- YR -

F @ ¥ 2015008):124~130

DOI.:10. 11937/ bfyy. 201508033

E T B &R GBI R KO ETTIRE

T RER,E

B, 5 E R, BB K

(L PEALRMBHE RS ARl 222 B8 BT 5k 71210052, PHALRMBHE K2 5 B LR B . BRFY AR 712100)

W OE R 240 NAER7FERAKRCHK R AT R AR, KL 900~1 700 nm &9 B L 5Pk B 5
Kok B AR, I R E B AL e E R R B AE A Bt R (ROD 3 LR T3k, 5 A % A 4
T4 IR T kA 3 A B ZH G EA(SVM) 5 £ B xRS 7 R AT H R, AR ) R 24 st
BHEREE RPN ERRKCHRAG TR, EREAVATFFER L HFo b 2 H G
(SVM-RFE)2 #r 4§ fE i kK T AT FABF R A6 ik, 4 Fr4Fieia e 3 Ml S 3 H
B EA(SVM) 5 £ B £ 1~200 Aok B F 57K g% R 69 3] 5] GE 55 & 5 5] 4 . 48.6% ~70. 2%,
48.6%~72.0%.33. 3% ~T71. 8% .47. 2% ~70.8% , % F SVM-RFE # 5 ¢4 4 4Ei% % F ,SVM =t
Ko g5 R 6 EEA IR A E ik B 72,09, A iz ik ik ik 69 BAL G

IR SR K 5 TR OGS BUAR 5 FRAIE 4 5 S Hp ) R [0 U 5 4% R K

hE 432 .S 661. 101

SEIRIK I PRI 2 R » 2 — R L B SR
SCAIRARE  TE A SR XA R R R B R A
— DL R R T A R BB AR, vk SRR 5
B, RATER R E AR OL T A4 TR B BUKBUR &
BRI O BRESR , REAS L H MBI A T S B o A& Sl
o R AEE A FEA LML LI T B Uk S A L UOCR EH T
KL B B R AR TR I HF IR I 3T G B SR SR
B S E. WA X7k AR 25 R AR ER
B, T ELX K R BRI BeA SER R By . KBRS
FRKARE S TE S EEWERERZE HEFR
BB T B P 2 5 10 SR A B T R A MO
DALt 3 57— JC 0 L T 5 B 7 0 R A DU S SR K 0o 5
SRS T Ve P S

AR LT MG S AR T 2R i PR i S TR A 4R
BHTR Z 5 FIFHZEAR A TSR P A 3 A L 7 7
52 BB FEE TR A SRR R T 3R i A o 5 S R
P TR Y PR BRAL R 5 TE B SRR 22 R 5
AL RE R WU 5 IEH RARFS . 22
M FIELLINE R BARSS & I 20 1 Fisher H
| BREOR 3R A O O LE A I 503K 2] 89. 996, E 4

E—EEEN . T BB989), 4, MEAE L AT ENERSE
REER SR RKEHR T4, Email:wslyantai@163. com.
FHEEE: L EAA65), Kk HBK HLEFH  AEITZNEFRE
kB ERBE R RAEH R L4, E-mail: ma_ huilingt5 @
hotmail, com.
ESTR R LHRARERZ LB RKAR”H BT B (CARS28).
Wi EHE:2014—01—19

124

NXERARIDAD A XE4HE:1001—0009(2015)08—0124—07

FZUUR AN WAR LT AMRE R GG AN 3 AR B R SR AR
JEIR KU IR TS S5 5 R B, W T AR 1S (PADA) |
F R 3 51 : (PCADA) i e /1y — 36 4] 91 % (PLS-
DA Xef 18 JE5 55 31 55 9 0 591 1E 5 R0 Sk 100 %6 , Xef 7K Do S
B TE B AR 79. 296,95, 0% F 96. 7%, R T 4L
AMHEE BT EAR AR AT R 56 AR — AN /N XS 9 i
15 8. IR R —E R R PR

