MYSNNI 19292 PP¥9) N2 NYNN PHAN

NIR 0inna 1'9p019vpav

IPNN DY NN
ININ NOAPY MYITN DV OPON N DWH
O¥1IY VO

TONOPN NOTINA

nNn

943Y NP

DNIYID MOV DN — PNIDVN VIDY YN

2008 N nanN N7ovn V1Y



DNMMNA TPRIPN NOTIND 5I1D0HN2 NPNYADY NN NOTIND NVIPA NYYI IPNNN

N*2I920YW ANT 17T N ADNY PHNS NN

2MNINYNA N2TIN NPDIN NINHNN DY INIWID TNV NIN-11D005 NTIN MIN

DY NNV X VT NIV O NN D NPMYN SNTIN NN YIAND NNNY NN
PNNN 25 532 NONHNN DY TITYN DY ,NMONN DNMMIN

ONMNY DY MIN-12 .7 VTN MY .0 7TD PINONR Y T MMND MN8N
ONTIAY TONNA TIWINPHN DNIHM

DU NSO MPON 107N L, TOIRIPNN NOTIND PNIN DY INND MTMND D) MINIA
27N DNIIY MD0N YPON DY NNV NP2 M NONNXDY 1PN NTIVNHN

YA ,7P00N NYWON ONN NP ONNAWNY 1D PPV MTIND NN MIN 1D M
,JPANDPRN OMIDAD DY THITY NNAT GOV DDNND YO MMION ONN ,TNIND
ST TN 939 1PVA) NN TYTY



iy 0239%3¥ )9

ettt h et bt a et n ettt s et et st ettt ene e PPN
TSSO USSP SO PO P RSO UP U UPURRRUPIU 021290 NNV
Bttt h et ettt ettt ettt e e eneas Nan .1
B ettt ettt M990 PO MVINN YPI .2
B ettt e e ettt e e e e Py A NoNn 2.1
11t NPIDIN KD NIIWN MOV .2.2
LSt e e a e e e e a e e e ean s .NIR £nna myponvpav .2.3
L ettt ettt ettt ettt n e sttt et en e st et e et e enteeneen ypa.2.3.1
25 e .NIR 79p9170p90 1) T2y MY .2.3.2
2 s NPIVNIDD MYV S¥ NHYD NPPD .2.3.2.1
27 s NPILNIND NMVLIVYA DTIDY) DINMN MON .2.3.2.2
28 e PLS mvmmnmn noow .2.3.2.3
Bl e Cluster analysis o0 noow .2.3.2.4
32 Two Way ANOVA mmv mn» noow .2.3.2.5
3Bttt YNDNN IPNND NPPTPN MNNIN .2.3.3
B0, ettt ettt ettt ettt n ettt ne ettt eae s ATMaAYn NLVN .3
B0, ..ottt ettt a ettt et a et ne et enes DIYSNINY MLV 4
B0, .ttt ettt ettt ettt NN PNTIAVN NN 4.1
Bttt ettt NYNNI NOIYN 4.2
BB PYI 2P NPNIAD NNDINN NVIWN 4.3
B9 ettt DD TONN) DOYNON 4.4
B9 e DD MM MDY PONN 4.5
5 B OO O OSSP U PO TSP U PO URUUPRUPPPUPO MNGHN .5
5Lt NN PNTIAYN NN DMDNN MNNIN 5.1
BT PLS mxyn .5.1.1

B3 e Cluster Analysis MN¥N .5.1.2



Ty (TUNN) B339y 199N

5 Two Way ANOVA mnsym .5.1.3
BLiniiieiiee e e YNNI NIIYNI DMDNN NMIRNIN .5.2
B PLS mxyn .5.2.1
BBt Cluster Analysis MN8N .5.2.2
BB Two Way ANOVA mnsn .5.2.3
T ettt ettt ™Mt .6
7 et e PLS now 6.1
70 Cluster Analysis nVov .6.2
7 et a e Two Way ANOVA now .6.3
Bl e TUNPNY MYYNN 010 MIpon .7
3 U UUUUUUUUUUUUUUUUURURUURNt PLS nvovwn nupon 7.1
B2t Cluster Analysis nV>WN NPON .7.2
B ettt N7 PYINNIN MNPON .7.2.1
B2 ettt YNNI PYOINNIN NNPON .7.2.2
B 3 ettt ettt ettt en DYPYINN 2 D NIPON .7.2.3
B Two Way ANOVA noown nupon .7.3
B 3ttt ettt ettt ettt e 0D .7.4
B D ettt ettt ettt et ettt ettt ettt et ettt e et eneas TUNND MNONN 7.5
B, ettt ettt ettt et oNavy .8
8. ettt DMNTPN OMDNY MOV NMIRNIN .8.1
B8 ettt NN NIIYNI DMDND MINYN NINNIN.8.2
B e PLS noow .8.2.1

B e Two Way ANOVA now  .8.2.2

D3 et NYNNA NOIYNI DNDND MY NINNIN.8.3

0 et PLS noovw  .8.3.1



Ty (TUNN) B339y 199N

08 Two Way ANOVA now  .8.3.2
101 YNONN IPNNN YHNYN DN NPVLDIVLVD MLV 8.4
101 i Matlab m5ma PLS omnox .8.4.1
106 .o . Matlab m51na Cluster Analysis DN MON .8.4.2
108 .ot JMP m5na1 Two Way Anova oo .8.4.3
109 ettt ettt e MIOON NIV

L e TPONNI PPN



0 MNY2LV NIV

L7 e TPVNNIVPIN NP IPINN

20..7mvn NIR -n 11119179 DITR-NI9N 0INNY C-H »09 5w nyony mnsiy

321 Cluster analysis 199 NNV YW Y55 MaAN
3 211977 MMY MM JMP 159 MNYV YW *995 Man
36t MPI-IT MNY MY JMP ndm vd9 npnT
39 e PLS N nvow mNYNNAIVIAPNNY DX TPNN MO INN) TIDY NINNN

YNON IPNN2 PLS 1 nYow mINSNNG 192PNNY MDD MIN) TIDY NINSIN
B2ttt e et e et e et e e ettt e e e e etaaeeeeataeeaeann nN») NOYN31
53 e NN NOIYNI PN DXTHN MXAPN 2 299 YYD PPN PPT
L3 TOUUUUUUUUUUR NN NN PTN OXTHN MNIPN 42991 NIOYON 1PN PPT

Alternaria — 1 112> MY MAND DIPAD M7 NYOWN NPT MINSIN
T NN NN MYAPNN NPLHRND DITVPID MNIN 3 5Y DNV Y

Alternaria - N 2P NYWI MANT DIPD MIN) NYAWN NPYTI MINNN .

NP 01VPIO) log(1/T) ©IVPIL SV T215-197 MONDTNNIP DY
DD ettt ettt ae e e e et e e enbeeenraeas NN NoYN2 MPapnn T nrayn

555 oy D)1 PLS N nvow mysnxa 1Ipnnw M0N0 1IN TIY MINNIN
Bl NYNNA NN DXMANN DY PN MNP

N9Y 0)190 PLS 1 nvoyw myNnNa ©vapnnw Mo N Ty MIXNIN

62, NYNNA NOWNA4% TV  Alternaria - NAP> Y NYOWIOYA ©XMAN

OXMON XYY 0XTHY PLS N nUOW Mysnnag 12apnng MO0 MIN) TIDY NINSIN
62 e NYNNA NN 10% TY 7PNIVIN NIAP MYV Ooya

.1 nbav

.2 7Yav

.3n%av

.4 nYav

.5nYav

.6 1Yav

apaly)

.8 nvav

.9 nbav

.10 nYav

11 nYav

.12 nbav

.13 nbav

.14 nHav



Ty

PYINA PTIIN OXMANN DO DY DITHRD MNP 4 299 NOHHIN PN PPT

B ettt ettt ettt et et e st e enteen nyNN2
NP MYV Y0¥ DOXMAN RID DITNRD MNP 4 2951 NOYHDON NN P17
85ttt YNNI PYONI PTN 4% TY
AP NPV HIOYA DOMAN NXDD DXTHD MNP 429D Y5550 RN Py
BB NYNNI PWONIA PTN 10% TY
Alternaria — N PIAP I MYWI MANN DIPM 7971 NYOYN NPT MINNIN

1P 01IVPIYI log(1/T) ©ITVPID HY T219N-159D MORPTNINIP DY

67 et s NN NN MYapnn T n1ayn

DNV Y Alternaria - N 2P MYV NMANT DIPD MDN) NYOVN NP> T2 NINSIN

68, NYNN NN MOIAPNN NPVHRNN DITVPID NMNNN 3 HY
102 PLS MysnNa ©1I0P90DN MM DY O0NNND TIYD MNP
107.cccnnen. Cluster Analysis MyNNIN2 DYIVPION NN HYHOVNNN TIVYD MTIP

2 5¥ NYaUN NNIAD ITNINN DI TN MNPI-1T MN NIRNIN VI NPT
108 ettt DM PNPRIVIINDY DINDINN

DNV 2 DY NYAYN NN ITNNN TN MII-VT MIND MIXXIN VI NPT
108 e e e et a e e e et aaaeeaees DA MMIPRIVIN NOD

AWV HY TR DN NYOWN NIPNAT ITINN 930 TIND MNPI-IT MNP MIRIN VIO

L0 et e . Alternaria-1 Y10 POYN

(TUNN) HIINIAV NNIYA

.15 nYav

.16 Nbav

.17 nbav

.18 nHav

.19 nHav

.20 NYvav

.21 nbav

.22 Nvav

.23 1Yo

.24 NYav



gas 099N HNIVYH

D e Alternaria-alternata N1V M) .1 0N
100t MMV NNNA Alternaria-alternata MNNANN .2 AN
100t VD — X NN Alternaria-alternata MNNANND .3 N
DMV 0w Yoya Red Delicious 131 ©YMann »nn Yv X-rays NNN .4 0N

LG e e e e e ettt a e e e nbbbeaeaeeeennnrrrrees watercore DV
1o D939 °5¥2 DXNAN YONN MNNN SY MNINT .5 PN
150 watercore 2 ©ynan Fuji y3n ooman NMR mmnpn .6 vy
1. ettt TPYVIDY DOLNMIVPON NPIPIINN .7 Y
201 it XN NN NIR ;01T X19PX DIVPID NN .8 PN
23 e I2IN DY NN THIXPRIVIN HYONNNAID NN .9 PN
MINN P2 PN DTN IXPHRN OMNPI-TN MNY MY JMP 1o vo9 nNoT .10 90N

3 e NAND MNWN DY NYPO
P2 PN DTN I0IN AXMNHNONPI-TN NV MND JMP n15m vos npnT .11 9PN

B ettt ettt N2ANN MNYN HY NP ODINN
d(T) NHayn NP HY NMHIYNI NI DY MDOINNDN NN MIRKIN P2 OXNND .12 0N

3 e DYTPNRN MDA NNDIN NVIWI MTITH NMIRNIN P
BLoiiiieeeeeeeee e e e e e e e e e e e 72y1 NIPY NNIN NIR noyn nnoo .13 9N
G2, N1 NIR 9w592 97119-70 Y09IN 2701 2190 DI ,NINRD MNPN . 14 0N
B2ttt T8 V2N ,NPYTAN Y212 MONN 2NN .15 Y
GGt 72Y1 NP DY NOOANNHN L (NDD1IP) NYNNA NIR »02) noyn .16 10N
45 N72YN NP DY NOLIANNN ,(N01P) NYNNA NIR nown nnoo .17 s
B7 .t AutoCAD m51na Mann 7NN NHNN NNNT .18a 11N



1oy (TWNN) B8 HIIY

B7 . e (51mwN) 20% 1 (1D1) 10% PNIAPY NYY OY NMAN MNHNT . 18b 11N

AutoCAD nyomn MySNNI aWINK OINKRA NAPIIN NOY NTTN P2 INNYD
B8t NN TIVYY YWD NIYNNNI IWINYD

NN MYINNI IWIND MIXNDN MYKNNI AVIND MNY DN NTITH P2 IRNYN
B8 e AutoCAD

Y25 dT/dA n9ayn N»IP HY NHYRI NI DY MDDIANNT NN NINKIN P2 ONNN
521t NNI NN NN IPNNA NPIDIN NIV MTITH NINIIN

NLYN NYY DN NYOVYN NN 677 nm HHN TN IMNPI-TN NN’ MNIIN VDS

56 ettt N0 Pwon’ log(1/T) 71y Sy Alternaria 2 yyn

56t N3 Pwona Mrapnnn log(1/T) orvpso mxnNT

MY D) NYOVN NPNIY 717 nm 23N TR DY XYW MPI-TN NN NIRNIN VY

7 et NN PYOINY T 7y Dy Alternaria 2 y1nn NOYN

S e N PYoN2 MYaApNNN T 01VPIO MNHINT

YWY DI NYOVN NPNAY 695 nm 23N TR DY XOYWA MPI-TN NN NINIIN VY

B8t )0 Pwond dT/dA 7y Dy Alternaria 2 y1n NLYN

B8t N PYona Moapnnn dT/dA ©190VPs0 MNHNT

DY DXXRMI2N OMANN YW log(1/T) ©NVPID 7215 315710 VN NMINIIN .

5 et NN NOWNAWAPNNY Alternaria 2

log(1/T) DYILPAD 7213 19 HW YC - N NORPTNINIPY IMNPI-TN NN NINNIN

5 e Alternaria 2 1530 NOWN YV DI NYIVN N1NID NN PYINY

DOWIM DMXI2N OOMANN DY T DIVPID 7215 715D 1IN NINNN .

B0, . ettt NN NN WAPNNY Alternaria 2

199y

2097y

2197y

22978

2391y

24 9PN

2591

.26 91N

27 PN

28 PN

29 9PN

30 N



1oy (TWNN) 9998 NIIYY

PYoN> T 0IVPID 7210 109 YW YC - N NORPTNINIPY MNPI-TH MM NINNN .31 9PN

60, i Alternariaa y1n NOWN MY DI NYIVN NN NMIN

VNN NN YAPNNY T 112yN N1IP HY MODIANNDN MPN MIXNIN P2 ONNND .32 PN
63........ DXMONM YW 1110 MXIAP HY5 DY DITHY NMDIN NVIWA MTITH MRIN P29

NYNNA NN WIAPNNY T NI2YN NP DY MOODINNN NN MXXIN P2 OXRNND .33 PN
63...4% TY NIAP>I MY HOLYI OIMAN KOO DXTNHY NNDIN NV ITITI NMIRNIN PAD

YNNI NN 19apNNY T 1I2YN N1IP Y MODANNN MPN MNP OXNND 349N

NP NPV IOV DOXMAN RID DITHD NN NVIVI MTITH MNXXIN PO
BB oottt et et it et e et e et e e earaeenes 10% Ty

NVLYN MYV DI NYIVN NPNAY 674 nm XN TN MNPI-TN NN NMIRNIN VI .35 PN
69 nyNN2 Pwon’ log(1/T) 77y 5y Alternaria 2 yyn

69 NYNNA PYORI MOApNNN log(1/T) ©INVPID MNHPNT .36 1N

YWY DI NYOVN NPNAY 719 nm DHN TN DY XOW MIPI-TN MM NMINNIN VDY .37 PN

70 et YN PYond T 7y Dy Alternaria 2 1NN NLYN

MIPW DI NYOWN NPNAY 732 nm Y3 TN TY NOWAINPI-TH MM MXIN VI .38 TN

70, it NN Pwond dT/dA 77 Dy Alternaria 2 yywn nown
71 NYNN2 PWINI MYAPNNN T O1OVPID MNDNT .39 PN
TLeiiiieeeeeee e YNNI 1Yo MYapnnn dT/dA ©170P0 MINPNT .40 N

DWMIN OXNXM2N ONMaNN Y log(1/T) DMIVPID 7215 715919 VN MXRNIN . 41 Y

7 2 e YNNI VPWONA Alternaria 2

DWMM DOMXI2N OOMANN DY T DMVPID 7215 715D 2IWN NINNIN .42 PN

e YNNI PWONa Alternaria a



1oy (TWNN) 9998 NIIYY

log(1/T) ©70VP20 7215 15 HVW Y - N NORIPTNNIPY MNPI-TN NN MXNIN .43 PN

T4eoeeenianaann. NYNINA PYONI Alternaria -1 YN NLYN NYY DI NYOVN N1NIY

T OYIVPAD 7213 101D SVW Y€ - N NOXRPTNNIPY IMNPI-TN MM NMINRIN .44 PN

Theeeeenianeinnnnn, YNNI PYON Alternaria 2 YINN NOYN NPV DI NYOYN NYNIY

MTITR MIXNN PAY T N72yN NPIP DY MOOINNDN NN MINXIN P2 OXND .45 PN
8B e OTPNN MO NIDIN NVIVI

NVWA MTITH MRHN PAD log(1/T) Dy MODIANHN NN MNIIN P2 ORNND .46 N
B et DYTPNN MDA NIDIN

RN PS5 log(1/T) Hv MIw NI DY MODINNHN NN MNIIN PA OXND .47 I
B et DYTPN MDA NIDIN NVIVI MTITH

NowN2 YAPNNY T NH2yn N»IP DY MOOINNN NN MXXIN P2 OXNND 48 N
B8ttt N5 PN NIDIN NVIVI MTITH NMINXIN PAY NNMIN

22 NNIN NN YAPNNY log(1/T) YY MODANNHN NN MNRNIN P2 ORNND .49 N
B8ttt N5 IPNNA NIDIN NVIVI MTITH MNIIN

2apnnv log(1/T) H¥ MW NI HY MODINNT NN MNIIN P2 ONNH .50 P
89 e NONN IPNNA NIDIN NVIYI MTITH MINIIN PAY NNMIN NOIYNA

89 M) PYINI HAPMIY DY NN Now oY log(1/T) 0110Pa0 nunT .51 91N

92pMV 1YY D»»AN ONoW BY T NN N1IP DIVPAD NENT .52 1Y
90 et M) PYoNa

YYD NYAYN N1NAY 809 nm HHN TN DY NIV INPI-TN NN NININ VO .53 Y

90, ettt NN PYoNY T 7y Oy Alternaria 2 1NN NLYN

12 FOUUUUUURRURRRIN PYINI LAPTMIV VY DPMNN DNOYW DY dT/dA DTVPID NENT .54 AN



1oy (TWNN) 9998 NIIYY

WY 0NN NYAVN NN 732 nm DN TN DY XOWA INMI-TN NN MXRNN VY .55 PN

DL NN Pwond dT/dA 7y Dy Alternaria 2 y»n nowN

WYY 0N NYAVN NPN2Y 829 nm DiN TN DY XOWA IMNMI-TN NN MXRNN VY .56 TPN

92t Ny Pwond dT/dA 7y Dy Alternaria 2 y1nn NLWN

dT/dA D2y NPIP HY 7Y NI DY MDODINNHN NN NINNN P2 OXNND .57 DY
555 DY DXTIY NIDIN NVIVI MTITH MNXNIN AT NYNNA PYINI VAPV
D ettt ettt e DXMANN DY PN MNP

dT/dA N72yn NP DY NPIY NI DY MODINNN NN MINXNIN P2 OXND .58 0N
DYMAN RID DITHD NIHDIN NVIVA MTITH MXNIN PIAY NYNNA PYINI VAPV
DG ettt et aae e 4% Ty NP MYV OHYa

dT/dA P92yn NP DY NPIY NI DY MODINNN NN MXNIN P2 OXNND .59 TN
DXMAN NOD DXTHY NNDIN NVIVWI MTITH MNIIN P27 NYNNA PYWINI APV
Dttt s 10% Ty AP YW HOLya

NYNNA YO YAPMVY log(1/T) Yy MOOINNN MPN MINXXIN P2 OXNND .60 PN
95......0°MANN S 1PN MXIP DO5 DY DXTND NNDIN NVIVA MTITH NINNIN PIAY

P22 NYNN2 PWONIYAPMIY log(1/T) Yy MODIANNHN NN MNNIN P2 ONNH .61 IV
95....4% TY 2P NYOYOOYI OIMON KO DITNHY NNIDIN NVIWI MITITH NINIIN

P22 NYNN2 WO IYAPMIY log(1/T) Yy MODIANNHN NN MNIIN P2 ONND .62 IV
96.....10% Ty NP> NYOYHOLYI OMON KDY DXTNHY NNIDIN NVIWI NMITITH NINNIN

Yo 2apMY log(1/T) HW 17w N1 DY MDOIANNND NN MINKIN P2 ORNN .63 IV
SV PN MNP KD DY DITHY NIDIN NVIWI MTITI NMINXIN PIAY NYNN2
9Bttt et a ettt n ettt e st enbeeneas 0XMaNN

W2 2PV log(1/T) SW v N7 DY MDOIANN NN NMINKIN P2 ONNND .64 NN
NP NV DY DININ ROD DITHRD NIDIN NVIVWA MITITH NINIIN PAD NYNNI

PYON2YAPpMVY log(1/T) SW N»Iw NI HY MODIANNDN NN MIRNIN P2 ORND .65 PN
NP NV DY DINIAN ROD DITHD NIDIN NVIVWA MITITH NINIIN PAY NYNNI
7 ettt ettt s ettt e r ettt e neenteenes 10% Ty

