ty v=49 Standard curveE AAlste] ZHE FAY ulolg2ef vl g
A mh T B AFAARole AR 19, AAAA 78, SHRA 4 5 % 12
He sHE Aol Fogh
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A TAF (22 =)

4. FF U] Ho]l#H 2 copyd Z4E $3 Quantitative Real-Time PCR (Q-RT-PCR) 43
(A2MF 2333 &3 5 19)

1) @9 COMMV 7% 214 &2 EBEWR 2

Fi

F A2") £4 F CGMMV 24

ZAF 22Pd%): CGMMV CPE E243t4

°
]

Z9] Standard curveE A&t oH

EEHES TAR St WolA 1A @2 e FTA U F dlol#]~ RNA copy &
=439t EFF= Real time-qPCRZAF A Ct valueE 7|Fo 2 =4z
<, 25cycle ©]3}, 26~30cycle, 31~35cycle, 36 cycle o] 47kA TAMNE YFAoH
1% 30cycleoldtyt Eo® FAsIHTE Total RNA lug & 1.87 X 10°9A

1.94 X 10" $9lo EA8AS. Y AL 200715 5971(29.5%). EF7k =4
A2A 7 =)
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A TAF (22 =)

2 #9 CGMMV 4 94 FA E3(Raman spectroscopy & Ram
H) 53 F CCMMV Zd=A 2xd=): CGMMV CPE Z=
Standard curveE A A3FH oM ZTFEHES TAR s} WolA7|A] e FHe] I

- Hiol2{2~ RNA copy & SA83tAth 5%+ Real time-qPCR7Z 7ol A
Ct valueE 7|Fo2 =A% %=, 25cycle ©]3}, 26~30cycle, 31~35cycle, 36 cycle
oA OAME YR IF 30cycleelstnt Eoz2 A3 Total
RNA lug 9 1.16 X 107914 4.52 X 10" ¥ 9o A8 ZHEE FAE 200
MZ 8771(43.5%). EFat 5 H24F FH=)

ZHF A
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19 1-9. Q-RT-PCRE o]&3F Z2]=2HRaman spectroscopy & Raman 3%
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A TAF (22 =

Q) &

9k CGMMV 7+
CGMMV CPE 2

Azl g8k BAF YR bio]2{A RNA copy &5

A Ct values 7|&802 =

=70 \A

oM BRI #F(SWIR 273 AAH) £ & CGMMV ZAARA (2AMA &)
Jslo] ©2%09] Standard curve2 A|ASIF O BXEZLS A2 sho] wro}
E7otct. Z¥-5-F+= Real time-gPCRZ T}o]

o
RISy

25cycle ©o]st, 26~30cycle, 31~35cycle, 36 cycle o]Af

T AR U9l ot 0% 30cycleo]styt Z7H o2 a5ttt Total RNA lug & 4.27
X 10704 3.40 X 10° Hojo] &5, AEE FAH= 40570%F 16770(41.2%). 4% 54
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A TAF (22 =)

@) ¥ CGMMV 7Y o)Al #x} E33(Raman spectroscopy & Raman X833 A AH)

Z4 & CGMMV ZExA 2xdE): CGMMV CPE Z243le $-=2] Standard
curves AZstR o™ HFZES AR st WopAxl ub T Y vpolg &~
RNA copy 5 =A39tt. dH5F+= Real time-qPCRAF A Ct valueE 7]
Fo=Z ZA# 15, 25cycle ©]3d}, 26~30cycle, 31~35cycle, 36 cycle ©]d7FA o
ANE UFRen 1% 30cycleolstit ZtE o= g5ttt Total RNA lug &
1.87 X 10°a14 1.73 X 10° W9joll EAERS. 298 FA= 21405 5770
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ALAHF CAd =

(G) £¥ CGMMV 72y oA 22 E3Raman 2EF A|2H) 24 & CGMMV 244
ZA QA9 E): CGMMV CPE 243ty $=9] Standard curveE A 25t o
RFUE ZARE St TopAxl Fu FA W ntolgl 2 RNA copy 8 57435
At e HaFE Real time-qPCRZAFo|A Ct valueE 7|Eo2 =AAZ e,
25cycle ©]3}, 26~30cycle, 31~35cycle, 36 cycle o] A7hA THARE Yo 1
% 30cycleol stk Zrg o2 Aty Total RNA lug & 6.03 X 10°1A 1.75
X 10" MYl EAEANS. #dd A= 96/AF 1471(14.6%). E33z =3 (24
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A TAF (22 =)

(6) Fe(Tota)- CGMMV ¥ (EFSAEL Hstd I8 EEFA) QA%
CGMMV CPE Z24s3s}o] Standard curve® AF83le] Zx} i RNA9 %4& =
AstAt. 4 A 7%+ Real time-qPCRZA A Ct valueE 7]|Fo2 HAZIA =

Wrlom 15 30cycleolstit Ao g2 Attt FelolA Total RNA lug &

1.87 X 10% 4] 4.52 X 10" copye] CGMMV7} EA59S. 299 EAE 4007]=

14671(36.5%).

N

® 15 B9 Folo] W Fe] A ) wpolelx Ct 7k BE

) Raman Spectroscopy &

SWIR &3 Al 2=H Raman % 2-3}A] 2l Total
AW = 3 (1.5%) 3 (5%) 6 (1.5%)
Ct < 25 20 (10%) 24 (12%) 44 (11%)
26 < Ct <30 39 (19.5%) 63 (31.5%) 102 (25.5%)
31 < Ct< 35 108 (54%) 77 (38.5%) 185 (46.25%)
3/ =< Ct 30 (15%) 33 (16.5%) 63 (15.75%)
Total 200 (100%) 200 (100%) 400 (100%)

(7) #¥K(Total)- CGMMV ZH(E858 < sty TFE EEFTA CAEE): CGMMV
CPE =43t Standard curve® ARE3st] F2k WF RNAS & ZA3IATH
ZFE -5+ Real time-qPCRA# A Ct valueE 7|FC0 2 AVIAE YHQ e
1% 30cycleolslqt rd oz SAHSHT. FHto A Total RNA lug &  1.87 X
10%1 A 3.40 X 10° copy®] CGMMV7} A8 e. e FAE 7157015 23871
(33.3%).

% 16 39 Aolo wpE b F2 ) wpolH s Ct g B

SWIR Raman
AT it o I

A% 8l 92 (22.7%) 45 (21%) 8 (8.3%) 145 (20.3%)
Ct <25 43 (10.6%) 14 (6.5%) 2 (2.1%) 59 (8.3%)

26 = Ct < 30 124 (30.6%) 43 (20.1%) 12 (12.5%) 179 (25%)
31 < Ct< 35 116 (28.6%) 48 (22.4%) 56 (58.3%) 220 (30.8%)
35 =< Ct 30 (7.4%) 64 (29.9%) 18 (18.8%) 112 (15.7%)
Total 405 (100%) 214 (100%) 96 (100%) 715 (100%)

®) s 2 9] - CGMMVZYE Qa1d=): Ade 233k e 7 S=ulo A Ct value
30 ¢]st= Real time-gPCReIA Zlg=o] T gA4dd AWELS 9 36.5%, T8
33.3%% 72 FE 2EF g Eo] 30%S 435 mlolgiard A4 Auge
RNA copy & 2564 =}o]7} &
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A TAF (32 =)
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ol

CGMMV Zrd=zAH3XPEX): CGMMV CP2] @714 d& ol &3] Ay Zeloln
Az RT-PCR e ol &3] #Add 3 A5 FAAY. 9/

RT-PCR& X33 & H7|Fd5= A8l Agarose gel’dol CGMMV CP =719
Z

o [ rlr o o

Non infected seeds Infected seeds

cDNA  PCR

Infected seeds Negative Negative

Positive

7% 1-13. RT-PCR% 7195 & o83 FuEACWR Z4) vlol2l2 7del R gl

79 1-14, RT-PCRF A7]9FS o 83 FUEAGWR 27) vrold 2 geln 2l
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A TAF (32 =)

10) =13t CGMMV 7“3 oA F2 E3Raman, ZEF 29 A2E) 4 F CCMMV
ABRAE) : CGMMV CP2 9714 d S ol &3 Ahg ZgolwE A=)
-PCR H*‘ﬂ olgsl FAE Fu FAES FAYTh ZAFTE RT-PCRE
A A3 Agarose gel’do]l CGMMV CP =7]¢] W= (486bp)7t

AETS 9 FA #ddnh Add FAE 72570F 58771(81.0%).

Wn&

Aﬁrsﬂqk}l

CONS TR N

e o

% ANYEL
= AETe 7

Infected seeds

cDNA PCR
Negative Negative

Positive

29 1-15. RT-PCR3} A7 95 L ol &8 FuEARaman 274) vhole 2 Zlel® el

79 1-16. RT-PCR¥} A719 5L o] &3 FuFARaman =) vhol )2 2ol s 29
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A TAF (32 =

(11 44} CGMMV non-infected £zt &3(Raman, &3 v A28 | SWIR, 28
4 @uH g A2") 4 § CGMMV ZEzAF B E): CGMMV CPol ¢7]
A o] &3 g zgolHE AFFP L RT-PCR WS o]&s) AdEd 4
222 FoFn. %= RT-PCRS A3 & A7|d5S AA e Agarose
gelFoll CGMMV CP =7]9] Wl= (486bp)7} BZE = AZure 7dwd Zxe %
gtk e FAE 12370F 0710%).

(12) CGMMV #4d setEat 38 (E334< st 338 EEFA GHE=):
- =

COMMV CPe| @l714de ol g8l wg ZefolmE A2y RT-PCR HHe
olg3l #UT S FAE FAUTG PARFTE RT-PCRE AT F #7195
Y L oAETe

2dE EA wead. 49dd 24
(71.4%).

5. FEEAS FAFAY wlolels Pl e W (BIANUHVL L A5G
ATNE 7 2AR 57)

e S A o S S e Ea i L e e
A-tubulin®. 2 <18}9] reference geneo.Z A8t FAF UF RNAS <&
A5 virus = 30cycleo])stsr 7o 2 343t del ct(CGMMV CP - A-tubulin) <
Z1Eo g2 FAZdo|ete] AAAAE o|HF HAAFTE EXFHIBM SPSS statistics 22
£ o] 8). oA FTA AZ dole del ctatd =9 I FA(Pearson FIHA
c 0205 UdEdE AS & & de. FA U reference gene THH] HpolH A7t B
o] EAGTE(del cttol FSTE) FAY AV7F E FHHAE UEH.

® 1-7. oW AHA T

#A: CGMMV CPZ virusg ZA31
_Q_

Act A2 o]
Pearson A+ 1 =242
Act B 0] = (k2 .020
N 92 92
* 4ol 0.05 FFEAM FAFUTHEE).
ACT -9.7~ -3.3 -3.2~ -0.9 -0.8~ 0.2 0.3~ 3.0 3.0~ 6.1

1-30 1-25 2-30 6-11 2-19 5-12 511 2-70 122 a-2a

112 3-13 7—a7 2-55 2-59 3-35 25 66 7-6

1-5 1-7 14 1-68 189 1-74 120 1-76 159 1-08
FAHH ol

A=) 0.85 0.84 0.81 0.83 0.78

a9 17, sEAk dolef whol#i 2 KA CTghzEe] &aaA
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A TAF (22 =

% 1-8. #urEAte] Zol9} Q-RT-PCRE o] &3 vlojg]~ =4
No. CGI&A,(MV tugulin del ct %él} No. CG%/[tMV tugulin del ct _;%é]}
Ct = Ct =

28k 1-01 26.49 23.87 2.62 0.80 | 48 1-66 24.17 25.00 -0.83 0.80
28k 1-02 15.49 24.57 -9.08 0.80 | 4 1-67 22.91 24.25 -1.34 0.80
24t 1-03 17.08 23.18 -6.10 0.74 | 44 1-68 23.93 25.07 -1.14 0.84
24k 1-04 21.56 23.59 -2.03 0.82 | 48 1-70 25.42 25.27 0.15 0.90
24F 1-05 19.15 25.23 -6.08 0.98 | &4 1-71 25.61 26.41 -0.80 0.90
24t 1-06 24.05 18.26 5.80 0.79 | 24 1-72 25.88 25.07 0.81 0.90
24k 1-07 19.85 23.76 -3.91 0.98 | 24 1-73 26.36 23.89 2.47 0.85
24k 1-08 20.37 24.61 -4.24 0.82 | 249 1-74 24.31 24.23 0.08 0.68
24t 1-09 26.59 23.91 2.67 0.90 | 44 1-76 29.98 27.81 2.17 0.90
28k 1-10 19.20 24.17 -4.98 0.88 | 8 1-77 28.39 30.25 -1.86 0.78
24 1-11 21.91 22.67 -0.76 0.80 | &4 1-79 27.39 27.49 -0.10 0.91
24t 1-12 17.45 23.07 -5.62 0.87 | 44 1-80 26.93 27.80 -0.87 0.82
28k 1-13 17.16 23.07 -5.91 0.78 | &4 1-81 27.96 28.05 -0.09 0.80
2k 1-14 20.48 23.75 -3.28 0.95 | &4 1-82 28.94 27.65 1.29 0.78
24k 1-15 19.44 23.99 -4.55 0.80 | 44 1-84 25.94 28.40 -2.46 0.72
24k 1-16 20.48 24.21 -3.73 0.95| ZuF 1-85 29.44 29.42 0.02 0.80
2k 1-17 24.49 26.61 -2.12 0.85 | 24 1-88 26.95 28.53 -1.58 0.85
24k 1-18 23.88 25.19 -1.31 0.85 | £uf 1-89 29.47 29.70 -0.23 0.80
2k 1-19 24.09 25.35 -1.27 0.84 | 28 1-94 28.11 36.94 -8.83 0.68
24t 1-20 23.90 25.01 -1.11 0.90 | 4 1-97 26.78 27.48 -0.70 0.70
24 1-22 23.36 24.41 -1.05 0.90 | &4 1-99 28.23 35.20 -6.97 0.78
28k 1-23 23.11 23.43 -0.32 0.85 | &4 2-01 29.05 33.82 -4.77 0.90
2db 1-24 24.14 23.91 0.24 0.90 | &4 2-05 29.79 32.02 -2.24 0.85
24 1-25 18.95 23.28 -4.33 0.93 | &4 3-21 29.12 25.20 3.9 0.80
2k 1-26 27.57 27.26 0.30 0.85 | 24 3-22 28.93 24.70 4.2 0.80
sk 1-27 22.18 26.46 -4.28 1.00 | 24 3-23 29.36 23.76 5.6 0.80
2uk 1-28 25.72 26.29 -0.56 0.80 | 44 3-28 25.42 31.74 -6.3 0.70
24t 1-29 29.27 28.96 0.31 0.78 | 44 3-34 27.53 24.36 3.2 0.70
24 1-30 24.01 33.68 -9.67 0.85 | 44 3-35 25.66 23.07 2.6 0.65
2dF 1-31 25.63 29.49 -3.86 0.98 | 44 3-43 22.72 23.74 -1.0 0.80
2k 1-32 25.13 29.40 -4.27 0.90 | 44 5-04 26.93 22.13 4.8 0.69
24t 1-33 22.62 27.99 -5.37 0.95 | &4 5-09 23.93 24.22 -0.3 0.81
24k 1-39 28.98 30.37 -1.39 0.97 | &4 5-11 23.98 23.39 0.6 0.77
28k 1-41 29.54 27.87 1.66 0.95| 2ZuF 5-12 22.07 22.57 -0.5 0.87
2dF 1-51 27.10 25.20 1.89 0.90 | 44 5-19 19.87 21.04 -1.2 0.82
24k 1-53 24.84 25.18 -0.35 0.80 | £uf 5-22 23.16 22.47 0.7 0.85
24t 1-54 25.87 24.06 1.82 0.89 | &4 5-23 23.22 22.23 1.0 0.82
24t 1-55 29.43 24.52 491 0.80 | 44 5-28 27.02 21.87 5.1 0.78
2dF 1-56 24.09 24.57 -0.48 0.85 | 4 6-06 25.57 22.24 3.3 0.82
24t 1-57 29.41 25.33 4.09 0.88 | &4 6-11 19.63 20.58 -0.9 0.83
24t 1-58 22.29 24.19 -1.90 0.70 | 4 6-24 29.93 21.31 8.6 0.70
2dF 1-59 27.96 23.80 4.15 0.73 | 44 6-37 29.55 21.97 7.6 0.83
28k 1-62 22.73 25.91 -3.18 0.89 | 24 6-42 29.28 23.17 6.1 0.77
24k 1-63 25.95 26.59 -0.64 0.76 | &u8F 7-06 28.68 21.96 6.7 0.69
24k 1-64 28.71 25.23 3.47 0.80 | £uf 7-35 20.71 21.08 -0.4 0.75
28 1-65 20.40 24.83 -4.43 0.72 | &% 7-37 20.96 21.65 -0.7 0.82
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Q] EAL Zo]Qt Hiolg]A 9Fo] ArMEA: CGMMV CPZ virusE &% 5}, Beta-Acting
2]9] reference geneg AF83to] ZAF Y&F RNAQ 42 o
Zle AdtoA AT, del ct(CGMMV CP - Beta-Actin)
Zo|9] AHHAE ol AL E YEPHA(IBM SPSS statistics 225 0]8). o)A
2518 UEUE A

SFEA
RIS ]

e opt Hob rlo o2t

(del ctgto] W24

2) FA19) Bo)7} Ao MBS Yerd,

3 1-9. ojwl® Al
Act TAA 0]
Pearson “-3A 4= 1 251"
Act T TFE(FH) 016
N 91 91
" abo] 0.05 FEoIA o] T THEE).
! ® 1 7 &
11 o ! ) 14 it 19
1 L) J 1 1 27
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a1 o . 0 ya 45 Y v 48
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# 1-10. F9)FAke] Zolgt Q-RT-PCR& ©] &3t wiolg = 4

Beta = Beta

CGI&AtMV —Accttin del ct ;‘zé]} CG%/[tMV —Aé:{tin del ct 7%;-_1?]}
el 1-01 35.35 24.53 10.82 0.50 el 1-91 34.04 24.16 9.9 0.60
ZFe] 1-02 35.71 21.73 13.98 0.60 el 1-92 38.47 21.53 16.9 0.61
el 1-03 35.57 21.86 12.71 0.50 el 1-93 33.10 2491 8.2 0.60
ZFe] 1-04 38.10 23.57 14.53 0.60 el 1-94 38.83 24.29 14.5 0.55
el 1-05 33.06 25.03 8.03 0.60 el 1-95 34.47 23.07 11.4 0.55
el 1-06 38.47 24.46 14.01 0.60 el 1-96 34.33 22.62 11.7 0.55
Q] 1-07 38.11 22.77 15.34 0.65 el 1-97 34.40 22.35 12.1 0.50
Q] 1-08 38.24 24.97 13.27 0.70 el 1-98 33.31 23.47 9.8 0.60
el 1-09 35.43 24.67 10.76 0.60 kel 1-99 34.32 23.24 11.1 0.55
el 1-10 33.79 24.30 9.49 0.60 | #<]1-100 34.42 24.23 10.2 0.60
el 1-11 34.40 24.82 9.58 0.60 el 2-01 29.91 22.84 7.1 0.64
ZQ] 1-12 35.79 22.81 12.98 0.60 el 2-02 32.04 22.71 9.3 0.59
ZFe] 1-13 36.35 26.32 10.03 0.60 z+el 2-03 29.57 22.22 7.3 0.65
7ol 1-14 38.89 23.16 15.73 0.70 el 2-04 23.09 21.77 1.3 0.50
el 1-15 35.99 24.30 11.69 0.60 el 2-05 33.92 21.28 12.6 0.58
el 1-16 37.44 23.45 13.99 0.60 el 2-07 29.46 22.03 7.4 0.62
Ze] 1-17 34.16 25.17 8.99 0.70 el 2-08 31.65 21.71 9.9 0.61
el 1-18 36.54 28.13 8.41 0.60 z+el 2-09 34.78 22.03 12.7 0.62
el 1-19 35.11 25.31 9.80 0.60 el 2-10 32.04 22.40 9.6 0.57
AFe] 1-20 27.76 25.74 2.02 0.60 el 2-13 35.63 22.66 13.0 0.61
ZQ] 1-21 33.35 25.11 8.24 0.65 el 2-14 33.83 22.43 114 0.56
el 1-22 32.34 22.84 9.50 0.60 kel 2-15 34.36 21.84 12.5 0.57
Q] 1-23 36.45 24.74 11.71 0.60 o] 2-18 29.76 22.17 7.6 0.91
el 1-24 35.18 25.24 9.94 0.60 el 2-19 24.06 21.85 2.2 0.54
Q] 1-25 36.53 27.30 9.23 0.70 el 2-20 32.92 21.39 11.5 0.53
el 1-53 25.07 24.39 0.7 0.50 el 2-21 36.54 22.12 14.4 0.63
Z+Q] 1-55 38.82 21.33 17.5 0.50 el 2-22 35.70 22.40 13.3 0.60
el 1-56 27.26 25.80 1.5 0.50 el 2-23 33.46 21.55 11.9 0.60
AFQ] 1-57 38.76 21.84 16.9 0.60 kel 2-24 36.19 22.14 14.1 0.64
el 1-60 34.37 277.55 6.8 0.55 el 2-25 30.62 22.23 8.4 0.63
el 1-61 29.11 23.23 5.9 0.60 el 2-26 24.22 22.09 2.1 0.53
7ol 1-64 34.97 27.99 7.0 0.50 el 2-27 32.09 23.23 8.9 0.61
el 1-66 29.83 29.47 0.4 0.55 el 2-28 34.16 22.66 11.5 0.51
Q] 1-67 36.94 26.34 10.6 0.60 Q] 2-29 28.44 21.70 6.7 0.56
%ZQ] 1-68 277.78 25.13 2.7 0.60 el 2-30 36.61 23.58 13.0 0.55
el 1-70 35.40 24.22 11.2 0.60 kel 2-31 30.41 23.20 7.2 0.58
ZQ] 1-71 25.40 23.71 1.7 0.55 ZQ] 2-32 35.13 22.92 12.2 0.60
RFQ] 1-72 19.76 32.84 -13.1 0.50 z+el 2-33 32.19 21.87 10.3 0.59
el 1-81 33.34 28.19 5.1 0.50 el 2-34 26.12 22.93 3.2 0.51
el 1-82 31.04 25.62 5.4 0.55 zrel 2-37 31.95 22.85 9.1 0.58
7ol 1-84 34.75 22.90 11.9 0.60 el 2-39 32.04 22.20 9.8 0.58
el 1-85 34.59 23.36 11.2 0.60 el 2-41 26.65 22.45 4.2 0.55
el 1-86 27.99 24.82 3.2 0.65 el 2-43 34.03 22.26 12.8 0.52
%ol 1-87 35.21 20.88 14.3 0.60 el 2-44 23.68 22.33 1.3 0.53
kel 1-88 26.62 25.21 1.4 0.60 zkQ] 2-45 31.67 24.08 7.6 0.60
AFe] 1-90 34.97 23.03 11.9 0.60
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6. Cucumber green mottle mosaic virus(CGMMYV) Infectious clone |2t

- IW E¥d CCGMMVe AESH EAH 9 FAY BHdH EAH4S 79353795y
CGMMVE| A=W 7|x HoJE|2 AH&3taizt 3 (CGMMVY 93t F2 W A 33st
Z WA 9 CGMMVY] isolated FAA X 2to] AT o]8)

« E Y82 Virus Genes o AR

7. CGMMV A& AR 2 A

* CGMMV Infectious clone #l|Z}ell AR-8-% ABZE2
H CGMMVell s e, 4, 98 o4&
&9 s FoAA, PCR IS T3l @54

ri
o

! 3 &S0 ”
e L

23 1-19. CGMMV A=A =Y

1}, RNAS] =3 cDNA &4

« ARG oA RNAFZE Aole AALAALE AFEste A& deEla, dFES ol &3t
of mpaf. whadk Ad-& RNA extraction kit.®} Trizol(Life technologies, Carlsbad, CA,
USA), Chloroform< o] &3 WHoZ RNAZS FE3F FE3 RNAE Deep freezer
(-70C)oll A B FZ3F total RNA = LeGene Express 1% Strand cDNA Synthesis
System (LeGene Bioscience, San Diego, CA, USA)AFE-3te] cDNAE A=}

« Zgoly A F, plJY vectors =+ do= 37 oo t-RNA FERE 7
CGMMVel Agroinfiltration®¥ S #-83}7] 93] Ribozyme siteE TFE vectoro A 7}
Aol AHgs = JEE L, In vitro transcriptionS $siA CGMMVE] o=
T7 promotere] A E& F713tH =
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t}. Full-length cDNA clone A2} 274

CGMMV cDNA clones A|Z3t7] 913 Ribozyme siteE 7} p]Y vectorg A= A

2},

« TEolx CGMMV cDNA clone& plY vectorol]l &3k 3 x2z+e] CGMMV PCR
product®& o] &3k <A,

- cDNA clone A|#tof] A3 cDNAOAl g Z7+e] CGMMV PCR productE 33t
PCR#}A = 3 MES zgolHE ARSI, $FF PCR producte] Zol:=
CGMMVe] €« 4o]?ql 6.4kb4l.

« xglolw A|Z}A  F, In vitro transcriptiong 3 A CGMMVE] FE-FEo|= T7
promotere] M E-& F713F% =

¥ 1-11. CGMMV infectious clone #|Zto] Ag= 3Zalo]m

Length

Primer name Sequence of primer (bp)
P

5" ~AAACTCGAGTAATACGACTCACTATAGGGGTT

CGMMV Fw Xho I 17 F TTAATTTTTATAATTAAACAAACAACAAC-3" 61

CGMMV B BamHI R 5" -AAAGGATCCTGGGCCCCTACCCGGGGAAA-3" 29

« AZE PCR productE plY vectorel ¥-& & UEF AEH AFELE Xhold
BamHI <.

+ PCR& KOD FX Neo (TOYOBO, Osaka, Japan)g AF&3l a3} S. 6.4kb PCR
producte} pJY vectorE T4 DNA Ligase (Promega, Madison, USA)E ©]-&3] Ligation
S 3}9al Escherichia coli(DH5 ¢ )ell Transformation A A% H Ada4s Xholz
BamHI& o] &3l Cloning® A& 32l

Sall Apal _ _BamHl
5°- GAG GTC GAC GGG CCC GGA TCC CCG GGT CGG CAT -3
Xmal

Smal

—
5" =S oo 2 et 3
I3 35S Vagr: <
pBR35S HDVagrz 5 P I oy 11D Vagrz - QEESINEY) 3
-
5'- GAG TCT AGA CCG ATC TAG TAA CAT AGA TGA C -3'
Xbal

4

5 PCR fragment |3
p—_ F Xhol Sall Xbal -
P = Belll Hindlll Psil Apal Bamtil h

4

Bglll Hind111 Sall Apal Smal

A 35S promoter| AGA TCT CGA GCT CAA GCT TCG AAT TCT GCA GTC GAC GGG CCC GGA TCC CCG GGT [EIDAATEY Iy (A *

pJY 5 _‘—I Xhol Psil ,Bumlll = 3
a9 1-20. pJY vectore] A|Zad A%

Xbal
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CGMMV cDNA cloneAl ol & Zhe], =8, A& A 712 & 25 593 =13 =
gholH & o] &3] 215

248 CGMMV Infectious cloned =AxEE oS3 g, CGMMV SRk
Agroinfiltration& 2 A& 4= ¢l+ 35S promoter$}t In vitro transcriptionS AP &
A+ T7 promoters ZFI FRE 7HAL dom, SFEFo|E AgroinfiltrationA

t-RNA T2E 7}XE= CGMMVE 7152 718 4 A =95 F22 Rybozyme
site (HDVagro)& 7FA 1L =

BamH1

Xhol T7 Promoter
5’-AAA CTCGAG TAATACGACTCACTATAGGG GTTTTAATTTTTATAATTAAACAAACAACAAC -3°

—
ey v | o OGO
e

5'-AAA GGATCC TGGGCCCCTACCCGGGGAAA -3'
BamHI

- Digested with Xhol and BamHI
- Ligated with pJY vector and Full length of CGMMV

s e

Xhol=—=—

19 1-21. CGMMV cDNA clone A|#37 2=

| MP | ’

a3 1-22. 943 CGMMV cDNA cloned 2a=
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2} A A" CGMMV Infectious clonee] HUA A=

- ARE FZe, u A2 QoA FE3 CGMMVE A2 CGMMV Infectious clone
& CGMMV OMpj, CGMMV Wpj, CGMMV Mpj Z+7+ s, & 3707 A UL, Al
70 €] Infcectious clone =5 In vitro transcription} Agromfﬂtratlong o] &3l + W
o7 »n% ZAES 3l In vitro transcriptiono]:= Ribo m7G Cap analog®} T7 RNA
polymerase  (Promega, Madison, USA)E  AF&3t¥ T Agroinfiltrationel =
Agrobacterium tumefaciens strain GV2260= o] &3d<. + Ad WH 5 33 dHbE
AES PP, =AAEZ= ¢l Nicotiana benthamianaZ o] €3k HE 3

Aol &t m <l #H 15Y Al AEY 3

# 1-12. CGMMYV Infectious clonee] WYL A=

CGMMV-OMpj

In vitro
transcription
Agro
infiltration
Al isolate®] CGMMV = 7} A isolate®] CGMMV =
A k3t W{AS ®ol FTUAAES] HAS B
.. Aol okt mAfol= B4 ol A mAbolAsh
< B kst HEWH S, oFsh
Aol f1E5S B
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v}, Al 2" CGMMV Infectious clone ofn]:4F 4 E &<l

« BHAo] =24 YehtE A 71A CGMMV Infectious clone®] ofm| Ak A GAHe] x}o]
g Eslr] 95t of] :ol A ZelolWE o] 83t sequencingS A A
o

d

3 1-13. CGMMV sequencing primers

Primer name Sequence of primer Length (bp)
CGMMV Seq Bw 0 5-TCTCAGCCCTAGCGGCTG-3' 18
CGMMYV Seq Fw 1 5-TTATGACATCGGCGGTAACT-3' 20
CGMMV Seq Bw 1 5 -GATTGTAAGCCATCTTCAAA-3' 20
CGMMV Seq Fw 2 5 -AAGGTGTTGATACCCAAGTTT-3' 21
CGMMYV Seq Bw 2 5 -CAACGAGTTCTCGACTGAC-3' 19
CGMMV Seq Fw 3 5-GAGATGGGTGCTTCTGTTG-3' 19
CGMMV Seq Bw 3 5 -TGGGAAGAGAGATCTGAGAA-3' 20
CGMMYV Seq Fw 4 5-TTGTGGAAAGACCGCCGAG-3' 19
CGMMYV Seq Bw 4 5-CATTAATTGCTATTTGGTAGG-3' 21

+ Full sequencingoll A% Zzlolm & F 97)o]H, CGMMV OMpj+ 6,423bp, CGMMV
Wpj= 6,424bp, CGMMV Mpj& 6,424bpe] Zol& H . otv]4il A Fo] Zeloln
A Zol] AL-g¥ CGMMV-SH strain (M. Ugaki et al., 1991/GenBank : NC_00180D)3} =}
o7} Yetv+= AL st o A ZH A 7FA Infectious clone WolA = o]
= YE S

358 promulerl |T7 promoter I 128kDa Erotein b HDVagrz fm-;saly(&) 3
CGMMV-Wpj - A DA SN
CGMMV-Mpj - A DA SD
CGMMV-OMpj - V. DT SD
Primer origin(SH) - A E A ND
234 558649 765

a9 1-23. CGMMV-OM1, CGMMV-OM2 infectious clone 7Fe] olw]i=4b A d x}o]

_37_




ATARE (2, 33 =

vl CGMMV Infectious clone full-length Phylogenetic tree

A &gk CGMMV Infectious clone®} =ru] - 9|4 E31¥ CGMMV A E3 zpold & &
°13}7] Y&l =E Zdolo] CGMMVE7] A EE& o]&3ta] Phylogenetic treeE A s}
Ao FYdAy CCMMV = F=3 Elol$t So] &30+ Asian groupol &3tH ZF
=3 grolek FAANA AE FAFEY Al U FAEHAS AR F5H.

A\

— India bottle gourd

Japan watermelon

100
I: GX cucumber China
1601 59 BG-SB bottle gourd Taiwan

BG bottle gourd Taiwan

53
_I— C cucumber Taiwan

CGMMV11 bottle gourd Taiwan

_

0

100 ZJ bottle gourd China
SD Cucumber cucumber China
hn watermelon China

JD8 oriental melon China
Group 1

XS7 watermelon China

100 | 87
SD Melon melon China

96 L SD Luffa luffa China

— KW-Korea watermelon
CGMMV-OMpj <=
CGMMV-Wpj <=

100 i 00l CGMMV-Mpj <=

100

KOM-Korea oriental melon

LN watermelon China

100 L SH muskmelon Japan(Primer origin) .

L— ABCA13-01 cucumber Canada
*l__ Rd watermelon Israel
72— TY cucumber Israel Group 2

L——— Ah cucumber Israel

581 MC-2 cucumber Russia

100 (- VIROG-43M cucumber Russia
100 _ Group 3
MC-1 cucumber Russia

L—— AImO08 cucumber Spain

Ec squirting cucumber Israel

—
0.01

19 1-24. CGMMYV Infectious clone2] phylogenetic analysis
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7. ZAAYE°] & PMMoV Infectiois clone A& (FFE 1F3FR vlolgx HAE A&
g g QA8 A7E st AR

7} S-47 3 J-769] #-2] ¥ Infectious clone A|Z;

+ 20159 A= L FEe] wlolgl 2~ HE ZHAFE AAISIR o™, O A T Aol A
PMMoVE Hg3l9]e™ Infectious cloneS A& (18 1-25)

- Infectious clones A2 & AA| @7] AES B4 om, F71A<E F 126 kDa <}
Movement Protein (MP)olA] olw]’=4l Z}o]& EH o R(142)K, D(GIK, VO3DI 7+
126 kDaoll A4 K(134)R, V(192)A, N(226)D, L(250)S 7} MP oAl Z}o]7} YeEE (1™
1-25).

-+ Full length infectious clone & Z}7Z} isolatedl] whe} S-47 3} J-760.2 W sFH o
AAG7I1E-e T7 promoter ¥ Ribozyme siteE Alolo] E 24 Ho] in vitro RNA
transcription ©] ©j-$ 89°]3la] RNA transcript & ©ulj, 3ol HFo] 7l =3
A 71 ELe Z+ZF Genbankel]l R E o™ PMMoV S-47 KX3993903 PMMoV
J-36 KX399389=2 =3t

RO4DK D(S83N V(93 DI K(I3R
‘ l, l, l N(226)D
. [Femmo=] 126kDa | 183kDa | ll CP |
RdRp 183KDa MP ’
LC250)S
V19DA

19 1-25. PMMoV S-47¢} J-76 Infectious Clone A&+ 9 o}w| =4k Ag v

1t PMMoV S-473 J-769] A4 £/ on] ® A=3HF 75 o]

© S-473 J-769 AlFEA AHE B u B FoolA ®BiH isolateset w-- &
3+ (PMMoV-J AB000709, C1421 AB069853, HN1 KP345899)

+ S-473} J-76& Nicotiana benthamianaol 4] B3 Zo]E H ¢ o} Capsicum annuumoll
M= A A7 fltem WAool AekA dsk=(T1™ 1-26).

« aFolA A ztol= AR AUAN 1F FA W A FH, FEFY AolE B
. vhelH 27 HFH 3 1057004 247 507 FAE AEAE & WAzl FH
o A mlolg]~ ZHEELS F 5007 FANA 22%(S-46) vs 55%(J-76)Z 2] 3tA =}o]

HAE T3 "@ilo] A5 & 89 SAERY ol & FHAANE M3 oF4

HAGE 1-14). ALEAHY flo] Agd A= F isolate 1P FAHAIELS FAFSHA

Ebet. ol= SRRl 97 opbd wjol W Hlol# 29 e Aol R T F

]SO
AR -

L otlo
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¥ 1-14. =& E2 PMMoV isolate S-473 J-76v]

PMMoV S-47 PMMoV J-76

(Genbank number KX399390) (Genbank number KX399389)
T2 =27] (size of RNA genome) 6.4 kb 6.4 kb
Symptom in C. annuum Mild Mild
Symptom in N. benthamiana Mild Severe
Seed transmission in C. annuum 55% a (500 seeds) 64% a
iSrfleeg t;%%zl}[l}]SYSIOn after heat treatment 999% a (500 seeds) 55% b
Seed transmission in N. benthamiana 65% 70%
igegegggsgﬁii?n after heat treatment in 18% a 62% b
Amino acid sequence difference in 126 kDa R(142)K, D(83)K, V(93DI
Amino acid sequence difference in 180 kDa 126kDa ©]% readthrough & ZE A4 &Y
Amino acid sequence difference in MP K(134)R, V(192)A, N(226)D, L(250)S
Amino acid sequence difference in CP EE AE Y

« S-477 J-769] RNA EAZFS ZAs7] 918t Z-2be] isolatet 7 € 1FEHH
10719 #& g3t PMMoV RNA®E S SH43H o RNAS 2 S-470] 12v)7} &
A Uste. £3 SAAGEL vholg 2o Fol HHITRL S oy & AT
A= R 2 RNAS EA| e dA8HA] e B3 1-15).

i 1-15. Real-time gPCR comparison of levels of PMMoV isolates S-47 and J-76 in
flowers of C. annuum

S-47 J-76
Flowers (10) Flowers (10)
Ct of PMMoV 12.75+0.45 13.42+0.34 14.20+0.98 11.94+0.43 12.01+0.97 13.47+0.63
Ct of Actin -7.09£0.23 -5.80+0.89 -2.29£0.45 -7.51%0.28 -7.39£0.78 -4.74%0.67
Ct pmvov -Ct tubutin 18.51 22.2
Z[ACt S-47 - ACt J-47)] 12.9

36hr 48hr

GFP: 8-47 126 kDa

Seed

GFP: J-76 126 kDa

13 1-26. PMMoV S-473} J-76 isolate 7t Al X4 Localization, B A, A3 A vl

_Germination of progeny
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A TAF (32 =

+ 5-473} J-769] 126kDa(37§ 9] ofm| x4k xpo)e} MP(U7R & ofm| =it Zpo)) Z42h& GFP
fusion binary vectorE %3&}a] Subcellular localizationS #3952 ™ J-76 126kDa
ol d o S-473 @8] Aggregation(T1¥ 1-26 3}AE) doES Q1 A, 0]‘—
helicase®} methlylase ~7]5°] A+ 126kDa 2] homologous interactionel] £]3F A
F=3 (19 1-26).

o 4709] ofm| Akl zpo]7F = MP2] Subcelluar localizationol A+ Aol & 2HS 4= ¢l
<. Coat Protein>  isolate”} 100% s¥g G7IAES 2t Slo] & 97 o
SHA| &t

HUFI

i
z

o A=S3 7s zolE T ot W ol F/EA/AE e Hpol s w1
d719] AyYAT AFRE wEo=E #GE of PMMoV Hio]# 2 EX}XJ 2.
Wl whel# 28] ofell mlEstA] fdom HiolHarh FA Ul o] FH R Ex wiol W &
7d (3t protease B@)S SHsk= Wl wEt T AAE i}olﬂ Yetdt=
7Hde ™8 H

-+ S-473} J-76 1solates;: 126kDa®} MPol| EAjst= F 7719 ofu|ite] zpole 2fste]
A2 713 W whol#f 2~ RNA®, 126kDa localization pattern, TAHAE, 4217139
A, AL AolE st HujolA &l & & 3o, & isolate 3+ 77) of
v k=qke] substitutione E3he] Hjol W Bagk @wide FAstE A4 ofvgt B
A 7S
126kDac] Ao #HAst= G4 = Hu A" BAE F3F RNA F9f F7t=
TARAEES FA (v #F H S Hlolz = RNAFC] ®Hol: £ERNA
degradation)> 7] 7|zt o & o=, 126kDa ¢ MP 9] & #-&o] wjo} Wff -4 Z
o2 EA 7 Aor dFHM 53 MPo 4749 ofriite] FAAAEE &
Hjof W A& F23 4TS & AR ogFH.

- Isolates %t 471¢] ofm|=4ko] xpo]7}F Q1= MP-2 subcellular localizationol] A1 & x}o]+=
TAsA st miol Wi olF B ool W Z4F maol ek W] 7)1# Aozt
J= Aoz AmEo As}stz BAo] dad d7 BEEo= dhE. =3 126kDa
o] Gaargol g FAHNAES] Aot yEHE F AUE.

Hpo] 2] 2 RNA9| Qb Aol wi-s- a3 J&& st= CPol it 71 A5 &3t
RNA 4&¥ #A4 & #Hstax & F4&3e] CP 7]s(ong distance movement)<
FAAA RNAS] &8 &olatA & & & A= ddH.

rxa

o )

8. CGMMV ¢} PMMoV Infectious clone A)2}+e]m)
T2 AAIA A 7H A == vlol 2~ |
Hiol g 2~ 7+ FAE 838t7] 98t Infectious clone 22 HE &7} wjg- &olst
2 2 Infectious clone A2} g
F$ PMMoV A& A"l 7dS 93] o8& Ag
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A2A - A2 =)

imaging

PaA 12k BRIV Ha
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A2A - A2 =)

o]-8
5 =2 step motore]

ZE o]+ Visual Basic 6.0
Zhd gtoll A AHE
TE & A=z
sto] 7} S E Fgo] AAEH,
SIA Ha 3a oW A2 A A

T3 FUL FF 2Ho] 7HEsta

7

AE zAo| TFsEES Ak 0w,

A~

A&l T2

< 33 Pgow

L

LA TS AAs WAlRe] B G

| 1 MCT Camera
i E'

L

(a)

T
mlm

o fu

%

N
-

o,
2
i

Aol 7hed Bad

ExE dae dite SoeE

ZA7F 7H5% 100 WH halogen lampZ ©]&. Line light 7}o] =2

Halogen Light

Maving Plate

2Hlo] AA =<3 JdE Yl Od 249 2
MCT(Mercury cadmium telluride)A A, =& =4
agmg Spectrograph®} 48] REH=Z FTF5EH= A

-2 FAdoE FAEHAS. Ao] A=H &
&5t FEFstP o, M2 =EAS AASHHA
olFEHE P HIANIE AAtste F5E T
S

ol
=

4] line-scan®] % 3l spectrographell
B+ HgCdTe (MCT) Array sensor®ll

=3 A

7IA133A FdedE EE 2500 nme

T INE 1 setZ P
7hol=9f 7ol = Abol= oF 30° A

7hol =
°F 15°,

b

Eddde HLse

= /\]

_>.i
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A2A - A2 =

o 29 5 Azw seluE 245
Amol W@ HHe BRUE ASS dlNE BY) FF, B A7, BAT

2, AEe iMere] A, @=¢] F number, AmolEre] o574 =,
S22 zAdok & o)W ATAAE FAE Ao AxE HevEE ol

(D a2
(7P Lens to sample distance : 95 mm
(1} Light to sample distance : 70 mm
(th Light guide angle: 10 ~ 30°
(2} Field of view : 9.5 mm
(") Exposure time : 7.5ms
(8P Pixel resolution: 25um
() Number of scan: 1400 steps
(b 11 to 16 line using: 6 holes
(Zb) AD voltages: 1890/1830

2) 8 | EnE | 1FFA}
(7P Lens to sample distance : 285 mm
(1} Light to sample distance : 110 mm
(th) Light guide angle: 10 ~ 30°
() Field of view : 110 mm
(mp) Exposure time : 7.5ms
(b Pixel resolution: 340um
() Number of scan: 320 steps

. o FA B3 E DB H AHEYH Y

HA ] oBFA HE BES JiEsty] felMe hfd vpolgs g Al
Z=217} 3:%514 = A4 BJJJbLH]HEﬂi 59 Aso DB3/F o748, g3 Xl
53 BFARE £ 2-19% 25 F UMAY blelgx 9 FA 2ERY A+ 7
TAY] BFAFRE 27HA o] EFAHE o] &5t FS5HUH.

Hho[2 A2 & HFOE%%:%’ :>

Ho|2{AEE
of me

=
DR M

e

(Real time gPCR)
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A2A - A2 =

4 =
c ool rAEA B AF FAEAE E 213 Zo] g, Ful 1% EuE
AE AT, Mol s FAL ALY AT/\goR R, Teln AT £
2 73 2= 8% d37|BozHE 5 g A5 dFME E 202679 F
Aol o gt %%Eﬂ‘ﬂﬂ% g55tRa, I F 5T ANse FESAE BAHFHAS=
A FE A7 D AP s 7B Z2HE &2 o] Ax= 7 TAE o|HIFTA H
H 2d 7)ol &8
21 Agel] A8H e 22 9%
da9zn A e SAN5  gedn A= AL
Alternanthera mosaic
virus(AltMv) 192 88 114
w2 HEo]
) . Hio] 2] 29
Arabis mosaic virus 96 _ 96 7rel ¥ %)
AV e ow
o2l
Cucumber green
o mottle mosaic virus 96 24 72
il (CGMMYV)
e A=l
. Hlo] 2] 29
nlo] & 2~ Lettuce mosaic virus 192 _ 192 7rl ) %)
(LMV) e o
5})
Tobacco rattle virus _
(TRV) 96 96 ek
Healthy seed 192 - 192
Cucumber green
J=u} mottle mosaic virus 96 45 51
MMV)
S Tobacc?Tligl\t]t)le virus 96 74 29
Alternanthera mosaic
L virus(AltMv) 96 3 93
=1t Acidovorax citrulli 592 337 255
AT Clavibacter
EnE  michiganensis subsp. 282 - 282
michiganensis
Z=A 2026 571 1465

o|WEFA #E dF 2d NS YsiAE SWIR FAAHI R g AHE ol &
sto] oy FAS} A FAS ~HEY EHo] a7H. F, oW A AAZTAILY
olg}stx  Holzp oW wWEHE  2"EHoz YeltEAE FT-NR
spectroscopy(Antaris 11 FT-NIR Analyzer, Thermo, USA)Z o]&3&}e] X3¢ o
(19 2-6) Al="le] AF A2 & 2-29F 2
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A2A - A2 =

1% 2-6. FT-NIR spectroscopy.

% 2-2. FT-NIR £27]9] Al 2" AR A}3)

Detection High-sensitivity, high—estability, Matched InGaAs
Dimensions 40.6 cm (width) X 68.5 c¢cm (depth) X 33 cm
Instrument .
(height)
Weight 47.7 Kg
Source Halogen NIR source
Spectral Range 12000 ~ 3800 cm-1 (833 ~2630 nm)

4 cm-1 across spectral range

Resolution
(6nm at 1250 nm)

o} vlol g2 ZFEEA] FT-NRR A~ EY &2

=
7 gl EAY AR BlEAe] W ~HEde 19 2@ 2o 19 27
oA Holxo] F FAe] W ~MEY 1} FF Aolg DU olHLe. e
N E g F8 Aol UEE 1% 2HEDS 2] 98] 244 (Analysis

of variance, ANOVA)S o] &.

a9 2T BAEAS B dof1 B4E F-ghe Ve Aoz A oA
frol % 0.001 olske] @ VEnlel BAHOE FolFe e o= 2d BHUF
Ask AR gHMEA AN TR Aot UEee BF. gHom:
1900 nm ~ 2500 nm Aolol FHAH THE T FHnTt tha Ee F-gol Yehd

s BAT F AL
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A2A - A2 =

red ARAFALS 29E Folh Yehths ol 48 27 57442 gelsta

N

tlo w4

A

©

=7 2.
A olfre A Eo] Hiolg 2o ZAHAEHY P WA AAE BEstr] 3 Wl Ed
S MM o] HAHA A EE phenolic compounds(d =4 3F3HE), salicylic acid,

jasmonic acid® 13+ zpol7t UYEsES 7hs A U=

o H of\

A, ARAWNA uhol o] FAo o5 71 E W}Mﬂ JeFe @A =,
o2 Qls) BAUA HANM BAHE HABAY FFRIE AT HeHE E 5
31

ARAZE wolel 27} 3248 S} FAol WeRo] EAr FHH L, o EAe
Bgasatold] ofF e Gl B 9.

W WA, BA7 BASE YA wtole e FAol MEE AEA L, ol
whel AEl Fdo] £UPOE Q) D

kA uw WAL, F9 4B XS TEF0| Hol

220

23l m— Healthy | 200
m— |nfected

180

160

1900 ~ 2500 nm
140+

Absorbance
F-value

21r 120+

100

1‘9 1 1 it L = L L 1 1 1 1 1 1 L
1000 1200 1400 1600 1800 2000 2200 2400 2600 1000 1200 1400 1600 1800 2000 2200 2400 2600
Wavenumber{nm) Wavenumber{nm)

€)) (b)

9 2-7. vpolE 2 A HulEA @ AAFA "o 2 ER (), ANOVA 4 Z23Hb)

= 9

gt A 7r8=A9 FI-NRR 23EZ 24

5

4
[
)

=
Al 2 Felsakel 4 gulgAke] 3 EHS a9 2-8% 2w 194
2= F FAAClY B 29 EY Aol Aty ofH M=
of dojd vE F-gle el Zle= o 9

3
1900 nm ~ 2500 nm A}o]e] F Aol
PN

|

o
s %

(p<0.3)& LrERd gole 3, vpolel 2 7l EA
9} M&m}el Aol YEPE T2 fARS A 5 AL

L THE R0 WZolAW AREAYe] ~HEY Aoyl FABTE AHE W]
Toa, Aol Zed® A% volso] Ta® FAVF Yehle olgstd Wl

7}
Asteler Are.
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A2A - A2 =)

13 T T T T T T 14

m— Healthy
12l m— |nfected 12l

Absorbance

F-value
= s
o

L s L L L s L 0 L s L L L s L
1000 1200 1400 1600 1800 2000 2200 2400 2600 1000 1200 1400 1600 1800 2000 2200 2400 2600
Wavenumber{nm) Wavenumber{nm)

(a) (b)
% 2-8. Alet Ad A B2 Ad$A B 2HE- @), ANOVA 24 A 2Hb)

= b

3. Y SAREL o] &% o|¥FTA uE =4

=
FAEERD AR GHRA DI PRD ABE TR LA T,

= =
C BRARE ZAPA FA AV, AT, ZFAMY FE, FAL 2

[
18
(m
et}
lo
_&
o
N
S
i3
ox
ol
_al H-I d
-
=

[¢)

7 2
o & FYI} A5 HIE =Hox

2 9 o) R &Aoo o wstd wlolE o X3 HAAAFo] TH=H, o]
A 2] o] e AAHE WA= Yg¥bd o= smoothing, AFst WY
(normalization), MSC (multiplicative scattering correction), SNV (standard normal
variate), Savitzky-Golay®l ol & £ AoAxe HA =d Qs 93] F 87HA
o A WS AHESA L, AR T olE & Bl aiEA,

7}. Multiplicative Scatter Correction (MSC)

« MSC W& 1A ARE SAHY o F2 ALY ZAANEE 53 Ho 4
(Scattering) 0.2 2~HE-o| B Wy} dojy=d A EE 340 w2 =21,
o] doas A IS we. ASAGS Ao we} dAHEHA Zol HiEA 9
ol F, 71&7] W3, 281 AT A A4 FEH Y nEAE BT MSCE vl ol E A

£ o] &3t BAZ HolEAME W 7 ~HEHY

A FR=e AHAAE 8] A&l A EA

= W Zzhe] ~HEH] Tzl 727

= thFo] Fo] ~dEYS RASA . MSCUHL ~HEY WHsle}

EEZo] AFBATE EAL WRE AREstooF dtal, AlREo] FEH R {FAE A

[e]

o
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A2A - A2 =)

(1) SNV (Standard Normal Variate )
SNV MSCe} o] FA4teh BRAS 93 Ay WHOR F33
U 7 2HEY S A ~2HEQS FFUAE A Fdete] FAke
% AE T

b | —
Ashe WHOE, B A= R P B 33

il

2) w8

c 29EYS MBS HW 29EDY WsE FEHD FA WsHE REY
17k H7] o] el YIE SAlE 2 A 9. AT vy W
58 MR Bl AAT F UL AW Fgol B AHEYe] vBYS A
$T A% AT FEANA AP U IFL F F U

v =24 75 9 (Calibration Method)
AN F4E AUt vlSdelA HAFEEZ mud|rt STFEY, FF
== 3]

718 AstAl F3HH. weEtA 7129 S5 "8olv &3 S

BAoR =, e sexAdYd ASE AYstae HPFel ErbedE. A, HAEe
9% =d AL YaiAe ohA FH(Multivariate) 3] AREAHS o] gsoF I thAH
AEAE Ay HFTER HE ol &st, ~HERN A4 - EAY H5d
AS WE Fv WHoe=z A WHd+= MLRMultiple Linear Regression),

PCR(Principal Component Regression), 18] 1. PLS(Partial Least Squares) ¥ o] g
ZE&EHY, O F FTEY FHOE AFEH B B0l oHe A 4

AR8-E = PLS Wo] =d Ao AREHAS

(1) PLS (Partial Least Squares)

* PLS B2 &Y HFHAES IUE AESE MLRIAE= 28] A2 A ¥
(latent variable)E< Ztotdl 3]HAo] AH&Ste HlwZ 2L = FAEAH.
PLS SAEAMS 538 HAE FARFES A2 Aoz Eddoly g A
HEel 28 FAHSE Alolols m$ = AAAAES A I 4Y HE F9
B 4Hvariance) o] & AHZ FANHSE (e, PLSo #Hd o228 Hs
el e
d8 W4 dHoly EE2(X)& score vector t,(h=1,--,a)2t load vector

pp(h=1,--,0)9 HFo& Yehfoix1, &8 W HolE E=(Y)& score vector
u, (h=1,--+,a)¢} load vector q,(h=1,"+-,a)9] Ho& FA AT}
X=) 1t/ +E D
h=1
N\, T
Y= ) uq, +F 2
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A2A - A2 =

UeRpe], b 99

u, = hz—]lbhth +r, 3
9 AelA ax MY FAWTF] NFE
vector t,(h=1,--,a)3te] 3AAFYL. F4
02 T2 & UF HES FIT
il o)
W —
x|
t, = Xw, )
v 6)
4 =
| Y7, |
u, = Yq (7
2 (Dol A AR wyghol 478 LS el &
g2 oW 2 DE HEogh
il ®
U,
p
to=t,Ipl (10)
Aot 2ol 3 wol FIHAE e AR F
7
Ut
by =— (1)
tltl

W] scores

=713k

vel @ 92 Adstel o

o2
of
-

filo

score vector{te] 3 AATE T3
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A2A - A2 =

A WA AAMSTE AR e 4o FolH BE X Yo eX9d E F

g T
E =X—tpl (12)
F=Y-btq (13

EOE At 283 Aeds 38 XoF YE 47 B9k FoE HHrolA
o obg) HA= 18 S71Eh PLS Rl ALEH =
HAME A e IWHHoR EYPHse JFHts FHonm HE
cross-validation W o= ZAAE. FAMGFe] Myt SPHF] e Zopds
g oxagd Eok Fe= A 04 77he gg zA 2. 2 (D, 4322 Astd
load vector p,, g, (h=1,---,@ 3AASG b,(h=1,---,a) & A&+ 5ol A}
SHAAY 2 AEHA ¥ dHHs dHolE EF Xol g ¥R ol
BEE Yo d3gs AeEd, 1A 2 DFE=0E 953 t,(h=1,

g o HoE T,

-,a)

Xp
t, = —

T (h=1,,a) (14)
Prbp,

ty(h=1,---,a)7} AXHANA b, (h=1,--,a)9 2 Or,=0< o]&3
'U/h(hzl,“',(l)% T3t ;[6:, }’]%‘Zﬂl—gi q;,,(hzla"'aa)ﬂ‘ 21 (Dg o]&ste Ye

~HEY AAE MR 2330 4§54 87 2dS BE7] A3 A5 o<
doleel talds Hold 57 A%e HolAw, Sgol AeHA G Aze
dolele] Bajss £ o3 RS HAFAL B ot UT B 48 W
Sl tslA =™l B FHoverfittingH 917 WEY. PLS e 2 Aol
2 GFe MAE DY FANFEES o] §3HE hAF B BAPOEA MR
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A2A - A2 =)

(2) PLS-DA (Partial Least Squares-Discriminant Analysis)
PLS-DAE F&HWrE A&5HQ 3ol obd #¥stux gt IFES 7H HTF=E
£ #ds7] 98 AE&HE AAEAHEY. B dFNAE o
A-dFTAE WEsH] sl Y2 1374 08 47 483t 2dS AL =24
gt tloly s+ DBl AAd 4 A48 T Aol 5% E A
A, YA 25%= NEE 2o A A
+ RE folg #2& MATLAB(version 7.0.4, The Mathworks, Natick, MA, USA) =

2O ol &3t 3.