98 YNNI PYONI HAPNNN DY OIMNINR oW OY log(1/T) D1VPID NINT .66 TN



— (TUNN) 9998 HIIYY

92pNNN 1YY AN DNV By T N2y N»IP DIVPLID NENT
D e YNNI PYONI

YW DM YAV N»N1AY 809 nm HHN TN DY NIV IMNPI-TN NN NINYIN VO

99 nYNN2 PYwond T 7y Dy Alternaria 2 yyn NOWN

1Y 0”NN 0NV DY d(T) N2y NP HY NNHYNRI NI DINVPID NPT
100. .ttt e e NYNNIA PYINI DAPNNN

YWY 0 NYaVN N1NAY 701 nm 53N TR DY XYW MPI-TN NN NIRNIN VY

100. it nyNNa »wond d(T) Ty 5y Alternaria 2 yyn NoWN

YWY DN NYIVN N1N2D 829 nm DHN TN DY XOWA MIPI-TN MND) MIRNIN VO
101 i nynna Pwond d(T) 71y Sy Alternaria 2 y1mn NOWN
103........... NVIIND DXTH-NNDI DY DXITH-NNY DITHN NPIPN MIVAR NINIAD NoON
103 e DN NXIN NPYLI NN
108 oot YWINDVOIND DNVPON 190N NPNIAD NoN
105 e MMDNT NIINTY MDY MITIPIN NV YW NN

105 e MTTOIN MXRXIND NPIITNN NINSIND 2 OXNN OV NoN

.67 PN

.68 1N

.69 Ay

709N

71y

727N

739N

749N

75978

761N



8PN

25Y 952 NIINN HY MDN NIIWYN NYINT MPTN P TPROPN NININ DY N7 NNYN OV
IO DNND NP MO OY 2T 1PN TNXD 522110 RYNNY NN PINYD TV POPA DN
M9 TN Y 127 .0INN DM1H9 DI PYI N2 MONNA TN 11D MION NOIYNI

MONNN NNX .D»D91 DMINAN NITHND ANT DITVPID DI DY MODINNN NMIDIN XD MOV

TN XA MNIPIN NS NN Alternaria-alternata 17090 YT-5Y NN PYNN M2
MY MM NYNDNN NNDIN KD NV M’ TN 199 0»p .Red Delicious 111 o'nmona
. 9N VNN NPT NN NNINA Alternaria -1 ©VININ

NP2 VY NVXWN NPNY NIR 1P by Nooann mMNONN NTIAY2 MININN NDNIVN
NIV NPNTN ,TPON NON,NNN ,NMDIN KD IN NVOW TPRIPN NININ DY MONX NOIYNI
PN L PYINN AN NNINND NONNN OMIPNN A Alternaria-n NMIVAY NN WINOWD
NIR £0nna N9y 1P 5y NOOINNN DYV NNV SNONN

P2 MVI N Alternaria— 2 DY NV PMIY NI D NN NIDOON IPNNN NIYYN
ND DLW NNAD NN APNNN DY NOHDON NIVNN I2YN NV WA NIR MP T2 MYNNNI NN
MM DXMAN DY M1 MK N»NaAY NIR 0NN mapovpso Sy Nooannn mvIn
. Alternaria-»n NRND PYIN-1M>2 NONN2

YNNI PYIM N PN : NIR 92yna N»ap HY DXODINNHN DXIWIN 2 2 YN DN
NONY NY 11D 0XMaNN 873 -1 Red Delicious 110 0XMann 207 NPy NN PWINn 1 NOND

MP>N NV S¥ 13071 NP>T2 Ny NIR 2 0Mann np>Io MINK .AYNNI YN NP

INNYN TNEY YN NOWN NPT DORSN 2 9 MONN TINNH MYSNHNI
NAYIND NPIPN DIOPIDI WIDY AWYY ONND PNIAPIN MOV I3 MINNIN NYapY
AYIPN DMVPAD YW MIYNI NI DD DIVPODN YW NPLHRNN MNSM TPNPHN

YT DMDON MXIIN Y 7Y NIV NN N1IPN SV TION TIY DIINY ,N1ann

Two - Cluster Analysis ,Partial Least Square (PLS) : npvoovovo mouw mysnxNa

.Way Anova



-1 DY DNON 30% MNSY PN DXMONN DITHI NYNNA PWONI WY DMDN2
MOV P N XYM Iy MDYN PLS MNSIN .10% 10 N YW Nap> Nwowa Alternaria

NMXM OVPIDY 84% - 80% DINNA ONNNN OTPN DY NN NYOYD TTHIN NIAPIN
DNNND RN 1AW OMIND DY 1IN NN DNVPAD NONIND) DINVPIDN KV NPVLHNN

(DXTH2 YINWI DOYNI XD ©XMAN) 10% 1D MINSA DOYINN DINMONN DI 10N TWND .(66% T

Cluster mysnNa NNNY PR PP (80%-90%) TN D¥112) DMINNN IVAPNM NDOY 197

ITYRYN I9IND MDD 75%-94% TY 58%-77% 1 NIy Analysis
SV NP NYWA ©XMAN 30% 1N INY DXTNA 7PN NMIN PYINI NIV DINTPN DMDNI
MINM NI TTHON NIAPIN NPV P2 1M DXONP DY MDyn PLS mnsn .10% n mny
NN YNONN IPNN PYINI WKW DDA OYIN .92% - 87% DINNA ONNNN OTPN DY

NN TN PLS MININ .0x1mn1n 30% N 7Mvp NN 10% N 9N M2 0X1H1 0OMan

RN P71 Yapnn Cluster Analysis MYSNNI MMM .(55%-67%) TN NI PXOYNPN
88% - 819% DINNA NRXMI 1D 10% 1D INY NIAP>I NY>WA Yoya DXMON NNIAPY INP2 M)
TIYN NITNN DVPID NONIND) DIVPADN DY DMVNNN DNV MNIPNN DINVPIDY
(56% T NN PPT N¥NI 1Y

N DY PNIAP NV DY DOXMAN NPT MIVIX DY MPYNTwo Way ANOVA ninsn
LN OY .95% YW NV NN DIIVPIDN NI DIIVPID HY DMV DXTHN 29D 10%
DIMD DY 721D D90 YN0 ) TN NNNW 19D DN DXMAN NPT DOYP INNN)I
2NN NPIPN YV TN TIVN

Alternaria-n NNRSIND 229 P2 PNIAND JN D NIRIN ONDONN IPNNN DY MIPIYN NNDHN
10% 9 NN NN PYT NITHND DOV NN IPNNA N9WD PYNND DN .10% SyN My»)a
MYIIN NPPWN DOYIYIND DVPAD DY DD DNVIN NPPNI NININ MYSNNI NIV

SMND 0NN



031290 HnNYYH

nYYa NN - A4
NN MPIM - ¢
9 TIIND DN’ NPONY NI NP DY NNWRI N1 — dT/dA
OPON NN NPIP DY TIONN TIVN OIND Hw v N - d? (log(1/T))
(MNOVW) Wy —e

NN NOPN - €
NPV DY MIDN - F

(Uy7) MNDY NOPN - f

(WY7) MNHY NN -F

PO VIR - K

DON NWYN - H,

TDOVINOINR NWYN - H,|

NYNDIP NN -1,

NNMN NPIP OY MIMNR -1,

NI NPIP OW MIMNR -1,

N.D.F X D10 910 797 12900 RN NIIPNNN IYNN IPN 0N - 1,0

(Neutral Density Filter)
N2PWNN NN MWD YIPN DNSW -1 5, e

NPT NV NP D9 DIPMNIN DY MNN 90N - k
1IP 92Y0 YW IMNN PRI - [

ON MIANNI NPIP DY IONN TN on Ny — log(1/T)

T DN HY IO IDIND 190N — m



nMMMXTION -n

ONNPIM Nvonn — N

B £ YY 1D YDINN 190N -p

1123 XY P INVNY MIANon - p_value

PLS 5v 00000 5110 M T1pn nyon - P

ON NIMN P -R

DNNDN OTPH —7

9P2Y PIPHIOT OTPN - 77

NHNY IPPIOT OTPN - 7,y

PLS 5v 00000 57110 M TPn MopN -g

NYXINNN VITIVON KON NN -SEC

NYNINNN PVITIVON MDORN NXNY -SEP

PLS 5v (0109 1900) ©»11H0 DNNYN 190N NOPN - ¢
MO N2V PP -T

931 97X D99 DINXTN DD DIIVPID HY DYDY NXIVN DY YN - x
951 Y9N DD DMXNTN YID DIIVPID DY DYDY NNLVN - X
DYIVPOD T DM OV X NOURPTNINIP—XC

DYXMANN YNNI YN NV YITY NVPN DY YN -;

™IDIN NPPTI MXHN NOPN - ¥

NYRA RN NP -V,

DYIVPAD T2 DM HY ¥ NORPTINIP - Ye
9139 NP9) B3 119 NIR Y 010 09y -Y

;231017 M)V NN NANH MNVN - y,-jk

S NUNT DIN DY NP0 DINN D0 y$mn -y,



7Y 0N DV 1D DINN 937 y8mn - y

2922 INT 535 MANN YN -y,

;INNO-TH NMY MNAID NANH MNYND - Vi

INI-TH PIMY NINIIA MY BIND - ¢,
MPI-IT MNY MMM NY 0N -

MPIITIMY MM B OIM Y j NPD DINN VPEN - S,
mOLMIYYI-¢

9) TN -4

DYIVPAD NTIPI D22 9N TN -4,

MM NI -p
2
nw - o

INPI-IT NNV MMM NYNRI O -T

MNPI-IT MNY MINMNA T OOV [ NP DINH LPON - 7,

MMPITIMY MM S, 5 7, PATIPRIVIN VPAN -(748)



Nan .1

NNMP TN IRNIND DXNMON OPPIND P2 IND MIYP YT-DY DY PAIND NN ONYN
9901 N2 19IXD NOITA TONOPN NININ .NPTH P2 TONIPN NINN DY NI DNAYN
TATD TR DMWY MTIPIA . PIVYD TY DDIXY NPV NONK VDOV ,POLPA SNN DMIOY
YIN T DY MYWNRN NIIND L, JPNN 12OV NOIYIN NIIND MDN .NININD MDIN NOWIN
POIN DY NMYN NIDNDN NIMOND ONONND IMDN 1DIND NNT NNWH .OINPH MNNPN
Q2N PNYNN L, NININN DTHN P2 NINITHINY MINRD NDAN Y 1IN TIAD . PNVHN)
NINNNN NAINA NOITI NMA) MIONI NIXIND ANNPNM NI NIDN MR 1OINN NYIT
M9 DY TP 1PN TN NDX2IN NM2) MDNA THIRIPN NININD PIVN MYIIT .NYINND
NIIWNWI OIT J9IND NYY) NI NDIRD 12 Y¥IAND NIIND PN NI PTY OV MPM
7782 DT N0N PN YNAD I XD MNP DOIMYY . T292 1IN NYNIND 190 MION) AN
N22NN TIRIN N2 NN DIION 552 PNIND NINDN NN TPYNNRN PYN 12191 7T
SUNY 75 ,07”1m09 DM TNPNI) DIDONN PON SVNMIVPIND DIIVPIDN DV IN DD
P M2 112 ,0219°7) DXOIN ,DXNIDN II1THA NYNIN M NIVIN — PYI) M NONN NYN
D90 MM TN ¥ YN DM MMD 2TD LLNINIVPIN DVPID DY NN XON PoNa
DINNN YN TN 2NT DI YVNNIVPIR DITVPADI MOWIN , MDD ,NMDIN KD MOIW
17 MPI MO D9 DI PNIANI MYNYNN NMDIN KD MVLIW NN NHOMP .INDN

2 PYI) NP2 NONN PNIAND WNRYD M

; (po17) X-Ray Imaging 1
; Nuclear magnetic resonance(NMR) 2
.Near-Infrared Spectroscopy(NIR) 3

X-Ray Imaging mvw Schatzki et. al(1997) ,Clark and Bieleski (1997) Yw apnnn »ab
ND ,IPY VAN TIROPN NININ DY MODON NN MHYPHY MPNTI on> 10 NMR -
MIPY DX PHRN XY MMPIN 1D D PN P NPT VINOYD NIMIRNND XD MIPIN

X-rays 2 D00 TN MmN
N2 NYYVIIYN MLYXwn NNX NN NIR n»p nhaym 93NN Sy nooannn  mNovNovn

NPT L0 AN, NN ,NMOIN KD NN T NV TORIPN NININ DY MIN NOIWYNI



DVPAD DY DINND NYHYNN NNPODNLPAD NVW NN NIR nvw vinwd NVIv,
NIR mx 790 .(Burns and Ciurczak,1992) 2500 nm Ty 800 nm 1 »0NIOVPON
19812 NIR 1997901709902 9pnn NNt 991 .19 nn N> nna William Herschel 5 nonyn

Sv anmn 0w»d Navn) NIR maporvpso ,nonnna . 1950 MW »MINX 2>NNN YNV
TN NPIP DN RIVIIN NPIP HWND ,OMINK D) MNN DY DXODINNT  DIYNNNI MOV
O SNMYYM MITPR IV 1980 Mwa nnMo MIWXIN NIR no9yn .mid-IR ny»py nxnn
DY»VAN DXDD HY MOOVINNN MIIWN NINAY MTIN 1990 MWN NVLHANL NYY YINDN DIV
NIR 19po90pav [nGaAS md N¥NND 0N Dy DXODINNN INY DX DININ

NOIWN2 PN NMOYYND MNIPNI NNIINI NYNDYNM DPINININ DIDN NTTHD NHYPN
I MOON

2 NONNA DXPINN DD DI MNYMDIN IN IDIN NIN MPI M MIN MIPIND THN
PIV-1) NPTNA 27NIND YA IMPT PYN 1A NP NWIIN DY . Alternaria Py

,(La Grande and Aveling, 1998) np»ax 01772 ,(Ellis and Barrat, 1983)

.(Teixido et.al., 1998) 11902 o, (Kang et.al.,2002)

2 DOYINN DMAN PNIANT DOYNNNY MY PNIY NNAT SNONN APNNN NNOXDOVIN
- NIV LAY MDON NN PY NN 12 nonn NIR n»ap mysnNa  Alternaria
D% TN PN .TMPI MDA PYI T NONNY OMIPIVN DN NP Alternaria

MYIAN MM/IDN ONYA MPON Y910 40% TY ¥INY 91D IPPIVD NN 1ND DIHDNON
NYNON .NTINM PO TONNL SWIP NNNN 1991 DPNYINN 1191 292 NWITN NN D9

.MOWINN DI HY MVLOIT MIN NTPY DINY NNV 1NN NNNINND NN
NYNIAY NON DUAY YoM MMM Yy NIR 109150 MySNNa » dNONN IPNNnn NN
MOONY MO PN MIYIN NMYNNNI DAPDY DN RYY M9 Alternaria S¥ 10139 NMIY1)9)

.NMA



MI90 9P MVNINN ¥PA .2

PYI) %3 NP .2.1

Y-9Y TN MONHN TNV PIPYY 91T Y 1Y 1718 MYOWN Py P2 MYNN

Cladosporium , Fusarium ,Alternaria ,Aspergillus ,Penicilium Swn2 > NIV

. (Amusa et. al., 2003 , Teixido et. al., 1998, Pierson et. al., 1971) o> NNy

DNNYY P PXANY DITNDN KD WX DINNYD DIINYN DNITNNINIIPI DY ND J NIV
IN DXNN ONNY DY DMINITNIN DXININD DIND) DN .WNIYN NININNDY MNINNN-1T NN 0010
DN OMMNND NN NPIVI BYIN,DOV7179 DINIPI DN DXININKD MNDI NPV .OMN
NNNN DMIAYIN DNNAIN .OPNPOIPM DOVIN NNY ¥ NPIVIN 1Y .DMD’NIID DIXRIP)
DD I N PNN MM DOYLIVNHN DN DINIPIN DIPYT DIV NMYNNINI NNXO
DVXAN TIT N DPTOY DOYNI TIT VYW PYNN MY IN 290 NIND NTND MDD NPIVIN
YAND DMPOYO NN I TINA MDYAN DTN 119 MNNANT 1AW NN I NINSN

NI D92 2P MAN ,NONNNA NYNNN NN NINID N2 KD DAN NN PNAPIID PYHN M3
MNPV NNX NN Alternaria-alternata 17090 XINN DHYY NI N
NN NTIAYA 2IND ANRT 7092 NNIIN PYNN N2 NAYNN PNIAN DY NN

DMIMNNNI TAND NIPIN NNID NININK 0NV NNOINN Alternaria-alternata 09N

029NN Red Delisious 119 ©9»nwnn 09332 MaNn %192 PYNN N¥23 NIAPIIY O»IPYN
91 NYYAN OMTPIN DAY NN DI THHI MNS DVIN
M3 Do wovwd oMn WX o L(Ellis and Barrat, 1983 , Brown and Hendrix, 1978)

DWPY MNP DY PN 9N NDYDD NN NONNN PPN DTN NN OOTHIN MONN

DXMAN DY 712N NI TNY IWANRD 913 1271 OONIYIN MANT 2DV MNNNI DT qON

Alternaria- MNON 709 YN 191 PNV NIOINN DINN IMPH NP PONND 9NN

.(Reuveni et. al., 2002) alternata



. Alternaria-alternata m°9090 1) .1 MY

Figure 1. Alternaria-alternata fungus spore.
(Source: Doctor Fungus Corporation, Medical Mycology Research Center, 2007).

DXPYNNM (1 91N) DIV MIVIYL DITON) OORN-17 Alternaria NPV )
pm 18 — 9 9w aM um 60 — 20 XN 777090 K323 TN .(Laemmlen, 2001) 2ama5 77N>
DYV NMNAN DVXAN TIT DPYY MV P a1 on»n .(Lillard, 2004 ,Fallah, 2004)
PYOIN A0 0N NMONN TN NNONND NN AMIVAN DI NAND NPTN KON

Alternaria Y mMNNANN NMXYTIN 2 11X .NND OIN NN NP> vay . (Spotts,1990)

,NMA) MND HY DXNIN .1PIVND XD PN NMNNANT NHITIN 3 PN MIVND 19N

YOPI NPATH ONNNY DXNVYNN DIPINT DN DX DNT DY NN MNN MMVINYV
91 NINN NNV 9D NPTN NN . (Perez et. al.,1995), (Reuveni et. al., 2002)
.(Spotts,1990) n1a1n 01"

MYNNNA qaya N Alternaria-alternata 7y nNMIN NONNN NIATH NIND ONINA

TV ,40% SV MYV NONNN DY NPNAM NNNIND 1N DXOIDNMN .INMIN T2 DXOIDM

SV ATION PIVVYY NP IMOYYNN NN MPIoN 1R MxND .(Reuveni et. al., 2002) 70%



NI NIN OMYN DDA NNHYIN NIATH IDIN .TPDIR MY NNI 2NN OXMN NN

19NN NPATN NYIND DHPIRNNN DIPYINN TDIN DY NIRNIN

S901°0 NN8a Alternaria-alternata mHNHNanNn .2 9

Figure 2. Alternaria-alternata development symmetrically.
DN DXMIAN PNIAND MINDNN NMDIN KD MOLIYW MINI TNX LW MTYN RYNI NINNIN

MY APIYTH ,NPNN NN MI9N TINA NZNNN MNNINN SV DMWY DAYWA Alfernaria 2

Npmhla)i

SP9010%0 — OX NN8a Alternaria-alternata mHNHNanNn .3 Y

Figure 3. Alternaria-alternata development not symmetrically.
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MIDIN XY NI9YN MLV 2.2

NINAN NPNY NDI8 NIXOD NTYPHN NININ THYN NN MON NOYA TINOPN NININ
23T PV NPNAN NN MR DY DXOITIVDY NYIRNNY T NNTIP NN NMNN)
DON TN PNYY DYINN N1 MPI VI TIRIPNN NININN MONY NDINND DNV
MOON NIIWYNY M MYV ¥ .15 I NINI 519V MIN NIPA 1DIN 2PY NN NNIND
N9 MNON 2951 DPNNON DD YN ,NNN,MTN ID NPNXN MNDN 290 M 11NN
APPY I9IN NPNXN MNOND DNYPN DN DN N ,DYL , MOV NN ,0PIN ND
P 900 NN M0 NNDN HWND 1N NPNMI MNON NITHIND NPONRIP MLV

NIDIN I V5N MVLIVN OIN,MPNN 7 1D DMNNON DI NINNDIN
NMIDIN RO MLV TN ¥ 7292 ONYTNID MRNN 1991 (Giangiacomo et. al., 1981)

PONNY NMYY NPXTIN MLV .YIDYI MOLIYI  MPIN MNP MY MIN NIWN SV
MYY MINK DN .OTR-12 YT-DY MYNIANY MIMYN MP 1A DX OMIITN 19N

NPYTAN PONNA DTRN-M DY NPDLPMIDNN MYIANT MNDY NN NMVY MPNTI
NPNNY MNON NIIWNY MNYPNHN NMIDIN XY MY .(Valero and Ruiz-Altisent, 2000)
PNPLPIY NP>7a ,NMR npr71a , X-ray npr72 ,mO0IPN NPT : DN DMNHN9 DD
NNMA ,OVND MLDIPNX NVIY 1) NPVIDNINIVI ,I2YN IN NN NX NTTH DY NOOINNN
AT ININKRY .(Shmulevich et. al., 1996 ; Rosenfeld et. al., 1993) m 9 mpsm nAmHnd
M9 591N NPV DY) NPVINID MNP MND DY YN NOAPS NPVIDNNIVY DIV DY

.(Schmitt et. al., 2005)

MY ,YAN TIDNX NI ,DONNON DINID .NIND DMON NN DTN M9 DN MNDN
NP MINK P DINN DM DN KD YYD TIT1 0»1DI9 DY .NINND OINI MO NN
MNIN OHYNA DD NMNDN LI NN DION DN OMNNAN DM .)IINN YT-DY MPAN

. Alternaria Y92 NNV NPV YT-HY MONNNH
DXMYY DPN DOVDIPN DY) .TPLDIPN NVIY NPV NMINNIDHD NP MNON NITHIND
MY TN PVDHN MPY NN TAX TN NN P2YN SVDIHN Y LVDHN THN2 DXVLVANNIN
DMYN DN 199) 0N NXIN DMVDIPN DY) HY DYV MINK DI .TPVLIP TPINN NN
YN NN OIVNID NDDHN NIIWNY NNM PLDIPR NVXY .IDINN YV NPIDNN MNON2

AN/ YTPIAN MO HYW MINK NNONYY MPNINY ,MHOYIY >IN 1P INI DAPNNY D9
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7127 NOWIAN DOY MNYN PNNPI TY DIYHIN 3191 NYP TIT DX12IYN DN NNXIYI N
P2 OXNND NOYPY WXTH 0MONN. (Mizrach, 2000) PONX 1912 NNYD TYNI 19N
oY MPXI W SpYNn )Y NYIdND DOVDIPRD ODIN NNXIYA MTTI) MDY
,(Mizrach, 2000) »n m>wa D) TIYNY NIVARND MVDIPR NVOY .(Mizrach, 2000)y71aN
nown .(Mizrach et. al., 2003) o)nona NN MM 3 (Mizrach, 2004)0°97¢ Mpsn
YD MY 26 - 44 cm 5y OMN 0INN1A 1795 300 -1300 Hz ©>770 NNva muoprn
Ynany oy 91> Nvwwn (Schrevens et. al., 1998) NN HHN »MoN Hya  DYOIN
MXIND MTTNIN MXRXIND P2 PNONPY 80% DW 1N MW DY DOYI) YI0N DNPVINI
DMNAM NPHINAN MNONN NN KXo TN (Diezema et. al., 2003) 67% - 62% S¥ nNPRN

2991 29910 NHN N DY NPIDN MNINA PN TN DXNYP MPIN DY DM

THVNMIVPIN NPIP NV NYD DY NODDIANNN NVIY NN TMIANPIN NPNPDINVPID

X-rays mysnxay AN (1997) Schatzki et. al. 5w apnnn .mopdm »m-dy
DONM2 DMAN PIY IWIN [, PNPDINPID MoN NNX N»nv |, radiographic imaging
watercore -y DPINHD DN PN NIAP ,ANPTIN ,NNNYN ,YAN TIDN Dya DM

Y My Braeburn y Granny Smith ,Fuji ,Golden Delicious ,Red Delicious 031
IN2 DYXMANT NYIN NMHTN NNANT IWNRD NNND NN DININ, 50% 1 DY) NN NMIN aANNI

DN YOYa ©NMAN PNIY MIVIR NPT Shahin and Tollner (1997) bv 9pnna .avnnn
YNNI 65% NYAPNN NN MW NPORVIPT X-rays MNNN MYNNNI watercore Ny
D'PT OPON YV THN-NON NN NI¥N— X-rays computer tomography,(CT) novovw
X- PTIP OV 21220 MYSNNRI MYYIN NPTHN 51T MNNN NITON DIV N N2 DMNNI

Mo Mmavar NN CT nvurwa 0w» .(Gunasekaran,2001) 7200 91N N 2010 rays
N ANNY DY DMNNY OXPTOY MNPIL YAy TN AP PYD) N2 DM DY DIOIN
mxoMp NN Haff et. al. (2006) v wn 9pnn (Lammertyn et. al., 2001) 12% n mno
»WAN On-line M>IyN> X-rays mvrvwa DIW»N .DX0INI DYPNNR OOON NIND 96% Y
D MINAND PYT NOTHINDY NMNH MM NOYY DA NNy NI DaN [, Pnya

.Cavalieri,(1997); Schatzki et. al., (1997)
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»»YI) TN NwNINN Nuclear magnetic resonance (NMR) noow Sv nORD9 Nyann

STTRNNN MY OLNN NTY NYIYND DXIOVYNI PLVLD VNN NTYA DIRIN) DINNDN DINIVN

TN VIV, IV, PAD NNIPIN NNINA NNDN SVNNN NTYN NYAYND DIVND PYI) NN
mvyn nannn .(Hornak, 1999; Chang, pp 52-53, 1971) oonn pyn Yv »mna
10 N NNYyNa Ny NMR now .NMR nmnnn 71821 NMR Sy dv9poyvpsva
P2 IXONPN IWNRD watercore-n YIONY 2% N INY watercore NN YO¥a Fuji 131 ooMoan
. (Clark and Bieleski, 1997) 100% v¥15 NN»N APIINN MNXXIND MTTRIN MNHIND
DM Y2 0Ny PNARY NMR nvowa n 1 nndsna mw» Zion et. al. (1997) opnn
PNY/NYA 250 TY DYHD WDNRN MPNN MIDNI) NNMI NN 7% - 0% NNRNY DY PYI)
YT-5Y TV PYI) 0N YD¥A DMATIIT PN WMION NN NMR 0w»5 1»o»

NYNN NIIWNN NP YIDN NIIYNY 12NN N OP-Dy nmodw ywonn Kim et. al. (1999)
JUND 2% - 0% NNMY DY PYTI 0N YA DATITA N1NAN NIWNN .Y/ 250 Ty
( Kim et. al., 1999) no>ynn mysnNa .on NYyNnd axd N Man Pyom NN N»d

V2 DPWNY YTPIAND D) )W DN DY HOUNNT NTINNN XY P 97% - 89% DNNN YIAPNN

29N HY
NMR y CT moow 4 9831 nrm X-rays images ¢ MOLOWn N0 NIRSIN NNXTH
092 0PN DI OHYI MPY TPX) PNIAN MIVAND MVOVN .6 1 5 DMIPXI NI
V> DY IN ,TNYA VAN NN My On-line 2 MOLIWVWN DY .PYI) M MONN PNIND
.(Cavalieri, 1997) n>nm NN N7I¥2 MV PNIY YTO MYPYN DN PITY TN

DD M NNPY 191 193X DI ROY MIP> DN 1N MYV 0N

13



RED DELIL

26

rf2-04
JEEMAS

Slight

16T SCAM

L

Moderate JLAGR

v oMY DNV K9y Red Delicious 11 0mann »nn Yw X-rays mmnnn .4 9y
.watercore
Figure 4. X-rays image of Red Delicious cultivar apples section with

different watercore ratio (source: Shahin et. al., 1999).

NMR

L0212)9 %9¥a DINIAN 2NN MNNN HY MNNNT .5 908
Figure 5. Apples section image example with internal defects and operation.

( Source: Shmulevich Presentation, 2000)
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. watercore a2 0°¥90 Fuji 1t 0'mond NMR mnn .6 99y

Figure 6. NMR images of Fuji cultivar apples infected with watercore.

.(Source: Clark and Bieleski, 1997).

NIR 0inna 799990190990 2.3

ypv.2.3.1

NN .PVIIMIVPIN NNIP DAY OININ NI’ DY MODIN NPVAIN MNPDIIVPID MLV
NNNN WD .7 PN 1 1YV OOVNND OIMINNY POND NN MOVLNMIVPINRD NPIPN
TLVNMIVPIRN NPIPN O) NNV NI .NPVIPDYT I IIN PINNN MV ,OXOMPN
MY NN PV DI DY TINRN DMV MNIPIY MNP 7NN NN NI NNNY

: TIN2D DNONN

E=h< (1)

95 930 TN -[m] 41 IRD MPNIN -[m/sec] ¢ ,pIros Map Xn[J*sec] 7 Twrd
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.White pp 577 ,(1962) ;Williams and Norris pp 17, (1987 )

THE ELECTROMAGNETIC SPECTRUM
h increasing wavelength increasing energy e—f -
non-ionizing ionizing

——  wavalength —»

i _K"‘“\-H__, P AN AWAVA |

radio infrared | | ultra violet gamma rays
TYPE OF emlz':e"y R +——> —
RADIATION frequency microwaves X -rays
~isible
SOURCES power AM radio FM radio microwave  radiant arc medical  radioactive

lines v aven heat welding X-rays sources

SPYUMIYY MOV PIN NP 2NN .7 I

Figure 7. Electromagnetic radiation ranges and its use.

(Source: Australian Radiation Protection and Nuclear Safety Agency, 2007).
P2 DMIYIRN DIWINNY MY DNIY MINNNY DMNVID DMX PI DWIII 919NN TIT 1ayna
nwoa MmN 01 Williams and Norris pp 17-18, (1987); »5 mmwin N0 mna
¥ NPMININN MTNNIY T ,MNM2) 1IN MNID ONIVPIN NN NN IRDN NIND
mMna N ronnd” 9 IR nyapy n2on Nt IR 9Na ndap mvorr mgphinn
DYMOND YW NNWN 259010 YN DT 2T N IDIN P MINY TN I IRD
SY NMYN MMXNMY ,DMNIVPINRD MINT DY WavnNn 1Y 2590 9NN DX DX IN0N
SV NNV 2591 Y212 I0IN DI ,195 .NPIIVARD NPININD MTINN DY MYIVNY ,mponn
MVDIN YNIY Y53N OXIMIN DY MION 257NN NX MM NIVONND NINY DT .D9) IDNIN
NN PNIADY NPIP PTIIN NN TIT PN ¥ TD OWY .NPIDIN KD TITA )Y ,NPDD
NOW NP OD) NN 29D PIOND PN 1NN NN 25710 DY LI NIND DY DIVPION
DIVPADN YV DINH NN NIRYN NONYI .NIWNT IN NIIMNN NPIPN 1D Ny
DN DN PN YIMN WD NI N 20NN NMD WNRNYND INRTI YONNIVPIND
990 1NN IPdYA DD DNV NN DMININD DXININN DY MMIPIN INONN .OMINNIN

DN MNNI TYN,D1IVPIDN DY NXIN PONA VINPWN Y DA D>TIND I XD VYND
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MVMNIVPINR NP 2NN .1 NHav

Tablel. Electromagnetic radiation ranges

(Sourse: Chang pp 28, 1971; Sandwell, 2007)

Type of Frequency Range
Radiation (Hz)
gamma-rays 10%°-10%*
X-Tays 10"7-10%
ultraviolet 10"-10"
visible 4-7.5x10"

near-infrared 10"2-4x10"
infrared 10'-10"
microwaves 10%-10"
radio waves 10%-10°

Wavelength

Range
<10"' m
10 nm-0.01 nm
400 nm-10 nm

750 nm-400 nm

2.5 um-750 nm

0.lmm-2.5 pm

1 m-0.1lmm

1000 m-1 m

Type of Transition

nuclear
inner electron
outer electron
outer electron

outer electron molecular

vibrations
molecular vibrations

molecular rotations, electron

spin resonance

nuclear spin resonance

M2POIMN MANN YN DNNRND OIMN P2 DTINN IPYY .ONIVPONX DY D™D

.DYIVPoYN YV IR-N PN MIMD 1P 112 05 72NN 217,100 .0NDY DIXNPNM

DINNA DMNNIN OMIMN MINY DY NIVPaD 711 Coblentz W1HIN DMVWYN NNNDN NNNA

.Burns and Ciurczak pp 1-2, (1992) »95 15000 nm 5 1000 nm y2 IR YT 199K

,2UNY ONNN HY DIIVPAD .NNT DITVPID DNY YOIV DN 2 PRY R¥N) PRNNND ONNNA

D202 8NN 1D ,1IN : DIMVN DNIN DIVD DNV I DY G DXNN DY DITVPIDN NNV

MM NMIVANRNDN 7MYASN Ny a2V 98»n 2000 — 15000 nm ©nna IR 01vposo MmN

ry v Coblentz 9PN .Burns and Ciurczak pp 2,(1992) »25 0»»7N 010N

NNYT NPXD MNP OHYa O»HNN 0IMNOY 1) bv Burns and Ciurczak pp 2,(1992)
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D»HNIN DININDY NPYOPIATP MIMNY ,09N8Y , DINMIINY ,DWnd 0T NYPYa D W

v95 2700 nm 530 TN N22202 NYH2 09 v OH M50 TN N¥IAP MY OIIND .OMINNX

.Burns and Ciurczak pp 2,(1992)

NP ,NOYYNL 2NT) 19INT TINGD VY DITR-RIAPN 0INNA NPOIVPID
NN KNI v 7YY Mooannn M (Lai et. al.,, 1994)mNxopnay in n»wyna
MYSNNIY TN 0PNHN .(Schmilovich et. al., 2005) 0MVNNNIPIA DY W PN
IYON DIDN DM DMNMINY DIIRNNN N2 Y09 %5 mid-IR Sv maporvpsv
N25N 12 ,100% TY 93% N Y pT oy ,(Lai et. al., 1994) o»nns onnw Sund pnand
15 ,(Etzion et. al., 2004) NHVPOY 10w DY MEPRIVINA 10% TY NIRNY DY MV 1DN2
omD”1 .(Jahn et. al., 2006) 1793 NPOIN MNNIN DY 99% - 98% DNMNA YPIPA DOVIVN
nyo2) mid-IR - nPAPY PR NI IN .NITMN IPIP DY MODINN MWD MV NON
TNY PN ,0MPMN DIMNN NYHY S0 IR DXANN DXIN NYHL HDA PIN 1PN DN
Y Ty oMy nnNona WX (Etzion et. al., 2004 ; Linker et. al., 2005) o nyonna
20% NIPN N2 DI NN TYNRD YPIPN MYYIN MNYIND DY MNDNI NI YNNI DIDN
NNNAN N NIDNN .NNTHY MND1 DX DD DMLY DHYVWI M1 A .(Jahn et. al., 2006)
NMIYYNINI NIDIN XY NPT MINK DN DI9N DIN NPN NN 1A MPINN DN
DINNNIN DMINNX DMININ NN NYH D9 NN DN O NY’Y1 >09 mid-IR ypo1vpso
v 195 (Spotts, 1990) py 1y na3 nnannd N> NN Alternaria n»90%9 MY qoN1 192
NI NPIP ONVPAD NYAPD VNN 1IN NINAND NIV NP DITVPAD NPPNA TN
97 TINA NN INY TIT 12 IPIY DN .APIN NIND NN 7NN v mid-IR S
NP W NPIN N7I¥ DDA NYY2) mid-IR NPIPNY MON 0N NITMN NP NVIVIA IWNNI
NDY DOV NP HY DMNN DIDIN NHND NIMON NP>T20 mid-IR M9porvpsv o
MIND 0NN’ DMVNION 9D NN XD AP XN mid-IR  S¥ PHPOIVPIOS TN .0

. (Kempen and Qiao, 2002) mid-IR m>9poyivpava
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NN MPIN NPMNDS MPLINY Near Infrared 9HPDITOVPIO VIV AN TN OYP
Near Infrared ©y70P90 .0>2>0) PNIAON 1YW ,0D XD NOON YW NNAXD NIRYPN NININ

PNy mid-IR ©90P95 MmrTa [ XIM (8 9N) 750 — 2500 nm onna xy¥m (NIR)

DPHNNN MNPOI Myvaa

NPNYNI NMPTN DY MIVN NYNININ N MY MTHN 0N NIR-N n»ap nyva »os o712
MpPon 099N NIR-N n»Ip nwda »09 nyasnn 195 IR-N NP ny’wa »091 MNNIIN
DXNRNN 29X TIX NOX PNANDY Nwp NIR 0170p90 Y .mid-IR ©01I0VPavY T2 MY TN

99 ¥913N IIND 11992 7PN MINS D°WovIN NIR 0inna nyYva »dw .amin NND

NIYN2 NN v NIR v mapo11vpsod nnt 952 .Burns and Ciurczak pp 37,(1992)

:(Workman, 2000) mid-IR S mapoyivpood

; 0oN 51N NIR n»ap by oouann 1ry .1

;mid-IR no9yNnY INNYNL AN MLP NN NPXIYL TN .2

NOR DMVAIN DXV NIIWYN VINIWA aX IWAR NIR noyn 5w nmay npdvn .3
; PO

5v "»NNN PN mid-IR NP n TN 9von 9N My NIR nyap nytn v 4

DYIVPID NN YIDWN XXM AN 10 mm Ty Imm n nNnwnd 5150 P Hayn

;0w NIR

.mid-IR n»p5 71333 990 nnnn 89 NIR n»p .5

NPVLAN NMPAXY NN WD, CH 191 — 19PN »MWUPD NPON MNXY MNXDN 2 1YV

NIR 0nna onby mwn myTuno N NN mid-IR 0nna omw 93 15N
NONON ,PTN NN TN DONRYND) D137 1IN NI IWN ,TPMINN NPPTIY qONa
,2°37) 25379 52 DY 11D NN NN 19N NVINIY ,TPMND NPT D) YNID NPOIITVPION

9PN 99 NN YIDAY DYNDN D1N IDIND 22DV DT NNYP PMNID MNMN NN

255999010 TINA Y9120 2097 DY 11992 MDD NYXYAN NDIDY .OMINNNN DHN YDINA
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Yisible Infrared

400 to F00+to 1,000,000 nm
700 nr

INFRARED

% Thermal Infrared :.]I

100 nm 1,000 nm 10,000 nm 100,000 nm 1,000,000 nm
=1 um = 10 um = 100 um = 1,000 um
=1 mm
Wavelength

SR MN) NIR , 0998 X99X DI90P90 1NN .8 91y
Figure 8. Infrared, NIR and Visible light spectrum ranges

(Source: Boston Museum of Science, project ""Measuring Vegetation Health",
USA, 2006).

MmIVN NIR -0 59399909 011X-N999N 0NNy C-H 209 YW HPON mny .2 abav
Table 2. Relative intensities of C-H bands for infrared and the various NIR

overtone regions (Source: Workman, 2000)

Band C-H Wavelength Relative Pathlength Optical Density
region Intensity
Fund. (n) 3380 - 3510 nm 100 0.01 mm 2
Istover. (2n) 1690 - 1755 nm 1 1.0 mm 2
2nd over.(3n) | 1127 - 1170 nm 0.1 1.0 cm 2
3rd over. (4n) | 845 - 878 nm 0.01 10.0 cm 2
4th over. (5n) | 690 - 780 nm 0.005 10.0 cm 1
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Williams and Norris, (pp 21, 1987) 295 .71 111527 25591 13 N Y92 M MDY

MON NN IPIPN DX DTN OX Y J9IN NYON NIPIPN DY TINDRD NYIAPHN

NPIAPN AR OXTTIN PV I9INA NYDIN NP DY MIINNRD NN TITHD 1N KRD HO5 T1T7av

NN NPIPN DY NIRN - [1 Y nynan yIpn nnsw -lo May .n1awvn

: N2 9IND DXTN DV NYOIN NDID NN PTHIND N

A= logi (2)
[T
(Beer-Lambert) ©V1205-79>2 PN »ab
A=¢-p-l 3)

:IYUND

; TOMN NYOIAN - &

;0MN NN - p

PN 92Y0 SYOPAND PRI - [

17182 D) 973N DIYPN NX 1NN NI .JNIN 29990 1IN0 NPON NN NYDAN NDIDY MDD

:772YNN ONY DN VTN .NINK

1
r=- (4)

(=]

22VINY 291NN NDIN (3)7) (2) MINNWNN 29D

1 1
=— log— (5)
p c-l gT

N72yN NPIPpY MO logl/T 7Y HHRIPNNINIG N NN D OIXIY (5) INNIWIN
IR NN TN W [ = 0NN 7PIPY YT ; PIDN W NVIWA NYDAN N1 NOPWN
YN NP NN 190 TN W MIaYN NP Yy ooannn NIR 9wona vindwa .nma

SV DN MY DNMP .NINN NP DY ©0annn NIR wona vimdwa quNn ANy Nnima1
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.(Diffuse reflection) 11971 NItNM (Specular reflection) NMPIO NINN : NINN

NNNN .OXPON NLY AN MAPNYND NNIT YAV NLY N NYNN NN NINPID NINN

MP>T22 NNYIY 1991 P 1IN NINND NPIPN DY PN PONN AR INNHD TINTN
77NN Ny Williams and Norris (pp 2, 1987) £ .0»yav »8m Y MmN

PTN G0N DY DMINSN DMINND YT-DY DI NINX NLYN N9 YT-DY P XY NN TONDTH
NINN NPONY NYS NPYNA XD G0N TIND NITIN NPIPN IUNRD 9 78 ININND DNNNA
NYNAY VNRYO MND TOINDTH NNNNN MTTH )20 .0MHNNY DI NPY NIV TIN
D) NI NINN NVOY .NIAYNN MTDTNY NPT 19IND D039 DIINTN YV 792910 159010
AUNND DIYMD AN DOV NITNNN NOXY .NI1IYN NOOWY NNYITA NYDIN N NN 9GP

%95 NMMND D2IPN ,NYDIN NI NN NAPYN NIAYND NNITA NINNNY NN .NIAYNN NVOY

: N2 )9IND YININNNINID M0N0 »d Williams and Norris, (pp 21,1987)

1
oc log— (6)
poclog
>1-9Y NI R 190N ond 9uNo

I
R =I—R (7)

(=]

MNN NPIPN TINRD NN [R-)
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Incident Radiation Specular Reflection

Medium 1,

my

L
Medium 2, n,
Light Seattering
and Absorption

I

Diffuse Transmission

Regular Transmission
Schematic representation of interaction of light with matier. &, = angle of inc1-

dence, 8y = angle of reflectance, Oy = angle of transmittance, ny, n, = refractive ndex
of medium 1 and 2, respectively.

SN DY NN NYPNRIVIIN DY INNNID NINN .9 7Y
Figure 9. Schematic representation of light interaction with matter

(Source: Gunasekaran, 2001).