)

o Adssd A4 2d NE A3

* FT-NR #3AHEE 0|83 #AdsE o= =9 23

© 4F R vtolel 2 HETAL} 1FFY A FETAC Ui sEE B 45 A
© X 2-3% Z2g NEE F 53R R RrIFES FEUEFAE AT BE Fol
0.1c]3ke] s @2 AAAT ke YehAS. rIFE A4 0.21 ©lske] ghs et
W.oole HARANES A 7EZA] dolE Ut AR, =3 TA U Hho)
Hx Bxol HAvl AX A TR dF 2dS NLSr7F oHU S o=
Sl

g ZAdoy #d 2d ) Ay
FT-NR #3AHHE o] &3 oF =g Ay}
Hiol g 29 g is AT ¢ e 2d R nolyxo ZAdEsTosE A
Rol FHEWSFE AEE A= T, AAFAE VR HAAHsIY ndS SN AT
o] ZFd ol R 1000utE] olAte] HEE AIRE ZdE Ao=E 31, oy #d
2dol AT S s T 87HA 9 HAE el A& HFH md AHe A
o SEP#HS zbtal, calibration® prediction ¢ R*zrel Wxprt A mads AA =
2-32 FAY ZAARE A & AES F IES T HEFH 2d A9,

AItMV  nvlo] & 20 Z4Ed @uFAe] & PLS-DA ==& Range-normalization2]
A7t o] £HAL v M =& HS=E JEbY. Calibration A3o] wp2d AA
FAE 89.39%, o1 FAE 86.39%<2 AHIFE=E Yehidon AAHoZ 87.88%<]
B AE=E Yed.

wd Jiut AE Aye] wp2d A-AEAE 90.91% 183 ol EAE 81.82%2 A
2 ERFINL AAHOE 86.36%2] EF AEEE UEAT (¥ 2-9). 1F
2-9()= AltMv Hlol# 2 7 GullEAtet A EuSAE BEE = = HFH9
PLS-DA =499 A 7} Ueld Aoz TR} AAFAY] T8 ~HE

.

t

ofy d
P

B xtol7} UERFE JH9L 1900 nm ~ 2500 nmo 2 EAFHEA(ANOVA) A#e} £
AR, o] 9499 1940 nm+= O-H Z£-7], 2,310 nm+= CH, #+%<¢] C-H stretch + C-H
deformation I EZ 2o 93 dggo =z RHolm, ZHAEx9l AMEAI IHEAHE

Apol7} EAjsE ALz ¥

a8
e
it
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A2A - A2 =)

% 2-3 FT-NR 2 ERS o83 £48 g4day 34 #d 53 23
Sample proireeé;ing D??itc?e Class Correct  Incorrect Accuracy
Healthy 59 7 89.39
Calibration Infected 57 9 86.36
Tobacco Range Total 116 16 87.88
-AltMV- normalization Healthy 20 2 90.91
Prediction Infected 18 4 81.82
Total 38 6 86.36
Healthy 16 0 100
Calibration Infected 18 0 100
Tobacco  Savitzky_ Total 34 0 100
-CGMMV~-  golay_2nd Healthy 5 1 83.33
Prediction Infected 4 2 66.67
Total 9 3 75
Healthy 21 2 91.30
Calibration Infected 24 1 96
Watermelon SNV Total 45 3 93.75
-CGMMV - Healthy 8 0 100
Prediction Infected 6 2 75
Total 14 2 87.5
Healthy 14 0 100
Mean Calibration Infected 14 0 100
Pepper _1. . Total 28 0 100
~TRy-  rormaizatio Healthy 4 1 80
n Prediction Infected 4 1 80
Total 8 2 80
Healthy 16 3 84.21
Watermelon Mean_ Calibration Infected 14 7 66.67
-Acidovora normalizatio Total 50 10 o
. . Healthy 6 1 85.71
x citrulli= n Prediction Infected 4 3 57.14
Total 10 4 71.43
HEEL HER
85.23%
il
£ e 5
i 2 _
- HUEN HEE = )
89.77% =}
s 1900 - 2500 nm ||
1
055 & 05 1 T5  foog 1500 2000 J;uc
Actual Vil ‘Waresderigth [nen}
(@ (b)
% 2-9. (@ FT-NR 2~ EHS o] &3 AltMv 2+ @l g4t 744 o 5 2,

(b) A =gl vxd 7}z X|(beta coefficient)
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¥ 2-49) A= AltMV, CGMMV, TRV @ Acidovorax citrulli ¥}o) & 2~ol o8 gruj
(AItMV, CGMMV), 313=(TRV), B <=4} (Acidovorax citrull) FAZS SWIRZEF 974
BAAE olg3te] WHI AAE HFH AAHWHEA A Jepd. CGMMV Hlol 2 2

9" g@uExFe TRV nviolg) 2o 4 d 15359 calibration 23+ 100%=
olg. =3 md A= A3 75%9 80%E UEY & EF AF =S Y.
CGMMV o] FHtEAet TRVel ¥ a5F A9 calibration &/ 237}
93.75%<F 100%= Z+7F Jebd. T3, 2d HS A3 87.5%¢F 80%= calibration 2
o} Z HolE Ho|z ¢S 9 2-9(b)= CGMMV 7w FubEaiel A=t
o B mdo wyAY J1FXE vERE. 2100nm ~ 2400nm ] G oA 2] 75X}
g2 g0 nvluste] AUz oz w2 o 99L& starch, protein®] F=ol|A O-H,
N-H, C-C, C-O0 HFxEo] 23 JgFo =z AlsH.

it
o

o 2

L

=
Fagchsl

2
o

¥ 2-4. SWIR ~HEHE o] &3 =28 7Fdog 5

Sample Dmireesgmg D??itge Class  Correct Incorrect éccurac
Healthy 65 2 97.01
Calibration Infected 67 1 98.53
Tobacco SNV Total 132 3 97.78
-AltMv- Healthy 19 3 86.36
Prediction Infected 22 1 95.65
Total 41 4 91.11
Healthy 13 3 81.25
Calibration Infected 7 11 38.89
Tobacco  Savitzky_ Total 20 14 58.82
~CGMMV-  golay_1st Healthy 5 1 83.33
Prediction Infected 4 2 66.67
Total 9 3 75
Healthy 25 7 78.13
Maximum Calibration  Infected 27 7 79.41
Watermelon .. Total 52 14 78.79
—cGMmy- normalizati Healthy 10 1 90.91
on Predict Infected 8 3 72.73
ediction TRl 18 4 81.82
Healthy 9 7 56.25
Calibration Infected 12 4 75
Pepper Savitzky_ Total 21 11 65.63
-TRV- golay_1lst Healthy 2 4 33.33
Prediction Infected 4 2 66.67
Total 6 6 50
Healthy 15 4 78.95
Watermelon Range_ Calibration Infected 18 3 85.71
“Acidovora  normalizati Total 33 7 82.5
< citrulli- o Healthy 6 1 85.71
Prediction Infected 4 3 57.14
Total 10 4 71.43
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il

uh SWIR G EE o] &3 o5 =d 2
« % 2-10(@)= AItMV Zd EuisAket A& AET F e FHA
nFEAe) A% @
A =7 50%%1 Zia AL YA F2 AF %‘%‘% 71.43% Ol%oi [Ba=
. 53], AltMV e gujEAte] EF A== F Sl T W E‘r <= 91.11%
e LA, SNV A7k o] &S o 7HE &2 B/ A89= UrEMJOi L
ZA3}= Calibration 97.78%, Validation 91.11% <.
a9 2-10= AtMV 4 welsaket A ghlEsAE $Ed e HAH Y
PLS-DA %o g 754§ vehd. ZAEAs AdFAe) FH o)} hehy
= 9492 1600 nm ~ 1700 nmo. 2 CH37x2] C-H A%l 23 Ax=z ddsg.

(S =i O 1

15

(a) (b) .-—---ul |
wEET HEn at |
97.8% A i | i
1 2 ﬂ. n i |I |
| |;| ,'-.'Il J|||I i ll | I|
3 H an||| || :ui'l' |I g Ik I"l|| |r-'-1'.'| ] J' | |',| |
= = i { .1 I} |
§ o5 = LR l‘x"'nl (TR B Y |
i I
: HHHT UEE |
0 84.38% 4r
J |
o 1600 ~ 1700 nm
D“JLG ] 14 i 15 18-)'.'12! 11048 128 1308 w00 1558 1] 1T
Artual Value Warswlength jnm)
(@ (b)

a9 2-10. SWIR F4A-HRE SNV A o] &3 (a) AtMV 4 SHl$A 4 o7
9, (b) I zdo] FAE 715 X|(beta coefficient)

« 19 2-11(a)+= SWIRZEZF94 dolgE o]83ta] PLS-DA2} Maximum normalization
AAYE o] &3t CGMMV 4 d FutEaiel A FAe] #Esk A5 vepy.

CVR (b) " ]
€ 1680 nm
HHEED HES o 1200 nm 1450 nm 3
78.57% b ¥, J/ JI
: f
e & |'.
Y /|
3 3 s = &0 [ k.4
: : T
5 05 f | )
3 : I|' I'III |I| II.' [ I|II
c;.! b E o _|'I 'R i ll
BUBT HEE \ Py
0 80.77% o 3 T f
. | L &Y /
1 | il.J A II\-‘|_ r"I
| :
o : , . . ,
B3 0 05 15 T T T R T R [ T B
Actyal Valye Wavebength frvm)

a9 2-11. SWIR 44 X E Maximum normalization A =g] A &3] (a) CGMMV 7+
FukEx 74d oR #d, (b) 3 2do] 3 715X (beta coefficient)
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CGMMVel Zrd= EujEx1o] calibration Z3+= 58.82%% HERE Zﬂﬂ TAke] I
2 81.25% %2 =JUAIT, ZAFAe HE A7) 3889%=2 o}, F calibration F
A& 57} 58.82% 5 UERY.

CGMMVoll Zrd® Fukgxte]l 22 wde Maximum normalization 27} 284,
Calibration ZA3}ol] 2™ AHF A= 78.13%, o|HFTA= 79.41%2] AF=E YEHY
Aew AAZHO=E 78.79%° &/ ALEE UEHA S Ed WD AF5 Aol =
H 7 ﬂzﬂPSmM%ZHT7ﬂ%%ﬂ%?ﬂ@@]@QEi FEHAL AAHo R
81.82%2] 7/ AgEE UEAS.

g 2- 11(b)L CCGMMVel Zta e Futgatel AxdFTAe] wd 2o a4 7
XE Jebd 29¢. 1200nm, 1450nm, 1690nme %’O—dloﬂfﬂgl 7}%7?]7} e oy
H] 2 5} ww o7 =9ke o] e Aute] CH3 F+%¢] C-H strecth AEmE
1,2z v, 89 O-H JFro o3 oz sy,

- ¥ 2-12@elA e SWIREEZFIY dHeolgE o|&3ste PLS-DA®F Range
normalization ZH*€]E o]|&3sl] Acidovorax citrulli #ol ¥ FulFxte] AE2
HE Yetd. IHoA PLS-DAE o83 o|HE FAe #EEL 77.78%, AHETA
o AEELS 814%E FQl. vlojg 2o AR +u Fxo o FFLof FARE 2
IE =

(a) '* (b) 3[ '
RWER HEE : 1450nm ¥ f| {
77.78% ! |
i e 2 || | 1680nm ]
|
15 | | \sl 4
3 ® [l M
= [ £ | 1 1]
[ Jal - 5 | [ |
i . = s ]
| =] | o
i B i l;si),.‘ . "\ / \ |
g |uuEn yas 5 0 s % \ |
: 81.4% = \ f | |
08 |
i L 1
'3 ' ; of 15 4 " e |
s ’ o B 1% fi00 1160 1200 300 1400 1500 16G0 1700
Actus Vale Weanebngth fom)

uls
£
z

719 2-12. (@) SWIR B3R E ©| &3 Acdovorax citrulli 7+ +9rE2 7
#H, () B8 mde] w7k A (beta coefficient)

« 18 2-12b)o A= 1450 nme}t 1680 nm F A A FH FIE T S UYL, 9
%‘9%% Hlolg 2o A FTAE HAEs] 8 AEHAY 2do] JtFX 9k {4
Hoj= 1450nm°ﬂ/ﬂ 7}ZL = 7}?742 Uetiglar, o= g 3

webd, ® 4Ye sﬂ e aur% 22FAE AT 3TF vholel s 2BTA
A} O
=

g3 Ae W DHEARZYE FLEAY
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s

1Z7e] vtol¥ 2 ZPEAY 1%

L
) .

2-5°11 A

hyA
ar

MEE F 5FF9 mdel R’ (calibration accuracy) &k

3 A#}E vEhd.

El

UERd. R’ (prediction

oy
)

0

e

oju

#k

accuracy)@t &4 0.21 o]k

34

F717} &<l

a3

& mds 7Y

Ly
-

2-5. FT-NIR

-
It

Prediction

Calibration

14

0.0298

2
c

2

=
<]

wE
Mo
Bo
Nl

67712

65299

0.0056

AItMV

Eall

20.4

48744
1392

30.3 0.2133

0.0293

CGMMV

Hpo] 2 &

19678 0.0023

0.795

+

1317 0.081

0.0204

-
=

152.36 0.0107 169.22

0.0021

Al <t

ﬂ,ﬂ
W

ol
_Z__l
~

;01_

il

KO
0

i

-

(2) SWIR

el 2l o n], COMMVel 7+l ehul Zxhe]

0.02&%

0.05& 7}

2
/4

R

°=0.42,

T
- R,

o #d A3

e

=
=

o] W] SEP=14%

LHERS.

2=
14

=EDIEE

W o
Bt

Prediction

Calibration

SEP
(%)

14

0.0366

2

2

=
€]

i
Mo
asat
N2

113590

0.0033 206190

AltMV

Eall

14

0.0538

30

0.0765

CGMMV

Hpo] 2] &

33789

0.0012

42155

0.0594

&+

334

0.0209

224

0.4243

=l

204

0.03

253

0.0018

Al <t
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(stokes)
aman Scattering
(anti - stokes)

Rayleigh Scattering

\ i
Vot V3

Raman Scattering
19 2-13. #Y g 4FeH(Rayleigh scattering)¥} 2bqF 2FeHRaman cattering).

0

Vo' V1
%V

0

Vi

S

e

olx 9] &tz C. V. Ramano] 2

ol

-3 (Raman spectroscopy

hus
1l

2}

NAE 2
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.

o}

I 245 += 2

-

T

S

Ak}

i
el ¢

=
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Ao zApHH
1 =349
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SIEEE
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=
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FH A 12 F B} 531 imaging spectrographel] 2
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il
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A 2A - (22 =

4 TED camera

Ball & socker mountisg Stape

Ewn long-pass fluer
TBS5 um lise baver systemm

Masaal XYW ressiabion stage

Nlamual rofstion st

HBeamsgplitner

Availabile Leser line

99 2-14. B 2R 9 Azde] AA AYE D 2o RE TS

© O9 2-142 2 28R G A=Y A Ags 9 8 BF FAEE UE
7o 2 CCD Camera, Spectrograph, Laser module, beam splitter % Moving stage®
TAEH A+
FA7E A2 E W Scattering® = ST o] A wl- Z7)(F 1HRREY] D wfEol
A5 CCDZHH 7 Ha3dk o] 1459 The Andor’ s iKon-M 934 series
camera (iKon-M 934, Andor Technology, South Windsor, Conn.)7} &}9kalz o] #=3&
918 AH8-", CCD ¢ dark noisee] HA3stE 93] 65° C & AA=HA2H, 800
nm< ol A 1024 x 1024 pixel array= 90% ©]4+<] spectral responseS YER S-S
7w 2} AlA1e] dynamic rangee] 74 16 bit=Z 2= ™, Ball-type regulator< ©] &3}
of 7iWgtE 1A, Raman imaging spectrograph (ImSpector RI10E, Specim, Oulu,
Finland)= 7Zhdletel] F-2Eo] gl ss g538tm, 7hvgte] F29 C-mount lens
(Schneider Optics, XENOPLAN 1.4/23 mm compact lens, Hauppauge, NY, USA)E &3l
dEHe] IAXE A, ;M=o spectrographAlelel Z=2HE 785 nm  long-pass
filters (Semrock, LP02-785RE-25, NY, USA)E E3&f A ZoA A= LolZE A|A.

Clean-up filter

|

Water cooled cold plate

Collimating lens

Laser hine

19 2-15. SRt 2% GG Azl AHEE oA Al =H




A 2A - (22hd =)

a=ge #HolA AZHE 2Hhilse] 5o a3 F83% 84 B AFoAe
spin-exchange optical-pumping laser systemOI ALEEIQIOom O e+ 19 2-159
25, o] Al2E-Le water-cooled cold plate¢]ol] 2X® F 7Rl 785 nm laser head<}
laser-diode power supply, system chiller, collimating lens, 12|13l clean-up filter=
T} L.

5 7Ne] Laser headol ¢Ja] A= A #olA= collimating lensg &3}
AHH o2 golxo o3+ ZlESo] FAH. 785 nm laser clean-up filter (Semrock,
LL01-785-25, NY, USA)+= collimating lens®] ol A® 3}, signal to noise¥l & 7
ANe 9 3

uoghel 2853 G4 9 oA JAE H ol AT
a9y 2-16& ek il“f:% A2"]le] 5 9 oln|R] g5 g AZEY o9 FH.
T5 AZEY 0] Z-$ MATLAB (version 7.14, Mathworks, Natick, MA, USA)& o]

&3t AzHE %Efﬁ, %ﬁ-‘ﬂ gt 283 F4E g5str] 98 7wl ekcooling
temperature, exposure time, pre-amplifier gain and accumlation)®} &} % E(size of
step, number of scan)e] F%&°] 7}s&.

Raman Imaging system

= 1 1= 1=k

O FomarAken R0l & Bnning
ipdate Frequency i Drapley mage Wiamy | 2040 Wi 1 W2 i Verbical
Hi 1 HZ 1024 Hanznnlal 1
bnage daliy soomlnn Advanss_Tabie
Camarn gatiing CLD Conleg
Mo of Accurmsdatons 1 Coclog Tespic) | 85 imagng_Typa
Tetal Seans (xteca) F Curent Tempi) | M4 & Ona band
Increment{mmScan) 05 | Faacadalf Cheek |
Eupeawrs Tma (aegy | 05 Ttk — [~ Save Data Bave

Fre-Ampiter Gan 2 Lef Fight =
|1]

a9 2-16. 2R 2EF olvlx HE U AxY THS AT 2ZE ]
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of standard wavenumber®] raman shift 2~ E& g3} H] 2,
2zt g o8& FHARAES ol&sted A4S AHAEFoH,
regression coefficient®] 7% 0.9999%r o &2 AAFA-S. residual errors ¢ ZH-$ 2212
o] A% 012 cm™® B} e Aow FAHEHAL. Raman shifte] A-$ -724.4 cm™? -
2879.3 cm™i(742.8 nm - 1014.2 nm) Aol 23 3FH RIS o] galo] A4k L
o Ha 73 ke A9 352 cm™(0.19 nm)o] L.
gk #olA e 299 & A TAVF E4E S 7ol AV WEe 719

o]A 9 H& 1EYHE FFuA Beam attenuator® A A dRE. o= 71EY vt
o] A Ho] 3 < <} 2, #o]A A"l EA
o AR E Fola, AEY &4 YA ¥EF Attenuatorg T3 @
FYS FEoEN, FAS HAAFHS. olE I AEFY
z o

#k2-H](Signal to Noise)7} %2, <A<l raman

s
rO
o
o
o &
_1}|1_‘
A
o

scattering 2152 50| 7153

d Beam
|
Attenuator

gy

s

~
=7 Omm

@ (b)

a3y 2-17. 9 2834 o
(a), beam attenuator”} &2F# %<5, (b), beam attenuatore] A R<5.