MTNND NPTN OY NTIHNND 1T MIPTH YNNI NYNIND NMIHNMIDN M1 TNa NIR n»ap nyda
DNINN NN PPAND NYHAN DIIVPID ,MINK DM .PTN DXTN DY MINNIPINN MAN2
NN P T2 Iwan) RN 0N .(Burns and Ciurczak, pp 386 ,1992) 257m ox1n onnv
%5 .NY0AD NTTNN Y P VP NINND WO NIIYN NP NNXIW IR DITNND NPIP NNXIY
N2 log(1/R) 5w n7ayn nyap nm1na log(1/T) -5 nvw nwHan (5) ) (3) MNNDDN
DMN O¥IYN DY OMINDS 012y NIR »n) 'XSPN A8 NOWND 135 0NN NP

.(Lu,2001) , (Giagiacomo et.al., 1981) ondw
NN TIND NYP OIN AN ,NIANN 01PN : DXIVNID 3T — DY DTN NYDIN 0
N99N Nyawn 5932 NIR — 1 n»p nndiy Y 03590 D¥I9YN DY DNYIND NN DMVNIMN

mMap oYy 199 (Burns and Ciurczak, pp 387, 1992) o»own ny»oan »o9 bv nopon
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DIPY MN MIYRIN NN . NIR nyHa N n»ap nuxiy H¥ M — D1IVPIDI DOWNNYN
SV DNV NPNRN DIVPIDN -IP DY NN MTIPIY DIRNNN DWPYY DINOY 910N
DOP9N IWNRN O>TN DM 1N 0N log(1/R) N log(1/T) Hw M»Iwn NN DIVPION

AMIND DD DMPIRNND XOY 7MY NI DIVPID DNV 190N .DNNY DIVPION DV

DYIVPAD  AWUNND N2 NV 1IN OXTN NN PARND DIIVPIDM TIND JOP 1N DNDNN
,(Lu, et. al, 2006) Yow NIUYNRIN NIINN DY TIONN TIVN DY OMIMND ,N»IPN NN
, 120 DN D MN DY OOV OTTN NITHNY Mo (Finney and Norris, 1978)

92pPNN AN MAN NN NPPTI NINNIN DY OXNND NOMX NNHPM MPXIII ,NPNMIN

DNRININ .NIIMN NI OIVPIAD YV TIONN TN DMIND DY 7PNV NI NMIRHN N2y
.(Schmilovich et. al., 2006) 94% Y 61% 2 X3

1IN ,IOMIVPAD INNII-TN PVNIN D ;NN NPN 5772 5515 NIR nNdIp NTIN5 PYon
LOUNNIVPADY AN YLD DON NMYNNPN ,0XTN DY DN NNRN .aAVNND 1INNDN
NIR 0NN 955 0109110 DINNN DX YN 207 27N 297 NPIPN IR PONN TVMIVPIDN
AYNNN .OMPRINYN MMND DNMIX TN DMV D3N PN NPIP DX VP WP JWND
Fast Fourier Transform mysnNa ,mamn 7780 0NN TN MMND AN 93apn»
OOID »o>n w (Liu et. al.,, 2005 ;Liu and Ying,2004) ,(Guanasecaran, 2001)
™MD — DIAON NINN WD NP DN NXRD NPN .Ocean Optic NHaN YM-5y NNMON
(2002) Lu and Ariana »>-5y owy 250 W Hv nnsiya mid Mpn .,y mnsy noya
DTMN NP DY NDDIN NN DIMOAND MPIINI 121D NN NN MIVIN NP>Tad
NP DY NODIAN NIIWNN .TOIRIPN NOTIN NINAOIT-Dy 0w 450 W Hw nnsy Sya 1pn
PYS) P2 NONNI DOYM DXMAN PNIAN MIVOR NPYTIY MNYNI MDY N2y NI
Alternaria

(2001) Lu apnn S M7y D90 900100 0N 0w 1 W InGads \wNn
Unum Ny N1 Sieon .OMN2TITY MPXIM M0 NN NN MIVIN NPrTAd

2NONN APNN2 omwrnn USB2000 90mvpsoay S2000 qunmivpsoa
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, 1010 NN 1D NPHNS NMOM OMNHNS 01357 NNAIX NIR 1m9pD1vpso mysnxa

w2 90N Mo (Slaughter et. al., 1996) ,(Lu,2001) ,(Lu and Ariana, 2002) ,mp3m

mxND oTpn oy (Valero and Ruits Altisent., 2000) nvsmm (Kang et. al., 2003)
Novannn NV DWW X1 (2000) Schmilovich et. al. ©PINN .94% -5 72% Y2 Yapnn
IN NIDN2 TN N XY 2VNA 1D S 1D N N THY NIR 5w nyaym nyap Dy
mid-IR 79POIVPID MYSNNI 25N2 DX NN NPYTA NDNY T DD NNNSN
MY D) NHYY NN IR Yy noviann NIR mapovpso .(Etzion et. al., 2000)

NN NOIYN MYNNNA Braeburn 130 browning- NNNYN HOYYI ONMON) DXNXI1 OXNIdN

DTPN DY NYNNA NN MysNNN (Clark et. al., 2003) 0.91 — 0.69 MXYNP OTPN OY

. (McGlone et. al, 2005) 0.9 — 0.7 x>Np

NIR 59979190720 59103 2%y MOV .2.3.2

NV MVIY DV MY NPV .2.3.2.1

YIN D) 7N 790N DIVPAD TITHY MONDN 010 Mn»pn ,NIR Sy moovann moayn

M2Y DORNNN 2O MINN PPN NN PR NN 7PYAN .DXAON NN PIAY MTHA M P2

LDYTTIIN D3N MINN DY YaUNN NNNDN NPNPDITVPID NN

VAN DO TN DY NNIRNNN NN2Y ©1)PIVIPN NN Roberts et. al pp 158 (2004) »a5

: N2 )9IN2 DODY

NYAND DN DMININ DON IINNX PIHNITNR 19IND ;PN TN NPNY NN OO ST .1

.DYIVPADN MNNIN DAPD IWAN TUN TNV MPITHN NININD

5S¢ DONIND) YOIN DY PAOTHR IR PN NI YD SOOI NPNY NBNX YN .2

.N2>202) NYOXTN DY MONN NVOY ,MNONTA,NNNY NOIYNI DNVP DNV

TTON OMXTH MY IDONI DRV )22 (repeatable) 52097 nrnd N STmwn .3

DY MY DIN MINX DMNX NNIAY NNNN DPIN NVIY ,DNOY DIVPIDN
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MY MYNHNI YAPNN DHNYY DMYRIVPODN DNMY MNAN TN P IVINN WP

: 320 NPV

; Multilinear regression(MLR) --

; Ridge Regression --

; Principal Component Analysis (PCA)--

; Partial Least Square(PLS) --

. Neural Networks --

, (Burns and Ciurczak, pp 162-169,1992): 5v on1992 0339100

.(Roberts et. al. pp158-167, 2004) , (Williams and Norris pp 36-40, 1987)

NPNI MV DY) WD 93 MINNX 790N IWRI MLR mysnNa 0»INRIVPAD 0NN Tdya
POYTYNA POV IR VOPIVAND DINPXN D7 1D DO IINN DY DIINNNN DINPXN
(Roberts et. al. ppl60-162, Multicolleniarity ny,no NN MM 29 937 MNP
P2 TINGD DAY TPXDNP NNMP PONIN DTN TURD NV YT XA N Nyonn .2004)
NPIDNPD MXIVN MINNPND DX 12T .ONON YNDIAN DNNYNN PIAY DIYNN DINVNN
WNn 90 nmayn Mann (Pasternak et. al.,2001) PnX N5 10) XY HTIND IRNIND
onow MMT 19 Ridge regression MyNnNa  Multicolleniarity-n nyamn Sy 92000

DYIMNND DIIYN PAY OXTHINRD P2 ORNNN TR ,DININ DODTII DY M MNIVN WVIAPNN

NMNX DYMD IWAN) NV NPN NDAPNNY DIRNWNN DY NN N INY DYDY .7 N

2P TON NYY NITYN M NMYA lycopene DITX VINND NYION NITHINY

MNYN HYOP 90N NYIAPY DIVPAD DY NMLVHINN NINNN DY MOYaNH PLS y PSA mvuvw
572N .DMONIVPION OMNMN DY DTI 190NN DXNVPI 190N DIXRIPIN NVNN NNNYNH
.(Roberts et. al. pp165, 2004) D>NVPAN 90N NP NINNNN NVLIW R¥D DN
SV DNLPAD DY MYAVNN NVPRNNY NNON 01N PCA mysnxa wapnny oMoupan

NN MNONI MON-N) PN JDIND NNNYND NDID MDY ,0X TN NINNDIN NIOXT
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NV HY MNIONN TNX .(principal components) OMIPYY D37 DIXIPI NINN DINVPN

DINN DY2’592 MYN XOY MNYN MPINI DYy ThX 159w win PCA

oy oovann PLS mysnxa wapnn oMopan . (Burns and Ciurczak, pp 144,1992)
DMVPA Y NI .TINTIYN DTN MNNN PAD DIVPID P2 (covariance) NOMWN MNY
M)2) ONNND NNNN NPNTIYIAN MINSINN DIIVPIY PNYNRN D90 NMIN O8N PLS bv

.(Roberts et. al. pp165, 2004) PCA mx$INN W0 PLS S¥ npinn mxsinn oy any

Sy DYODINNN ONPINY XY OINMINONX OV qOIX 1N ANN NyMmONDN Nyasy mnv)
MTTHN MNIINN P2 VPN MYN TYND MPIYPI ) .OTR-12 MK DY DAY MINIPY

.(Roberts et. al. pp165, 2004) >IN X2 NN NPNRNN MRXIND P2 NTIYNI
MYNNNI P PNIAON MV NN NIIWND DUNY 1NYY  NPILVMININ MOVIWYN
oNMan Mpym nownY  ,(Adamopoulos and Goula, 1999) Multileniar regression
noon nownY, (Lu,2003) , (Abbott et. al., 2002) Neural Networks Y PCA mysnxa

, (Miller and Zude-Sasse, 2004) PLS y PCA myxnxa 971 Y1921 DXNI9N1 1910

Neural y PCA ,PLS mysnna »v adna pnavn noa nowvnd |, (Abbott et. al., 2002)

.(Etzion et. al., 2004) Networks

9029922 MLV Y ©ININN NN .2.3.2.2

NXMLVNY DY NTINY DI .NNIVN NNNA MPaPNN NIR »PYona ooysaNnn DMDNN NINSIN

INNNY NS . (Burns and Ciurczak, pp 117,1992)7731m010 930 TN NDINNN DIVPOION
IN NI NPIP DNIVPIDA PI XY DIWANYN DN TIDY NIVY "YPI” PYo-Nna
NITNN IN DY OMN TIVN DY DI 1N WY NPLVNPNND MNSN KON INNY NN
VYR OPN NTIYNI MTTIIN MXNN TV DVPIDN NXIVN  .ONYY NIV MIYRIN

D199 TININNT NPIVNIIDIIN MOLIVN NMYXNINI DNNIN TIDY TONN
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25V2 . MXIAP ONYO MPOINND OMDNN MNIIN 199 NN HP : 0XIYY MY HND PHINN
NOIWNY DXMANM INVYNIN NXIAPN DY NTIYHN MXRNN TN DIVPIDN N¥IVN 519N
TN OMOY) Y DINTPNI DOWAYN NXIVNN MIDRY T ,NPIVNINIIN MNNYNIN
MIRNYNN NN OV NINPAN MIXNIN .OMYAINT DIDRN NVPND — NPNTIVHN MIRIIND
NIIWND ONIANN HMINND IOV D) TIRD DIXNN OTPN DI WX 57NN MTPN OO
SV MY NNIPY DMVPIDN NNIVM DPON ADWA NXAVINY DTIND MITPN MXNVNN

TIWND IMNX DNYN ,NMIND MINKIND TIVA IWIND MRNYNN NIIYNND .DMIDNN NMINNIN

NI 12 TIWN .DMPPA 12 TPNPNIVT DTPN DXAVNNT MMV NXAPN YW NTIYNN NINSIN
NIRNND MTITHN MXIND DNNX NNIT INID T ONNHDN OTPH .NIA0MN NNV DX

avnnm (Montogomery, 1997)mn0»5 77073721 MIONNIN NMIZONNI NPINN NIRNIND

: NN NNDON Y

n

ZYpled(l)(Yl _Y) (8)

r

— i=1
C V2 N v 2905
[Z(Yl _Y) Z(Ypred(i) _Ypred) ]
i=1 i=1
; TPIDIN NPYTA MINNIN NOPN - Y IWND
’ | [

IPRN MR NOopN - ¥,

PLS »9v1m905 nvovw .2.3.2.3

noyn Yy nooann  Partial Least Square (PLS) mvowovon mvmmon nouwwn

: ( Williams and Norris, pp 61-65, 1987) mxan mxwnn

X—-é*x=t*P+F C)
Y-é*y=t*q+ [

IVUND

. DNVPID TINN HAPY DIINYNIY IIRPID DTN NOVPN - ¥
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;Y Swysmn -y
; 23N 97N 999Y OMNTN DI DVPID DY DY NXVN - X

;X Swysmn - x
; (DY1VPY N9DN) DN DNINWN 90N - ¢
;9TINNONTPN NIV NOVPN - g YV P
soy s - f W F

T OV ATNY-oPN - é

MON X ¢ an0m Y mvn79 17N 1NN XN () mNwna X Sv mspnanon Y

.DXMNON DTN NV MYNNNI OIMI (8) MNIWNI NIWN NN .£ 2

: 9O PONNA
; NIR mysnxa mon nontnpmn B

; TMDIN DYV NMAXTH NI NTTH A

; TPIVNININ DLW MNXIWHN ) P 51N »mTpn 2wn B

NV TN Y TS avinnn Y Tivn pa rf SvaY NOMPN oTPpn wn A

. (Standard Error Calibration) SEC nyxmmnn moamvoon 9150 NXMDYI NN)0IN

, (Burns and Ciurczak,1992) Xnonn »95 navinn nysimnnn noimvon 5150 NNDY

:(Mika et. al., 2003)

. -1y (10)
n—1-t

; TMDIN NPNTIYN NPT MIRNIN - Y IUND
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;9195 NpYI DY 1Y NIR Hv o»iin ooy - Y

;NNTHON - 1

(DYMVPY 19DN) DND DNINVYN I19DN - ¢

$TORN TONNA
; NIR miyxnxa man nmnTnmn B

; TMDIN NV NNTHN MR NTTH A

i Y DYRNN MIRNIND DXIAWIND NPIVNMION NVWH MNXvpn B

NOOWA TIN Y TWY awIndn Y Twn pa r, Nonh msonpn oTpn 1wn B

. (Standard Error Prediction) SEP nyxmnn moamoon nnmnm NN 1200
:ININ NNDNN 297 NIAVIND NYSINNT NPVITIVON NMDINN NNV
:(Mika et. al., 2003) , (Burns and Ciurczak,1992)

P S (r-v) (11)

n

; TMDIN NPNTIYN NPT MIRNIN - ¥ IUND

S TINY NP9 0379 NIR 57y - ¥
TIDHT 100N - 7

WM DYTHN PN NN Nysan Matlab 2 nnwynn Eigenvectors n1an 5w PLS mom
) NIR mX$IN N¥A0n NN 9915 M0INn VP .DMIVAN DNINN 190D YVMVIN 19N
NMDINN NPYTAN MXIIN DY OMRNN DXIIYN NN VAN NIDIN NPXTA MIRN TIVN
950m SEP y SEC npuamvon nymdxm 5150 MNDY 0100 DYT10) DD MNIRNND

DXNVPAN T9DN D) TR D35 DNVPID MNIVN HY TPIPNI MXNN ONY DINVPIN

YN IND) OINDVAIN 90N TN 10 TY 2 N MNYN) PVDXOLON DTN MDY DY WAYNN
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YVDXVVLON TN TI INY JOP DXNVPAN 19PNV 533 .9NY VP N SEP Y SEC ya wian

NP Y
DPYN PIRIVPIDN DTINN IR DMIINMNN ,DI90D) DNNYHN YW NNPvan PLS now
DNN) NONT MP-DY XIVPADN DY MMM DXTTMN DXIINN NYIDN DY NMVYN NN

.(Schmilovich et. al., 2006) »NN Y1510 MNRXIND DN MINPVAINI NAIVN

Cluster analysis 191 nvov .2.3.2.4

YNNI YN MXIAPN 295 OXTHN PN .INIAPO MDY NRND NTYPHN N NOOWN
92 AUND NPIANN N MMNT - n 999N 0x15 (CDA)Canonical Discriminant Analysis
MND XM OYNPNRN OINWNN IR NP CDA 0)nwn — m NOOD mMIsNN N NNNTH
oMpan .(Matthew et. al., 1994) o»ip OINYN DXIPIN DINYN DY t NYTN
D WNYN 0MNPN ONINWNN 1901 .0MNP 0anwn o»n PCA W PLS 79nna obapnnv
95 9uNy  (Matthew et. al., 1994) msapn »a5 ox1rn Yo Discriminant Analysis
ANYOD OHNPIVO DTN IN DXTTOIN D32309910 NODND TPMND NPNAN OINNND NNIAP
-5y TN 9T 295 MNP PINK o) 1HN Cluster Analysis MYNNNI ©MDM)N NN TDYY

MNINN TN DTN 295 MNIAPN INMND OITHN NYAPNN TIDYN NIRYIND .NNOIN NPT O
NMOIN NP>TA MNNIN 95 MNP NPIVN NND TY GPYN 1PN PYT .2VINKBN 1PN PPN
MYSNNI WX DXNWNT DI T NVIWL APITNND NINKIND 290 MXIAPY NPIND MIRNN
VOP LTOINOPN NOTIND PINA IPNN ONND WYY Matlab m51mna Nanow nomn
YIAPNNY DY0 ININY VY NPLNNND NMINSN N DIVPION MPIVN NN HND MINNN
MNYIV NITO N TIDIND VO .NTIVNI MTTIIN NMINKN TN OMDNN NINIIND
.DYNVPAN VDN IMDD OMMPN DNINVNN I9DN  DID) TVNNN NN D35 MINNN
TINN Y95 0MINP ONOINYN DY OONDVIN 1901 19D DN TN NIMRNNN NINYAVN
IO NNNDN MNXIYNI NPNIND VDN MIXNIN NN DI 9N NAPWN 3 1YV .HPVNPNN

MNNT NN P2 ON> AN NP DD PN PYT SNWID 1PN NNAPD MOIMYN MIDOXT
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MONT YV 199 MND PaY MINI-I2 NPIN NPNTIYN MXNIN 299 NP INND MWD

(3 N52V) NTAVH MINRXIN 295 NNIIAP ININD MINYN

Cluster analysis ©99 M2V YV 555 Nan .3 NYav

Table 3. General structure of Cluster analysis output tables

INWHI YHNPITI D IN 29991 NYIIN 29 DXIN MNP X190 MNP
nRFIVAR T B0 255991 N2ON *aY
YINDITD D) IN
mYIHY NP 1Y NYAP NNYNY NNAp
NN INYHS
G C B ANYNI NP
L K J NIV NP
Q 9] M YLV NP
Q/(G+L+Q) K/(C+K+0) B/(B+J+M) "N P9

Two Way ANOVA mnv mn nuvw .2.3.2.5

N D5 nyavn Np>T1ad MmN (ANOVA or Analysis of Variance) mmnvy mn» mow

DNNWND DOMYN OMDN-ND2 VYD MNYN OPN DMIIND .ITIND TN DY 0N
TINN TIVD PO MIND IN DOVPIN DINIPI DMIMNLPN ONINVYNN DY DIND .OPINVP

9D PN MHNWNID TOVI DMNIN NN XIN MINWNN .NANN MNYNI IX 120 MINVND 1N

:1MN 35y 0oanm F ynan yyan nmv mn» (1997) Montgomery
S PANN YV NON-ON .1
Juy-e WwNd e~ N0, %) .2

PANN Y51 wWw o L3
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SYT MY MNP NV NNYPH ,NANN MNWND JY DM NIV NYAVN NPXTI TN ¥ TUND
DA PEPRIVIIND TI932 DD NV T8 NN ¥ NV (Two Way ANOVA) »mv>

: 2N 1IPD DI IMNNI 51T YOOV NINPI NIWHVYN PIADNY T .NIANN MNWN DY DIWIVN
;MANN MNWN - Vi
; PUNI DI - T
;MY DM P
;M TY 10 MNWN, T O DY NP NN OPTIN - |
; pTY 10 nwn B 07 Y NP0 OIMINN DPTOIN - |

; DNINN YW NP HOIMIND DI NN 190N - k

.DYDINN HY NP MMNN Y59 NANN MNWN SY (THN) DIYSIN Y80 - 1

MYSNNI MININND NPNY M DTN MXRNN (pp.236, 1997) .Montgomery 95

: MINIPY YVLDOVLLVD HTIN

YVig =H+T; +ﬁ_/ +(Zﬁ)g/ tey (12)

; TOIMHOY § NPD DIND VPIN 2 7, TUND
B OMOY j MO OINN VPAN D B,
B0 T, PAMIPRILIN VPN P (7)),

,( Montgomery pp.236-237, 1997) mxNan mIywn mpTa) 070 935 N NN 1D
:(Asscher pp.15, 2003)

: A DM

i, =7,=...=7, =0 : H,

m

;7,20 TPNMINYD - H,

: B oo

hBl::Bz:-":ﬂp:O: H,
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B #0 INmnad - H|

s TININ MIYYN MPTIN OMNIND MY PA MPIPRIVIND NHNPPNN ONRN PTI) qON2
) (Tﬂ)ij =0: HO
(B, #0 INNMINSS : H,

NN N2V NN NIDND VIS NNV NINND NPYPHN AWNND NN NNX 11N JMP niom

napwn 4 n5av .(Draper et. al, pp 493, 1998)o 710 nyawn npmay ANOVA mnv

INMO-YT NMVY NN DY VYN NYAL NN YYD PPN

VY9 NYAV HY NIV’ NTIVYA .5 NDAVA NVITIN INPI-IT NNV NINNY JMP VS NPT
TTNIN TIWNN DNLP KD DD DIAPN NONWID MOLDILVLD NRNINY ,MIINDN 7IIY DINNN)

VNN YVOVLO F 70 DIRNN DI NIPN Ho DIN NIMANVY JN1N NDNI NOY

p-value -n 77y .(1997 ,D.C.Montgomery pp.32,37) p-value 0N ©)IMDN 029N

NYNO N1 XN B9IN 0.05 10 MPNM NN DTNN NI 9D . MPNI NN IMNVIN

NRLVARRALY

5S¢ p-value -N 7Y ON .(5 NYV) DNINN MY P MEPRIVIN NYOWN NPT NONNNA
NYOWN DIDINN MY P TPIPRIVIND ,92PNN MPNAIN NN JOP N DIPRIVINN
NI NTHY MNP WEPRIVPND YV p-value - IV ON PRI J9IND NANNN MNWH Y

JOINA NANNN THNWN Y MYAUN XY DININD MDY PR MSPRIVIND ,S1PHNN MPnIn

Sy DN MY NYIYN NPT T INX SVDVLLON DTN NNIN NININD ONTI PNN

NI YOP INY OIMNN VI DY p-value -N TIY OX .07 TPEPRIVIN KOY NANNN MINYN
p- -N IV OX PN IPIND NANNN MNWN DY DIWAWN DININN NV HNIPHN MPNINN

NANNN MHAWN SY NYOWN XY DINN ,MPNAMN NN 91T N1 DRI TN YW value

NPT DT TAN D) IRYI TURI OVDVLON DTINNN INMN NN XTI PN 1PN

DANDN MNYN DY DY NYOUN
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2299%3-37 MNY MNY JMP vHs mNYav Yw *59 Myan .4 nvav

Table 4. General structure of JMP output tables for Two Way ANOVA

PN df van Nt SS 0y D11 Fynan 1y
e [ gmnet | e S [
0 DM df, =p-1 SS, =k*m*jﬁ(7j,—u)2 (‘j;j)/(%)
oW A oo =m* p*(k=1) S = 2.8y (k=1)

: 1192070 NI 23D

s PYND DI W NPO OINN D7 ysmn - ;-

iV DIN DY NPD DINN D0 y¥mn - y

591022 NNIMT DD MITH YN - Vi,

D2 YT DD PN NVY - S,




91999-97 MNY MNNY JMP 59 vHa NPT .S NHav
Table 5. Example of program JMP output for Two Way ANOVA

(Source: Asscher pp.20, 2003).

Effect Tests p value
Source Nparm DF Sum of Squares F Ratio / Prob >F
machine 1 1 148.22500 32.5769 | <.0001* /
method 3 3 9.87500 0.7234 \ 0.5454
machine*method 3 3 29.27500 2.1447 \0.1140

Two HMYP3-3T MMIN DIPHA : XIN VPPN NN YNID I IRHIND DX IWRY YT ,qON
92 JMP nom myynna 0y One Way ANOVA »Myo-1n mn» ysad way ANOVA
y¥an Two way ANOVA mnnb nnmyta One Way ANOVA mnmn (1997) Montgomery
;NN 3 Yy 0oanm F ynan

s PANN SV MON-ON .1

s - & WNo e~ N(O, o) 2

(Asscher, pp.13-14, 2003) nvasn Y02 mw o .3

NP M ONPI-IT MNY MMM DTN MRIN (pp 475, 1998) Draper et. al »a5

: INIY OVLDYVLLD HTHIN NIYNNHNI NININD

v, =uta +e, (13)

;DN - @, TN
Y8 - p
; 7ANN TNWD - Y,
ATV 1N MNYN, @ DM HY NPD NN OPTIN - i

:(Draper et. al, pp 475, 1998)mxan maywn mpTa) 0IND NN NMY 71
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o, 70 TIINNY: H|

AMNPDHOIMIND DINNNI X N3 .11 ) 10 D182 MINNNI MINI-TN NINND IMP-n vH9 MINPINT

MNP OYMIRNNN OMHYN P2 DN 290 . NIANNN MNWNI R¥NI Y P PTIIN DIV HY

NN TAN DYOMN O2HYNN 9D DX . NPON MNP P2 PN DTN ¥ ONN PPOND IWINR NP

25V NIMIND H ;) DIYYN DY 2NN TTN TN SV MNIAPN P2 PN TN PR IWUD

DOMN XY DHYNN ON (11 IPX)NYNPNN MPNIM NN DNTI KD NN ONY DOYNINNN

PN H, MIyWn 7% 28031 770N TN YW MNIPN P PR TN W OIWN NN TN

(10 99N)

35
304 L
o~ S
3 ' : O
.9 Tl
>25 —
e — i
=——= O
—_— .
204 '
T .
new old Each Pair
Student's t
0.05

machine

MIND 13 PN HTAN AYNN INI-TN MNY MDY JMP 13911 0H9 NNNPNT .10 99

< DANH NINVYN HY MY

Figure 10. Example of JMP program output for One Way Anova expessing

significant difference between categories of response variable.
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90 .

w e . =i= Q
v @,

N S .
2 70 @
>

60 a

50 .

40 T T -

1 2 3 Each Pair
Student's t
machine 0.05

1°2 PN DTN 90IN HXNN NNI-1N MMV MNNY JMP 511510 19 HNNT .11 98
NN NINVYN HY NPD NN

Figure 11. Example of JMP program output for One Way Anova expessing lack
of significant difference between categories of response variable.

(Source: Asscher pp.12, 2003)

NINNN IPNNY NPNTPN MINSHIN .2.3.3

1999, PNOPN NOTIND NINA NI PYINI YXIIY DXTPN IPNN JY DDIAND SNONN IPNHN

300 NPy MY Erkinbaev et. al (2004) > Sy y$1a MONN MINOPNN TIWN , MNPON
N PP MY OO PA NP MIRHIN W NN .Red Delicious y3n oXmon
NNSNN 4 -5 PLS mysnNawapnny 0»in 0¥o9y0 nNoIn Nipd>T1aa o110 Alternaria

TIVNI NITNY DRNIN XONT .6 1DV D) NNNIN NINNIND .6 NIV MININNDD NPVNPNNN

NODIZ NMINYNI MINK NPVNNNI NMINNN DY 970 NN MXHN . 12 TP82 MN) 9N NN

8.1
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PLS n nVYw MRYNNI TAPNNIY ©X1PN0N MDD 1IN Y MNYIN .6 NYav

Table.6. Processing of the preliminary experiment data results carried out by PLS

(Source: Erkinbaeyv et. al. ,2004)

SEP, % SEC, % Optimal r, %
affected affected area latent
area factors
number
T
11 9 8 87
dT
da 11 10 4 92
1
PP | 12 9 5 90
d*(log(1/T))
ar’ 11 10 5 92

Position 1. Scores Plot Apple NIR First Derivative of
Transmitance - PLS (4 fac. "autoscale"), SEP=11 .4,
SEC=9.8

Predicted Affected

Measured Affected Area, (%)

d(T) H93¥0 NP HY NHIYNRI NI JY MODIANND NN MINHN P2 OXNN .12 Y
LD%1PRN MDA NMNDHN NIV MTHTN MNYIN )*2Y

Figure 12. Correlation between measured and predicted results that are

based on transmittance radiation derivative d(T) in the preliminary

experiment (Source: Erkinbaev et. al, 2004) .
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AMayn nvn 3

DXMAN DY MNNY MIN NIPNIAD DLW NNAD NPN NN IPNNN DY 1OODON NIVNN

MOIN KY NPYTa NOowa  Alternaria B NRIND PYN -TPA NN MION PHDNY

NIR 0NN MMPOILPIO DY NOVINNHN

11O IPHNN DY NPNIDN MIVHN

; M) No7yNY (Transmittance) 72ayn NV wa NIR on5mo0 mms .1

; On-line NoyNY 92yn NV wa NIR PNONOLV MM .2

IN DN NN NN NN : NN OIVPID NYIPY OININ DIVNID NN .3
; On-line

NVOWY DN’ NPT MINKIN HY NPTHN DY 319N DNNM NP> NPY NYOwn PNNIN .4

AN PN DYNN ATTO INMI) NTITHN ,I0DI0PA0N N0, YN NTTIN

DIYNNINY MUY 4

NN NOHNTAYN NIIYN 4.1

13 982 MM NN NNoo  NIR 0NN Hayn n»Ip 5y NODIIn NNMIN NIIWNN
D99 NDN MIAN DY NN NP MNPN 2 991D PWINN .14 7PN NN PYINI NNNM

YOIN 2D ,(3) PTAIN M9 DY DITTNN MNWN DIRIMIN (2) 1 (1) TAX Y5 250W nnxiva yon
QLN DOY NN H9151 Ocean Optic N12n NN S2000 NIR Y0mMVPD ,(4) 2115 TN
N5 (Charge Couple Devices ) »p20 » 005 CCD yw»n | 50 pm  2mn12a D891 »Iv
ONTA NYND JIPN 28 cm N MAN YW NNNNN NTIPID MIINNN 12 NNNY PNIND .2WNN

TN NIND NN GOIN JWONN N9OWNN P Twna . 80 msec 1N MDA 1WA Y .65°

PHNYN MNIND ININ
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AP0 MIMYPR =W
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VRIS
. S2000

YOOIN 2’0

292y N9pY nnan NIR no9ymn nnov . 13 498

Figure 13. The scheme of stationary NIR transmittance system.

2048 MpT1 571 ,1180 nm Ty 520 nm 1 1N TVMIVPADN DY TTMN DI YN DINN

: NI IWPN NMYSNNI 2IWND DNN) TTON DITVPADN DINNA DX MINN .NPPID MTIP)

A, = =2.27655%10° ** +0.370566* i + 520 .

. 0.3 nm 7210 MTIPIN P2 PNIND 2049 TY 0 — N YN TIN DPTIN —1 IWND
nNIND NN 56400 bit/second NN JWINN-T0NIIVPADN NIIWNNI YTNN NIAYN MM

NNINY M0 D02 D10 Jpnnn .23x50 cm MyH Hya (5) N0 DY JPIIN (14 Y1) 9N

1ONY NVIANY THINM MMNODN DIDIAN PPN .DIVIN NIVNY DPIPMONN (7) P (6) 219N

(8) (121112) >HNN AMNN J1P9Y TN .MANA TIT NN NIIPN NN P VP VNN
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390 NIR 99513 51995-90 S09IN 2501 2990 1PN ,9IND MNPN . 14 98

Figure 14. Light sources, fruit location, one-way optical fiber in stationary
NIR transmittance system.
N33R 5PN PNNI 29N PTIND N NN .(10) N DY MPMNT (9) YIND 92NN
NN DYV PN PONIY IR 15 X 20 NN MNPHN MY N NYIAPNN NNPNIY
YOINN DON P1INN .3 mm P H¥a ¥9N NN NTPI (1) Y0IN 2P0 PIINN RIPIN

(4) PN ,(3) 119N NNINY MO DIDIN DIXRII D) 159182 .(2) N9 NTPY DN

.
(5]
2
'\ M
] N\
(1) \7J

J18 025 ,NPETAN YT MAND 28 .15 1Y

Figure 15. Apple position during the test, side view.
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MINI N2 DNNN .NTPN DY AN PTIN 19N .20 DN (6) PIDNN - MDND PN

(7) NN NN ¥ DN 7192 YNNI IPXR OVNIND XON INPI-TN VNN D AN NTPN
TINN DX DIAPN VNN DON ,PTAN 1192 YN NPIPN NPNRN NNRD IWNRD .13 mm TN
YNNI D7 YN 29D NPIPN DX I TVNIIVPION .TOVNIVPIDY IMN AV TN

Mmmxo N»pn NX 799 (NIR-VIS 0nn) 01000 50 DN 0NN IR VNP JWnn
OOID 1mon MysNNa mMINN NNSY DMK TN MMNXN NN DIAPN 2AWNNN .0»ONYN

N9 PTIN PN 2NN N¥NY M9N NI 2 .Ocean Optic N3N >P-5y nNMov

120° - 2 22701 9N MIVYRIN NTTHN INNRD - MPA>T2 3 POHY W) 14 PN ININND
.120° -2 7MY NTHYN QDN 11DD INNRD NOAPNN MIWIOY NTITN .IMIVN NTTHN DY
NOWNN DY DPI PONN YA NDNN NDNN MY TN NIDN NNXRN NIY ¥y NONN
MNONN YUY NRN NPHN DYV NN HVIAD T ,NDOUN SNXIM 120 N0 oM

Gnn  PTAN 2I90 DIPN AN 12D NN MYNNNI DPID INNY PYINN DY NPORIVPION
Sy Y812 NDOUN ONIN DPI 002D THNINY 20 mm HY TN TDIP D¥2 1D90N 125 DY) WY

: 999 NIAVIN NPON? 12Y10 NP NNXIY 5191 MINN .NIRD MNPH N0 O

T = I =1 g ek (15)

I WHITE ~— 1 BLACK

; 2N YIPN IS - 1, TWND

£ 1297 91N 7T 12NN IRNIND NYIPIND NYNIN IPN TS - 100
s IYUNN NN YV MWD YIPN ID8W - T,

.(Transmittance) 72yn Ny -7
: DYIVPOD N 2 NI IV VNN MION NPIID NN I
S TN2YN NNYY N

. D3N TN MOND OMVPION DY NNIVYNXIN NN NNXY .2
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YNNI NI9YN 4.2

NOIWNN MIPIN 15 ,TPNYPN NDTIND NN NNIDY NN VINOYW TV IPNNN NN
NYNNA 19N NXR PTIA XNTIYHN PWINN .NAYHNNI NN HY DIDV-IX 11N DY NININHN
TYIM NPLRYN MMND NPIPN NN PYNN ,16 TP 3NN ,NIYN N1IP YY DDIA)

N1 PWINA DY) NININY NVIY NNIN NIYENNID DOYXIAN NINN NN MNIND NN

391 NP Y novannn ,(N5919P) NyInNa NIR »0%) no9yn . 16 98
Figure 16. The rotating NIR transmittance system (carousel).
(2) OONN 4 Yya (1) YNY 2210 NV DD 16 PN ININND DYNNL NPITAN PYOINN

NPY7AN XN VP 860 mm NP>TAN NN IVIP .(3) DPTIIN MIPAD MDY DIVNWYNN

NPT 2 DY 0PN L(15 IPN) NMIN PYIND INITA, PPN 28102 N MONN . 130 mm
NN PP NN NYINY (17 1Y) YD DNNND NNR NINKMD XN NNPMND NP
NVWYN . 40 mm YN NNHNNNN NPO>TN NN VP 60 Mm 1PN MPDYN THPPOYTN NN VP

PTN MAND TIT P I2YY NN NVIDP NIVANRD DD DIVINRD NYNVYN DN NPPOIT 2 HY
NN IPNN NNVDNLIDNY DINY DOYSNN NNVN NDIYI NNKNI T YN DVIIN DD IP-DY
1297 MANN RN DI Y NAINNN NONND NI NPO>T MIPHN 19710 — TIROPN NOTHIND

NTINNN N2IYH NNND RN MANNY 1012 DIIVPAD DNTY 2WNNY NTIPS NN NAVP Wi

WRYN ynn .800 mm NN NIV N2 (17 TPN) 201 NI 2AMN JPMNN YONN 1D DY)
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Figure 17. The scheme of rotating NIR transmittance system (carousel).
NIV YO 5NYN NIV TP POYY D) TPNDN NIDNN NYINT NIDNND NIYNHNI 120N
NYT NIPUN ONIND DN 12D 9N ONA 5PN TONN (17 71N) 12010 ©OINMN DP9H0 XN 21201

NN PV POnd

PN MYNYM 9N (120 mm) MNY PNINI MIRNMN MDD — 0N MM 5 NN
THNNNT MANN NTIPI TY OVMNN 20N N¥PN PRI .50 W nnxiy ndya n»n 1IN Y3 N
DXT AVMNIVPAD NHTION NOMPY IINNN MYP NPNI RN PVNINRN 20N .20 mm »N
nOYWYN MT (17 Y) MP>o MY CCD wn oy Ocean Optic n1ann USB2000

mysan 5no ,1000 nm Ty 400 nm 1n YVMPIVPION OINM 80 msec NN IVMIVPION

IUPN MYNNNI 2IWIND DNNI TTIN  DIIVPION DINN DHN MINX .NPPID MTP) 2048

: N2

A =—1.47094*107 *i* —1.70073*107° *i* + 0.3705789 * i + 340 (16)
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. 0.3 nm 720 MTIPIN P2 PNINM .2048 TY 0 — N DN TN DPTPN —1 TUND
7 1000 kbit/second T7¥2 NN JWINN-10NMIVPIDN NIIWNN YTIN NN PN

. 52000 2VMILPADNY YTNIN NN MPNN TIY TYNRN 2 59 VYN DYT) INY NN

ANINKD PPN AN K¥NI 90 DTN YT NPT ©MON 11 NN NYHN JPNNN NPPaD
97 NN 280 9921 NN PYINI MDY NMITI MPOT2 3 POY MY 171 16 D82

BANRLIANCE 3]

1PY9) N2 5P N1NAY NNVINN NVIVYN 4.3

LIRS NPNIAD NMMOIN MPIT2 1Y Y0 MININND NIR ne»na mTTnn yivda NN

2-9 NN 97 : XAN IOIND NYXIAN NNDINN NPYTAN 0NN M2 NAPMIN DTN Y
A MNST TN NN NP R¥N) XY OX ITTNI VIND NOYM THNN DY HOHDIN NLVYN .OININ
NPT K¥ND) OX .YINID 2VYNI NT NOYI PYNND N2 MNIND NVYN TT7)II ,NND OIN YaNd PYI)
MANN TN NVLYY YNIN NLYN P2 DN .PYIIN N2 NVLY DY TN VY NLYN TTN) ,NINI
P70 MANN DN 27192 NMNMNAN NMYNAN MN DY TTHI WHNv) ,/Mynn Ond” ¥ap) 5550

NNVY) VN NOYM MANN TNN DY NLYN NTTA /MYNN ONMYD DIX TIY I VI N
2997 TNN NNNN DY OIORLNT DIDNN 14 1O, AutoCAD ncon MmysnNa

: DYNIN DOV 5515 219N TINN MINK NTIAYN TONN

s TPORLT NNONNI DMININN DXMONN DNN .1

; AutoCAD v1vIv NIDINY NYAVIN MOAND TN NNNN - .2

; DNLYN M) X 0NN AutoCAD momna .3

AREA nTpan mysnna onvvn NX 0avNn .4

DMNTN 25,9011 .18a71¥1 N AutoCAD my¥nNa YN NLYN WN NV NPXYTN
721 P NVIN-NPA RN NMNN TIDYY PYUIN MYSNNI DXNLYD MYWON YN

NMYN MOV P2 NN MIXONP IR DTITHN MY 2 P2 NIXNYD IXDIN 19 981
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NTTND NYIN 12VIN MNXN INLY 5HYN) DT, YWD 1NN MLIYN DY RNV NPNID

NV Y PXONY I INXIVWNN 20 N3 IR RNV LAutoCAD mona mysnNa

SNONN PN PN NP2DM NPYTH AutoCAD NN MYSHNI 1T
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Figure 18a. Example of apple section image in AutoCAD software.