+ Beam attenuator’} A28 et dolq AzWE ol§tel FUFA ofw
G FAEA ARATE AASAS. AolAT FukEate] Lol vlol
920 ggsol FFE NAEAE Fohns] s FAAE F FAEA
192 9& Heste] 9 4 AN2EE ol g3t Z45ta, U

(@)
o g
rlo
i)
=
B
S
SRS
o




A 2A - (22 =

« =23 A golAY EHE 45 AR HAH3Y oM, exposure time] 7% 0.3 secondE
400 step= SFAHsIAS. B2 %O}gi ek gl ol A Lzl-ﬁ«l A5 71.9%
69/96 B)E YENN O HxF IF2 73.9% (71/96 H)O 2 H|5=3%k xjo]E H AP

© AdEee] A g "olA =EaF AF 77.1% (74/96 ®E dElen Hlk
= IF2 79.1% (76/96 ®)o = M3 ol Hw. ¢ P& Tl 2kt oA
7b dotg 3yt Aol Ao FFe 7AA = AR FAF

1 2HEY 24

© A oA AE 2de L] SAAE ezl BdE Sas 5l
BgguEE 58 A5 DBsF Bad ¥ 23R volex 79 FAE
sgon, dadEe] S5 BRARE E 273 22

5 o FA 373 E DB3 3

}01' Hﬂ >1'
[
)

7 AR
©OE 2-TAE B AT ASE AR T4 9 23 B3 Y A 34
= T #ZY TAE ARESRa, 7

o]
dlolE s ol¥EAE AR AT/RORE HSF FHEE ATAAE F
L1S7/Ae EAo] tie 2uolHE ISSHAT, 1 F 32%9 3647 TAE A
3%l 36770 ARE HAFAZ BHHALS AL AT/ AN AT v
of FAE 1569, 71gh 22902 HAH. o] At 7 FAE o|¥EA B E‘é_!
Al 243,

2477 B4 29 ER elelgs 32 FE 0 4F Ut wa
Speciman o b Quoumber grecn motls 214 55 99 60
aafgman, e Queumber ereen mottle 200 84 106 10
wspron e Gucumber green motls 405 152 157 96

— H
SWIR) . Cucumber green mottle
el mosaic virus (CGMMYV) 200 59 137 0 4

Raman Cucumber green mottle
283 A4 T mosaic virus (CGMMYV) 96 14 74 8
7 1,115 364 573 156 22

Y Fxo] e F 71A S HH(Raman Spectroscopy, Raman FF3A| 2H) & &
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Z4717]
(D w34 A(short wave infrared :SWIR) Z2#33 J4 A 2H
* SWIR &3 94 A]2¥"& Raman &3 I3 A2"H3 nxvixz B384
Arlet FhetE §RAIZ AVIEEA, 233 F4Y FFES T ddE AR
ERdd: s}

of gk wAl 498 EFAHERE AT

2500 nm)& ARg3tm MCT(Mercury cadmium telluride sensor)Al A(Xeva-2.5-320,
Xenics, Belgium)¢} Image spectrograph ©A1¥ 7}9 2HSWIR, Headwall photonics,
Fitchburg, MA, USA), =% =x4do] 7%3 C-Mount #:N=7} FH]E  Imaging
Spectrograph¢} 28] BEE FFH& A o|FR, FF FHo| 7l B2H-
G270 AFdeE FAEHIUS

ZEG G 5L AFALA A" AZEYS] Y & Feste] sfEw
Visual Basic 6.0 T2 02 S8t AMEE S AAT 292 & 2-8% Z&

-

N

/7 MCT Camera
HS-SWIR

i Object Lens

Well
Plate Seed

Part Item Specification

Step : 0.9°

Torque required : 18 kg-mm

Operation : RS-232 interface, 9600, 19200, 38400
baud rate settable

. . Controller ]
Conveying unit Weight : 1.2 kg
Electrical requirements : 24 VDC 25 A
Slid Repeatability (short term) : 0.0025 mm
ide
Straight line accuracy : 0.025 mm/25 cm
Assembly

Screw lead accuracy : 0.76 mm/25 cm

_64_




A 2A - (22hd =)

(2) Raman spectroscopy

* Raman spectroscopy= Raman &3 974 Al=®3 vprix = 2hnt A |4
< ol &% dAME B =3 YA wfe FE o] F F2 WEs
= AUAE o]8dte =2 E4sts e ol &7 23779 Sabe2 7
=d4E TA%e A4 720k 2AH @AV A 4 4o wet AfstER 4d
HFS B 289 2ATESE FE2T 7 e

Ligl

@ ‘lllll
.; EEEERSE

| Elastic scatterin {Rayleigh) |

<l

|' lastic S ing Light (R |

e o
| with laser light

719 2-19. Raman spectroscopy®] €

« Raman spectroscopy®] H@l= 18 2-193 £2. BEx7F Aoy 7HAEAS
WolS o Eat= of 7] Abel(excited vibrational state)® SXA| H i o] o714
o Eat= Al 7HA 713S AA vl vk AEl(ground state)®= W A H. o
o A7 BARA S oY AIZE AAME FHET e oUA Y & v E W
Z=3stA #

« olgg AHERS BEAstE £ EATFRY FEo| JbedhA Hed, Raman
spectroscopy+= 719 oA e} 22 #HLEiHE AAS, 2k AEnks &
5ot SAS 2429 AT HEE AT

* Raman spectroscopy= BWTEKA}S] [-Raman Plus(i-Raman Plus, B&W Tek, Inc. 19
Shea Way Newark, DE 19713, USA)E At&3ste AP om(ad 2-20) 2o
AT ERL & 2-99F T

13 2-20. Raman spectroscopy
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¥ 2-9. Raman spectroscopy &%

Lasers
785 Excitation < 300mW
Spectrometer Range Resolution*
BWS465-532H 175cm™ - 3300cm™ ~ 3.0cm™' @ 614nm
Detector
Detector Type High quantum effciency CCD array
Pixel Number 2048 Effectice Detector Elements
Effective Pixel Size 14pym x ~ 0.9 mm
CCD Cooling Temperature -2°C
Dynamic Range 50,000:1 (Typical)
Digitization Resolution 16-bit or 65,535:1
Integration 100ms - 30 mins
Electronics
Computer Interface USB 3.0/ 2.0
Trigger Yes (Compatible with BWTek Probes)
Power Options
DC Power Adaptor 12V DC @ 6.6 Amps
Battery Optional
Physical
Dimensions 6.7x13.4x9.2in (17x34x23.4cm)
weight ~6.6 1bs (~3kg)
Operation Temperature 0°C - 35°C
Storage Temperture -10°C - 60°C
Humidity 10% - 85%

*Typical Resolution Measured Using Pen Lamp Emission

. OHF BARDE o] 83 oy FA WE =d A

o} A ] A (SWIR) 2233 04”/\]*9' Raman spectroscopy$} Raman i%% DA
gl o] &3t 53 o|HFAS} AdFAe] ERABEE oWIETAe wE g sEE
,I,]—GH /\]_%_Qgi,ﬁ od 7]]13219‘ 24 T,: (71—0:10:]_|_)1:1t41 7]]131; /é}\]tﬂ—

4 Zg e AT He AL A 2AEY dHolHY. ey B AV, A&,
ALY =, FHXE 59 tdet acle 93] YT A5 HHE SAHgE 2~
HAEHO] Zpol7t HAZ oy AS HolHY RALS s dlolEY HAE

I el = |

_IN

9

(preprocessing) & ©]-&3g

2 EY A (preprocessing)= B FHe kol2E AAstAL I Il wE
akE Eole 8T WHoEA 2o A # spectrumeS Tk H ARE H
T, o ol &3t YE ~HAER dHolHlA 7|7l 219 Wt wE JTFES AA
il EtAR diRES] el % FATe HASIY 3 g Ede Y
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A2 Hyols dukzr o2 MSC (multiplicative scattering correction), SNV (standard
normal variate), Savitzky-Golay® S°l . A2 E=g 4o o F4tek 4
&S AAS7] sl MSC(Multiplicative  Scatter Correction), SNV(Standard Normal
Variate) AA2]& AASHAS. T3 FHEY Aolv} SAS ] W3t Fol 7|U%E H
ojxgjRle  olFE AASAY HAAEY 2FEF EAS xSty Hsh

Savitzky-Golay 1z, 22F H3&HS AHE-3F =

7}. A 7+ 3H(Normalization)
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L}, Multiplicative Scatter Correction (MSC)
MSC e 1A ARE ZAY O FE ALY AAEE 53 2o a9
(Scattering) &2 ¥ E o] @& Wl ol AFH T sl we} than,
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t}. SNV (Standard Normal Variate )
SNV+= MSCe} Zo] 34tk S sk 2xjg] WHo g 33 ngol o]yl )
S SNVE 2zt ~HEHS AH ~HEH mZAHAANZ A

[e] [¢]
AAsE BHoz, F F=2 5 Fdo MY &S AT =+ UE.

97k 97wl whkalel
MRS o] AAT & AL AW Fgol We AU nEYLS AT
S ee ZTAA ABHA YR 4Fe E 4 3L
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o}, =49 7idk =3Fe(Calibration Method)
(1) PLS (Partial Least Squares)

F-E 3 4AF(Partial Least Squares : PLS) 3|7 EA4WH2 FAEPCA) EAHS B

3k o R A~AEJ(FHWAST) HolE Y FAHAES Tt I FAES ol &5t

o XS Tl WY FAREAAE E2A 2FERET oyt A &

AE TEHAT S A 1S AEE |FE A o]F o] &8st 374

= :rL“SP*‘E THES IHE AESE MLRTJr—‘E g A=
z 3l

59, PLS HARA L E
A ok e A Aol o) we gueAE 24 1. 9

B =
oo tslAe £2 dF AH4E RAFAE £ ol UF B2 49 A
Sl tisA =do] A 3Hover-fitting)= $17] wi&%. PLS x
T FFE vAE HE AFAAFETLS o] &t Y FA B4
B} g5 dlolHed d 3AATS Bold JteAe UAAT AR
s Hojd A5 Hse HE

(2) PLS-DA (Partial Least Squares-Discriminant Analysis)
PLS-DAE FHWFRE 520l gho] opd w¥stux s 1§EL /M M5
AARste] olE #Esy] s HE&HE AAEAHEY. B dFNAE oHF
ARFTAE BEstr] fall dogr= 13 0 242 A 8sto] mdS MEs

« EEZ o] AFESE HlolE] == DBl ARE Z FAE F oA T0%E AHE
SR, UM A 30%e e 2do HSol ARSI

+ RE folg #2& MATLAB(version 7.0.4, The Mathworks, Natick, MA, USA) =
2IHE o] 8ot FPHIF

(3) LS-SVM(Least Squares-Support Vector Machine)

« A XE WE 7| A(support vector machine; SVM)-& MIT 1F A% AFao)A] 7t
o] SA S *3%24&5—}, = E&AEE, HolErteld, AFH #g @ HEAS F
o] FofollA &7/ 2 IJATTFFAHS AT ¢ A5 JIHOeE Bo] &&H
i A SVM—% A Aol F M AS BFAGH o]E& WASE QEFE
(misclassification rate)= #H 43} A7l HA —‘:‘rﬂ %% (hyperplane)2 A|&3Fo
22 T &2k &7 H IAEAANA e Aol d5HL Ae
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HaAw AEXE 9HE7]Al(east squares-SVM; LS-SVM)+= Suykens¢} Vandewalle
(199901 o3 Atyd EAHoz FIIH MES =Uste] SVMe FE52 A
A2AS 52 AstzAoz HaFgozN F39. LS-SVME 53 o] SVMo
Hl =gk gk oz} 017?} ZaH9 EAE A8 (linear equations) &A=
Adste] T AIE AEE Y F e FHol U

(4) E4FE2H (Analysis of variance)

A2 (Analysis of variance, ANOVA)2 FAIgolA F 7] ol b9 HaES
Hlwstazak & of Hd o] &4, F Ha3 4 fJd H o X}Ol o Ll
A 7k B4 vl g 53 ez FEXE o] &3ty 7144 3]
EAarR ol FRE  JdYUELHEAH(one-way  ANOVA), 9]

o) i

B AR (MANOVA), %—%A E2(ANCOVA) ol 3l
=g
H

N
=
o
o3
o
o
—o
2
>
>
ofo
i)
rir
o=
rr

o
>y
§}L
mlo
—Ll
ol
rlr
i)

2

o
=4

% ¢ AFFEOl AAAL 1§
AFH Il AobAd Fgtol AABE Fgrol Avke o 1§ el o7t =2
o oEE 7 2§ TEE) gu1E AAA B, o8 olgitel FAE
A%k QB SAE TR A2 AF2GE 2ASNL. Aol} 26k ooz
7 258 Y] 4oke IS A 9. ol olgstel FAFASH A
A5 TESE A3 HFFETE 2ARAES

oot o

A E@ - MSE)ell ofsfl =LA

S o (T o (o g

oo

r[rmnl;
[

b

2-10. One-way ANOVA

Soutce. of Degrees of Sum of square Mean square FO
variation freedom
Factor A S84 MSA
(between groups) a-1 994 = Z —y) MSA = (a—1) MSE
Error _ - _ SSE
(within groups) N-a SSE= 55T — 554 MSE = (N—a)
Total N-1 SST= E Z Yij — )

1=1j=
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v R w29 A A

(1) Raman spectroscopy

A WolF FE VIFoE HATAY ndEA O15S B8R s. 1
= AAG A5 HAE1E,
-+ Raman spectroscopyE =&l & al
FFA T wE L A g
oJHgol Y. ol FFANIE AAs s S
Polynominal 2 2] #AES AA AL, ol= Ho]~g}els o] ¥ a3zk
st= &3}= T¥%. Polynomial fitting®] A% 4, 5, 8, 12 181 163}
&t zbol EARHol EA3 o] AFolAl= 8th - order polynominal fitting
o] g§3st] ~HEF to]H o] &3

- A Wdd SARE OFS AAE] HEl, AAF7I3A Al
o] o] Al
v

o

Raw data of Raman

35000
30000
25000
20000
15000
10000 |
5000

* U

g s s A7 golA A o8 A

Agste] BRI AEEE AL

& o rr @

ot
A
9#
N
X do go i

.
rlo
o O

Polynominal Processed Data of Raman

0
785 815 845 874

719 2-21. Raman spectroscopyS o] &3le] =43 d ol E(a)et 8"-order
Polynominal processing< ©]-8-3ste] FFAEE AAT dolE(b)

+ Polynominal processings ©]&3sl= A% 198 2-213 o] FFAE7F AAH, 7

213k peaks Hlo|E 2] & 5o] 7}5&. A WF Polynominal processing Yo 2= 7+

AFEAe} MAAFAE FESE AL BV oo gaFAe ugdAFAe]
A

- 2 S}

35 g5ste 29471 A HAH =Ed HAHLS Accuracy”b %31, calibrationa}

prediction ¢ R2zte] HAI/E AL nd& HAAHIAS. F 2-118 FAE AR
H

903 931 959 986 1,0131,039

(a)

= v

A}, PLS-DA, LS-SVM 3 #2 EA4 54 s

Slal % 87ke] AAHY Wo] 48

KeX
e Tl EEHe wolzxE AASL ART

R E-ET)

_70_



A 2A - (22 =

3 2-11. Raman spectroscopy ~HEF-& o]&3+ PLS-DAS} LS-SVM EAE 7+ o
oA vl Ay
Analysis Sample Pre- Data Divide Class Accuracy(
y p processing %)
Healthy 100
Calibration Infected 100
Watermelon SNV Total 100
-~COMMV- Healthy 100
Prediction Infected 75
Total 87.5
PLS-DA
Healthy 90.9
Calibration Infected 81.8
Muskmelon Savitzky_ Total 86.4
-CGMMV-  golay_1st Healthy 71.4
Prediction Infected 85.7
Total 78.6
Healthy 63.6
Calibration Infected 100
Range Total 81.8
V\f%tgﬁrﬁ/le\lﬁn normalizatio
n Healthy 75
Prediction Infected 75
Total 75
LS-SVM
Healthy 95.5
Calibration Infected 77.3
Muskmelon Sav1tzky Total 86.4
Prediction Infected 85.7
Total 85.7
« 3 2-1191A4 YEH =] CGMMV ol e FHbg=te] 7

7 PLS-DA®E 353 cahbratlonaJr predlctlon B3
. Calibration Az} wpz2m AA

om HAHo = 100%2 ﬂ%
29 ARFAE 100% 183

ERui

2 87.5%% &7

475 SNVHAE
=57 ZA37F 100%eF 87.5%= &<
ZA+= 100%, ol A= 100%2] A==
A5 et =2d E HdS A
ol EAE 75%9] AR fwﬂoi AA A o

AIREE Yetddler 19 2-22(@)0) HEAAE UEY
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a9 2-22(b)= CGMMV s FabgAtel Ad FagAE 38 & s FHA9
PLS-DA ®dle] a3 7texE Uetd 2. dddaet ddgae] 549 »4
EH zol7b YEh}E gde 380 cm! ~ 1600 cm? © &2 ratio of

starch(437cm™) g 9°] 933} pentosan(1076.8cm™He] HaFo 2 A g H

Beta coefficient

(b)

1.5
% 0.00015
" 380 - 1600 cm '
o 1f ZAB HEE 0.0001
2 @ 87.5%
5 :
- 000005
S 05 ! = . F
5 , il
g ZAEASA HES
o o 100 %
g -0.00005
-0. . ' ' : -0.0001
35 Y 0.5 1 1.5 377 816 1,220 1,592 1,934 2251 2,543 2814 3,065
Classification Raman Shift (ecm 1)
8 2-22. (a) PLS-DA ©]83F 424219 Raman spectroscopy Z~HEH ] CGMMV Bvlo]E 2~

49 oy 3

, (b) ¥ mdlo] Ax 75 X|(beta coefficient)

i 2-11eA = CGMMV of =
2} LS-SVM€] calibration3} prediction

HrE2} dlo]E] S Range normalization Z*] €]
25 AdrE 81.8%t 75%= .

Calibration A3+o] e AAZAE 63.6%, o|HEZAE 100%e] A== Ve
Nom HMA Ao 818%° &7 ALEE HEUNE =D /E A5 A3 o
29 AAEAE 75% 183 oW EAE 5% AR BERHEHUL AAHo R

75%°] 7 AgEE UEY.

a9 2-23@° A= CGMMVe 7<=
RS

[¢]

81.8%° A¥=Z Y

Fel Ao A 86.4%, =Y HE A
¥ 78.6%% yEd. Calibration 2o wam HAAFA= 90.9%, C1HETAE
ouq AAH O 86.4%2] HF AHEE vehd. =Y

T -

N AF Ao mEH A-AFA= 71.4% 18] o|HFTA= 85.7%2 A==
EREHAL AAH ez 78 6%4 5 AgE=E UEd.

a3 2-23(b)+= CGMMVell Zrdd surgatel dxdFate] #d mdof aad 7t
FTAE YERE 9. ddFAY FEH 2HEH] Ao|7l e 92 380
cm™e] 79 ratio of starch 93, 1272 cm™'e] A ferulic-acid derivative®] <k
o7 Ag¥. 283 13009 cm™te] A9 pentosand ferulic acide] FFoE AlE
=)

=5
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(a)

Prediction Value

Beta Coefficient

(b)

380cm -11272em !

15 ' 1300.9cm -7

g 02 \
i zass =g | |
78.6 % s &

Classlf ication ‘

. L . L L L L . . I
377 816 1,220 1,590 1,934 2,251 2,543 2,813 3,065

Classification
Raman Shift (ecm 1)

9 2-23. (a) PLS-DA ©] &3+ #e]F*}2] Raman spectroscopy 2~HE7 <] CGMMV

nlo]l# A~ 74 o7 w4, (b) FE =2do] HAE 715X (beta coefficient)

F 2-11A= CGMMV o = Felsate] it 2HEdS 10 & A2t

a9 2-242 CGMMVe 7+

LS-SVMe 2 sl A nd=a 83k calibration®} prediction &/ A7}
86.4%<} 85.7%= &<1H. Calibration ZA¥ol] w2 HAAFA+= 95.5%, o|HFA =
77.3%Y AEEE ‘/‘rE}lHo“’Eq AAHOoZ 86.4%2] 7 HASEE Uebd. 22
M A= @JJrOH wEH AR Z}‘— 85.7% 1|3l oW F A= 8h.7%2 HEYT=E
BEDQT AAAHOSZ 8. 7%_,] A= E e,

F value

4/785 1200 1400

-3 590 1,122 1,600 2,032 2422 2,775 3,095

Raman shift (cm™)

719 2-24. Raman spectroscopy® =4 ¥ CGMMV #<
FatEAtet v ~2H9EYQS o] &3 ANOVA #2443

R FuakEaet vz T gRt ~HEY HolHE
o]-&3st F3Pg ANOVA #4475 YeEbd. ANOVAZA S T3 §53 F value
= 4o g2 TS 7K AV 52 2HEHS HAF BAZAF 585
cm (S-S stretching), 1200 cm(pentosan), 1400 cm™(C-S stretching), 1559
cm {(C-S Stretching), 2297 cm (C-N Stretching), 2476 cm(C-H Streching) < < o]

YF= 713 Aoz Asd.
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F value

14
1409 =

-3 590 1,122 1,600 2032 2422 2,775 3,095
Raman shift (cm™)

~1¥ 2-25. Raman spectroscopy® =4 ¥ CGMMV #4 zHelFAke}
H 7 ~¥E- S o] 83 ANOVA #4243

9 2-25% CGMMVel 2 Fukgatel vzt F4k9] tlolE & o] &3t 3
g ANOVA E443E yebd. ANOVAEA S S 537 F valuers E4jo @&
& FFE 7R, NFAT B AHEHS BolE 470 cm (S-S stretching), 1200

cm ' (pentosan), 1409 cm(C-S stretching), 1514 cm(C-S stretching), 2423

cm(C-H Streching) 2476 cm™(C-N Stretching), 3115 ¢cm™(O-H Stretching) %<
o] 4F& 713 Aoz AmH.

o
>
\
)
[o
oft
2
fot
Jn
Ol
i)
d
0,
e

o % spetroscopye} PRZFZFA|E,

gt oA Aol o3 dAEHE FFAT o Y SAHE dlolEHE A

st mElS JhdsteE AE B2 ofEwol Aw. ol ¥FANZE AAsta
HAE WS BAES] 98] Polynominal A E #AHS AAEPS. o= Hloj~
Zels w3o] ¥mgke AAtslE &3 % 239, Polynomial fittinge] 7Z-$ 4, 5,
8, 12 1183 167 22 tFst x5 B4 Hol EAE. o AFoA = 8th -
order polynominal fittingS ©]83ld ~HEY dolgd &3t

p
EIF Aoy B mdo Ass FEe s F 87 A ¥Rl A&

ol
e
b

H.oole 7171 H YRSA Y e Bl TAEHE ol2E AASL RE Al
¢S g5ol= a7t Jde. HA md HAHL Accuracy’} =31, calibration¥}
prediction ¢ R*gke] #A7} F& mdS XA

£ 2-12¢ A ZAEAEE MR 2 3ET ¢ JES dE HE 2d A9¢]
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¥ 2-12. Raman &% 94 2HEH S 0|83k PLS-DAS} LS-SVM FAE 7+ o
2 A A8 vd Ay

Analysis Sample proceesing  Data Divide Class é/})()?CUTaCY(
Healthy 94.0
Calibration Infected 98.5
Watermelon Mean Total 96.3
-CGMMV- normalization Healthy 95.7
Prediction Infected 95.7
PLS-DA Total 95.7
Healthy 77.3
Calibration Infected 68.2
Muskmelopn Total 72.7
“COMMVET SNV Healthy 71.4
Prediction Infected 85.7
Total 78.6
Healthy 94.0
Calibration Infected 97.0
Watermelon SNV Total 95.5
-CGMMV- Healthy 95.7
Prediction Infected 95.7
Total 95.7
LS=SVM Healthy 68.2
Mean Calibration Infected 68.2
Muskmelon .. Total 68.2
_commy-  hormalizatio Healthy 71.4
n Prediction Infected 71.4
Total 71.4

© E 21200 AE FUEREFIFOE HET COMMY HholE o] aE FuEatel
tlo]E]E Mean normalization® *] 2] ¢} PLS-DA¢] calibration3} prediction ¥+# 23}
7} 96.3%<F 95.7%= &<1H. Calibration Z¥e] wWE=d HAHFAE= 94.0%, ©1HF
A= 98.5% AGEE Yt o HdAHCRE 96.3%°] &7 BEEE UEH
(a) b) Beta Coefficient

878.9 cm 1 1272cm

s — 1300.9cm -1
« aEEadse | - f‘\‘
96.3%
, :: : u

08 o 05
Classification

Prediction Value
o

@

AOS 600 800 1000 1200 1400 1600 1800

Classification
Raman Shift (cm 1)

G4 27 EHS]  CGMMV
Hlolg] A~ 7+ o i (b) B =] wAAE s}E=X|(beta coefficient)

O:
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a9 2-26(v B2 MY HF: 23 mE2u A-dFTAE 95.7% 83 o FXA}
= H.7%] ALEE EFHJL AAH SR 95.7%°] £/ =S e,
a9 2-26(b)= CGMMVell e sutgxtel dxdEate] i 2o vl
Z2E2 YeRE. 879.9 cm™, 1272 cm™, 1300.9 cm™? YA 7tE=X7} 2
Aol Hlwste] FH o R FokS. o] 92 AW CH3 7+x¢ C-H stretch
TRES 1, 2% wied, 9FCE AIEEH.

#® 2-1204 = B2 EFIAEAE =3 CGMMV viol 2] 2o I H s
o] "HlolE & SNVAA g 9} LS-SVMe] calibration} prediction #5F A7} 95.5%%}
95.7= =l. Calibration 2ol W2H AAFAE 4%, oW FTA= 7% A
TE Yeplon AAAHSE 955%2 EF AEd=E YERY.

™ oof L

>

(a) (b) Beta Coefficient

: 756.5¢cm -t = T T I
" | ] 878.9¢rp 1| 1120-8cm 1628,9cm -1

/\;qu’ L

405 600 800 1000 1200 1400 1600 1800

Prediction Value
o

05
Classification

Classification
Raman Shift (cm ')

18 2-27. (a) PLS-DA o] &3t #e]&x}¢ Raman 283 ~IEZH CGMMV
vlol# 2~ 4 o F #d, (b) ¥ =] ¥ 7l5X|(beta coefficient)

a8y 2-27@e 2d e AF Ay w2 ARFAE 95.7% 18l olH
FAE 5.7%9 A=z BFEHAL AAHoZ 95.7%2 BF =S Yepd.

CGMMV o 7+ d #9)Z2+= calibration® prediction #F A7} 72.7%$F 78.6%
2 F2l¥. Calibration Aol wWEH AXFAE 77.3%, o1HFA= 68.2%2] F&
TE Ueion dAH R 72.7%] 57 AF=E Ul =Y L A5 42
o M ARFAE 714% 283 ol FA= 85.7%2 FA¥=E EREHIX
AA A o= 78.6%° &7 AIGE=E YebA(E 2-27(2)

a9 2-27(b)oll A= PLS-DAS] 756cm™, 879cm™, 1120.8m™, 1628.9cm™ <5 <ol A
FH y3s FAd £ Jdde. 756cmt FH9F} 8789cmT FHo] AL
tryptophane$} #&o] J&= FH9Y. 1272cm™ G937} 1628.9cm™ 9 S pentosan
3 ferulic acidg 9 #Ho] o] Y= A= ASH.
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E 2-120]4&= CGMMV o ZrdsE #FAte] #¥rxi3 dHolH§E Mean
normalizationd * 2] ¢} LS-SVMe. &2 73t mdl® ¥ 3k calibration® prediction
EF A3V 68.1%9F 71.4%= &<lg. Calibration Z3e] wm=Zw ARFAE
68.1%, °1HEA= 68.1%2 HASEE YHEI o dAZH R 68.1%% &7/ A
55 Ued. 2d i A5 A mE2d AAFTAE 714% 183 oW FAE
71.4%° AREE ERFHAL AAHSZE 71.4%°] &7/ HAS=E e

F Value @

LELIN < T B = B = ]

o

405 525 644 760 875 988 1,099 1,208 1,3151,420 1,524 1,625 1,725
Raman shift (cm™)

13 2-28. Raman 283 9AF Al2dHlo =z =A% CGMMV 7 ulExpe} vz
3 ANOVA 477

[>
_li
|m
ot
ftlo
o
ofo

© 19 2-282 CGMMVel e subgatel vzt F2k9] HolHE o] &3t 3
st ANOVA EXZ43E yebd. ANOVAREAY S F3 853 F values 4 %
S e 7R AFAI w2 2HEHSE RAF E4En 529 amS-S
stretching), 632 cm (tyrosion), 744 cm Xtryptophane), 871 cm (tryptophane), 1013
cmY(phenylalanine), 1160 cm™(phenylalanine), 1468 cm \(ferulic acid), 1618
cm ™ (ferulic acid) 832 1771 cm™(C-O Streching) ¥ ¥o] H&S 71H Ao &2 A}
=9,

F Value

14 752 882

12

651
10

(]
405 525 644 760 875 988 1,0991,2081,3151,4201,5241,6251,725
Raman shift (cm™)

a9 2-29. Raman 8% 94 Axgloz 4% CCMMV 2 Ze)FAke} vz
SHMETG o] §3 ANOVA 24723}
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a9 2-292 CGMMVel ZHds Fubgztel vzt FT2be] dlolElE o] &3] 43
3 ANOVA 42472 Jepd 2. ANOVAEA S B35 F53 F value:s £4
of B& IS 7A AV B 2HERS RAE EAAR 461 cm'S-S
stretching), 651 cm™(tyrosion), 752 cm (tryptophane), 882 cm(tryptophane), 1021
cm Y(phenylalanine), 1420 cm(phenylalanine, 1496 cm \(ferulic acid), 181
1695.5 cm™(ferulic acid)) ¥ o] &S 713 Aoz AFH.