(99YN) 20% 9 (19252) 10% NPT NV O MON MNPNT . 18b 9y

Figure 18b. Example of apple with infection ratio 10%(on the right side) and

20%(on the left side).
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Figure 19. Comparison between rotting percent measurement results made by

AutoCAD software and by image processing apparatus.
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Figure 20. Comparison between rotting ratio measurement results made by

formula and by AutoCAD software.
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0021 1901 DIYSNN 4.4

J0oYN 9931 o opwnn NPy " Red Delicious" 111 010 0012 Wwnpwy 0OMann

MMNY-1»IP NTAYN2 0 °C 2 9P MWIY INK PONY POP SINK I DMDNY NP PON

DXMANN .OMDNN YIND TYIND TY MNPONA TPIROPN NININ DY PNONNY 71PNIDNOVY 11ONA)

: NMININ NINOL OMDNY INPD)

; 7N NIR 9o vonb ooman 207 W

.ynna NIR vvonb oomongrd W

2271 70 7Y 60 D NNINYN TVIPA DXMOND NN

NN 32 NP0 NYNIN (17 -1 16,15 ,14 DIINPN) YPAIN ANNI INND) DIMONN DD I3
MANN NNIN AXN DI NN PYININDNI .4.2 1 4.1 DY DYDY ININNDY 1D MAND NNIN
NNIN 289 952 NYNN PWINI MDA . TAX MOND NININ 3 271101 — NNN NP NYNIA
DXPYND DYINYN DMXTHN 1901 IPTIAI .TAR MAND MININ 9 57NDA - MPIID 3 W12 MANN

Oy

09020 99N Ty TPoNN 4.5

NN (MITN DI MANN NNIN AXN HID MDY DXTHN NNIN DD IVAPNI OMDNN MNNIN
Yapn Matlab 150 My¥NNA .ADY NHVYRI NIHN NIAIN NNIP DIVPID DY NXIVN
DYILPION DY TIVNN TIWN DIIND : NN NPIP DIVPID DY NPLHNN NMIXN 2 TY
MYIVNN . MXINN DD HY MNHIND MNIVN ITNIX 03T 935 oW v o (log(1/T))
22PN TIDYN NRNIND .2.3.2.3 Py Sy0 NINXINNDD PLS nUow mysnna 112y mTninnn
NN POND TN PN KD CTTOIN YYD IDIY PIAD NN NIAPIN INWOY DY P NHRNN
NPPNN DX Ny¥an Matlab 2 PLS 1n3on %5 07 19182 MNON NP9 YD NP 010N

DTN MDA .Y XY IN YN NXIN PT2IN MAND DONN YRIND DOYTY KIY T Y0NMOIN 19IN2
YODOVLD DTN DPD NXAPA DINKNY NYMOX NXIAPA PN TAN NN : XN PN POIN

52PN YLDXVVLL YN DD NXIIAPA DINNY NN NXIAP N MY MON TD NN .DaPM)
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DONDVAN DTN TN ISV MYNNINA .leave one out NRIPI BN NPINN .ITN

Pyoa H¥Y NN Cluster Analysis NVYW MYKNNI ITIY NITNINNDD MYIVNN T NN

POIN NONNNA DXTHN NN PYINI NYAPTIY DIVPIDN NXIVN MDY TNl .2.3.2.4

s MININ MXIAP 4D POIN DXTHN T INKI DN NI DOVNI : OIMANT MNP 2 Y NHNN
;DOYMI NY DNMN .1

i 5% 1 MINJ Alternaria-n NP> MYV HOoY1 oNMON .2

;10% 0 MNDY 5% 5 MY IR VT Alternaria-n PNap>) MYV HOOYa ooMoOn - .3

.10% 9 MR OYTY Alternaria-n Pap ) MYV HOLYI DOMON .4

4 9 PoIN DMNXYTHN NVIYN MYSNNI NYNNA PYINI WVIAPTIY DTVPIDN MNIVNID

S NINAN MNP
S DOYMINY DONMON .1

; 10% 0 MN9 Alternaria-n )ap» NV OOy ooNvn .2

;20% N MINDY 10% 9 MY IR T Alternaria-n Nap>) MY HOLYI ©OMON .3

.20% 9 MWIN YT Alternaria-n ap>) MW ooyl ooman 4

Alternaria-n 12> MWW HY MXIIAPN 9D 1PNHN PPT HAPNI TIVYN NXXIND

DNR NOYTY NXMVNY FTMIXR NYNND PYINY MOOYN DXTHN DY MTMNNDD NMINIVNN

N2YTH NXIVNN .DXMAN DV NPT DN M7 MY NN DAY I NDITIN NXIVNN NNINNDIN

PLS-n muvow myxnNa N7y nvTnn

.Cluster Analysis - m

-1 AP NYWY NDNN IO OIN NNIN NN (DN 2 DY NYIWN NPT 1YY qoma
1), log(1/T) maym NP S TONN TN DNIND DNVPAD DV DNV DY Alternaria
Two Way nuow mysnxa vy mnnn sy Ty T nraym 1»ap 01vpao Sy nnwry

JMP myoina .2.3.4.5 yoa Hyo naxnnn ANOVA
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DIVPADA NHNY DY NPNII NN DN DININN NYAVN ¥ DNXN IINTN NINNIN NINNIN
MYNNND .DONOWA MDD DNTIND 2HN 2N WY NPVNNHD MNINIY NIIAVN NPIP

DIMY NN NPIP OVPAD DV T21DN 21591 DY DININT NYIVN D) NPT NVIVN
95 19NN MXIAPY DIMWYN DXMAN DY DMVPID NP NP>TAY . log(1/THdw Tvnn TIvn

T2 ANNRY NN PYINI VAPV DMIVPION INNN NINNNA .NITTN NIAPXIN NV 1Y

YNN PYON VAPV DIVPIDN INM)

MY 9 DY MININ MNP 3 D POHIN DXTHN NMIN PYINI YWIAPMIY DIVPID MNdND

¢ 4.3 9PY0I1 NININY NNIOIND NVIYN MYNNNIA YIAPIV NIAPIIN
S DOYMI NY DNMON .1
; 10% 1 MNS Alternaria-n Nap 1 MYV OOy oOMoON - .2

.10% 9 MWIN T Alternaria-n PNap> ) Ny oYyl oonMoan .3
SN MNP 45 POIN DXTNHN NYNNA PWINI IVIAPTIV DIVPID MINND
;DY N OONON .1

;10% 1 MND Alternaria-n )12ap») NV Y0¥ OONMON .2
;20% 1 MINDY 10% 9 MY IR NTY Alternaria-n Nap>) MY HOLYI ©OMON .3

.20% 9 MWIN YT Alternaria-n Nap> MW ooyl ooman 4

IR

NN NOIYNI DN MNYIN 5.1

PLS mxen .5.1.1

NPY122 ©T1MIN Alternaria - N AP NYYW 1Y P2 TPXYNP MNHN NNXIN 7 NYIV2

9PN .0OMAN 207 DXTHY MY OOTINN 4 5 PLS myxnxa »apnnw 0»1tn 059yY nnoIn
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NN MXNIN .97 NN THNPN NI NNIP DY NNIYNRI NI NMININ NMINND) 21
.8.2.1 NADIA NMINNNI MINNK NPVNNNN NNIXNN TV NN
N9 9PN PLS N HVYYW MNYNINI 1YAPHNY MDD 1IN TIY MNHIN .7 NHaV
NN NI9YNA

Table 7. Results of experiment data results processing carried out by PLS in the current

research in stationary system

SEP, % SEC, % Optimal r,%
affected affected area | latent factors
area number
T
1.9 1.8 8 67
ﬂ
di 1.9 1.8 5 65
1
oe(7) 2.0 1.8 8 66
d’*(log(1/T))
ar’ 2.0 1.9 2 55
results of PLS for dT/d)\
prediction vs. measurements
0.08
r=0.65
b o] o
59 &
gs L
Ego
sE€8
damaged fraction measured

dT/dA NHayn 199 DY NNYNI NI DY MODANNDN NN NN P2 ONNN .21 98
N9 APNNA N%NDHN VYL MTHTN MNN )*2Y

Figure 21. Correlation between measured and predicted results that are

based on transmittance radiation derivative dT/dA in current experiment.
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Cluster Analysis N .5.1.2

. NDNA NYNRYY NNMIN NIIYNRN DY DXMAND 11NN PPT IIXIN 91 8 MNYIVI

DX1AN MBHAPH 2 59Y) 95990 1IN PT .8 1Yav

Table 8. Total and 2 sample groups based classification accuracy

Optimal accuracy according to Total
}atetnt infection ratio, % accuracy,%
actor
Non- Infected
infected apples
apples
T 8 50 85 62
;l_i 5 67 89 75
log (%) 8 62 87 71
d(og/T) | 2 75 73 74
dr

X190 MHAPN 4 5999 Y955N 1IN PIT.9 Nbav

Table 9. Total and 4 sample groups based classification accuracy

Latent accuracy according to infection Total
Jactor ratio, % accuracy,%
0 From | From | From
0% to | 5% to | 10%
5% 10% to
100%
T 8 58 50 33 81 56
Z_i S 53 58 39 88 55
log(%) 8 55 | 50 36 85 54
d’ (log(1/T)) > 65 12 58 56 55
d
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Two Way Anova mn¥n .5.1.3

VY MANT DIPA MDT) NYAWN MININ NNXI 271 26,25 ,24 ,23 ,22 ©IPNY 10 NHY2VA
Y MUK NI SV 1NN NV O log(1/T) oyvpao Hw TNR v DY Alternaria N AP
.DYIVPADN 9 DY MOONON TIN N PN YAP) NOWY ORNNN N TIX .Sy Ty T

DIINKX  DONOYWY MNXHIND .OMANN D DY yHMNN 5N TN MIXIN 10 1YV MXRNN
S5y DYHINN NYOVYN NINSIN MNNDI 31 30,29 ,28 DIPNY 11 1DV .8.2.2 NIDIA DINNN)

T mayn n»ap 0170P90) log(1/T) ©170VPD HY T21517-15799 MORITINGD

9y Alternaria - D Yapry MYV MONN DIP I NYOVYN NPT MNYIN .10 "Yav
NMVHRNN DITVPID MNEN 3 DY OINIY

Table 10. Influence test results of fruit position and Alternaria infection

degree factors on peaks for 3 mathematical treatments of spectrum

12 MEPRIVON | PaPIIn MYV 099 0P 09 9) TN
01990 MaNN MaNN 0INNNN
,NOVYD

AYaYnN nYoYn AYOVN 0XRMMN
RAITE P

max

NY npnam | 0.0242 NY
npNIN nPNAM

NY npNm | <0.0001 NY
npHaMm npNam

ND npnam | <0.0001 ND
npHam npnam

NY npPNIN | <0.0001 NY
npHam npnNam

NY npNn | <0.0001 NY
npHam npNam

NY npNIN | <0.0001 NY
npNAIN npNAM
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Alternaria - 1 2P YY) MANN DIPON DM NYIVN NPT MNN . 11 NHaV

T A93yn N9 09090 log(1/T) ©IIVPID YV 12197 -19919 MONITNNIP Yy

Table 11. Test results of fruit position and infection degree factors influence on

gravity center of log(1/T) spectrum and of T transmittance spectrum

Pa MEPNIVIN | P20 Nww o | Mmann oy o || moxsTINg
DN Mann 12191 -39

nyavn nyavn nyavn

NY ND 0.12 nPNIM NY
npNam nPNaIMm

NY npham | 0.0008 [ npham ny
npAAMm

NY ND 0.72 nPNIM NY
npNam nPNaIMm

NY nphaMm | <0.0001 | npham Y
npAAMm
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infection ratio

HOYN NYY BN NYOWN NNAY 677 nm 9HN JIIND 139999-11 NN MNRHN VY .22 1Y

<10 wonb log(1/T) 99y by Alternaria a Y

Figure 22. One - Way Anova analysis results output corresponding to
wavelength 677 nm for influence Alternaria infecting ratio factor test on

log(1/T) value for the stationary system.
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non-infected
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N3 Yo MYapNNN log(1/T) ©I90P2D MNNPIT .23 90

Figure 23. Typical examples of spectrum log(1/T) obtained by stationary system.
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Student's t
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infection ratio
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Figure 24. One - Way Anova analysis results output corresponding to
wavelength 717 nm peak for test of Alternaria infecting ratio factor influence on

T value for the stationary system.
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|
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.*é 0.3 A ', infected ratio
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0.1 N - glternaria
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Figure 25. Typical examples of spectrum T obtained by the stationary system.
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infection ratio
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Figure 26. One - Way Anova analysis results output corresponding to
wavelength 695 nm peak for test of Alternaria infecting ratio factor influence on

dT/dA value for the stationary system.
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Figure 27. Typical examples of spectrum dT/dA obtained by stationary system.
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gravity centers of spectra log(1/T)
for stationary system
1.4
1.2 O alternaria infection
ratio <10%
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0.2 1 ratio >=10%
0 T T T T
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wavelength, nm
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Figure 28. Calculation results of log(1/T) spectra gravity centers for healthy
apples and apples infected by Alternaria.

1.2

1.1
1 -
1 —
0.9 : ; ;_
o — e =
[ E— = O
0.7— E i = U
0.6 - 4 :_
] 4
0.5 i .
0.4 : . _
0 <01 >=0.1 Each Pair
Student's t
infection ratio 0.05

log(1/T) ©90P99 4215 1991 HY Y - N NORPTNINIPT 191-10 NN’ NINYIN .29 1Y
S9N 9PYINA NYIIVIND YNIN NOYN MY B9 NYIVH NIPNAY NN YPWIND

Figure 29. One - Way Anova analysis results output for stationary system
corresponding to to gravity center coordinate Yc of spectrum log(1/T) for

Alternaria infecting ratio factor.
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Figure 30. Calculation results of T spectra gravity centers for healthy apples

and apples infected by Alternaria.

0.4

0.35+
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0.25 L) 1

> 024 _——F—— I QO

M o

0.1

0.05 .
0 0 — >=0.1 <0.1

Each Pair
Student's t
0.05

infection degree

Puomd T 9I190POD 7215 1991 YW Y - N HONPTNNIPY 91990-70 NN MNKIN .31 Y
.« PN PUINI NYIVIND $1NN NVYN NYY DN NYIVN NPNAY NN

Figure 31. One - Way Anova analysis results output for stationary system
corresponding to to gravity center coordinate Yc of spectrum T for Alternaria

infecting ratio factor.
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.8.2.2 NADI OONNMYW JMP N n3on »1vHo Yy MODIAN DYDY NMINNINND

YNNI NOIYNI OHDNN MIRIN 5.2

PLS mxsn .5.2.1

DTN Alternaria - N PIAPXI MYV 1Y P MIXDNP MNHIN NNXIM 14 -1 13 12 NHava
873 OXTN May OOTMN 4 5 PLS MyNnNa Wapnny 0»nn 07y0 nNoIn Npd1aa
JPANT) NN TONPN NIV NNIP DY MIRIN MINND 34- ) 33 ,32 DN .0OMN

.8.3.1 N9DI MIRYN) DINN D1VNINN DNV HY NN NN MXRXIN

NN MWy PLS N HVYw MySnNa 193pnnY »H0210 9N 10y MNHIN .12 NYav
2°MONN YV 191 MaP Yoo oy ormb

Table 12. Processing data results from rotating system carried out by PLS

for sample with all classification groups of apples

SEP, % SEC, % Optimal | r, %
affected affected latent
area area factors
number
T 3.5 34 10 80
dar 4.3 3.5 10 82
dA
1 3.6 33 10 84
108(?)
d*(log(1/T)) 4.4 4.0 4 66
ar’




NN NWINY PLS N HVIYW MYNNNI 1YAPHNY MHD2N 9IN) TH*Y MNIN .13 NHav
4% ¥ NONNIOVIN PAPIT MYV YYa ©IMON NIY DITIY

Table. 13. Processing data results from rotating system carried out by PLS

for sample without apples that have Alternaria infection ratio less 4%

SEP, % SEC, % Optimal | r, %
affected affected latent
area area factors
number
T 3.5 34 10 83
dar 4.3 3.9 5 82
dA
1
log(?) 3.6 33 10 86
d’*(log(1/T)) 4.4 4.1 3 71
ar

AN MWaNY PLS 1 H0YY MUNNNG 19apNnY 9910 39N N5y MNGHN .14 1530
10% 1y 1PI9909X AP NYIY dH¥a 0NN NYY DY

Table 14. Processing data results from rotating system carried out by PLS

for sample without apples that have Alfernaria infection ratio less 10%

SEP, % SEC, % Optimal | r, %
affected affected latent
area area factors
number
T 3.6 3.3 10 0.90
dar 3.9 3.7 5 0.90
dA
1 5.0 4.7 6 83
1 -
0g(=)
d’*(log(1/T)) 5.2 4.3 3 80
di’
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results of PLS for T,
prediction VS measurement

damaged fraction
predicted

0.25 0.3

damaged fraction measured

N9 YAPNAY T N93¥10 NP HY MOVINNN NN MNNHN P2 ONNN 3299
Y 19 MNAP YYD By DITNRY NDIN NVIVI MTITN MININ )2 NYINI
. DIManNn

Figure 32. Correlation between measured and predicted results that are based
on transmittance radiation T for sample with all classification groups of apples,

obtained by rotating system .

results of PLS for T,
prediction vs measurement

0.3
IS r=0.83 :

g 3 0.2 :

= B

3 5 0.1

g8

2 0

8 0!3

damaged fraction measured

N9 YAPNAY T H93¥10 NP DY MOVINNN NN MNNHN P2 ONNN 3399
12759 NPV So¥a BIMON NIY BI11IY N%NDN NVIYI M1 MNIN 1°2Y NYINa
L0993 XY ©IMON Y9191 4% 1Y

Figure 33. Correlation between measured and predicted results that are based on
transmittance radiation T without apples that have infection ratio less 4% and

include non-infected apples, obtained by rotating system .

63



results of PLS for T,
prediction vs measurement

predicted

damaged fraction

0.05 0.1 0.15 0.2 0.25 0.3
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N9991na92PnNY T 79390 NPIP Y MODINNN NN MNDHN P2 ONNN 3499
1929 MYV Y5¥a DXNMAN KYY DHIT11HY H2090 NVIYWA MTTNH MNDHIN 2% NyINa
LN NY 0NN 5999 10% 1Y

Figure 34. Correlation between measured and predicted results that are based on
transmittance radiation T without apples that have infection ratio less 10% and

include non-infected apples, obtained by rotating system.

Cluster Analysis MN8N .5.2.2

YNNI NOIWNI DMOND VK PPT NPNI MNITY %) 17-1 16,15 MNYIv3
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0°MaNN Y95 By DITNIY MNAPN 4 29D YYD 119NN PI*T .15 NHav

Table 15. Total accuracy and accuracy based on 4 mathematical treatments

with all classification groups

Optimal

accuracy according to infection

latent ratio, % Total
Jactor From | From | From accuracy
0 | 0%¢to | 10%to | 20% to %
10% | 20% | 100%
! 10 76 75 56 57 71
dT
di 10 86 80 60 55 77
1
log(Z) 10 | 57| 74 | 70 | 90 70
d’*(log(1/T))
AP 4 71 53 62 77 58

4% ¥ AP MYV SH¥a 0IMAN ROV DXTIY MNAPN 4 29D 1YHYIN 11NN PYT .16 NHaV

Table 16. Total accuracy and accuracy based on 4 mathematical treatments

without apples infection ratio less 4%

accuracy according to infection

Jactor From | From | From accuracy
0 | 0%to | 10%to | 20% to %
10% | 20% | 100%
! 10 90 74 56 50 74
dT
di 5 90 68 57 67 72
1
log(Z) 10 | 68 | 73 | 71 93 71
d’*(log(1/T))
dr 3 62 49 44 86 51
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10% 1y APy MYV So¥a 0OMON NI DIT11Y MAPN 4 29D Y5550 11900 P .17 NHav

Table 17. Total accuracy and accuracy based on 4 mathematical treatments

without apples infection ratio less 10%

Optimal accuracy according to infection Total
latent ratio, % accuracy
Sfactor
%
0 From From
10% to 20% to
20% 100%
T
10 100 89 69 94
ﬂ
i 5 99 87 69 93
log(+)
&G 6 92 82 95 88
(og1/T)
e 3 85 64 91 75

Two Way ANOVA mn¥In .5.2.3

,MANN DIPMI NN NYOVYN NINSIN NN 40- ) 39,38 ,37 36,35 DMPND) 19 NHava
MMIYNRI NI OV TNR oW OW log(1/T) orvpav Sv Nown Sy Alternaria N NP> NY>W
97 DY MOONON TN N PN YaPy NovD 0ORNNN N TR LT Sv sy T Hv

DXNOWY MNIND .OMANT DI DY YXINNN D510 THIX NINIM 10 NIV MNNIN .DIVPION
18 192V .8.3.2 NADIT DIRNNI DINK  OINOWY MNNIND  .8.3.2 NI DINNNI DMINN

SV T2191-1970 MORDTNNIP DY DX9)N NYIVN MINNIN NINYD 44 -1 43 42 41 DN

T nrayn n»ap orvpso log(1/T) orvpao
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Alternaria - 1 Pap>9 MYV MAND DIP D) NYOVN NPT MNN . 18 NHAV

T A93yn N9 09090 log(1/T) ©IIVPID YV 12197 -1991 MONPTNNIP Yy

Table 18. Test results of fruit position and infection degree factors
influence on gravity center of log(1/T) spectrum and of T transmittance

spectrum.