(3) SWIR
SW

ol
&
>

24T ARE A VARATAA ATLe 24
o2 FAFAS NPAEA 15T BIHAS. IAN 1%
DALF, F 205 ol g3tel HlolE] B0 ALg.
FrAERe AR Folsl BANRAT, T OFS
At MPGFAE TR Ae BhsUL. ol
H nds =317 93, PLS-DA, LS-SVM ThH &

m fo Ao
R\ o of
flo &

J
=
T b pe

2
N
N

i€ N
O}N ro\l
X
o g
z
N
N
2
o
Nz
o

Q o

o B

[

18,

(m

o

r\j d
2 |o O

i

rr

iy

ooy

z 02 Ml
o\
>
©
=
i
o
o\
X
o
=T

O
i
filo
o)
op
QL
b4cs
o
)
=
i
it
e
ik
H
i)
Lo
iih)
_"L_l‘

Z AAE $3s] Polynominal&
e A8l T 87FA HA
Tl HAEHE o2& A|ASH

i

4S5

F 2-132 TAE AEAREE P 2 BEE ¢ JES idE XY 2 A9
LR,

F 2-13914+= CGMMV o el kgt SWIR 2833 F7dtlolEHE Mean
normalization =]} PLS-DA=E 7idst sHE 24 9| calibration®} prediction &+
A7} 97.9%9F 91.6% % &<2lg. Calibration Aol 2w HAFAE 95.8%, ©|
WEAE 100%9] A8 =5 Uetlon AAZ oz 97.9%2] 7 AS=E Y
w

-
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¥ 2-13. SWR 8% 25828 o83 PLS-DA%H LS-SVM £78 ztedal® A7
vE zd Ay
. Pre- ‘o
Analysis Sample processing Data Divide Class Accuracy
Healthy 95.8
Calibration Infected 100
Watermelon Mean Total 97.9
-CGMMV- normalization Healthy 91.6
Prediction Infected 91.6
Total 91.6
PLS-DA Healthy 93.3
Calibration Infected 93.3
Muskmelopn o x Total 93.3
“CoMMy- TAE Healthy 80
Prediction Infected 80
Total 80
Healthy 91.6
Calibration Infected 91.6
Watermelon  Savitzky_ Total 91.6
-CGMMV- golay_1st Healthy 100
Prediction Infected 66.6
Total 83.3
LS=SVM Healthy 80
Mean Calibration Infected 93.3
Muskmelon lizati Total 86.7
~cGMMy- ~ Dormatzatio Healthy 60
o Prediction Infected 60
Total 60
« 19 2-30@elAMes B MY HS A3 mEdH AdFA= 91.6% 183l ol
AL 916%0 B LRIUD AAA R 916%e] BF AFEE ek,

a4 2-30(b)=
FAE era
wate] Aoy

CGMMV |
I8 <. 1411 nm, 1456 nme
o2 = o] 9 A

x4

o] 1,27 M=t ¥FeE ARH.

(a)

Prediction Value

-033.5

Classification

Classification

13 2-30. (a) PLS-DA o] &
ol 2~ 7+ o B 3

98 FuEAs ARFA] wE mde B 7}

FAol N9 71EH7 GE G )

ko] CH3 +%9¢ C-H stretch I EE=

[e]

Beta Coefficient

M ™

1000

(b)

1411, 1456 nm

AN

1100 1200 1300 1400 1500 1600 1700

Wavelength (nm)

St EkEAle] SWIR 283 974 2" Ed o] CGMMV
¥, (b ¥ =2do] a4 715X (beta coefficient)
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# 2-13°1A & CGMMV wfole] 2ol Zhdd subgate]l SWIR 2 &3 FTlolE &
122 A A 2le} PLS-DAZ 7|3t A wd o] calibrationy} prediction &+
H7F 91.6%<F 91.6%= 2<1E. Calibration Z3}o] w2 HAZAE= 91.6%, ©18
FTAE 91.6%% AgEE 1/}5}1410;101:4 AAACE 91.6%° &7/ HAI=E e
Wooxd s s Ao mEW dAd XP‘ 100% 123l o|HFA+= 66.6%
A g BREDQu AAAo=Z 83 3%«] F AYg=E Ue.

© X 2-1391A4= CGMMV nlolg] 2o Zdd FelFAte] SWIR 2E394 dHlolE 9
PLS—DAUE“E HH 3l calibration®} prediction #F Z37} 93.3%< 80%= <l

. Calibration A3}o)] 2™ AHAZALE 93.3%, o|HEAE 93.3%2 AIFZE
EMM_E} AAAHOE 93.3%9 7 HAS=E e,
« O9 2-31@ddAM = =g 7H% A Aol mEd HHFAE 80% Lelal o F

3 80
2= 80%S] A== A AAHoZ 80%2] R/ ALEE UEE.

- 19 2-31hE CGMMV°ﬂ Zed FFEAet ddEAe] wd 2o sd v}
FTAE YERAS. 7 /1Y 4 1,450 nm, 1,691 nme] FHoNA e TtEA7F
2 °é‘°ﬂ°ﬂ H| u 3} ”W’“OE ES%e. o] 99 Ao CH3 =9 C-H
strecth Fgm=9] 1,22} vlSdl, 89 O-H sm=o o3 dgFoz Ay,

o

Beta Coefficient

1411 nm 1691 nm

S dE2
93.3% T 1
o. - =
o dAdSx dEE [
80%
0 1 14 )

95
Classification

Prediction Value

1000 1100 1200 1300 1400 1500 1600 1700

Classification
Wavelength (nm)

719 2-31. (a) PLS-DA o] &3 #e]Zxte] SWIR 2573 ~¥E29 CGMMY Hpo]# 2~
9 o8 #dE, (b) I 2de] gAE 715 X|(beta coefficient)

« 3% 2-13°9]M+= CGMMV o Zad #e]sxe] LS-SVMe] calibration®} prediction
5 A37F 86.4%F 60.%% A= . Calibration 2o m2d AAFAE
80%, °lMFTA= 93.3%° AS¥=E Hehlden HAAZCo=Z 86.7%° R/ HF
S5 YeEUS. 2E A 7&%— Ao EH AHMFTAE 60% Leal o|BF

A= 60%9 AEEE BEFEHAL AAZHOZ 60%9 EF AF=E vehd.
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7. AAZE o|FFA AAE A% §F 287 ¥ N2 FH

}oARE oFA A% wde AR 2EF R U Ay A28 7E

B AFoAME AN o FA AAE Ml & 227 HelHE TS o]
S8 2RF A2We THL AT AR HolE TAR, §F 28T s T
g Aol HeolHE o] &3st wg AA}E Lotz g

e T Az"EE 1xpd R 2xpd T s 2B AAHS ALLEF o, Thul A Q)
3

A G =Ho] 7hsd SWIR %833 dlo]Elel, Ramang FHo] ZHo] 7l
229 HolHE TSN GnriY Ao FEE IY 2323 2-33

@ij
virtual hv;

state -
s Al Al
a2 hv b,
L hov, hv, h, v,
* * Egthvg
Rayleigh Stokes Anti-Stokes  Eo
Scattering Scattering Scattering
(elastic) i ’
A
Raman Scattering
(inelastic)

>

9 2-32. St A Ade] o

| il )
\\ Jmﬁﬂlwr
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CCD Camera

g

Ball & Socket mounting Stage

|€—— Imaging Spectrograph

Two Long-pass Filter
785 nm Line Laser System =3

<€— Manual XYZ Translation Stage

/ Manual Rotation Stage
» 785 nm Clean-up Filter < Beamsplitter

Available Laser Line

<€—— Motorized Positioning Stage

Moving Direction

c O9 2-312 §A4F 4y ved ] Akeke] dEE UEhth kg S et
2FeHRaman scattering) @ A4S o] &3 oz Ho| mAS EIsA =HWH Ak
(scattering@Ao] YojuiA B, gtEaye o|yd AaddE vtaasy
&3 Ao=, #HolA FH 2 GBS FHoFH EAU EFoE s @A Fo

A

s} LAY w7k e shgo] abeklo] UEhd euEREe of

a0

oA 2 ZARe] AAke] oluA & e ApelntE dUAE Foste SRbabadA
ol-g3to] #Atel FRE UEi= W 4.
Sensing Module
AT HgCdTe
camera Array sensor \ Spectral

Spatial L /'S
A

HS-SWIR
Object Lens

Imaging
Spectrograph

Halogen Line Lights
(1000-2500 nm)

Linear Travel
Translation Stage

Diffraction
Grating

% 2-35. SWIR =83 7hvgte] g 2@ F+x%
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Absorption Bands in the Near-Infrared

Zrd Cvertone Region Combinations
Frd Owvertone Regiom bt Overntome Region

CH MH OH # s O OH 5H =0 NH CH+CH  CH=CC

M O 3nd Ov 2nd Ow CH [N 1a1 G sl O Comibo Combo  Comba
Comba

H CH NH CH NH CH =0 tH SHA&CH
3rdd O Srd O 2nd Ov Znd O Iat O Tst Oy 2ad v Comiba Clombo

Ha0 H,0/ HL0 Ha0 Ha

L] - — o, . -

REH ROH ROH R A0008 RO

- = = = C L] =
Lol ArCH | ENH, ArCH | ©OH: | RNH, FOH RMH,|
=] L] L | [} - —_—
ASCH RIS A ArCH CONHR AH | 5H CONHY  CONH(R)

i I = - L )

CH CH CH CH CH (&) CHEO CH

- ) — ] - - - EE—

CH, CH, CH, CHy CH- & CH.
- - — - — e—r—

CH, CH,y CH, CH| CH, CH,

LT [LRETET 1.Tam 1 3um 1.5m T pm 1.8n Z.lum 23um 2.5um
T T | | | | | Wiktplengtiun |
| 40! TIHHKIem ™ Sem ™ HUKem ™! TU e e m ™ SHHIem ™! Wavenumber gm™ Aliiem !

a3y 2-36. 239 F4w(Spectrum)

a9 2-360A4= %E,ﬂ“(NIR) 23 Aod dd T 7% 9 750 nm -

2500 nm FAPL S o] 83 Ao FE ZAJAMANA FH5+= CH, OH, NH Z&
7] B2 Z 9 ﬁ%ﬂ](combmamon band)¢} vjSth(overtone band)E YEPH. =3 <9
Me 5357 ANUHYA 7} AL HRT Zol B3 E(transsmission)’} Ao+ A

ol A *LELE} —r771 of & 4 ol 2HAEH] FAo] 7.
H dAol Fsta wiz]1717F vl kAol 7] wi&ell, chmometricsE
o] &3 HAFARt estA e Ao AREHo] Ve AN oJ¥ % B2 (F
Zejdoll s 10 ~ 10008)) FF == Qs F=F2AA &40 oAHu= Gl AU
o1}, 80 At ©]% chemometrics A ZF71H HFE Askgzo] o] 22 o)A v}
+5, 43e, A,

d
v

el

1
H4Esr ol @ wHel FRol sl . ol @A B9,
M, BB, A, AE Rok T thepd BoklA BEH.

i —

| saau=us
olg# dolel &4

;ﬁ AHEZ W
(SWIR + 2}2h)

% 2-37. sfolBY= dauEE N dEF
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olof 3AAEe] ATNAE Zzte] AxHL o g3 AT cﬂola% Fgeted A4
Aol wolEAs wEsnA 3 e B gl b
M WHS §U SolHIYE GWIYFS AT (1Y 2-37)

Lo

A HRZ 279 2HERHS §F3F S HAA (FF 2HEY B2, ol 29
Ezte] §%& 3 chemometrics #40] WEAH S Eo oW FIFS w A=A A3}
, 712 4 A9 EHAS E5 BAAY Y ok xpolr) QX dolr iz} &)

f lﬂ

AA
S iARE 2le mde AE ANDANSE B @A 28 ). ol 27)e)
AzEle] 2zt Y wEe 2gsn HEAoE vie mael §¥o| slEe] A
s} olw @ Aol o] gleA dolmuA 3.

22 UYafeit MY 22 2t £MEY
08 450
o7 400
0 aso
05 a00
250
04
200
03
50
02 100
ol 50
1] 1]
89470 H00AT WOLO3A IKIT0 736 192302 2128697 233435 40520 6046l 79883 98787 NM72 (35040 152389 WB92.20

a9 2-38. 2% (@A + 2ih2HEY A2
19 2-38S AT o] SWIR 2% E 3} .
71E9 2708 2 ER S ¢’ A S =, Raman éJ—*LE—Fé PFAsE AAS ] 9
3l Polynominal =& 3} AARE & FH(1H 2-38). Raman spectroscopys %
3 537 2Rtz AR golA Fdol o WAE= FFAUZT wEel Ao
KeN

92 e

)
1)
3
)
=
[
_@
m
_“d
filo
o oo
o
%
[
18
m

oa
filo

yul O
SAE HolHE AMgste] RdS Jidsts AS B2 oEwol s, ol ¥R
£ AZIeka BAulE wg A537] 918 Polynominal WA #H3& AL ol M
o]2~gkel s o] IS AAE=E &3 % X% Polynomial fittinge] 4% 4, 5,

8, 12 1eja 163 Z2 vt Ao 4ol EAstY, o] AFolA = 8th -
order polynominal fitting& ©]-83le] 2~HEF dlo]H 2 &,

_84_




A 2A - (32hd =

Raw data of Raman Polynominal Processed Data of Raman
35000 1400

30000 1200

25000 1000 f

20000 800

15000 600

10000 400

200 |,

785 815 845 874 903 931 959 986 1,0131,039

(a)

9 2-39. Raman spectroscopy g ©]-83te] &3 Hlo|E(a)<} 8th-order
Polynominal processing< ©]-&3td FF4A 55 AAZ dlolE(b)

Polynominal processings ©o]&3h= A% 19 2-393 Zo] FFAs7t AAH, AR
3l peaks Hlo]E]¢] ¥ Eo| 7}%3 3}A ¥ Polynominal processing ¥+ 2= 7+dEA}

o} BRAFTAE TESE AL B E. ool AdITAet viddETAe] A =
98 TE317] 93l, ANOVA, PLS-DA, LS-SVM Iﬂr 22 24 s o8

E3 oy @d wdo] Han F4S 9 F 871X A ol e,
7171 8L SR&A e S T dAE= 1:0125% AAsL ARE AZE

5ot 27t Ae HE 2R MAL Accuracy’t =31, calibration®} prediction

Lo
=)
\]
SN
lo
gl
)
AN
N
)
rlo
b
e,
filo
A
o2
1%

28] (preprocessing)= 38t =440 wo|2E AAS I 1 FgFo]
5 Fole T8 WHozA Bo kA F3 spectrume 3= dl
. =S AAEE spectrums AMEEH HTh b H ol AEETF w2 o F
2ds e F ded AAE WHes I¥ry o= MSC  (multiplicative

scattering correction), SNV (standard normal variate), Savitzky-Golay® 5°] U=
- B4 Age HATE He AL AEgS &2 dHolHY, a8y Ao e d dHol

Ho| Fdo] BEgdeta, 29H (Feol e AF e AR EedH UES B
S 2 Holge Aert 5. dlele e HAel (Preprocessing)

Al oA dEA
& olHT 248 AX Ee FAs AU 22 tolHY Fide =ole A
= T BR olyzl Tl A3 2 tolHE A=A "ol £ 4
olge A 4 x| #E et ARl &olT FHE HANA FUI= T
« HelE AAYel= dolE A, Holy S, HlolH W, HolH Faso] £
H. "Hely AAe dFAE ALY, F=3s dHolHE W Z3Hsmoothing) 3t
A, o)A E AEstal, HolE EUAE nAste AY. F23 MdAY Ao
= e 25
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® 2-14. AAE LYH T/

A = AAE &
% € 3H(Smoothing) o]z AA
A3} (Normalization) A7 5 ZAHsE BA
MSC(Multiplicative Scatter Correction) N =
SNV(Standard Normal Variate) Bkt B A
1%} or 22k vl &(Savitzky-Golay) Wlolx~ el olF AA, vAdE Ax
(7 A 7+3HNormalization)

- we el dolEE Aol ol e o AT, 3 dolHel AT Y
ANAAG BEE FAS BE0] FE B9 A4S ¥ aw Y dud
o2 HeolH Aqsle HAHS o8& AHAqsl, A o8& A3l

o= xdsAE s &

Quantile A7+3} A7t A=, Atst AAHE 4

=3

L

X

xWL ean

Where :

X_mean =

(15)

xi : ith spectrum

)

i=1

i

n : mean of ith spectra

n : number of spectra

Raflectance

O™ 2-40. Aarsk A2 U
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(1)) MSC(Multiplicative Scatter Correction)

- AP oAl wel AR gFobA wiEAd o] o) F A, H}ELHSA 7] &
717 Wslsta, O8ja AE A9 vigAde] 34 JHER ‘/‘rE}‘é
g Beshy] #fsl MSCE °l83std B¢ spectrume A4 & o= VMOL
spectrum®.2 ZFFola HAE A5 FH 52 Alg YHe EALA uFo
Y Ao e vHE ZAH el SAHE 2HEHY HolE BHY F Yo
H, ol 2FEQ folf ®Wol Iy & Hdo] H. I 4 A=+ A
H FdY FTRU AR w1 AH, 83 AR AR SO S W

1:1]0
9

a9 2-41. MSC A2 Wy

(th SNV(Standard Normal Variate)

- SNV YAl MSC¢} w7t =2 FA4kdh BA S Héi Axe Z7IMF stdoly &
A WS AHESH SNVE AZ gpectrume] HoH ®BFE
AR Bafstete] Fae] dFES AA }-‘E Friolm o] 43?1 spectrumo]
HBastA gk SNVl o8] FA = Fdo] WEe] ©hE spectrum?] W3 §
o] BAE 4 9om, SNVE BEAHH spectrume -2
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(18)

Ruflactance

W \W¥

(l.t} Spécmar reflection (b) Diffuse t-elleclion

7 2-42. AEe ®Hol g JAE AN

=4

19 2-43. SNV A8 W

(H 13+ or 22} W] E(Savitzky-Golay)
- AP A P EslA e ARget, rEH S 0] 835

AR 93 zto] =th3t AlZ. Savitzky-Golay ol 23 A& H3
=3 Ze Ao YA ~HEFY ZSAHA2HA 7]R1EE ko]2E AN
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(19

- 9 AolA ne 1 ol @S 7FAH o]= Savitzky-Golay] e A& U

Rufleciance

o4 oF o] A7|En+DE AR oA o T FHp S ABE A
As) gleted 1 2ARL FAOE olF B 9] oA o]Fe] 2HA =4

*

HES Fxdes IS FHEA T oA V& #HSol AA" i WA SAHE
o] 1, Ve ¥, & Fa7] s A8 1SS AAS Ao =AHYES
oW 8H, ¢;& Savitzky-Golaye] el 2&ol Ao F&eo AAE S8 7]
Fo] HAW A} HaAse Wl wek 38zl convolution integerdd.
2ol A N2 2F2] scaling .

1 st
Derivatives

Rflnctance

a5
2115
na : .
Derivatives
035
63
0
0z

(51

i
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(mp) -2 ZH A7) F(Partial Least Squares : PLS) 37 244
- FAEPCA EHE 23 Wor ~AEH(SYHS) HolEHe FARS
T3t I FARE o83t FAXS il FARENAE TEA, ~¥HE
HEg ofuet AA SAHE THEHAT S FA s NEE HTE Z
L o] E o] &3t FAAES Fote WA o9 o] ZHHTY TEHUTE
B2E 183y] g SHHSTE 18ste AR REEG o BEA]] &

- RRALAF AR N2 REA2ASYES $F WS PP ve) Y
Mg PAX Abolo] MPPAS mIYhe FIPOERA. F PP g ¢
o] vdth
A
X=Ytp,=TP" (20)
a=1

Builds a model between X and Y thru the latent space

variables variables

X | ) |T|CEY

X=TxP' Y=TxBxC Y=UxC'

1% 2-46. PLS =¥

observations

observations

A
Y= ZuacaT:|UCT 2D

a=1

- T9} U &= score 3, P ¢} C = loading 3y E <], A7fe] %= 4~(atent variables)&
zk= =42 cross validationg o83t AAH. I8 3 x-scores ¢,&= X FH@ =1
d ) == XY A @ E@ > 19 w)e Ay =3o] H.

ta = ‘X:z—lwa’ Xa = Xa*l - tapctz (22)

- o714 Wak a WA FANGE] AFA M. ol: e ge YARAZ Te)
U Atele] ko] Hirt HE=S S,

U= TB (23)
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- 9714 B diagonal ¥H-& Yeldth AfH o= PLSE o 22 dFrRdE

g 4 QL. PLS 9= 2do 3 2ddy dals 19 2-462 FEXT 5 YS
Y= TBC'=xwPr*w) 'Bc” (24)

- PLS WS AR &4 9o BA4F FHHE Z&o] Hed i ol
PLS-DA(Partial Least Squares-Discriminant Analysis) W . 71&2] PLS BEdie= 2
g] PLS-DAE= T&HHTE AE5ZQ & didl #Estax ot I1F5sS 7HE
AARste] ol A ste IARLEY. B dATdAe AAdFTAet HIEsAE
7] 18] PLS-DA ®d& o] &3He. =3 ~HEZH X9| score & T} =
T Y9 score FE U #AA XS =E F3 beta coefficients o] & Z83F
Al PLS 974< T4sta ol ddFA AaTAE Adstes Y4 74300 ol &3t
Aw. PLS F4< Tote A& oS 2 B .
7.0.4, The Mathworks, Natick, MA, USA) =2 138 o] &3t 3.

ol
i
> o

PLS_image = W, H, + constant (25)
=1

2

where, W, : beta coefficients
H, : image at ith wavelength of a total of n spectral images
Constant : beta coefficients constant

(P LS-SVM(Least Squares-Support Vector Machine)

- A E ME 7| A (support vector machine; SVM)-& MIT ¢l1F A% A4 7|

TEo] FAT, YRS, S8HRTE, dHolEntolyY, AFH #3 2 HRr

g 59 EofollA &7 H IATFFFAEES A% 7S A5 VHoE ®o

Z28E As. SVMS ddl o] F Q) BF A ol wido=

7 & (misclassification rate)S #H 43 Al7]= A EE =39 (hyperplane)
A ©2=3F

[e]
goan I $eEokY BF 2 AARANA S5 5o 43

O ){41:1

O

»

- HA&AF AEZE HE 7| A(east squares-SVM; LS-SVM)+= Suykens®} Vandewalle
(1999) e ol A¢td EAYHOE FHIA M =3t SVMe| H52
AgdzAEs 524 AdzAo= HIEgozan g, LS-SVMS 53 55 o]
SVMell  H]=d  #uk olyel o=z EAE AFEWAHA  (linear
equations) & #| 2 | A3t TH A % J

&
ﬂl[O l
o
oft
ol
N
mO
o
30
rlr
o
i)
o
O,
[o
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+ Raman &3 FPA2EHoz A3 ASE AlAFE7ITlA AFgde EXNE9E
o] -&.

* Raman &% F4 AN="E 53 53 s s 4 dolx Aol s &
AEE FFAS oo A S389 tlolHE AMEst RdE st AL B
2 ARl s old FFASE AASZ I TS g537] 93
Polynominal 2] #}A4& HAASIAE. ol HlolzgilE B3] I agsS AlLtst
= a3x x3bg. Polynomial fitting®] 7% 4, 5, 8, 12 18] 163 & thakdt
=] EXultHo] &g, o] ATt A = 8th - order polynominal fitting=S- ©]-&3}
of ~2HEY Ho|g el A&,

© EF EAFE WE 2do) IR FAE S T 87HAS A wye] H&H.
ole 7171 2 RIAAL HHE T FAEHe ol2E AASE ART NEE
53t A7 e HA™ 2l HAHLS Accuracy’b ®31, calibration®} prediction
of R2grel HA7E 42 mds AA

A
©OE 2-15% FAM PYCRE /14 2 WEY S Y AwE A 2l AnE

3 2-15. Raman &3 A|2®H ~HEZHS o] &3 PLS-DA®} LS-SVM FTx¥ 74
o HA I3 =d A3}

Analysis Sample prolzges;ing Data Divide Class Accuracy(%)
Healthy 99.8
Calibration Infected 98.9
PLS-DA V\{%[Siﬂf\lﬁn Savitzky _ Total 99.4
golay_lst Healthy 99.8
Prediction Infected 98.5
Total 99.2
Healthy 98.8
Calibration Infected 97.5
R V\{ %tgi/lnﬁ/le\llo_n Savitzky _ Total 98.0
golay_1st Healthy 98.7
Prediction Infected 97.9
Total 98.1
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# 2-15914 & CGMMV of ¥ FaEate] givl 283974 oy E 14 1 &3%
PLS-DAZ 7§13k st wd o] calibration®} prediction 7/ ZA37} 99.5%2F 99.2% =
1A} Calibration Z3e] w2 AAFA= 99.8%, oIHFTAE= 98.9%2] 43
ZE Yehjen AAH oz 995%2 BF AI=E Yehd.

a9 2-47@d e BEE MY AF A mEd dATAE 99.8% I8 oW FE
A= 98.5%0] AgEE EREHAL AAHCE 99.2%9 &/ BLEE YEH.

« 19 2-47b)= CGMMVel e subgatel ddgsate] #d =2do) sl 7k
& YERd. 541 cm-1, 779 cm-1, 806 cm-1, 879.9 cm-1, 1272 cm-1, 1300.9 cm-1
1406 cm-1, 1708 cm-1, 1754 cm-1 G Yo A2 7lFX7} T2 Ao Hlaste] A
Aoz =95 o] 992 Awre] CH3 #+x¢ C-H stretch JsE=9 1, 22 Hl&
o, 9Fo=E AEH.

* Healty
* Diseased

Predicted values
—_—
" g

0.5 0 0.5 1 15 waen
Actual values .

13 2-47. (a) PLS-DA ©]&3F $=8FFx}2] Raman 2833 94 ~HEHS CGMMV
Hlo|# A~ 74 o5 #E, (b) ¥ =2do] uAE r1EX](beta coefficient)

# 2-15914 = CGMMV of e a2t gyt 2833
LS-SVM=Z /i3t s wd o] calibration} prediction 7 Z 37} 98.0%<F 98.1=2 &
<l&. Calibration A#o| WmEW AT 98.8%, oW EA = 97.5%8 BIEE
Eflon HAH o R 98.0%° -/ ALEE Ued. 2d d HAE A w2
H AAFAE 98.7% g3 o FAE 97.9%2] AFEZ ERIJL HAFHo=
98.1%°] &7 AY=E YE.

 HlelHE 1A rl %

ol g3t Tloly AREXH(CIEFA B AGTADl ARE-
AT} AT AS] HEAHEQLS vAR Aol7f B AT, Hd =
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* SWIR #3972 Raman Hl°]E ¢} 224 Polynominal-& AH&3FA] 2F4ATH 7+
o5 i mdlo] AL FFS sl T 87HAY WA Wl F&. ol 717 ¥
ARAAL S T3 FAHE =ol2E AASL MRS ASE gSste &
7F A0S HA md MALS Accuracy’} ¥, calibration?} prediction ¢ R23ke] #H

T
COE 2168 AW AGRE A W EY + UES ALE H4 2d A9E

¥ 2-16. SWIR 833 A|2H ~HEZHS o] 83 PLS-DA®} LS-SVM FAE <4
o % Az ¥ wd Az
Analysis Sample prolzrees;ing Data Divide Class Accuracy(%)
Healthy 99.8
Calibration Infected 99.2
PLS-DA W%[(e;ﬁrﬁf\lﬁn Savitzky_ Total 99.5
golay_Ist Healthy 99.8
Prediction Infected 98.9
Total 99.4
Healthy 98.8
Calibration Infected 97.3
LS-SVM V\{ %(giﬂf\lfo_n Savitzky_ Total 98.1
golay_2nd Healthy 98.9
Prediction Infected 97.9
Total 98.4

© X% 2-16°914+= CGMMV Oﬂ 7AdE gk SWIR 24833974 dolHE 1Ak v
A8 ¢} PLS-DAZ 79t o8 wdl o] calibration®} prediction ¥&F A7} 99.5%<}
99.4%= E<l=. Calibration A3} wEw AHAFAE 99.8%, oW ITA+= 99.2%2]
A =S Yepon AAFH R 995%2 EF AIA=S Jepd.

- 19 2-48@AE =l 7H% A% A 2 AAFAE 99.8% 183l oy F
A= 98.9%0] ASEE & AL AAHFo=Z 994%9] &7/ ALZEE UEH.

+ 13 2-48(b)= CGMMVel 71:}-1:!% FukEatel A #d 2l ad ks
25 YeERd 29¥o|t} 1036 nm, 1153 nm, 1347 nm, 1424nm, 1664nm <G ol A2 7}
A7 2 FYof Hlwste] AFoZ w942, o] 949-& CH, OH, and NHe| =
&1 o vehd A2 AlgsEW, A CH3 729 C-H stretch IsRE9] 1,
22 v, dFoE ALEH.
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Classification

* Healty
* Diseased

—Beta coefficients curve of PLS model

Predicted values
refelectance
FS b R L o - o w - @

0.5 0 0.5 1 1.5. 1000 1500 2000 2500
Actual values Wavelength(nm)

13 2-48. (a) PLS-DA o] &3t 4=utEx}to] Raman &3 I4 ~FHEZH CGMMV
vlolg) A~ 7+ o 4 (b) IE 2do H3AE 715X (beta coefficient)

« CGMMV ol 79 F=ukEato] LS-SVME]| calibration®} prediction 5% ZA37F 98.1%
o} 98.4% &I, Calibration Z¥o] w2 AWFAE 98.8%, W FA= 97.3%2
AYgEE Yeidgleor AAdo=z 981%9 £F FI=E veid. =2d Y A5
Ao WEH AFREFAE 989% 1 oHEAE 97.9%Y AFEE EFHJL
AAH o= 98.4%°] B/ =5 YEHY.

— = o 1

© 7 e 28 dolE ¥ A F A HHoE . A HARE T 2EF
AAZHE 5 ~HEHS FHst B HAL ol F MY AXZRE
355 ~HEHY g T F MY AUt FFEAES W J]EY] YA UE
7k zkol Aule] A Ao} zol7) A golR iz §F

(2) T =32 2

« T A e A Zhzhe] Ao U2 HolEE HEPSY HITEAAE =F,
WEE 8. gnt 283 94 Ao #EATe SWIR Al2Hle 38 AdE
WHEste F mdo] nE AdFAEE 29E 2L A A9EFAE #Es)
b i

© X 2-17AM e T BB AA
3tste] PLS-DA<} LS-SVM.o.
ST PP A5 13
Eliom, PLS-DA =d 2 3 2
Z glH. LS-SVMe] mde] 79 calibration®} prediction
98.3%= &<l4.
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c I3 F 2-18dA e F WEAARE ¢ 229 WEHAAE YEUHA S FA 1A
nE AAErE 7P £ AAE WHoeE uEwtoem™, PLS-DAS - 99.2%,
LS-SVMe] 7% 98.2%¢] #¥EA 52 ERY.

* ol& 3 2-15914 YeRH Raman =339 dlolele] #EZAR (PLS-DA(99.3%),
LS-SVM(98.1%)¢} 3  2-169 A& SWIR ZEFFE dHeolgHe AEZAF
(PLS-DA(99.5%), LS-SVM(98.3)°ll Hl&ll =5 ¥ ASEE Yede 2344

© §F HlolEHE o] &% WEAAY A WE2 F 2-17, 2-18° UEFH S

# 2-17. SWIR ¥ Raman 223974 5 SHEH WS o] &3 wid
Analysis Sample prof:gesging Data Divide Class Accuracy(%)

Healthy 99.3

Calibration Infected 99.1

PLS-DA V\iactgﬁrﬁ/[e\lﬁn Savitzky_ Total 99.2

golay_1st Healthy 98.1

Prediction Infected 98.3

Total 98.2

Healthy 99.3

Calibration Infected 99.1

Savitzky_ Total 99.2

LS-SVM R GV golay._ 1S;t Healthy 98.1

Prediction Infected 98.3

Total 98.2

2-18. SWIR % Raman &394 #A=AS o] &3 w43

Analysis Sample prolzges;ing Data Divide Class Accuracy(%)

Healthy 99.3

Calibration Infected 99.1

PLS-DA V\zactglﬂ/jnl\l/[e\ljo—n Savitzky_ Total 99.2

golay_1st Healthy 98.1

Prediction Infected 98.3

Total 98.2

Healthy 99.3

Calibration Infected 99.1

LS-SVM V\le(ljtéi/jrrﬁ/le\l/?n Savitzky _ Total 99.2

golay_1st Healthy 98.1

Prediction Infected 98.3

Total 98.2
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HAEHS e PHo|F Ao 2EF uo

> o
B %Y A5 29ELDS S B (99.2% 3 BFF =22 E099.2%)0] NE 24
3}

AHE 2EAHSE (SWIR @ 99.4%, Raman : 99.3%)¢} ¥l ASEE Yells AL

= Uehd

Zheh 9 SWIR Z®3A 2’9 §RAI2=" 3, /HEA 2Fo] FAG BEANE HY.
ol FHPAH(ESH ~HAER, FHEAGA)| Aol IA5ATRITE o] &3t
2heh, WhARES E58E SWIR), oF 2 ER] Aol JuAE Z 93 g9y
2 lste] A o] Fded FAVE AN Ho R wAerd wepA, F HElA S §
e stolBEE dagFo AL T2 AMMIEH AEE P4 7dEr] o
HE Zox weby. E=3F Raman &% W2e] A¢ SWR 2&39% H2Rth
E2 AANEOR QlEt, FHSE EHow & dAde FAV oS AT
ofo] B AFeA= SWIR 223F3 ZA7F o Fate] Bl Mg AP X
2 g, AARE FA A8 A" md gl A" HAE DA

PLS_image = E W.H, + constant 4)

i=1

where W; . beta coefficients
H; . the image at i wavelength of a total of n spectral images

constant : beta coefficients constant

PLS 4ol FdAE ol&st YARS F&st] HATA AF s M
StAw. AEE FHFAE AEFste S4AE AL 19 2-497 25 832 nme
g ol&ste TAE A3 UmA wiAE AA v oRAE RHEI,
a7 G TA YL ‘1 ol FAE AT UHA] 4L ‘07 #es /1A
55 A% ojAstd wixA o|m Ao AXHFA e} ESlFAE WEstE PLS 2d
9] beta coefficientE #AHprojection)d4HS o] 83 PLS g4S #H3slr] A4tste] Al
22 dolHe #EANE FHLE IRASIEE AT
o] PLS =dlo AN}ZEs EF, AXFTAL} EHIlFAE HEHse 7ES AL
2 Hg3to HlgAT AEste AT A9 d3E 4 F S =3 JASFE
3 = 3 Z1(FA )t Al
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Y = (X—30)x 4 6)
where X . Mean of seed size
o . Standard deviation of seed size

A : Classification accuracy of PLS model

10 1
~a ]
= : New — Raw — Dark = ) :
g | W= Fhite Dok LAk :
| _— I © @ 0 i
o i

r@ i Hyper image Hyper image H
w i acqusition calibration Calibrated b i '
= : Sead Raw hyperspectral Al Fate . “}jrip ectra !
g H Sample imaging data Hmaging data !

1

—————————————————————————————————————————————————————————————————— 4

e t ---------- 1

1 I

1 1

! — !

egression 2

: P_(eference data : Agnra lysis c ;. y ) H

i | (Virus & pathogen) PLS & LS-SVM Specirem | 5 i

: T preprocessing = :

1 . o — 1

i ¢ Development of eptinial model e H

! vttt [o-==========----o  Extraction spectrum from |
2 | e 1 H ' region of interest (ROI) |
o] 1 1 [\ ) 1 1 1 1
= I . : > |
b= : 13 \ /\f\ % f\,v i i : :
= 11 ah =l 1 1 1
=] 11 1 1 1 1
8 [ 1 ! I I
- | L i I i i

- T i i ! !
E. ! 1 Important wavelength | :
[ : 1

I o e o o o o o
bl [ |+ 7 TR

' ‘ : i o False positive | |

g™ * i

[ . [ I

1 : d I I ¥ G 11 i

- o P G False negative | H

11 g P = ‘ ‘ 11

E !. Model evaluation _: ! PLS & LS-8VM image Binary imsge j H

___________________________________________________________ H

e e e e e e e e e e e e e e e e e e e et o [

PLS-DA(Partial Least Squares-Discriminant Analysis) '3 & o] &3le] FAto] 2 &3}
A+w. PLS-DAE 7]&9] PLS9} 28] FHHTE AHKZQ & tidl Es A sk
IFES 7 BFE AR ol AEd F e HFEARd.

2 AT E AHFTAe} EEFAE #E37] 93] PLS-DA 2d-& Jfdstal o] &
A =3 ~HEY X9 score FH T ZAHE % Y score FF UL #A 4
o= 3 beta coefficientE o]-&&to] &3 FdolA PLS < T8t ol&
dtolgzlo} Bakol F2E AEstes 94 FA o] &

2 AToA s Y AdFAe AEEAE #dskr] 93k PLS-DA =4 7 Al
Buabol Fxo] ~HEY OFS /PPAS 00 2, #ol Fxo ~HEY OFES V)

Al 1 2 AAst mdS i

_98_




A 2A - (32hd =

sl e
om wol 2z

< 7 OF TP SRl 058 VEe R
Z Adgke] 0.5HT wrow Bbol Fxb, 0.5HT &
%E‘r%}},\%(Johan et al, 2008). wehx =FolFAtel A= Ay
o] 0’ o 7pgaL wop FAe| ~HEY o F A3} go] ‘1 o 2HEFEF =l
o] 8 Aol ¢FIvL & F =
ol9] PLS-DA £4& T3 HA A4S
T8t o PLS-DA Y& o] g3l &
F(Y 2-50, 2-51, 2-52).
o] F oju| Ao FHAgke] WA gS ol&st AAE HA omAHG I FTIHA
1E &

713l #2342 A 7= 2E

HU m

A7dste] w7 S A AgE Masking imageE
g3k 058 ARE, AT} A &

False positive

) False Negative

Raman

REEE A

5 oA




A 2A - (3R )

o False positive o False Megative

a9 2-52. SWIR =

« 138 2-513} 2-520 A4 FH= A te AEEH AIE 49 9] PLSEA. = o] X3ty
HRAFAES Herll o, =242 false positive %42 false negativeE
. SWIR 283 Al="lo] ~HEYS WEFTAS A TAEZ 48Y24 2719
Plate® #-g3tglom (19 2-51, 2-52), 3 WA plates] 2% (13 2-5D) Ag=&
AA 48 Z 9AS 3o w 958%9 AHFES HYS T WA platee] AL (1Y
2-52) AA 9%6LF < 98107 AA 97.9%° AFTE nHYgon, = A HF
96.8%2] w1 HI=E A%

& oox
e rlo

ot o

uh, A A7k o]
CglelA 5

-

L ol%E BAE 100 9hEe) BEA A} BAE ARY A AU FY AR
3 GAA 8L 050-2500 nme] AT 320 x 256 9 FAE ZtE3 Qon, FYHE o
Fe MCTAIAME 7. 7pde A 2ds o] &3t &8iol=s} E20j2 749 vl&
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ok
i
r

BHE  eazd oI55
1
ey

2% 254014 AEE £l o YA Wl

it

SRS IS

=i}
=

AA A8 Hge vEhd.

« FAnjolo] MEE w} o) EAe= 2EF 7hvgte) 1009 E 2HAXE AXHA] 8
A oluRE §5. I5H 2% A 05"6% o] g3t Hl7F AA % ROEAS 2%
A g A8t A4 85 g PLS-DA beta coefficientS 4+
Gdol A g3sle] nlol# 2 o|HFAE {ﬂr%‘. AE FY X wet AgETAeL oW F A}
2 FEIE=Y ddoAE &Y co)EE BEE o|HEAE F9.

1. =&&7et

2. MEzd

3. AH|O|O{E E

4. S22 2Hal (100w)

a9 2-54. 221 °]

H=

[¢]

2 A sy e 9 29 A2
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Ab PLS Fd= o] &3k AAIRE 3E AZES o] iR

SWIR 2% A3} PLS-DARD LS o] &3t mulzls JAlo A&ste] Quy 3
ojgste] ANt I Az EY S MTEAS. AHEA B S s
2484 9ol Y50] sbssie, wud 23

of 2 &
ox it
s o
S
B>
I
{m
do
Qo >
rr
(2
>
r_}[_‘
o
fu

Mo 2 12

SAREOR T 2EH ol
Awlolo] MES] 7ehelo] BEo] APEHY o, 74H11°l°191 o) B ol A&
H53510 PLSDABEEN S 4A, A4ghg Adste] AdEAs g9FA4E B33
3 AgAAA BEARE UaBde] 8% (1Y 2-55. 2T 14 B Ao I}
Sake, sivetsl magke] w@E Ba Ashs Juieh AEe] Mol Ths.
SAANN 2EF A2HY BF A2H) AP, AFE Bo) Ak =EAT
3 29 = 99)

2FA, Zuelol ME, Fiv2t AAete] A B YL
27] 2A0] 7hsstH, A olnATF BAEHE AAREAF 2
iy

T3 2AHE AZo FHAAES AAC R FRlE 2EG I HIEE g
FA17171 918 Bad pixelE A A3sE7] 913+ Pixel Correction 7]5S 7j¥tste] 355
8% onRAY BIEE FHANALH, 2EF onA 9 AHH J|e s T 5
gt ol A& Yste AR AAo] 7H5d

B SWIR_ online_HIS_CNU_LHS_Main_setting - x

Online SWIR Imaging system

#Ch. 1 Motor Camera Online Scan !’ Exit SCEng

- — ROI & Binni
(® Focus/Align... i =
Update Frequency ] Display Image Width | 200 v 3 V2: | 1002 Vertical: 10
H1: 1 H2: 1004 Horizentall: 2
*O Image_data_acqusition [] Advance_Table [
— Camera setting——————— — CCDCooling——————————————— — Thresh Holding Value
No. of Accumulations 4 Cooling Temp(C) -20 Thresh Holding Value 063
Total Scans (steps): 20 Current Temp(C) — Imaging_Type
Increment(mmScan): 4 Fari oifofF Check (® One band (O Band ratio (O PLS image
Exposure Time (sec): 0.01 —_ Table — Save Data []save —
Pre-Amplifier Gain 1 Left Right

B imaging_sorting — .

Line 1 Line 2 Line 3 Line 4 Line 5 Line 6 Line 7 !

Edit Text Edit Text Edit Text Edit Text Edit Text Edit Text Edit Text

m

19 2-55. PLS F4< ol &% A Bl AZES 0]
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u SWIR_online_HIS_CNU_LHS_Main_setting - X
Online SWIR Imaging system
#Ch. | 1 Motor Camera Online Scan q Exit gé’ﬁ’g!'m’
@ Focus/Align... ROI & Binning
Update Frequency 2 Display Image Width | 200 Vi 3 V2| 1002 Vertical: | 10
H1: 1 H2: | 1004 Horizontal1: 2
(O Image_data_acqusition [] Advance_Table
— Camera setting — CCD Cooling——————— Thresh Holding Value
No. of Accumulations 4 Cooling Temp(C) -20 Thresh Holding Value 0.63
Total Scans (steps): 20 Current Temp(C) Imaging_Type
Increment(mmi/Scan): 1 [ Fan on/off Check (@)Oneband (O Band ratio (O PLS image
Exposure Time (sec): | 0.01 —_ Table ?5“9 Data []save -
Pre-Amplifier Gain i Left Right
% 2-56. PLS ¥74< o83 AAXt #E Az E o] v
NEE 2ZE o 752 a3 Z(2" 2-56).
O WFH - 22F sk Auolo] WEst] AAS Telshe vdvw. Fveke
ZEMY, AN 2EF 9 9 D BEEN Ayo] b
@ 7hviek Ao}« Fhvieke) Az 0 el msle] Yol Ab
@ olm A AA . YEHE IS dHske AR SRY =gt oo
&% 8l3 Exposure time3} Gaine] AAzkel d=€o] 7hs., =g
AHe) GFHYSL 93} Azt 2EMFo| by
@ olWAEA2 ¢ 2EF GG BALGY F=0] The. ol 22 A 9T
AEGGWY F5S BT WS dolH 5 L HFe| PaE
9 HEE5e Z7 b,
® AR 44 pARde mddd B HES 3 BEe] o] sbn
©® dlolE AR 1 &% oln A % FEA IR AHo] Jhe.
of. &5 Alz=dl Jh4d
o] A MHY Leel BE A2HS Bl BEE ARE MPOE FAE A
Az AEs] ge) WETE ofFolinE o gale] Lo =R A0SR A%t
71E& MET9] A= air-blowd2 o] A RE 224l A 2~Hle= suction® ]S =3t
o B Aol AgHE ofFoliel AL e 2
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©E 27195 AHSE obFolkme] F4S Urhiu, 1Y 2-57% kel @ Axdd
AEE wpoo] A3 ofFolmd Ve obFolme] A5 P v 2g.

3 2-19. Technical specification of Arduino

Micro controller ATmega328P

Operating voltage 5V

Input voltage (recommended) 7-12V

Input voltage (limit) 6-20V

Digital I/O Pins 14(of which 6 provide PWM output)
PWM Digital 1/0O Pins 6

Analog input Pins 6

DC Current per I/O Pin 20 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328P) of which 0.5KB used by bootloader
SRAM 2 KB (ATmega328P)

EEPROM 1 KB (ATmega328P)

Clock speed 16 MHz

Length 68.6 mm

Width 53.4 mm

Weight 25 g

a9 2-57. Ao He /“X]Q Ohﬂﬂﬂt o]._,_o]_J_‘,] A B
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zjolof ME S HHE FX
=9

ZXte| o|o|X| & 7|2t =

OtFO| =2 M= FH

OHF0| .7} &3] 0]
ON/OFFH|of

.

oE =Yg S 7tHet St =

UG Al

2t

20j OtF0|i=2 ONAZ 2

28-0|=8 RSN ua HEE 5K

=0l
=u

OF=0| =7t &2 .- 0| =9t F
0| Z+OFX| | relay module 2 Of
B3| M 5v->24v S
Ztzto| 20| 2E0f £ =0]

c oz
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¢ 3% 25901 19 2589 AR AsASHYL Bo BEE FA4E P F9
st HAe AA Axde] Baw gute] AYAAL YE. @ AL gug
AEAGHAS Uehm Ao 34 sl LB a4 A FAE FYSA 2.

¢ 3 258k B Asdel A AE AYANAL JE. ofFolxe] Agw
NEE B RER Sdwolse] AYHI Pxo| NEEF o] BE FAE v
oJZE MMstel AF MESA B Adlolo] WES olb&me] RFo| HFWEA
B7h obFolme] ABE F Y= o6& BUHPS AL AW B,

Zb N Al 2" AR AeAY W AR

WEY A9 F 4009 L ol g3te] BHE AN om, vlolg e Fd frel 4
Aste] 7

m =

< B3 A T AR dAF7IBe2RYH AAE A3 4
E | ZE=ERen 106He] Ad AU

1 AARZE vlaste] Al 2ES AFEAS AA
4t ev FETAY A5 29598 F 27390 AEFHO 92.5%
1058 % 98Hol A&/ Ho 93.3%e AIGEE
g5 Yeen, A= 1 2-200] YER.

=<1

2-20. SWIR 70& Al 2=¥l9] blind testE o] &3 2427 (N=400)

Analysis Sample Data Divide Class Accuracy(%)
Healthy 92.5
A %%Ig% V\{actgi/[rrl\lf\lfo_n Calibration Infected 93.3
Total 92.9

s = fal AldEE 20179 1€ 8¢

Aol A 713, sEFAHI LR, FFHtole, d3isu, HAYA

NA st AARE o] AAd= A AR HAAH] Lok &
= < AA(E 2-60).

CAA Fole pnE A 2 E71918) HEAE g3t o
Ae Fustgon, 4RAel A% Aduedy, AYSE, FA27, RFBLH, 0

- 106 -




A 2A - (32 =)

e Rp < Q Sk Q
_ﬁ.o — (o)) (ee] O (ce]
i ee] ¥e] © (e)] ©
=
o [e9) 0 on o]
R © ~ — N
ﬁo — N N — N
ﬁ/.
R ~ .Rﬂhw
=F|3 w3
ol s —
T o | =<E ek
= 3 @ﬁwud
o | T N
HOH e G S
| ™ ® |5
v |2 2|2 o5 %
w B | \ewlL
mﬂ_ T O 8z
Ofﬂw&l -
7o ol e
‘mVIOT ‘m ﬂﬂmo
E Lz
© E TR o
Q| —

)

e

ol
—

ol

BFA7]

9.

SE v
o 2719 7

ZHog A&

A

, A

Ep o.u

B9 12

==
T=

S|
L=,

o

A

ko,
o] 7% 59.4

o749 7lek A

vko
5 A

o == o 77t

 —
A}&t

94

=27ke] Badol

ou %

2 AFgE =7 o AR

o
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7 AZHFAN AL FRAR L FAA A =9
ABRE F ASET £E WES] A9 WA,

vl E2A A A A rifampicin(G0ug/uDoll A 341 Acidovorax citrulli (=834

Erle FAHA A spectinomycin25ug/uDoll A& Q1 Clavibacter michiganensis
subsp. michiganensis (Cmm, EvlEHSH) AZ, GFPE tagging® Cmm A%}

(neomycin A &4)

a9 3-1. Rifampicin A& A. citrulllzH)e} GFPZ tagging® neomycin # &4
Cmm(-$-)

. A2AHE 4o 29 A Fu
CFMFAE T SojelA Bol zolx Qi Fiuteles ruEFesr FAE
2 3]
ErlESAE EvpERgolantold s, AESY, ReENE, WYY Fol
A

W3EE AWt Feid FPFRY FHols” ErtE FAR AF

Oy 3-2. AES
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A1ds AAE%)

. 71Ee] Ba® ALFR) FAAZF AT 2A
 AFFEFWC) 259 ARH 1743 AGHAA fed, obd E 31 F=

£ 3-1 7120 Bud A WYAE 1THEY v
- = HE=sE: - ==
No. Mzt 4 OHEE (CFU) vacuum S HEAZF
1 ) Tsiantos et al. 1986 Tomato 1~3*10° 30min. cmm
K. E. Bett & i : ;
7
2 T E Michaels 1990 Navy bean 48A|7¢ 10min. X. campestris pv. phaseoli
3 G. Kritzman 1991  Tomato 1+10° 30min. i o S
X. campestris pv. vesicatoria, Cmm
4 A Darrasse et al. 2010 Bean 1#10° ZrTnn after Xanthoemonas sp.
30min. Secaking
5 W.P Wechteretal. 2011 Melon 4~5%10° AR k3t|mes .and Acidovorax citrulli 200-6
Smin. Holding
6 K L Johnsonetal. 2011 Watermelon 1¥10° 20min. Acidovorax sp.

c REE QY dF AFTE A8 T ARPEE 184 g A=

— o H

é—éoﬂ 9)\% 07] Oﬂ Xé\%‘% 60m1(OD600 = 01, EH‘—'/—'.]: 108 cfu/ml)% 1%1.31 '{IZB—}'%‘Z]’%
HAAZ Petri dish(150mm x 20mm)E Y ofgfe] Ny FIZ(LEX 19,
Rocker410, SPARMAX, Taiwan)E Z+=3}.

a9 3-8 ATHZ(EH)e} ITHFT 87I(LEH)

« AFFZo dHFHo] HY(760 mmHel =E3 F 5, 15 30EH FAAZ T H=
o] S WEI, WA WBHE JojA FI|LE AAIAA Ailﬁ% Z A
AE

FAAIZ. E=F ‘éE-"/I ZHEE 13004 loﬂﬁ}xl tﬂﬁ‘r‘é o =¥

- 109 -




A1ds AAE%)

) oA WA A48 YW

© 2o J"AMAYE FAA el HEFE F A=A TAF IdE SEF, AAAE
Wz ko g ol &9,

© ol &Y A A WA Te Sk A" FEA Fof FAE R
1.5ml centrifuge tubeol] mi2id FAE "o ¥ 10mM MgCly buffer 500ul 37}t
<

© 308 B9 WPl F AL Solgls nAMAC) 100ule] Eerelg =ua
[e)

) AzHE A3
!

1%} 107, 1=k 4074, 25h= 407§, 2ut=  407Y, 2HH=
2%t 407Y, 25HE 407, 2HHE 407§, 2HtE  407Y, 2=

© AFA ATl SUMEFE NETAE HE AT £ BAFo0E FUSHA
=, 5% AEY IFAYUEE AAE oW TA SRV} 7153 =.

HESAHE ST 4

5,000
4,000
3,000
2,000
1,000

0

5min 15min 30min

TS Ha Az
a8 3-4. JFAHYAIZE & NEFAE HF5E HAATF . AT HAgE
FEASFR A1, error bar+ standard errorE ¢ w] gk
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Algs AAEE)

- AEE AEEAT FAMEFl o £y
Controls
25000 2001~5000
4%
20000 10011;“ ‘
15000 u‘ 101~500,
[ 46%
10000 501~1000
(e \

5000 = -\

8 O o o o‘-. .0

i 10 20 30 40 50 60 70
L A8 Minutes 101~500 501~1000 s
20000 20000
15000 15000
10000 10000
5000 5000

0 0

i 50 100 150
2% 35 AEAEASOIA FER FAMTF BT D 6 g,

s pEES xS 34 Y AUE W8 AF AA B yFE A B4 WEE oug

FAPIREE T Y9 Al KA FAY FE HeFoE vEhd A9

- ARHoz 58 WTHT 0B AT BFEC O R, o o4 AA PF
S e AZE A B A7) Bael Be) wago] glo] mgo] WolW ow
of .

e gHon EvEzAdAe] 2Ae FPsit Fo AL U FAsh 2ol
A ZARE AASHA T A 2] 54 zbolrh Fell wet HE 2 =3 1)
T ol & Ao E o3,

W) AFAFH ForEAEe Woled W& 44

©olgle] molA melFE AAY HFH FUFAT YWD YWH FuiEa ¥
ShAoNA WLAAN BohgE EAHHL, oF T WUl BHo| Bl T

o) Hlg

&5 A9

Control
(30min)

107}, 1EHE  207H, 2Ht= 207H, 28t=

207Y, 2dt= 207Y, 28t= 207}, 28t=
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AP s A=)

A5 56~78%°l 2td= (& 3-49F ¥ 3-6).