122 DISPNRIOVYN || NAP29D NPV O || MANND DI B9 || MORITNINP
0999 a)han) 722D -2

nyavn nYyavn nYavn

NY nPHIMm NPHAIM NY
npHaMm

NY NY npPNAM NY
npNAIM npPNAM

NY npham | 0.087 [ mphamny
npHaMm

NY nphaMm | <0.0001 | npham Y
npHIMm
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59 Alternaria - 1 1ap>3 NYWI MOND DD NN NYOWH NP2 MNHIN .19 7YV
NPVHRNN DIIVPIV MNEN 3 HY DINOY

Table 19. Influence test results of fruit position and Alternaria infection

degree factors on peaks for 3 mathematical treatments of spectrum

12 MEPRIVON | PaPIIn MYV 099 0P 099 9) TN
09990 Man Man INNND
SNV

nyavn

NY
npHIMm

NY
npHIMm

nyavn

ND
npHIMm

npHaMm

<0.0001

nYavn

NY
nPNAM

NY
npNAM

DINDN
ARATEY)

max

NY
npNIMm

NN

<0.0001

NY
npNAM

NY
npNIMm

NY
npNAIN

npHaMm

npHaMm

<0.0001

<0.0001

NY
npNAM

NY
nPNAMN

ND
NN
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infection ratio 0.05
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Figure 35. One - Way Anova analysis results output corresponding to
wavelength 674 nm for influence Alfernaria infecting ratio factor test on

log(1/T) value for the rotating system.
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Figure 36. Typical examples of spectrum log(1/T) obtained by rotating system.
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Figure 37. One - Way Anova analysis results output corresponding to

wavelength 719 nm peak for test of Alternaria infecting ratio factor influence on

T value for the rotating system.
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Figure 38. One - Way Anova analysis results output corresponding to

wavelength 732 nm peak for test of Alternaria infecting ratio factor influence on

dT/dA value for the rotating system.
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Figure 39. Typical examples of spectrum T obtained by rotating system.
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Figure 40. Typical examples of spectrum dT/dA obtained by rotating system.
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gravity centers of spectra log(1/T)
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Figure 41. Calculation results of log(1/T) spectra gravity centers for healthy

apples and apples infected by Alternaria for rotation system.
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Figure 42. Calculation results of T spectra gravity centers for healthy apples
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and apples infected by Alternaria for rotation system.
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Figure 43. One - Way Anova analysis results output for rotating system
corresponding to to gravity center coordinate Yc of spectrum log(1/T) for

Alternaria infecting ratio factor.
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Figure 44. One - Way Anova analysis results output for rotating system
corresponding to to gravity center coordinate Yc of spectrum T for Alternaria

infecting ratio factor.
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D>MIN YV D 2590 PHiNY NP NIR -n 0170VPaD Hv DNovw 295 195 . NIR 01vpavh
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MININN DN DY NITON IN MNOND TN 250 IO DTANN VNI XD MOANN 301N 157712

Y DYILPADY DWW KD DXNMAN HY DIVPAD P2 DXTAND VP DM ¥ ,TIN Ya1 .ONON

.DMVYN DINOWN P DTAND INNYNA AN 20NN WD V2T . Alternaria 2 DYMNN ©DMON
Y9N T10IN Alternaria -n ap>7 NYY P2 PINY MZN NNMP ONX PT2) YNONN IPNNa

NIR 199P010P90 MYSNNA NINN PNIAPIIN NYY P27 M)HOIN

PLS »vrv .6.1

N3 9Pvwany Erkinbaev, et.al.(2004) bw nT1n PLS mnsym nyna 9rvand PLS minsn

DTPN TN NOWY RN NIAPM NOY P2 DM TOINDY 7DPNONP NNOPY NITVNND
(8.1 NADIY DMV 12 PN L6 NYAV) N PWHNY 92% D 87% "2 1N N¥MIYW ONNNN
5 66% Y2 1PN DRNNN OTPN DXMANN DD DY DITND NN HPYWINI IPIDIV DIMAND
92PNNY DRNNN DTPN IYNRD TN AN 19D (8.3.1 NODI1 DMINNY 32 PN ,12 NYIV) 84%

4% TV AP MYV DY DXMANDY NN ORNNN OTPN NTID MDON NNKN .HIN 9PWHNa
DN .NNNYNA YWD INRINWNIA N Alternaria - 2 DYMI DN OND NI TNON KD 10% -

9 71% 3 9APNNY DNNNN DTPN 4% TY PNIAPA NV Ooya DXMONN DX DITHN 2 D)

2 PO ONX PN PIND KXY TN D7) OXNNN (8.3.1 NADIA DOMPN) 33 0N ,13 NYIV) 86%
80% Y2 1> NYY OXNNN OTPN ,(18b 1Y) 10% Ty NPT MW HOLYL DIMONN NN DX THN

YH¥a DYXMAN 30% N NMIND OPP DTN TIYND . (8.3.1 NIDIA DIV 34 1PN |14 NYAV) 90% D
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TMINNN NI 9PWIN NIY 2D HIAPNI AN DITH) OXNNN DTPNY INY MOLP NYXINNT NN
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NNSIN N2AY( 82%) 20 OXRNN DY NRNIN NYAPN 12 1D (12 NYIV) OOMOANN DD NX HYIVY

MY HOLYL OXMAOAN KDY DXTH INAY NNPNRN NI NNIPN DY INYRIN NN 7Y
ONNNA YN (18b 91N) 10% TY PIAPPI MYV Ouya DNMdN KOY OXTH MY 4% TY )IAPM

(14 -y 13 mINHAV)90% DV

Cluster Analysis nvo*Y .6.2

Nona Cluster Analysis NV MYXNNA HIN 9PYWINI VAPNNY DINNN TIDY MIXNINND

NN PYTY IR L Alternaria ©YM KXY DXMON DN DNBN : MNP 2 D OXTHN DY

DOYM) KON DIMONN NXIAPY TN 87% 9 73% P MNWK) M) DOVNN DXMAND N¥IAPY
.75% 9 50% P2 P MINWN 1PN PYTY IWRD (8 NHaL)

DXMAN NXIAPY MIMNN ANV MN PHN PPTY RN (9 N9I0) MXIAP 4 Y DITHN NPIYN2

DYIVPADY 81% SV VN PYT Yapny ©X1IA (18b N) 10% N INY PNIAPEIN NV NIV
T2y .log(1/T) 79N 01VPoIEs 85% Y dT/dA Www NIWNRY NIY 88% T Hayn ny»ap
NS \PNON PPT DY XY 0NN L(18b 918) 10% 1N MNS NIAP MYV Oyl DINSN
39% 0NN N PP, T 72yn NP DMVPOD NIAY 58% TY 33% N MINWNI TV NN
DYIVPIDY 55% Ty 36% DINNA )N PN ,dT/dA ©1IVPIDN DY NNYNI NINY 58% TV

M®IP H3Y 65% N MND N P72 IR log(1/T) SW 1w N Y T . log(1/T)
9901 MNIAY IAWIN ,IPND PPT I IMPTY MIRXIN DI 9 XY v . (9 1YV NIXI ) PPN

TI03 NP DNVPON 19DNY 935 .PLS MY¥NnNa PYNNN DOTIP 12WINY YINDVIIN DINVPO

T 1N ©NVPAN 1991 (log(1/T) H¥ MY NIIY .ANY XX HVDYLVLON ST AWNI T
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, T 9 900 pr1o nxnwna mon 7 ynn p»T d*(log(1/T)) - 5 0N (91 8 MNYIL)
1290 991 Yapnnn d? (log(1/T) oyvpaow NN 759 nawwnn Non log(1/T) , dT/dA

Rapl%)Ve
NN PPTY MR NN Wi M3y MO Wwapnnv Cluster Analysis NINNIN

NN DXTHN YD PO OX .71% 9 58% P2 N (15 NDV) OMANN 95 NAY DITARD  H91ON

N92V) 74% 5 51% Y2 1N DAPNNVY 919N NN PPT, 4% TY PNAP NV DY DOMONN

dT/dA 2y NP DY INYRI NITNY 0NN PYTI ONIWHYN NDY DN KXY MDD (16

9555 193PNY MIRXINND AN T VYN YAPNY Y9191 PN PYPT d? (log(1/T)) MW NIV

MY NPLHNY NMNENA ONVPAN ITDHY NIAYNL NNPY ¥ 09N (15 NY2V) DMONN
IMINA DXNVPAN MODNRY NN TN DNVP ,4% TY NP NPV 193 DXMANN YW DYTHN

NP NV DY DIMONN NN DITHN I DI ON .DXMANN Y DY DITHD NPVLPNN MNXN
(17 N920) 94% D 75% > ¥ 199 NPNAM NN NDW 99150 YN PT,(18b 918)10% Ty

Y MNP 2 D NPIYNA 74% D 62% A MINWN NN PYWINN NINNIND 59100 NN PT
NI NIAPIN NV 19D MNP 4 Y NPIYNA NYAPTIY IRXIND .(8 NYAV) NAPIN MYV

YOV IOV DIMAN MNOY HIOW MIVYND MININD (9 NYAV) 56% Y 54% DINNA YPND PPT
APRN PYT AR POPNR T (18b 1K) MYM) 10% 1 NN 0N NIAPIN

555V DXTHN MY 11PN MNP 4-D APIYNA NINN YN DIPIN RD DIMANY NN PPT

995 M YN PYT RN XD MWD (15 NDAV) 86% D 57% P2 RN DXNMONN DO NN

NN OXTAN Y2 ,70) oy .dT/dA 772y YR HY NHIYRI NI NIN NPLHNNN NNXNN
T D72y NP MY P2 1IN NDIW NN PYT, 4% TY PNIAPO NV DY DIMONN
M2y (16 NYAV) DYIVPIDN NMMNIXN NVWO 90% YapnN 1O dT/dA POV MIYNXI NI
mMNY TN (16 NYAV) PN PYT 68% D YHm Y1) Ynn P17 log(1/T) - DMVPION NNXN

ANy P X3 N T d? (log(1/T)) mmw nawd .dT/dA Yy T Yv yonn pr1a H1mn
STINN MY OMNVPO 90N .62% TYY 71% N DINNA W DNONN HOO DXTNY DNA

DXMOdNN 595 My 3Ty 4 n Mmnwm d? (log(1/T)) MIwn NN NIY N JOP SVDIVLLON
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16 -5 15 N2V P2 572N DRI 4% TY PNIAPXI MYV OHYA DXMONN DXTHN I 1DIN IWNRD
.d (log(1/T)) m>3w nvn dT/dA nyaym NP SY NNIYKRI NIDIN MY TN
555 DY OX 1IN NIV (18b A1N) 20% 4 10% M 9N PP NPV Yo¥a ©IMANY PN PPT

NN DXTHN PO PO DY .7MAXION PN PPT MDD (15 N920) 70% 9 56% P2 XN DIMONN

ND VYN NIN MDD 71% D 44% PA RN YOORN PPT 4% TY PIAPI NV Y1 DOMANN
n920) T YN PYT d? (log(1/T)) MIw NN 15 > log(1/T) y dT/dA , T -2y mnwn
IMNIY 295 (18D 91X)10% Ty PNIAP NYVW YOYa DXMOND NN DXTHN I PO DY (16
(17 N920) 89% D 64% Y°2 NN PN JDINI NDIW YPNON PPT M98 MNTIPN MIRNINI
DY DX 1Y YN PPT YN (18D 11X)20% 1 9, PaPPY MYOIV Yo¥a ©XMANY YN PPT
S5 My Yy T N dT/dA May 55% 5w yon pyT; T M2y 57% ywwa 0mon nvd
.(15 N92V) (4 1°N ©NVPON 790N IWKRI) d? (log(1/T)) My 77% - 1 90% Ny wa log(1/T)
55% 11 100N PYT NN NDY ,4% TY NP MYOY DY DXMANN SY DITHNN PHN NIDN DY
M2y 86% TY 77% 1 N2W PN PP 5 TY 10 N T ©NVPIN 19910 IR d(T) D 67% Ty
1Y 50% 9 57% 1 VYN TIV YOO PYT .3 TY 4D TIV DNVPIN 1901 IWKRD d? (log(1/T))
PoN o) Y (161 15 MNY2V) log(1/T) M1y 93% -5 90% N VYN MW T OIVPIDI MM
959 NPNAM NNNA NAXD NYIWY YPIN PYT,10% TY PNAP MYV DY DIMONN YW DITHNN
NN PPT T D XD dT/dA MIUXT PIY (17 N2V) DIVPAD HY NPVLINNT NMIXNN
Y 16 MINDAV) 4% TY AP NV OHYA DXNIONN KDY DXTHY IWUNND NN DT 1IN N
. (17 n92v) d? (log(1/T)) May 91% -1 log(1/T) M2y 95% -1123 110 RN PYT (17

TY PNIAPO MYV OOYI OOMAND OXTH I PON PO DYV PIONY IWIR 2080 NNIRY Do

PN NN N9 YOHN PPT,10%
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PYT IUND M) AN RN AN 9PWIN OXTTHIN OIMAN DY 55101 1PN PIT NV TN
SV NIMIND MO TANND INRIID NYAN N IRNN HMIN 9PYINI DOTTNIN DXNIN DY NN

MX 22917 INY ¥ AN NMMY wnowny USB2000 20mMI0pa0n .0M0mnvpaon

SNIN NNXY ININD DN N99917 vRwHnYy S2000 70NIVPIDN IWRND TN PIN

Two Way ANOVA nvrv .6.3

YN M 1Y 677 nm Hw Y TINA Hapn) log(1/T) D1IVPID HY MMANRN NOVN
N220) 674 nm SV Y3 TNN DAPN AYNNA PPYWINN MT TN O3 (8.2.2 NADIN 10 NYIV) NN
972N N¥D) HIN PYWINN NINXIN NN HDIDN MNP — 1T HODVLVLD NN 1Y .(8.3.2 NN 19
Sv D) TIINA DMLVPIDN v log(1/T) 7oy MHXIYa 0.05 S¥ MPNIN NN PN
MXIPY 10% 2 MY IN VT Alternaria — 2 NAp>) MYV YO¥1 DXMON MNP P2 677 nm
ND DYMAN MNP P2 PN DTN KRNI KD OYIN .10% 1D MIND PNAPMN MYV OOYa OXNIN
0NN D3NN 12V (22 9N) IMP moIn 1vH92 NN 2T DYDY MININHN MNP DOV

NP NPV MY MNP NX DMINONN DIHYNN DX TN DY NN DXMON NP NN
P21 57N 90N DY WIANN 22 PN DDHWHN INN .10% N MNN 10% D NIV IR N
NIAPIN NMYY MNP IR DNNDNN DIHYNN ,DINN DI KON DXMANN N¥IAPY Dd»2
T2 DY WIANN NT 2NN WYY TAN DYPIYN XON DOMN XY 10% N MND 10% Y N IX DT

(2.3.2.5 PYD NXI) PODVLLON TN .DVPODN NV DY M¥IAPN P PN HTIN WY

292N MY 57NN DOIX (10 NY2V) N DTN IWNN p_value=0.0242<0.05

MY NN DY OOMN 0N DIIYNN D3 APINNA NNNN MXRNN NN 551010 IMP nidom vHs *95
v My log(1/T) 7ova  oMann MNP P2 PN HTIN PRY - NPAOHN DT
N92vY 36,35 0¥ NNI) p_value=0.13>0.05 79 0.05 5S¢ MpPnam NN DIVPION
(19

1212 DYIVPADN NIVMIND NNKD TN NN PYWIna log(1/T) ©1IVPID MNNY qoNM
MORPTNNIP Y99 Alternaria -2 ©YINN OXMAND NN MM IWIN OND NIYYNN MININ
Vb MM INND  JMP nown mysnNa NpTay NAywnn .O1vpavn by 11150 1990

MNNIND (DIVPADN T2 1591) X NORPTNNIP TIVA PN HTAN PR 2D KRNI NIDNN
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DNV INR DY) NPV YOy MNP 10% D NIND NPT NYY OOY MNP P2 PN DTN
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DYIVPADN TA1D 3570 YW YT NORDTNINIP 22X0 NN 9PYNA NN NINNIN HDI1ON VOIMN
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P2 TN OIMN YW Y NORITNINIPA PN HTIN YWY NIIN NINT .WTIND DYTRD
PR VYN 10% N NN PIAPXIN NPV DY DIMON MINIAPY DOYM) KON DNIN MNP
D MY IN DYTY PNIAPPIN MY DY DIMON MIXIAPY DWW XD DXNIONN MNP P DTaNN
MNP ,10% N MNS NPV DOVINN OMANN MXIAP P ,DT7ANN PR IO 1D .10%

.10% 5 MY IN DY) MYOWA DOWINN DIMONN
2720 PN DY MMNMNND MNIAPN 4 5 POIN DITHN IYND NN PWIND NINNIN 22D

MpNam N2 log(1/T) - N DMILPOO 72D 1IN DY Y MORITNNIP MW P2 PHAN

.(18 NYaV) M NN WNN p_value=0.7776>0.05 79y 0.05

P2 (22 0N) MMRND OIVPADN WA log(1/T) Tava Y T1an W yan Yo MMIRY 1NN
MNP ODIN . OWNI XD DXMIAND 10%-1 NN HY NV Y1 DXMAN 19D NNV MNIAPN
TWNND YN PT YSIN RD DT RYN % Y9N IXIN XD log(1/T)omvpaon Hv 721510 15N

TYNRNY VAR NN 212> N XY, DIDTINND DY TN 1D9WY DITVPIDI DD DI THN WIND)

ApNnn

dT/dA MHwXY 7T HY 010VPoDY T -HW DIVPID XY DNRN NIYYNN NINY THY qONA

Alternaria -n 2ap>) MW HOT-5y ©yavn T D1IVPIO 7215 159
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DONOY ,10% D MY IN DY) 12PN YOV OHYA DXNIOND NN 99N 1DAPTIY NINNINND
MPN2 NN PN 1PN NP 02 dT/dA HY MR N Sy T -n ©VPI S

DOYN N7 DMAND DY) 10% N NN NIAPXIN NYY 10y DNMION DY DINOW IWND  0.05

.(8.2.2 NODI1 DMV 27,26, 25,24 DIV 10 NYAV)
ya ©Man T 0VPIL 5¥ Ye 72100 197D NORPTNINIPY D) INID MIRHND MM
NORPTNNIPN YNNI PN J9IND INY 1) 10% - N M Alternaria-n NP> MYV
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9720 RN XY Ye -N MORDTNNIPY T .(8.2.2 NIDI DMIPYY 30 IP¥ ,11 MNYAV)
DINN NIY M¥IAPN Y92 DMIVPIDY TD DN YW X3 -N MORPTINP P2 PNIN
2M0  DNMNIX DTN (8.3.2 NODIA DM 30 1Y) 820 nm TY 720 nm N DIVPIDN
) T ©1VP90 YW D»VPNN ONPV Y20 Alternaria - N PIAPPI NYY NYIWND D) DIINNND
D>8) YNONN IPNNA MNY AYINNA NIIYNY D) TX NNIN NIIYNY P71 KO 0o»wn d(T)

(19718 MINYIVY 42141, 40,39 ,38 ,37

TUNNY MEYNM 01290 ,Mpon .7

PLS nvrun mpon.7.1

N1 dT/dAnH2aymn NP HY NMIYNRI NITN DITVPID N1AY HIAPNN PINDVIN ITIN N

972NN 20NV 1N .NNONN NTIAYA NYAPTIV 1IN NMING 1T IRSIN LN PPYWINL SHTPN

MYV DININ DY AN TIN HINK IR PN 9IND JNN DTN NPNONN NTHIAYIY o2

i 10%-1 NP MY

DY NITI N TTOIN NPT ONA NIAP NYOY P2 N TDINDD 7PSNP Nvp .2
YPYIN MW NYIPNI 1N NINIIN .10% 1 N 1279 MYV $0¥a 03NN MND NNNN

; YNNI NN APNNN

T (PLS ) 2 N0 DOINWN) ©NVPS 1901 M) DRNN DTPN : HY OIINDVIN 97N )

0°XMAaN Y95 oy X115 log(1/T) DMIVLPAD MNaY HAPNN NI NYXIIN TPV NN
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oxmb dT/dA nHaymn NP DY NNIIYXI NI DIVPID NIAY YAPNN MINDVIN DTN .1

;NN PO 10% 13 4% 1Y 1PNAPIT NYIY SHya DIMON NOY

Cluster Analysis nVrwn MIpoN .7.2

19930 PVINNN MNIPYN .7.2.1

;10% 7 9N PAPOY MY SH¥a DNMONN N2Y HAPNI TNV M PPHRN PYT N

AT/dA 72y N»IP SW NNYRI NI DIVPID NIAY JAPNI MNP PIYTHN )PHN .2

YNNI PYINNN MIPYN .7.2.2

DYIVPID MY BIPNI NI DXMOND N1 MY JAPNN PHN PPT,0XMONN 555 DY DITHY X
12y 20% 7 9N PAPI NYV Yoya 0NN dT/dA nrayn NPIP YW NNWYXI NI

;log(1/T) orvpoo

NI NP DITVPADY BIPINI XY DXMOANN NXIAP NAY TN M) DAPNN NN PYT .2

DYIVPIDY 20% I 9N PAP NPV Yoy DOXMANN N¥2P N2V dT/dA DY NNWUXT NI

NN NN D993 XY DT NN oMann Nsap) d? (log(1/T)) ow v nwno log(1/T)

i (8% 19 2P NPV Yoy DIMONN

Yo¥a DXMONDY,DNVPAD M DI NIY DOWN XD DXMANY 1NN M) DAPNN NN PYT )

DYIVPIDN XIN DITVPAD NV 9 INPA MY YPINN PIT 20% ¥ 10% 1 PP MYV
I log(1/T) ©IVPID MY 20% B 9, Pap* MY W rvya oomanc ,d? (log(1/T))
MY rH¥a XMONN NN NN 1YY XY N NN ooMann N¥ap)d? (log(1/T)) ww v

; (10% 4y Papr9
1Y PP MYV Y5¥a ©IMANN NN DXTHN 1D DI DY N2 DTN XD D000 NN prT .1

1 10% 1Y 1227 MYV Y5y DIMANT NN DITHN J2 DI DY NPNA 1NN NOW) 4%
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210D DDV OINDY APY NN PYINN DY VNI 1N NIV NYNNA PYWINN MIRNIN

APNND TONNAINMOY NTITH XN DIVINI NININD ,INY OXMN TOVNIVPID

Two Way ANOVA nvrun mypon .7.3

T29N 199059 HY 10% 1 13 AP NWWIWA Alternaria -1 DOYNIN DXMAN NMT N
; P2 N d(T)- 01IVPIDY T- OVPID Y DTN D) 3N 90 X T- DIVPID
MWWA Alternaria -1 ©YMIN ONBN NN (95% MPNINM H19) PN NPT XYM .2
T ©170P0 YW DTN 93 1NN 290 X T- DVPID T2191 1990 9 DY 10% 1 113X P9
;dT/dA - ©Y0VPIDY

N9 log(1/T) - ©170PAD 72191 1991 79 HY IX DTN D) YN 23D DI OXNIDN NPT )

£95% PN HNY) PN RN

0199 .7.4

TTHIN PNAPPIN NOY MIXNN P2 DPINOPD 7PIONP NPPY PXOND N YNONN IPNNIN
72y T 7990 DAy N1IP DIVPADY NPINN NIAPIIN NYY MIXNIND NMDIN NN
MNHN WYApm log(1/T) ndw »@mnn Tavn o Inm dT/dA o1vPsn HY NNHYNI NI
Y HOLYI DIMAN NIND IWND ,83%-H 80% DINNI ONNN DTPN DY AN 9PWI N1y
nnyny L, d*(log(1/T)) ©MLPIOS  .OXTHN 591 30% MNSY NN 10% 1B 99 NIAPIN
OTPN TW .OXTN IMNX N 66% YAPNN DRNNND OTPNY NI NP TINDY PXONP
DTPN SVLOLVLLVLY TN ONVPIN 9PN NP d*(log(1/T)) ONVLPILS T OXRNNN
DXTHNN 10% 1y IR MYV DY OXNMON NIDN DY NPNAM NN YV DXNINN
Y 83% 2 DINNA ORNN DTPN ,0MANN NN >INK ,YapN log(1/T)-1 d(T) , T oyrvpavd

oxnnn 01PN log(1/T) ©1vPavy .80% Sv oxnn Yapnn d*(log(1/T)) DIVPIOD 90%
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IOIND MDD L6 <D 10 N NNAN OLDIVLLON DTN DMNVPIN VDN TN MHNYN ND LVYNO

VNN DTN NINKIN NDY 9% PN
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0XMAanN NIoN oY YN YD prT . log(1/T)-y dT/dA , T ©Y10PADY 77% D 70% P2 XYM
DYILPIOY NN PYT .94%-5 88% Y2 DXIIYD YN DITHN 1D 10% T AP NYVY Dya
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DYIVPIDY 56% Y 54% P2 XND) DI1IN NN PYTY WINTH NI PWINY YApNNY Analysis
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N PN IDIND NP M JPHRN PPT .0V 0NN 30% N MND W 12Y D)2 10%
P17 . log(1/T)-y dT/dA | T ©Y70P90 10% 3 95 AP NYVY Y2 DN NXIIAPY
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PP DIVPID MW 135 10% N 9N NIAPIN NYY DY DIMAN IR MNTD MIVIN ¥
PYINSY NMIN PWINS T DIVPID 7215 1090 195 1) dT/dA NHw NN NN T- Naym
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T21D 150 DITVPADN MNOYW 9Y DIMANT NN MNTY MIVAR PN I N8 DIIN .95% NNV
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D292 00Y MIPYH MNNHN 8.1

Position 1. Scores Plot Apple NR Trans mitance - PLS (10 fac.
"autoscale"), SEP=11.3, SEC=8.58
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Predicted Affected Area, (%)

Measured Affected Area, (%)
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Figure 45. Correlation between measured and predicted results that are

based on transmittance radiation T in preliminary experiment

(Source: Erkinbaeyv et. al, 2004) .
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Postion 1. Scores Plot Apple NIR LOG(1/T) Position 1 - PLS
(5 fac. "autoscale"), SEP=11.088, SEC=10.16

80
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Measured Affected Area, (%)
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Figure 46. Correlation between measured and predicted results that are

based log(1/T) in preliminary experiment

(Source: Erkinbaev et. al, 2004) .