100 100 100 95

2O0t=(%)

55.6 775 60 775

2E=(%)

o EnlEEad 3

—§‘_]__

o

Ho

Nfo

o
oo

)
_
o
Bo
Ko
ol
ojp
o

—_—

X

Aol W Y FA 28R EHARARIATES dF2E)

- AF AF PUAT 2D FUFR 28 $4 L 29 AR

E

2.

i
LO

i

BER

HEZFA 2970, AAFA

&

25k 24 g8l AMRATHO R Byl

22671.

il

AeMEE A=

A=

w4
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AP s A=)

AZA 2079, HIFEEA 158
S 98 =g AT Al WA
pZs

A 1 Ad= off 1d

© NEFTA] ERUH HEAE 29 Rl wE F
8-S o] 83le] calibration =RS M, =d HA
H A 03 vgdEA 688 AL ASE

370 915
Calibration 158 140 18 207 207 0 95.1%
Prediction 68 94 14 80 90 0 91.1%

Calibration Prediction

o ] 10 W 10 s dn ety 5 u % [ W e W i
Actual velues Actual values

(a) (b)
O9 37 919 B2 2d R A9 24 F YRS IASE ofd) (& =Y
AE A ARG FAE] BRI Aol Ak ofd) e mAAL F
A% A ZEFAE 2 DA, MZEFAL 1A 2 groupingo]
WA gl BZASA, SR A e FEEAE dEh.

ofN Iy o

=02 2 o

o>

c 1xFHow JgE mEe ZAEEAE 100% AEo] 7MEslgS. AT, HEEAY
Y H(12~20% A =)= false positive A3ZS AL

- HUAMTE w22 Yol wE calibration RER A9 AFGETE GdET 9HA Ut
=, ol METF7F UF HojA Az AxE Kl

- A FEE SRS AT FRe B Add TAY gRE fi IFHITHE

AL Bebstal = F9.
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3. 134 @d7E S8 A} ATHFTH

- HE 60ml CFLAF Hiek OD600 = 0.1, ek 10° cfu/mDe ABZHA 9L 3}

= 0.02% silwetz} a7

Gy FulEAE HAA A7) Petri dish(150mm x 20mm)E &

HAZE71719) Yo} WZ B 3iz(Rockerd10, SPARMAX, Taiwan)E Z%3}.

oo Wi 248 AU T8 2D+ 9

cAFHEE 45471 08 F Bz A5L
HANAA AFE T4 W2 9417

EAE FYOERE PAWe] FRE 124

paper 9ol 29 A= AxAZ.
ol9} e oz
o] Etta & F Y.

4 O FEZ HEY o¥FA B

| Ry

=51~
1M
= 501

g+ Peri disholl =& & S+

m1-~50

100
=500
~1000

§ =1000

19 3-9. 1A g A G12%)

T A7t woeB®, HF &

28, 10%

8,3%
29, 11%

3,1%

33,12% 172, 63%

0 1%50  51~100 101~500  501~1000  1000<

13 3-10. 2= FHF (280%)
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= 1~100

w 107~500

501~1000

C = 1001~2000
e ® 2001 ~5000
- m 5000<
0 = 1~50 w51~100 =101~500 = S01~T000 = 1000<
a9 3-11 3% FHEF (3409) a9 3-12. 43 BFHF (1009)

9 I8 3-9~12 9o O EZE UFOR o|FFAE B2 XHOE AHEAHE W, )
ME FAko] AAIFHo R HEH HAMNHF 5 AFstd 555 izl Aotk
AT AMgstal e BMUAlTS 54 FAA Aol o JdFHFTH TAE
bufferel] wldjstar TS A iR A vt ANE FAke] AAHoE HF
H HdAd 8 A5 & T U
A A3, 22 2102 HAFAE TAE o+ gle 244 il HFH= Fo ol
Zpol7t 3t FAEE HFEH = HAATY Joll AA7F de AL & F IR
283F GA7I7E Fe RE2EE 3] f8iAe AXdTARE 152 JHE:E TA7
A g w22 JFTH FTAVE 28, 1dx AFE T FHEe IFHITHoI
o QoA HAES 2Ho =R UFe FTAE TE I ASS U3

U3 Yy o7 1% YA YE HEF
Seed coat Seed coat Cotyledon | Seed coat Seed cross
Outside Inside surface Inside section
10mM MgCl, 4
(0.02% silwet) | 0
1% ink solution /
(0.02% silwet) &

3% 3-13. 1%9 284 YL 308 S




A1ds @CAdR)

3

Il

= AET FAT A

A ol
1 1

bd 1%9 = 3

Zz}o] H]F

3t

BufferE %3

on
[

ox

¢
o
o
o
oy
RS

S|
~

I8 1% o =3
1% & =3

K

e

R

& 1%L a5 PFFA

A 7

%98

a9 3-14.

oA
B

—

o|
=

1}

Aol el

6. TA oA WA TS BE7|E A

o

o7
o

Al AE7]

2

olol therael F24 ol 13

o o o _
g 5 g & & § &8
= ™ (=] o o = (&)
T 8 8
e/+ hzg
ol
—_
N

all

all

i

o

(sl

1% 3-15. HAFFTA WollA o AT AE7I3E

XA

2 ERIYE 7HEAE A ol A

o]

il
—_

Nfo

F Akl Aol weh @AF 7Has)

- 116 -



Alds @CAdx

)

¢ @42 A B Dutta (201471 Ao "Wl kA o] HAEFSHA Xt o A

E3A) Edtha TR =8 ey 9

A, AAREATE I HEFAE AFE A, HF T 7hsS 3 wE A Yo
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7. A2ARQTE Y 283 I 717E 01%—@ ojyFA AT Jle ML

o 2B A 772 B o|HEA AAZAES THEy] 9slA= PLS (Partial least

8.

squares regression) Model& =3l oFgt.

* PLS Model= 7=3t7] flslA= A= 200709 AdFTA e} g e52 FHTH °

BEA7E 2o

e oWl FAAE ot Awd mAPe 9a), 10004 ool AWEA o)

FAE FFHT AFE 2

a9 3-16. 283 93 7171E 53

WA AA e £% £4 23
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A4 A& - A AY7|E dF A8 2d8y VESE FH2ES)

1. vlo]g 2 7 oW EFA A4 (1-3xpd %)

c AAFAF7| (S S St EAA Elolel s AT FxE vlolE 2~ T o]
HWEx AAS Qe 714 2D As(Wo]# 2~ A8, Cucumber green mottle mosaic virus
(CGMMV), Tobacco mosaic virus (TMV), Tobacco streak Virus (TSV)) &3

« Ze], FE 15, EvtEES HQE 9 SEUign A A 3 3 AE5HQA A uA]
BEUHH S F3l, vlolgd Ao dg 9 A4 &<l

- EnE, 3F FAE JAZRH FFo] gle A

st BN Zrlole s AT ATUAETH R}

H

2. A - A9 dF 24
7 T2 ANE TAY oY AR
(D 20119 Fo AL =2 £ B3

ins

5 = A2 aF 7]
vE | FER | A 1 e (@x] % (A% | %
1 AFFA kg 1,524 60,576 2 1 62 758
2 FZA) kg 1,024 963,292 1 4 33 2,009
3 bz} kg 898 133,807 1 3 41 4,025
4 EnlEZx | kg 799 7,945 5 133 53 65
5 SFulFEA | kg 729 72,311 1 1 5 1
6 Q0] kg 581 31,933 1 1,000 30 200
7 vl 5= 2} kg 562 116,719 0 0 34 7
8 | BFEAIIEF | ke 514 25,166 0 0 54 14
9 Sk £ A} kg 475 247 0 0 466 243
10 PNt A kg 442 15,110 1 4 11 405
11 S FE A kg 340 48,885 0 0 21 7
12 | BEEd34 | kg 318 19,976 0 0 0 0
13 o v} 2} kg 295 71,321 2 12 1 0
14 | E1AEFT | kg 278 7,922,726 0 0 1 602
15 22t kg 276 152,192 0 0 35 32,018
16 AN FAFA kg 256 431,762 0 0 5 1
17 o) 1} 2} kg 255 112,708 7 78 6 81
18 v 22} kg 223 2,002 0 0 15 149
19 | ¥75A71E | kg 19 3 0 0 4 0
20 | Fze7 =R | kg 217 112 0 0 13 4
21 | FEFA7E | kg 176 8,386 0 0 2 9
22 | EMFEA | kg 171 3,797 1 80 0 0
23 A7ANEA | kg 158 77,815 0 0 11 1
24 FEA kg 155 252 0 0 107 30
25 1l 2} kg 139 18,644 0 0 8 230
26 e 136 268,069 0 0 37 30
27 7HA F A} kg 124 232 0 0 9 1
28 sfjegol =2+ | kg 123 23,965 0 0 1 0
29 TUE2 kg 115 9,373,151 1 80,000 3| 191,002
30 | =FAM2EA | kg 113 76 0 0 29 56
31 FEFEA kg 102 37,372 0 0 4 26
32 | AFYoEA | kg 100 23 0 0 0 0
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A2P s A=)

(2) 20129 F8 A& 3

]_

o]
H

K

o A seE H 7]
s | A alas | +2 |[Z] 23 |2as| <=
1 AFEA} kg 1,752 68,591 0 0 68 433
2 | SHIEA7TE | kg | 1539 7,066 0 S 925
3 FZ 2} kg 1,313 1,125,053 0 0 45 5,120
4 SuarE At kg 1,160 127,562 0 0 49 1,113
5 | =rEEA kg | 1,031 9,194 0 0] 8 87
6 | FuEEA ke | 810 77769 | 0 0] 10 103
7 vl 5= & 2 kg 762 222,130 0 0 54 561
8 | THEA kg 672 24,546 0 0 15 135
9 S o] F A} kg 650 30,001 0 0 29 136
10 | 9ozq ke | 451  191.275| O 0] 39| 13281
11 FdFE A kg 442 44,594 0 0 21 15
12| oA ke | 431 58463 0 0] 7 5
13 TS kg 423 11,336,426 1 0 5 49,005
4 | FE2EA0e | kg | 41l 1670 0 0| 17 19
15 B2 Eg3A kg 403 43,657 0 0 5 8
16 | FA=A ke | 362 3] 0 0| 317 142
17 of) 31} & 2} kg 289 90,542 2 2 6 5
18 a3z g 7=} kg 274 218 0 0 20 15
19 [ AZAZA ke | 261 341,589 0 G 0
20 W 2F A} kg 260 3,159 0 0 8 2
21 | ZAAEA ke | 25 51| 0 0] 99 72
22| AAANEA ke | 250 53,658 | 0 A 7
23 7} A & A} kg 243 539 0 0 11 0
24 vl F 2} kg 232 24 0 0 18 18
% | AeazA ke | 213 9,064 0 I 106
26 NFEEFA kg 207 3,338 0 0 36 19
27| S5aEA ke | 203  399.693| O 0] 42| 103,097
28 gt kg 200 28,833 0 0 8 3
29 | ZamEEa | kg | 187 2465 0 0] 2 0
30 A7 A & A7 E} kg 178 6,430 0 0 31 108
31| AYEA ke | 170 1356 0 o] 4 1
32| 2uEA ke | 165 53876 | 0 0| 1 0
3B | a9EA ke | 156 11,648,680 O 0] 11| 912,500
34 FE A kg 127 163,201 0 0 87 30
35 FZ2} kg 124 258 0 0 21 5
36| ol EA ke | 118 20,09% | 0 I 0
37 HFUolE A} kg 108 22 0 0 1 0
38| HEEA ke | 101 405 | 0 I 375
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A2P s A=)

(3) 2013 F8 A48 T2 Y I
L L= 771
HE Z 5 E A
= wore 9 A T N T A5 T
T

1 IFFA kg 1,749 56,685 1 60 58 36
2 A kg 1,555 1,556,659 4 458 46 8,308
3 3}8) A7) e} kg 1,426 6,242 0 0 46 61
4 EnEZz2} kg 958 11,415 1 263 87 37
5 bzt kg 899 110,817 5 68 36 916
6 SFFEA kg 894 217,961 0 0| 713 16,811
7 Al 55 A} kg 860 76,830 9 305 3 1
8 v} 2} kg 848 176,651 1 1 61 342
9 20]F A} kg 684 41,838 0 0 44 63
10 TEIMAETF kg 525 | 13,617,082 0 0 3 5
11 S FF A kg 523 58,368 0 0 29 43
12 a3 £ 2} kg 522 241 0 0| 489 240
13 FakE A} kg 510 14,861 0 0 15 355
14 FLEA kg 483 186,565 1 150 25 9,975
15 oF v} £ 2} kg 389 90,480 1 10 8 7
16 o) 3152} kg 327 152,552 0 0 7 1
17 FE5F A7 e} kg 327 991 0 0 6 2
18 u}d F 2} kg 316 393 0 0 21 3
19 B2 IZEA kg 305 34,780 0 0 3 25
20 A A F A kg 290 183 0 0 95 148
21 A=A FA kg 281 374,566 0 0 11 13
22 o &F =} kg 257 1,538 0 0 3 0
23 A7 AN ZA kg 244 77,605 0 0 19 5
24 AFEEA kg 227 3,176 0 0 50 19
25 7FA E AL kg 225 369 0 0 17 1
26 FdEEA kg 214 17,767 | 37 2 21 1,046
27 3} 32 g 7} 2 =} kg 208 288 0 0 4 7
28 o FF 2} kg 189 920 0 0 61 23
29 <) E=A} kg 188 59,027 0 0 1 2
30 ZoFa) F5 A kg 187 4,254 2 405 2 18
31 A7ANEA71EF | kg 179 601 0 0 27 16
32 AL F A kg 172 938 0 0 8 2
33 uhE 2} kg 168 17,858 0 0 4 0
34 THAFEA kg 158 | 11,053,342 2| 440,000 1 0
35 W 2} kg 156 9,396 0 0 86 1,477
36 2 kg 149 346 0 0 121 69
37 THESA7]EF kg 124 11 0 0 3 1
38 ¥ 5 o}£ A} kg 117 30 0 0 0 0
39 Za}n 2} kg 113 53,335 0 0 1 150
40 E s kg 111 1,868 0 0 3 0
41 Al kg 110 49,990 0 0 4 3,083
42 o 2] & & F 2} kg 105 274 0 0 1 0
43 EEEE A kg 103 879 0 0 1 0
44 B354 kg 102 40,792 0 0 5 2
45 A AE2~ZA | kg 102 18 0 0 1 0
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3. A% AAA AT AL 5T IR =4

b FAG hE A AgT7Y S /=
(F4A: A& Ho“?‘%‘%ﬂ A& A20%, FESAHGER 1
(1) Agde g7 B 165m* o4
(2) ALA WA 6m? o)A+
Q) HAH A0 o] 2A)

37]: 7F=Z 1.8m X AZ 1Im X =] 0.6~0.7m,
A 2EHAEA 2 A
o] 2 B4 ;40 x40mm Zrypo]

Al A1 2013-50%)

Ha(Ed) @92 24E F5

+ o]Fo] 7tEstE R thEof v F&
c AGFAL A wet Ar]e] o] bk, A9UdEFEe T/ ol w
HolE3y To2 Wy 7%
(4) =HAA
© A EAATY: AN 1-1.5m =ololA 200lux o] EE WhAREo] RERE o]F2 =
B¢ Afee AFEFE 3m AHo A 200lux ©]d
A AArd e ] S olA 500lux oo 335
v Ag Ak 283 33 4E A" A9 WA o9 Fxtol B
2k o] A4 ANEERA, AAMECI7IEAE3D, AxGE Fte] B8
c AEFHIA S A9 AE&TYe] SREE F7F Aol 48 gl
- 771X FZHe A dmE 71E 6mf ol FR Fe
« AxFo] Tbed 717] A 8FEH= FUF WA T

- 123 -




A2YE BadE)

Jdd 449 U

a7l A
ES

a4

i

k<]
pal

A 9

4. Feasibility Test 2 &2 X% 4 (SOP) &3
7t HEEE

WK R W oo T

oo, B B s o

n(q_mm_ g oF E) W No B umm

> P LB N

3 = e woEe W 7

¥ B o BT e

It < gk o

R B A %

X @ X %a BT o W T

oF X OB 0

4 g ¥ ow X i

T Ry P oeHg o £S

& Mo < W R y - 7

. N .U ) ~ —_—

fooxoH X LS B R

™ o N o o}y R T -3

s ew e = Ty N

T "oy I T WX oE

B PE oM ™ol oMo =N %

e TP 8 ~x<x O

= C Lo RTET R oW o o &

N RN om0 = T X

K = W % o] = W M Mo o= %mo
= e o T o X 5 X

0 X LGS ° % g X X "

o ﬂ%ﬂWﬂ%Mﬁ@% ce o

NEeExB2m o i %

ST IS, A

mﬁ Mwmﬁﬂmo@o_ﬂ i wumw un g .

. ) =0 a2 U = SN T =

M o Ty R R ¥ E R

M zr P &r_n _ T O ogm e 3r ot X X o
T o o oo oo % s o R S Bl

ﬂmamﬂmwgﬂ%%mu%mlﬂ%ﬂ e mnh mnh mﬁ

dlomortom — oo B m R pF LW
63 = R R R W BT e T
amﬁ%}_;ﬂia_.ﬂaxmﬂmmoma%au,mox 3 Ea
FR® o g & @ 2 z22°9989°
-~ N
T N

o]
- 124 -

j—

T

ot

9

O W FAYLA F FAAY
%)

(3) Hlo)#H 2~ L nHlo]RZol=AA}




A2YE BadE)

Wb AE
OIEEEEEE R

@ A4 8 Az

D W ARF FA S Y BAEA

o #z
D Fz=F2e &
O i AAgom Fdd TAF
@ W HANEES AXABAR NAY AR X7] oy ARE AH AA 9
oA BAH7IY v FTOoE FxFTAE Eh
(2) A AL
FoE T4 974 EA(ESF VA2 EH A 250 BYgH A )&
H st Al #Este FxFA FEA g RIAY =3, AR 5& °

FEAst A9z A4FE Ao

r (

M

Ao 2 st}
2) dZHY
7hH AgHuro gz 593 IR

(D A3 AdelAM g=oll oA dARH

=

- 125 -




A2¥s BAAR)

e
B

Hr

En
il

_
1o

P
ol

%!

)A

Hlo

!
3r

i
-

d

o AYFAGNDE =

1Y

57 FflelA EZFOEFHE 307 50em Z o] 7kA]

=
o

Aoz d

vk o
5=

Z2ZA7}

s

3l

ZFEAE AYsiH,

s

AEAZ AA sf

o] 3=3 ¥4

2. WAe] Ha, A el EFe

B

iy
Hr

o]
=

Bl
K
A}

i)

4. Ar< = 8l

o
A

!
il

J)

Fol S7R4(H A g,

[e) =]
= A3

o

A8 A

A7 &

Al A9AEE

)

N o] AFH M 239714 7Y

_l_:[L
2 AHA

o}

=
5

o}

A2 %o HF H2EA L F

|
=]

3r

!

gl

nE
Hr

™
3r

—
o

il

o

A

o
o=

=]
=

vrAziel A xHe sdoA ¥y He =&, I

iy

254

23 3

3i

| = = A

A A

3ol

=]

Z

AEAH 7 Z

)

Fo]

S

o met ANERE A

- 126 -



A2¥s BAAR)

oA 2

T

s o/ &

=)

3 W =A

o}

=
3

=9

L E

o

il

L —
|

AL AL L A5 AH

9

©
L=

SRCRIRE R

@ 4
‘3‘:-]'}\

34

o
oy

B5el Bato] ojalse] 4PUYAAY

3]

s

P
T

ENE.Q o]

=
T

)

=8l 5= 32}

—_L

2941 2

3T

=

]2 e

T}

Al gl o sf A

1

k<)
A AR

iy

D TaefAs &8 A9a3(3AD] o wt

Y
=

g7,

ato] A

+

© zwo] 2ol AA Sol AAE A

u A9
D 3aRAy

T
)

)

b},

o
u

Fod 2] #%

9

SRR

S ANRE A3
3 A
=4

2) 4
7h 8

ol

- 127 -

Ve Ve

D A




P
128 % (3xU %)

o ]
51| &l
N n ~
e o WM i < ”_“_ 2o o_o
b ﬂcuoﬂavo gﬂe ﬂl o ’ Ay o _ N Jm_ = =
S Szew 8| 2 A T B3 © T RE
- 5@11 A ol T N o ™ z.*m % n ol Jo
b ) ol - ﬂ%ufﬂr ﬂﬂ_ﬂ.ﬂ e = o8
~ ;i S O Z = c Fog
e d o b 2 7 < = o o
03 X N N oo AL I o Al = = = W A
E <0 oy <7 # %qmﬂ T SN e
f— ﬂmﬂ :Iﬁﬂ ‘WAU X ﬂvA_H “:~orE ,I]:ML —_ EO ‘_Jﬁmo UM_ U;A ﬂﬂ
2 @ TRE s i T w & T =
—_— < U_—A _ - EO ﬁL — &O = 3
B — LI <X = 2 g B 0 S :ﬂ
z.#o <X o T No 9 M- ol (ay s < i) i
0 5 W o) ~ w 2 < ™
[ < ,_..,Wo E._ ,mﬂ o — Hl <0 oK ,_Ir” gk
T o o) o NH ~ oY T S J
L 4 " T4+ S N up C o LTS
iy B ERE . = B F W g e T
< ) ool s %W o B S R T BB
Z.o o fi%) o) ,Ul me o = ~ —_— o« L_ ; XO
B ] O 5 7" ugq;zﬂ
=l = <n < K <° ol T Mo - BT (AN N
< = T oF > T L o) K = & 11 o - W
Mol © o — e T W T W2 ¥ ool W o T <~ 4 <
A= z,#oﬂ_rﬂm Y e N i s ~3 X o Mo E"_ W = ~ s }ol o) mo
- S il ioﬂ%%1 o W EE_E% - MPAEH = W
Vo?ﬁn}% - ﬂﬂm%y 7 o M o < = . % ol ogn D
O N A Jog FW T W - 2 = i U of o
& D 5T T =8 ¥ X b T E 2T wr
Z.#O — X .WAA@H_T_ .Z.O o OT ‘ml,._ %! T o 50 1 R < 1.” — 1;_% ,_ﬂoﬂ E H—l L_L
— N | . =AR e . E T > iy A m Ny Do R o N oo R
~ S M = e o oM ~ S O i ol N R
B 1_W I = ~ 1) = o > ol el L B ., N(rm o o f = Ko N
il = [P K 0 e = Ty o Y Mo m o A S~ =1 ooy o s T W
o 3 K oo =N A N e o = ot e © o A R L = e
M- -, ojo Np o o ~ M v N o ol Zo X < of
— Mo < r ~ o) - mm N X ,_ m | K v 3 pul )
TR h _%‘13 o z B0 tomzu a LW
i wi‘ugﬂg%g. ﬂf_ﬂo_onom..af%”%a
G ey 3 S - Y ) Mo %m T & H_,W mT 25 2 A -
™ o o ™ g X0 N BN =R o
wr.ﬁo@w_m%owmemmu”ﬁm = o
¥ oA o = o o
> a8 & T i
«” o
-
jang

- 128 -
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(A3H-5)

1. Awoloje] Fa &84 o 7<= M
Aol FA HEAHS Aty s TA 279 Fe 9 7} TAE AE
&= 9 ArEAIES dEe =43

e olo] Z+ A9 A U =79 FEE ALH ZALE| ok &
AAG =L O9 5-1@9 2ol A¥E, i Aol E, 38 JAFH, sHZ

AEO e AR Bl F T Ele Fen, FAAAE) ThsstEs AA.

D) EA4 A% A8 A" AR

129 51 A A AW Asd £9 2 A,

7} FA 27) - BEE Awelo] Fx 8 Pl HH 5
C EA AE A8 AzEe] ALE FAE E 51720 TERESS, 2, 4 13
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ol Zrlojol MES MA B 7 FAE AxHE vhEsl 44 @A A FA A

M A zE SEdle] J1%e] A9 B FAE el AN HEss) o

FEe ste Axgoz BY Aod EA AL Ao we

Lol SISk B 2 FAW A2UL UAS AGAT} Ushe FAE A9 A
A5oR Axdo] MAT + UEE AAT oA,

! S8 E 529 Zo] el 7 FAW FF3} Fejol

=& Fstgon, olF B 4 T BE &=

u. Elol® H A3l AlxE A

« AE A" A AlA S} o] e} AEA 2H Y Blo]Wo] FIF AT A&
A ZEe] Aol %7}36}711 2. 19 5-29} Zo] 7] ZTEE EYL o]l AHE
Y A dgo 2AE 2A3YS w 50 mm/sec ¥ o A AFE FHE IS F
9\/1_9_

© ZFol AFVF MY Eo] YA HHe BT FE G ~HERS o] gt ME
stA HAE A 300 mm/sec 74A] Aol HFsirk= ZS CCD 7HiztE 38 4
Aot <.

A Ee AR A= 85 mm E St o ZHojo] HEE HAEESE ~¥E
HEE o] &3t dHo]E Fo A, 2T EVHE o] &3t Air EAES TEE
st B& AYsiA Aol 7hs &

AFdwel Agalgl 100 mg olshel FAEL Ar FYAO HAY Ar F9
ZAAE7) e Auolo] MEE FYANOR MAH AA Azl ATHES A

ol U AU FAo] JhestEs 9k
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A3Hs 1AA%)

2. 3% ZHolo] A" s

T4 AT A8 AxdolA Aol AAMY, EeAol Eolr] AL WE ATt B
PAS
o

2 FTAE A oF 3 T3 FA o]l Fo WESLR A I = AFES FolH ok 3h
FTA A A AJ2EHE 9 FA7F Auo]oHES F3 S3 A AEREE o|F3)t
22 o]F Ao A TAVF BAAE A4S 7H|olo] WEA sdsfof AEAIY A
TE 59 F S

iw Zujolo] WES] Eo Rrbujete] o] 200 mmE stPom, HAulole] WE

0~300 mm/sec & ZA7}%53A AA. AFLH EF27} 100 mgolde 3F
FAE AR ArEA o AAS 19 53614 HEo]l dAE 2
Al g em A 3 AE.

2% 5-3. Air BAM4 Huojo] WES] =R B ALK

L Aclel MEE DRALR AEes, A%l ArgUses GAT 4 e
LA} ABSHER AAs WES] LA FFeSES T 19 549 2L Aol
o MEL FF 100 mg ol el EAE ARSI A3 B 4A BA,

¢ F% 100 mg ol3ke] FAE AWsY] sl 1Y 5-4sh o] Awolo] WES] 7
& WEo] ArgYAoE AMW ¥ BRI u SolEE I Argdal Awelel W
Eo] A9 FRRIA MW o|$FE o|5F w Belg} LA o EHES A5
of FAZL 79 IR wHE B AANES .
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. olF T T4 gEHEH s @) ALE Ve A
 AA 52 ARV B wdbe AETe AF AL 2 Aol 2y ojFolA
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gt WA AsE A% 84 Tle 711%}

719 FAFel wol AgHIL s A A" gRE 2929 YHoR A
R SR Ho‘ﬂgi AAE H‘iﬂ_ /\l g FFo vie 8 594 Ao <l
e 7 8. A A4 Z}E A A ="l 7120 =EE]l el Ar
AHE 01%6}04 % o vt= 5l =2A EpAol glem Zb Arr BAEEC] Sk
MEAA O™ 5-103 2ol Z*XV—I EEols WHE o] gste] WITHoR A
& e B AFR ol Foixl Aulojo] ME= AYIXF AMEStE WA Ee WY
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A3PE A=

3. Airi-A} 7] A 9 H A3
o F219] A AdiAtoe] ¢ Fa FEo] H7| wjEo EE e BFEE AWHET]
mEt o8 Feo FAE HAET F V] WE
o=

0134% Alr-‘_.—/\}_o/] 7(—5]—?—— O‘:]]-a_gl 2% Oﬂ
] /\371

of 4 A5 A Alx=H

oeRA ArZARE 5t FAE ERSES é:iﬁl%}i, HEA A& - AES o] A
71& 7N

© AAE TA e AR ALES T TN SRl FA4H glen, o wet Ad

ZEYQA 9 5-113 Zo] T2 FA4. 2 TEHE HA2 &Eols WHE o &

St REY7H o= AME7bEstES shalen shte] Arr & ol&ste] T 2E AR

- A 2E= Hlojo] MES] ol At AFEE woH, Z2IHS o] &3}
A" FAE AsAEe] s EE AAl. A4 ArgA RE= 9 5-129 o)
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Foln
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¥+ R7HH2tE o] &3t AdEsr] wEo] WA T A4
el ool el WA k3 Ao JhssioR g Fhvzkel M=ok A= 200~500
mm Z=A7bssHA AA.

* 200~500 mm Hojxl Azle] Zhvet M=o WASGE st kel shte] TA A
Hol e 77 A ATt 7] W2l 29 5-13% o] =HALE 8 JimiztE 2
Aol w8t} Fheek Bl =W B3 R shdete] ¢ 59 "do] FaskA] gobA
9 5-133 Zo] M} T2adS o] gt T

g, 2920 TE
- Ropviete] A9 B do| Bastslel & 5-3% ol 100W T2A AZ 478t 2t

Zte) gelsholE ool WA~ T,

Rk ST
g2 = LS-F100HS-IR, Seokwang Optical Co., LTD, Korea
+E Foly QP1000-2, Ocean Optics Inc., USA

a9 5-14. &2 A= 9 FgolH AR
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PG G ket HE AsET A8 AnES ol MY AxHe
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ARSI A5 & Aol A" AE A2"S OF 5-15
ZFeoz FAHE 4T, IAE EJMW MERA ol JE AU FA4E
3k AHolY MER o] R3] ofFH 2|al oo = A2
ol AEFR FAEH A
7l &9
- Addrle) ¥ a9 5-163 Zow, At Addrel
gl Ee FEEhs BEY A4S AdErle B4
= AR AT o
FHES ¢ 2dol IH4. ol A ¢& M=
A3

a9 5-16. A Ad7]e =9

FAH7] Aol FAke] A%
Bl A7 @AW /4

A7 . ool AR B AN ARl o] W]
]

T A wETel e A
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o Aoy WMERA oS Gt RRoOZ AHAKS )X ZHZ AFS o] &}
o TAE olFdte WA S At T AAFH Je 194 JsHS
Zo AAAHoE n2A AE s ALt ZHA R FHEH e TAE #Yst
A HEZ = 985 33 207 A5 194 A5 A olFHo o= FTAE
e BRI E o] AHolY WER o|FdtE IS Y. =3 FTAV 4Y
stAl HEZ+= 948 9 HAHY £2= HEolY WER o|Fstes LS HIF. 2
M Aed BF Aor|E F3 s A7le AdE 5 HAH 22 249

o

© Zwolo] MES Z 2 ABHE FAAAE Fhelete] 2Fo] 200 mmE A HASH,
Auo]o] WES £T = 10 ~ 300 mm/secE FZHo] 7153 WEQS £o 2 =435}
71 913 A=y A7 AXHo] om, PCee A4S Ed Aujolo] WES] £
ZA0] 7hed F TN ERICE o]Fojx glow, G st IAAE B

af #hQle) =o FFHA AgE st FAY % FAH A wjAe

1% 5-18. FAAE 7S] Hujolo] HE
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v},

R 5
AARE FA 24 AT 28 e GPAG oolnFe] FHUEY A
52 ggals 2z e, dojx 4 7% 9 o]l WES] £ ZHx} ol

_4

(r o n& mf o o

Wzt SAHAXE Ay o

% AZE 7 2EF o

2 olm A AWo] o]FojXIt}. 2&3F o|H|AE &7 AEo

E4& o] 83ty o]WAZEE CUBLOC vlo| A2 2 A A o] Hujo] Ad

suol gt AEZARE F55tA 2. AEAA Y T35 o] IEE AEAA

= dyo] &7 F5EHA & 0}3’_, F A8V T3S
1A 371842 N85S YA 7A H.

AbEE 283 JHge g 490000 ~ 2500 nm)e AF8-shH
MCT(Mercury Cadmium Telluride sensor)All A(Xeva-2.5-320, Xenics, Belgium)¢} Image
spectrograph ©A1¥ 7} 2HSWIR, Headwall photonics, Fitchburg, MA, USA), H =
Ho] 7}s3 C-Mount A=22 FAEo Jom, &3} 7lw kel Vision ControllerE
AAS 4= = Frame grabber(Cronos plus, Matrox, Cannada)E ©]&3}%12.

EE
)

i)
el
-
okt
fru
Ll
L n@
offl
>

GER

al #3ll, CUBLOC mlo]a =z 2 M|A], &£Holt WH}
RAISSD) 522 1 pnE THGHE. MRRAE AAE FALAPAE 19
5-19sh o] T4l TEE TASEOM olF AlF £ Y& HZE ANAS.
A8 Gelole A4 o AAAE AAGRED oL AN GAolE A 3
F7h ol w A vhmsle] $uo] FolAt wHol A WEY. WA TEE 2
wolo] WES] Bl AN FAEE EHL.

% 5-19. EAME] AETEY] F7EAAR
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O AMXE

6. A5A) A2 R AZES S 71& AY
- ALY Hedol % AEEY See HeW

TA AT A A2H A

7b AZES N 9 dugE
s AEEAe AAFAL] AES Q3 2EF IAAE daEEH olE AAeR
ZZA7)7] Y3 AZEYAE NEEPS. AZEYo]E= Microsoft Windows 3H7 ol
4] MATLAB(version 7.0.4, The Mathworks, Natick, MA, USA)-& o] &3}l 7dsly L.
A EY] EYHHS O9 5-208 2.
<) OnLine_SWIR_software Qiz @
Camera Beta& ‘2:7' | [Closeb[ Onlsneé
I ; 1) 2 ) s 6
— System Parameter@
[ Time (micro): [ Temperet;re:
Remove Bad Pixels Cunrrent Temp .
Fan on/off [ Cheok I
@ Camera Connection: 2833 @M AsE g53t7] 8] Zas
CCD 7l gt} A43
@ Beta: 9114 e HHrde) pALE H43
@ Scan: AAE F+5 F AL
@ Abort: 71719] FF5S HE F IS
® Close: Z2I1HS Z£8317] 9s) AT
©® Online: oju#] 248 o] &3 EF7FAS Yehd.
@ System Parameter: A|2=®le] stetr|HE JH3t7] flaf ML= A
STOP : Al2=¥l& A= 3t}
O3 5-20. TA A¥E Ax"Hle] AxZES A
o 283 I4AE dadgs g
c ETA) AAFAY] AEE 9% 2EF YA daeFe] A, 28EE d3
A QAo & =3 wHS Jastr] 98l PLS-DA(Partial  Least
Squares-Discriminant Analysis) ¥4 H S o] &3+ ol 7|£9 PLS =diy&= &
g FESHFE AE5HA ol ofd, B sl AFES /M HEE AASHY
o]E #AHY 3= IJAREY
B 2do A9 2HEY X score FE Tk SHE w5 Y| score FE U9
BAA o= F3 beta coefficientS o] 83te] =833 Ao A PLS A4S FAE
ol ZFEEAe v FAE AEIE I FA o o] 831 S. Beta coefficient
& 53 HAHrdS AAYgsied E83td e, 7w kel Exposure timed AHEE 7}
wgk AAete] AF 2 SAHGHY ZHIIVIE HFHoRZ HAHSY aH(Ed 271
o2 278G F4E 95 7HEclESE S =
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7. o] FAS TE HAR AA AYZA AT

7v AdE 2 =2do] ZFE AN H9S 2bF AeddE 28R

c 1-22xpd R w3 V2 dFE vtEoE 2abdEd AT
<2kl ol FA Al="le TiE

. ZWE T3 BRY oY FAES FYNL AF JIBL S5HAA
WA Ee] Age 100 cmolW, RN R WEY 58 T AFL

H740] 715

& Az" 7=
Ay Z2(ad 5-15)

&=

445 e o
240 cm¥l. o] 4

o= W7
A" FAE 8d% AAE Avolol MES B4 0% o% HEE 0.0lmsE &
FF S= o] HSIHES WA oA,
©o)%E FAE 100 ohEo] YA W7l AT 8P i Axdlow BY 2B
3 GAA2E2 950-2500 nme] AT 320 x 256 9 FAES zhE=3 Qom, FHYHE o
3 MCTAIM 2 ZHA]. 7de A 2dS o] 83ty &firol=9 Exolzs 74d wi=
ol AEE FAE 2P =
System Architecture
C
System Hardware émpmer
| input motor ijf::"r;r Mrztio”n T::;:’Zz:'
Data processing : speed Software controller rotor
P P
! Arduino PCfor data E } /swm HsI / MATLAB
! System + H amera rogram
E {For\;/;ction) Analysis ! | i / e
i I ] : l . To the
_________ f—— e ——_———{ PLS mode /?’RDUINO | ] SE::SO';s Suction
St Syste | AsT results rogram olenoi Efectors
—

Compressed
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: - : Hopper\
Suction Ejector. ’! | | | g
7ﬂ I | L
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e B2 L Sl
-

|
|
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[
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Accepted Rejected

I
|
[
|
|
|

Detection System Feed system

T 5-23 29l wEAsY A B eYE

© O" loAe JiEE 2Tl oEEAr EAIRE 74 Bl AA AE

&< veh.
- B FAE RS AR ANUA Pz FYo] ¥
A 283 Fviziel 29AAE ANDA onAE Y57 ¥
%

A 87 AA 2 ROAA
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® 54 o}Folx g4 Fa 54

Micro controller ATmega328P

Operating voltage oV

Input voltage (recommended) | 7-12v
Input voltage (imit) | ¢ 6-20v
Digital O Pins | 14(of which 6 provide PWM output)
PWM Digital /O Pins | 6
Analog input Pins | 6
DC Current per /O Pin | 20mA
DC Current for 3.3V Pin | 50mA
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a9 5-26001 FAY ¥4 S BEe ARE st Aol H8se AHE U

O

AEHE 2 £
FTAe] oA E MR &5
MATLABO.Z o]u]z] 44 g

oFFol vt &EolEg

ON/OFFA] o

ofFol7} Lol =9}
Agko] ZolA

dY o] RES o] &3alA
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a9 5-27dl= ¥ 5-269 A E ATAEAAYS T B2 SAE HEZE FY
st A AA Alzglol Fakd ARizte] dedd e yEbd

A2 Azt AsdEeRd s Yl rpAE ZA slolzE B AE A
E FUHA H. obFolxel AEH M3 e dEoRER SHolEd HEH 3
Zo] AEZE HuUjo] H& FAE dolzr sty HF wjE. ulojo] WES] o]
S&HE0l gt HFWE AT} ofFolo] MEd g UEF ojFHE EUEHTY
= A% AgsiA H
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A6 ol F At vlgty] HAME Java 718 T2 s, AAE 2
AN Data @] AA = (H4H95)

1. Ed oA 7
T=5H A5E F F OpenAPl FE2 HAE 7|BA = )olA HE & & A& Avlx
FHE vtestr] 98k REST 714<S 7]¥FS & Remove Access 7} 7Fs3k |2 /)

7}. Spring Framework 7% 7]%F 74t

Spring Web
WebApplicationContext
Multipart Resolver Web
Utilities Sprg W

Spring ORM
Hibemate, iBATIS and
JDO Support

Spring AOP Web Framework
Source-level Web Views
Metadata = i JSP, Velocity,

Freemarker, PDF,

Spring DAO Excel, XML/XSL

Transaction
infrastructure JDBC
and DAO support

Supporting Utilities
Bean Factory / Container

19 6-1. Spring Framework 7]& 7]4F 7

(1) Spring Framework A} AAE Had= A 7H o] (Light Weight Container)
24 AnE AA Y] A, AEFH ZE golZ Ao]EFE HE s AIZH O TR
a3 AAE 7HA 9 AHEE = AsUTH

(2) Spring Framework+= DI(Dependency Injection) 8-S A Ao zA A Y
FalA AATEY] o AAE AA T F AFUTH

(3) Spring Framework: AOP(Aspect Oriented Programming)3 A gUt}.

(4) Spring Framework+s= POJO(Plain Old Java Object)E A< &Yt}

POJO™ AA| AFAH<] Ao FAsAA, 47 Y& TEHEHA & Qo
et &g 2 ¢ JdE=E oz AAH ObjectE 2y rch

(5) Spring Frameworke= ESHAMA A& 93 d3dd PHS AF Yok

(6) Spring Framework+ <443 #dE 03 APIE Alsd4Yoh

JDBCE HIZEste] BATIS, sto]HUlo]E & dloly Ho]2 Agjef H#ste] AEH
© golBeg gt dss AdFYh

(7) Spring Framework+s t}eFglk APIO] thdh A%5S ALy

(8) Spring Framework: A} 2 © & MVC FrameworkS A&t

flo
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A1d SR
S Method and detection system for detection of aflatoxin in corn with
fluorescence spectra
B USA
MA7Es | 283 A4S o] &3 A A8 E A=
1 FA 234 S ol &t AAR 2RI L A= HAE =2 S AE
71E A B8 333 whEE ol &shr] wiiel dAAelA AR A B
2ho] 3 Aol FAE Ao = THol U 2EF FAolTte FES
Aty 9, 3, AE v Fol B A9 B2 AoldE UE
B
Rk Method for classifying wine and coffee
B USA
M) <=d ZHD GAS o] 83 2]Z o] AR 3t =X
@A B33 71Ee o]&ste AY, &2l AES St W4k, &9
2 T | FF SHEE A3 SES BF
71E9 Esle tdES & Hog AAsta A HdMdES ol &
dopg |71 WEO] BE AA WAL ohd Aol awsk dely.
h F FAHolHE AFY F1HE AR tig oty 4 Ao W
o] 7hsstERE AlE Aol E4.
ek Raman spectral analysis of pathogens(US 7,623,232 B2)
B USA
M7= | 2EF S o] &3 vlolg 2=
3 A Raman Lazer WW< |83t A& f5FS5 A= 7le
Raman Lazerg <HRHAQl FHo| v Eo] EAAFE A& W 7)
2ol A 2 oun 7t Jov B AFHe] Adste TAW S rAES &
ANE 3AstE HWS5HAL system 7T} 1}017} A=
=35y Method for analysis of pathogenic microorganisms using raman
spectroscopic techniques(US 8,395,769 B2)
HAg= USA
ME7|e | 287 g o] 83 AFY IFEE FqF A
4 Py US 7,623,232 B2 A E3]9] Raman WHel A& 53, HUA 1
AEe A48T 4 A+ device 7HES.
4719 E3&= Raman WOz ZHo] Bojde HYA vAE
2ol H < AdEstes WHoE B AFEHANA Adstazt ste AW v
AE ZRE R sl% A Aol 3ls.
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Detection of Pathogenic Microorganisms Using Fused Raman, SWIR
and LIBS Sensor Data

ThFek spetrum WHE T3 22> TFY WA Eo] e emission
5815 SAse. kAT £
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5 A Z1eMER 2ot s

METHOD FOR IDENTIFYING INDIVIDUAL VIRUSES IN A SAMPLE(US 2
01 1/0237446 AD

USA

ldentification and quantification of a plurality of  biological
(microJorganisms or their components(2011016558)

USA

2EF 9L o8 wolH 2 E
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Optical sensing method for screening disease in melon seeds by using
=i optical coherence tomography
(2011 11. 9467-9477)
A Sensors
7N7) <=8 Z2EF BEE o1& nloly 2=
Optical sensing ©°= HgAPPez HWFAUH| Hiolgl2 ZHg
A (CGMMV) % FAu) W3tE A&t emission gholl whe} Hpol2 2 Zhd
! ARE AT+ 2.
B =9 Optical sensing 71& &2 & A8 /MdE3EQ 231& 23
Raman ¥-& o]&3t™ mwpolzlx FHE FAE A5 A system 7Hd
g | HOE A =Rl ANE AEe GATAT TRl ol BT W
h g Adshe ZlEoln # dATHEY JEE REs FYHE A4E
Z2 QRES AFLAAF system 22 Hlo|y 2 7Y 9 EHE golsts
71 .
Hyperspectral imaging for small-scale analysis of symptoms caused by
= different sugar beet diseases
(2012, 8:3)
Sz A v Plant methods
2 M7= 2GS o] &3 volH 2HdE
AR WA mAE Ao mE =2 W3S Hyperspectral image & %
B mAdEe] dEd dleaDs B2 Ql ol ¥HARE  spectrum®] =}
Apol A ol BTt AEW AARUHY. B AFHY AT Hxd FAW vt
ojg]2 gl Ayt HAIA= 2o|7} Sl
e Detecting Food- and Waterborne Viruses by Surface-Enhanced Raman
Spectroscopy(Vol. 75)
Sl 2| Journal of Food Science
M7= 223G S o] &3 volH2HdE
3 N Raman ®#wow @7 volel~ A4
frafl mAE, 53] &5 EAsts & vlolel =& HAASH] 913 Raman
Aol EAHES L8 AT B AF"o] /et at st Raman W
A FAW A E vpolg 2~ AAHA A AedA B4 zpo]7)
Quantitation of virus using laser-based scanning of near-infrared
=i fluorophores replaces manual plate reading in a virus titration assay(2010, V
168. 57-62)
A i s Journal of Virological Methods
i ! 228G S ol &S volg 2AE
AR EEHE ol &3 AlZY niolel~ e &4l
po] 4 EEHE ol &8st =& AxUe nveld 2~ S FAdsidov B ATE
o] /et st= FAY nlolel 2~ HA WA zto]7t A
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Line-Scan Hyperspectral Imaging Platform for Agro-food Safety and Quality

=5 zati
Evaluation : Ststem Enhancement and Characterization
IR ASABE
5 7N7] %= ZEF GAE o83 AAA AR HE
FAHA 2EF 99 g paEel 964 2 F2 9t
o B ERol A @Al Wol AHgdtal gl 400~1000 nme| THFFFL o &3
Aol N .

ATt 28 g WUt vE2w, gdES HdEERE0] dold
Investigation of Frying Oil Quality Using VIS/NIR Hyperspectral Analysis

Journal of the American Oil Chemists’ Society

i ! 2T S ol8T HFY IR FF A
6 A 2% YA ol gsto Ve F2 HUl ol &
AAAN TS 715 FEBIE iR H o R FPF B AT oA 7HA
AFo] 3 AZFAE ol gste] &2, 1A F4ES WA B33t Aol
EXolBng A7 &o] ol
Feasibility Study for Detection of Turnip yellow mosaic virus (TYMV)
=i Infectionof Chinese Cabbage Plants Using Raman Spectroscopy (29:
105-109)
A The Plant Pathology Journal
M7=+ Z2E% FEE ol &S voldg A E
A Raman W€ o £3 TYMV 2%
Raman W< o] &3t HFSloA TYMVE HAAYHE AN £ A
014 TEO JigEREY FAE vlolglx TR AE A8 A"l zolrt 9
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ELER

$ F%ol(Pearson et al, Dube et aDoll ZHE FTAFe] A, nlo]z{(Fabre et
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Z 2= 4499 Z2{2 20020 HIsH 82.1%Lt S7tet A2 LIErE. MA &

AANZE FE5HE AF2 200090 287K /0| 71 =2 HISS AAEIRL
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2010 2011 2012 2014
Monsanto 7611 8582 9789 10,740
Ou Pont 7845 9,166 9,500 na.
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Sakata 465 41 469 na.
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312l B2

(1,54443) (2,36924%)

o=
(1,1664#)

A XS oE 50| (EIQ) wiote)
sl 5Otz % =L % = %
2015 264,760 44% 213,240 0.7% 51,520 229%
2014 253,600 2% 211,666 -24% 41934 S54%
2013 261,251 9.1% 216908 116% 44343 -1.8%
2012 239451 24% 194311 -17% 45139 253%
2011 233728 158% 197,710 128% 36018 353%
2010 201,901 123% 175287 133% 26,614 6.6%
2009 179,717 0.1% 154,747 -24% 24970 188%
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2015 A HAEx} F2E s (T3} kg1 HER)
0 549 (AB) 249 W S| ®

e 22 a9 % L % 42 =29 %
A 2061359 68,770 100 273397 14561 100 1787562 54209 100
Al 46504 7273 11 1 2 0 46503 7271 13
S ES 240 5202 8 189 4875 31 51 327 1
g 53191 2871 4 4420 633 3 48771 2238 4
o 1144005 9,604 14 166,602 1187 7 977402 8417 16
Hj= 101912 1,359 2 40 16 0 101872 1343 2
BE237| 19976 1951 3 7569 618 6 12407 1333 2
M= 31782 566 1 325 70 il 31457 49 1
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E0E 4748 8620 13 235 2552 18 4513 6,068 11
It 40375 1527 2 11877 504 2 28498 1023 2
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A 264,760 100 213240 100 51520 100
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2009 2010 2011 2014
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MR QURE, SUMIA S01E Y 7| BY LR K= 24l

Annual Report,



ot oA},

ZREN S B 70|

19

. @
a g0l

M2FX+ SREA + EEXES + 7|6}

2012

2021 = 2030

‘X QU2 A

Rz seH0|2

1-6. AIAHH

(1) SALES A=A SEE 2[5 S5t SUHOIAL FHI|E0| HZEH AT
O d3dsHUEe R A2|Z L US. SAETI 222 SAV|ES2S &= 254
o2 BHE ACR HldEl= SAAZYS HHstLA FAS oA g US. <2
LiZt= GSPAIRS dAlSkE & SAMIYS TUS flol 5870 =2 &S §
g5t AS.

(2) 230 = =716t3 CHUHQIAQ! ERME0 FAst= AMSE Zdske US. 2012E
=MEIL OIS QUotRAE SEESS0| 22 LGetE| AR H, SAEA 1
22l SRHOIRE 2014 HZE(RS. IH0F CHEQ A2 2f=A| M2 Q-
HE|O det SAFE ZAE OPIME Aol BHS EMMA|MOR 4ot S24(0|
e SPEAAIFIL Aottt M.

HZ Il FTHIL B3 7R Ol

858 2315 R

T = Lﬁa' 20154 04 5882019 SOIM AIQHIB2 EH2RTH 4015% H|Z 460% 7|E}
B aiS S 1386%2 ZAIAY] HIZ2 ATYMOZ XS J2IHIO|Q ALY SAOK| HH
w27 ERN AR 2Ol SMEA 24

O IR FY OaE B 3 =5 AT WE 8 S 70| 2454t g 51

AI‘ol-oiE#j it otopuEt ALESL _._|_|E 2 =5} OHESE

[=imi={=]

13 AZ8 o

S =iliotl

CHUNGNAM NATIONAL UNIVERSITY



20 I

2. H|TH HAAEEY
2-1. HIZAAAAHL

1) 71
Z QI IT 71&

1) 2% %
LMo HE sto o2 ¢

o
N
N
rr
A
o

AAZ7171, 28 Y717

Yo
1
¥
=2
1o
ron
iz
N
N
r

aro SEOS
g2

Lo

0|2t SHH
L2t SY7| SY4, Sz 2 5

ZZ (measurement)0|2t AFEQ| A 2
Fsgt a2y

2)
Hofgt. e Ay 3ol 7
et tdez AEe Y2 7tssh ot 49| 4
(S4F)0| 1 7|20| == FCIEZH E 87t E=7tE Z23s= AY. 07IM =
71712 &2 IT, &<t & 0137|=0| Z2esto] SHs= LEE 7172 A9
7hH 32t SHolz YAl SH2| SHARE Z2ETF 3AH 3 F, xy.z E2
2 0|35t S S = AREIE 26t SAel Aot 2+ =4
Lt) FSH0IZ 714 & 7I8E 232 A=A 2t 2|, Y, 7ISYUH, M=
e S0 Aetsto{or SHH Ol2fst 718X =e| HEE Sdst= A= Qln|
Ch dsisdr|z= G2, 90|18, g/, dAAS, 72l SE45Y7|, 82
2ME, LHAIE, HRISEY], AH=BA], HO|HAINS SO0| EY
2h) gerdo= H|Ot|HAHNDT: Nondestructive Testing)Zt MEZLt A|E2| At
7150 HIE FA| %41 HA[SIH Yot AS Y & Us TAE TR = A=
o=z AL tidES o, 22| E= &

Lt AEel =24 dds 018 &



21

A2 UsiAl o3 Zato| QR MEf EE 0| M, |, LEPE S8 ¥

3) 2¥BTE HiLo| CIAY H2m, Clo|Y H2im, Djo|220[E, QICIHOIE, SHolE
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[Ed & AR77] AEER 22l gel]
CH=OF SOF N&E 7le 2 AZE
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