Position 1. Scores Plot Apple NIR Second Derivative of Log(1/T)
PLS (2 fac. "autoscale"), SEP=11.32, SEC=8.48

80 ,
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Figure 47. Correlation between measured and predicted results that are

based on second derivative of log(1/T) in preliminary experiment

(Source: Erkinbaeyv et. al, 2004) .
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NN NIYNA DINDNY MINVYN NMNYIN .8.2

PLS nvow 8.2.1

results of PLS for T
prediction vs. measurments
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r=0.67

0.06

0.04

0.02
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predicted
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-0.02
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Figure 48. Correlation between measured and predicted results that are

based on transmittance radiation T in current experiment.
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r=0.66

damaged fraction
predicted

0.01 002 003 004 005 006 0.07 0.08
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Figure 49. Correlation between measured and predicted results that are

based on log(1/T) in current experiment.
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results of PLS for d2(log(1/T))
prediction vs. measurements
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Figure 50. Correlation between measured and predicted results that are based

on second derivative of log(1/T) in current experiment.

Two Way ANOVA nvry .8.2.2
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Figure 51. Typical example of spectrum log(1/T) obtained by stationary

system with its characteristic peaks
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Figure 52. Typical example of transmittance radiation T spectrum obtained

by stationary system with its characteristic peaks .
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Figure 53. One - Way Anova analysis results output corresponding to
wavelength 809 nm peak for test of Alternaria infecting ratio factor influence on

T value for the stationary system.
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Figure 54. Typical example of dT/dA spectrum obtained by stationary system

with its characteristic peaks .
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Figure 55. One - Way Anova analysis results output corresponding to

wavelength 732 nm peak for test of Alternaria infecting ratio factor influence on

91

dT/dX value for the stationary system.
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Figure 56. One - Way Anova analysis results output corresponding to
wavelength 829 nm peak for test of Alternaria infecting ratio factor influence on

dT/dA value for the stationary system.
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MAYINA NHIYNA DINDNY MHNYH MNDHN .8.3

PLS nvsw .8.3.1

results of PLS for d(T)dA,
prediction vs measured

0.4
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Figure 57. Correlation between measured and predicted results that are
based on transmittance derivative radiation dT/dA for sample with all

classification groups of apples .
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results of PLS for d(T)/dA,
prediction vs measurement

r=0.82

predicted

damaged fraction

damaged fraction measured

a5 dT/dA N3y NP DY NIYW NI DY MODVIANNN NN NINYIN 1?2 DNNM .58 99N
4% 1Y PAPE NYIY 2HYa 0IMAN XYY DX11Y 109N NVIVI MTITN NINSHIN
Figure 58. Correlation between measured and predicted results that are based
on transmittance derivative radiation dT/dA for without apples that have

infection ratio less 4% .

results of PLS for d(T)/dA,
prediction vs measurements

damaged fraction

damaged fraction measured

125 dT/dA N3N 13999 DY N2 D91 DY MODINNN NN MNKIN P2 ONNN .59 90N
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Figure 59. Correlation between measured and predicted results that are based
on transmittance derivative radiation dT/dA for without apples that have

infection ratio less 10% .
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results of PLS for log(1/T),
prediction vs measurement

r=0.84

damaged fraction
predicted

damaged fraction measured

ALY M MNDHN 1225 log(1/T) Yy MOOANIN NN NMININ P2 ORNN .60 Y
. DYMANN HY 119 MR HY5 Dy DIT11IY NN

Figure 60. Correlation between measured and predicted results that are

based on log(1/T) for sample with all classification groups of apples .
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Figure 61. Correlation between measured and predicted results that are based

on log(1/T)for without apples that have infection ratio less 4% .
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results of PLS for log(1/T),
prediction vs measurement

r=0.83

damaged fraction
predicted

damaged fraction measured

ALYV MNH MXDHN 125 log(1/T) H¥ MOVANNN NN MNGHN P2 ONNN .62 MY
10% 1Y PP MY S5¥a 03NN KYY DITNIY 109N

Figure 62. Correlation between measured and predicted results that are based

on log(1/T)for without apples that have infection ratio less 10% .

results of PLS for d2(log(1/T)),
prediction vs measurement
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Figure 63. Correlation between measured and predicted results that are
based on second derivative of log(1/T) for sample with all classification

groups of apples .
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results of PLS for d2(log(1/T)),
prediction vs measurement

damaged fraction
predicted

damaged fraction measured

MNDN 225 log(1/T) DY 7229w N9 HY MODINNN NN MNYIN P2 ONNN .64 Y
4% 1Y PaAPIT NYIV KYYa 0IMAN NIV DX N2D9N NVIVWA MNTN
Figure 64. Correlation between measured and predicted results that are based on

second derivative of log(1/T)for without apples that have infection ratio less 4%

results of PLS for d2(log(1/T)),
prediction vs measurement

r=0.8 3

damaged fraction
predicted

damaged fraction measured
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Figure 65. Correlation between measured and predicted results that are based on

second derivative of log(1/T)for without apples that have infection ratio less 10% .
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Two Way ANOVA nvsv .8.3.2
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Figure 66.Typical example of spectrum log(1/T) obtained by rotating system

with its characteristic peaks .

98



0.4

0.35

719 nm

025

02

transmittance

0.15

0.1

0.05

Qo 1 1 1
550 BO0 Ba0 f00 a0 ald

wavelength, nm

1 L= ™
= I} 950 1000

|
850

< DININA PWONA LAPNNN VY 21N DNV Y T NN NP DIIVPID NNNT .67 I

Figure 67. Typical example of spectrum transmittance radiation T obtained

by rotating system with its characteristic peaks .
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Figure 68. One - Way Anova analysis results output corresponding to
wavelength 809 nm peak for test of Alternaria infecting ratio factor influence on

T value for the rotating system.
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Figure 69. Typical example of spectrum of first derivative of transmittance

radiation dT/dA obtained by rotating system with his characteristic peaks .
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Figure 70. One - Way Anova analysis results output corresponding to
wavelength 701 nm peak for test of Alternaria infecting ratio factor influence on

dT/dA value for the rotating system.
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Figure 71. One - Way Anova analysis results output corresponding to
wavelength 829 nm peak for test of Alternaria infecting ratio factor influence on

dT/dA value for the rotating system.

NINN IPNNN YNHYN ©Ha NPVDIVLLY MLV .8.4

Matlab ny9ma PLS on99)9N .8.4.1

:YIPOTI DN NTIAYN MOV

-Text (Tab delimited) - (format) n°2an2a Excel mM5N2 0NN IR MIVO v .1
filename.txt
DNIPA NMDIN NPYTI MXXIN DIVPID MNM -TNN ¥IP2 NHYD 1N : NN
. filename2.txt filenamel.txt : ©Nan OYTI9N

(MPYRN DY 9195 PP9P) MATLAB mdon nno .2

, MM NN NTIPaN Import Data nTps >y MATLAB-Y 00 NN 92017 v .3
ing ©2°57 NY¥IVM T OIMIVPADN NYIVN NN JYIDI .TI9) DY NN W NNILVN D3O

(firmness , TSS ,TA o)
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T=filenamel;
ing=filename2;
.0>2509) NIVPAD -TNNX NP W IWKRD : NIYN

n NNV TY PWHY 1MW 2297 2 NIV, YT D900 DPTIN NNIYRY NNV : RONTY

: DIV DIVPOD
T=filename (3:n,:);
ing=filename (2,:);

.20 192V NMIRYN) DITVPIDN MNNI DY OVLNPNN TIVYD MTPY .4

PLS mysnna 01907200 990 DY »0nnmn MY mNps .20 AYav

Table 20. Commands for mathematical processing of spectral data by means of PLS

Tdl1=savgol(T,5,1,1); ,MTIPI 52N NON) - NNHYRI NI

(MYNI NN ,1 DM

Tlog=log(1./T+(min(min(T)))); D9DN NYVIAN min NXPN — DMIND

(TVIND A1 NPPM WYIN DY) DPDHY

Td2=savgol(Tlog,5,3,2); — DN DY NIV NN
NN, 3 DD, MTIPI 52N NoON)

(Mmv

:MON MY DNN 1T NP2 .modlgui : NTIPON NN ©¥am> PLS nbyan> .5
(73172 o1y) Regression Parameters -1 Linear Regression

.Load Data -nt 902 57Ny MOLD_File ©>ymMa Linear Regression yYona .6
Ang NN 72 NN T DX OTP OO0

Regression Parameters 'ona .7

D) IWAN) .leave one out : NHNTY NYIWORD NNNX 0>IN2A Cross Validation-a .7.1
(78 NN MINN

T-(MNOITN 19010) 9THN 10% DNPY Max LVs -2 .7.2
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Figure 72. Window for possibility selection of sample division into calibration

and validation subsets.
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Figure 73. Window for loading and running of data.
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Figure 74. Window for selection of factors number.
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Figure 75. Window of points distribution related to certain samples.
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Figure 76. Window of correlation between prediction and measured results.
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MATLAB -1 Text mana Excel Y21p 018y .14

S TMTIPON MYNNNI DY 02990 NHOPWI NN MY 112

Y= modelname.ypred

X=delsamps(ing, modelname.drow)

p=[XY];

wk1write (‘filename',p)

:TPOMINIMTPN NN HAPY >TD

Y= modelname.reg

wklwrite ('filename.wk1',Y)

106

Matlab -3 Cluster Analysis 0n99N .8.4.2

:YIPOTI DN NTIAYN 22OV

-Text (Tab delimited) - (format) n°ana Excel m5n2 0MN DX MO ¥ .1
PIDIN NPITA NMIRNIN DIVPID NNI - TN ¥IP2 NIWY I : 7Ivn filename.txt
. filename?2.txt filenamel.txt : ©’N2N DTN OY¥IPA

MATLAB ny5n nno .2

MM DXDINM TNX Y12 .Import Data NTIP9 >y MATLAB-Y ©Nmn NX 02019 v.3
. TPIDAN NPYTA MNIM DIVPIDN
n NNV TY HPWHY NNIWI 2537 2 NNIYL,Y D900 DPTIN NNYRY NNY : RONTY

: DIV DITVPOD

SpT =filename (3:n,:);

ing=filename (2,:);

21N 1PN YIS 1IN DY MPINA NPNY MAMN TWYN NNDIN.4

Prepare_data, erro_matr, Run_models

.21 19202 DINNNIIN TINNI DY UNNN TIDYY MTIPY .6



Cluster Analysis My8NNI 01IVPIVN PN DY SVNNN TIYI MNP .21 NYAV
Table 21. Commands for mathematical processing of spectral data by means of

Cluster Analysis

SpT dl=savgol(SpT,5,1,1); ,MTIPY 521N 1PON) - NIWRI NN

(MIYNRI NI ,1 DN

SpT I=log(1./ SpT H(min(min(SpT)))); D991 NYVIAN min NIPN — DMIND

(TYIND A1 NPT WYIN DY) DOV

SpT d2=savgol(SpT 1,5,3,2); — DN SV NIV NN
NI, 3 0D, MTIPI 523N NoON)

(M

APH M¥IAPY TP NHRNN.6

2 YN MNP 4 -5 TIP I NONTY
CodeT=(ing==0)* 1+(ing>0&ing<=0.1)*2+(ing>0.1&ing<=0.2)*3+(ing>0.2&ing<=0
. 3)*4
S TNIN NV NP NNVD.7
save filename - bw oy
save > DvMa

.90 NNINY YNION NINY matlab.mat NN OV YDA NNV

: MXXIN NPNYY NTIPI.8
Prepare_data 132N D11 1910 INND
NPNY PNO NP

diary('filename.txt')

diary off
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JMP m99m3 Two Way ANOVA om9ovx .8.4.3

2 5V NYAVN NPNAY 91NN HIN TIIND 99199-97 NIN% MNKIN VYD NNPNT .22 NYaV
01%°2 NIYPNIVIINDY DIDINN

Table 22. Example of Two Way Anova analysis results output corresponding to

defined wavelength for 2 factors and interaction between them

Effect Tests p value
Source Nparm DF Sum of Squares F Ratio / Prob > F
position 1 1 0.5187367 1.9300f 0.1670
infection ratio 2 2 2.0391823 3.7936\ 0.0249*
position*infection ratio 2 2 0.1820032 0.3386 \ 0.7134

099991 2 YV DYV NINAY TTNN TIIND 231129-17 NN NINNIN VY NNNT .23 NYaV
019292 NIYPNIVIN NIY

Table 23. Example of Two Way Anova analysis results output corresponding to

defined wavelength for 2 factors without interaction between them

Effect Tests p_value
Source Nparm DF Sum of Squares F Ratio /"Prob > F
position 1 1 0.3578507 1.3441 0.2483

infection ratio 2 2 2.0391823 3.8297\ 0.0240*

AV DY AN D) HYIYN NINAT TTNINN DHN TIIND 939993-17 NN MNRIN VYD .24 HYaV
19939098 YN NLYN

Table 24. Two Way Anova analysis results output corresponding to defined

wavelength for 1 Alternaria infecting ratio factor

Effect Tests
p value
Source Nparm DF Sum of Squares F Ratio / Prob > F /
infection ratio 2 2 2.0391823 3.8204 \ 0.0242¢
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Abstract

The transportation of agricultural produce between countries requires quality
estimation of the production at all stages, from harvest to marketing. The subject
concerns the necessity of the careful sorting of fruits and vegetables. It is often
impossible to manually carry out this sorting. The human eye is not capable of
distinguishing all product damage because human vision is limited by the narrow
band of the electromagnetic spectrum. Some damage, especially internal, can only be
detected using the invisible part of the electromagnetic spectrum. To distinguish this
damage, it is necessary to develop non-destructive and fast-working tools and
methods that operate in a band broader than the visible light range. Seed core diseases
are common causes for the fruits internal damage to fruit.

One of the seed core diseases is caused by the Alternaria-alternata tungus. This
fungus is an aggressive pathogen and is especially common in Red Delicious apples
which constitute one-third of the apples grown in the Galil and Golan regions. The
disease has caused rejection of the fruit at a cost of millions of shekels damage.
Conditions of high relative humidity, mild temperatures and tissue susceptibility are
important factors that affect natural infection in orchards. Once inside the fruit, the
fungus is protected against contact fungicides, and conditions for continued growth of
the pathogen are excellent. Attempts to control Alternaria by using foliar sprays of
several fungicides reduced disease level at a rate from 40% to 70%. These results are
not satisfactory because the modern market of high quality apples requires an almost
zero % damage level. Therefore, it is necessary to develop fast and cheap non-
destructive methods, capable of precisely identifying A/ternaria-infected fruits.

There are several non-destructive methods that are used to detect internal defects in
fruit, and they include: X-ray imaging, including computer tomography (CT) and
Nuclear Magnetic Resonance (NMR). According to reports the methods are precise,
but they are expensive, not fast and not suitable for on-line quality control.

The technology suggested in the present work is based on Near Infrared Radiation
(NIR), which is commonly used in the quality estimation of agriculture produce. The
method is non-destructive, fast, relatively cheap, precise and simple to use. Since the
Alternaria fungus starts developing from the seed core in the majority of cases, the

method based on NIR transmittance radiation is used in the present research.



The general research assumption is that it is possible to sort out Alternaria-infected
apples individually on the sorting line by means of NIR transmittance tests. The goal
of the present research is to develop a non-destructive NIR spectroscopy based
method to examine for Alternaria infection in the apple seed core.

The experiments were carried out using two devices based on NIR transmittance
radiation: a stationary system and a rotating system. The operating speed of the
rotating system is 11 apples per minute. During measuring the fruit was laid down
horizontally, and measurements were carried out at three points along the cross-
section perimeter. 207 Red Delicious apples were taken for the stationary system
experiment and 873 apples of the same species for the rotating system experiment.
Results obtained from the non-destructive test were compared to the results of a
destructive test that involved cutting each apple into two equal parts and measuring
the infection ratio. For this measurement, measure both parts of each apple were
photographed. Using Autocad software, the resulting images were then processed by
measuring the total and infected area of each apple, and computing the ratio between
them.

The predicted values of infection ratio were obtained from transmittance of the raw
spectra and their mathematical transforms: first derivative of transmittance spectra,
logarithm of transmittance spectra inversed value and its second derivative. The
experiment results were processed using the following statistical methods: Partial
Least Square (PLS), Cluster Analysis and Two-Way Anova. The PLS technique was
used to obtain the correlation coefficient between the predicted and the measured
infection ratio values. The Cluster Analysis method was implemented to estimate
sample classification accuracy into groups. To apply this method the sample was
sorted into groups according to the infection ratio values obtained using the
destructive testing method mentioned above. The Two-Way Anova method was
applied to test effect of both measurement location on the fruits perimeter and
infection ratio of the fruit on the peak intensity and gravity center of the raw spectrum
and its mathematical transforms.

The sample examined using the rotating system included at least 30% of Alternaria
infected apples with the infection ratio more than 10%. PLS results indicate a high
correlation between measured and predicted infection ratio. The correlation
coefficients are in the 80% - 84% range. This coefficient range is related to raw

spectra and all their mathematical transforms with the exception of a second
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derivative of the logarithm spectra in which the coefficient is low (66%). When all the
apples that had an infection ratio less than 10% were removed (non-infected apples
remained in the sample), improvement was observed: higher correlations were
obtained (80% - 90%), and classification accuracy analyzed by means of the Cluster
Analysis significantly increased (from 58%-77% to 75%-94%). In both cases the
maximum of the total classification accuracy was achieved when the raw spectrum
first derivative was used. Minimum accuracy was obtained with the second derivative
of the transmitted radiation inverse logarithm.

A sample examined in preliminary experiments using the stationary system included
more than 30% of Alternaria infected apples with the infection ratio more than 10%.
PLS results indicate a high correlation between measured and predicted infection
ratio, when the correlation coefficients are in the range of 87% - 92%. Nevertheless,
in the present research the sample examined using the stationary system included less
than 30% of Alternaria infected apples with the infection ratio more than 10%. PLS
results indicate that there is a lower correlation between measured and predicted
infection ratio (55% -67%). The highest classification accuracy analyzed by means of
Cluster Analysis is obtained for groups of Alternaria-infected apples with the
infection ratio being more than 10%. The classification accuracy values are in the
range of 81% -88%, and they relate to raw spectra and all their mathematical
transforms with the exception of the second derivative of logarithm spectra in which
the coefficient is low (56%).

Two-Way Anova results indicate that it is possible to identify Alternaria-infected
apples with the infection ratio more than 10% according to the intensity at a particular
wavelength of raw spectra and their first derivative and according to the gravity center
of raw spectra at confidence level 95%. However, problems have been detected that
are associated with the identification of infected apples using the magnitude of the
transmitted radiation inverse logarithm at a particular wavelength as well as at its
gravity center. These conclusions apply for both stationary and rotating systems.

The main result of the present research is that it is possible to detect internal damage
caused by Alternaria if it constitutes more than 10%. Further research should be
concentrated on extending the present method to the damage percentages of less than
10% using more sophisticated hardware and examining additional spectrum

characteristics.
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