FEIE BR AR R E SR ARG AR A L
AT A —FRBTE AR , B B8 S Bk 0 X 52 N 43 1
M E R, WS T HA MR ENEGE RS #idfF
A 77 i P VR it P4 AR IR 8 DX 3 ) 18 S 3 i
AT LAX H R S BT AT 40 4. B ET, B N Ah 23 AR
FRE i AR H AR Kok A 7= i B4 2 i 405070 R AT AR
TN IR B8 BE B FET  pH (D SR ARl AT T E &
437, Baranowski 25 3% Fil 3 AL 043 (PCA) | /Nt
7 5B (MNE) 4347 B W8 A R 7 VR IESE T e ik e
[l (400~5 000 nm) f) 7K 5 2 T 15 D63 B 5 FT 42 v 2 1
RN [FIRR BE R A5 ) RS 238 5 EIMasry 48 FI] FH s Y63 1R
BR8N T2 M4 CANN) Z3H7 X0 g 55 v 3 6 3] 1)
BRIKF] 98. 4%, X B FE {4 T AE B RN 9200 AR X
S50 T R AT B AT BT AR AL B kR S
SRR AR 0 O R I 1E g R 1k 5 88.57 %,

MRYEITLTAME I 55 it 35 5 Py B 3 0 51 B A5
— BRI B 45 RO B R 380 LT AN IS B AR 1 1 4
PR F AR B R R IS B R B X K0 e TR R
T4 B R R R A . IR KSR F “R 7R
TR SR NG R i , B — R IR 4050 i ik B R R

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

F @ ¥ 2015008):124~130

- YR -

TR SR B 6 T KR 38 HOH 20 Hr 41 S SRR R X I
(ROD B EHE I ZR , 5 & b2 T B 2 AR Oy 1, SE X IE
ARG KRR 0 FER A, DU D 2050w i &
FARFHK FRER B SE PR RS
1 #RERE*
L1 stk

BUKER AR “RE”, T 2013 45 10 H 20 HR H
BRPGA EXG T PN E BE R BT AR KR . BB
RANEE) A — B TCHLARAR 1 ) SR ALK O 3R (R
i 22 96 1 SRR T R S BEAT I WD AR SRR M R R

Kz PP LR MBI K L=, B TEE FRREE
A 24 he PR PR IEHG E 3951 —BOK S8 LK O SR A
IR AL 240 AN RS
ZHRFRLEERBRERESEHWIE 1 iR,
ZERGH 1 RITLSMEE{Y (ImSpector N17E %, Spectral
Imaging Ltd. ,2%22),1 48 E K 320 X256 BT 4 CCD
HIML(XEVA 2616 #, XenICs Ltd. , tb IR, 1 EEEE
MR EITEEER, 1 S ENBRETEEEEM
THEPEA R, ISR R IR EIGIETEE Dy 900~
1 700 nm, Y6HE43HE5 2. 8 nm, AGTEIREETERE K 30 pm,

U

CCDAIBL

it

Wi \\\\

Hellip ilds #BE
L =
oooa F

&Lﬂl

AL
/ il

1 BRiEEGRERSETEE
Fig.1 Schematic diagram of hyperspectral imaging system

L2 Kok

L2.1 WmobikEBMRE ®mOGIEEBEEREH
Spectral SENS-V17E # {4 (Gilden Photonics Ltd. , %% )
SERN 5 SR BUE b T % A ENVI 4. 7 (Research System
Inc. ,£ED, R 7T RUERSE RIBIE MW AR E, REHT
BRI R B K AR BRI RS 3 7 & A B BE AR BB S A 1]
FCTRAICEL . 29830 2 A HLER G AT ] 24 10 ms, P
BRI ER 20 mm/s, BRE 1 DERERRE
Ve b REERE ECRAE- RS A EE 1), B
WaE P OIERNL. PS8, TN
AFAEEA, BRABER 1 TEERNEIEER, A
JEFaW AR EE, KR EMNERNEEER  EE
RIGBANFEARMGEFE R . HFKORERMERA
AR AN, R B L G TS S e, R R AR 2 IR
JEIE L5 1 IR R T #EA7REE 56 2 YOREFANTH , K
2 WG B iz ke fh ek . R RIRE A 7 iR R
240 MR RDEIEEA

L2.2 SGIERIE S TIHBRE EUR R E A BB T 4

AR B AGk v E A R 75 LA SO SR R TR R4 5 T
PR A MR TS B R, 7 N IR AR Y R O TS BB AT R E R
FEN, BEARE R BRI X R E R 99 Yo bRt
R IER AT EECRE 15 24 H AR E R R, 2R )E
7 BBk 5 RMDOETR, R E S B 2 B AR E BR R o
WX DOHERERER R,
R'mg 7Rdark
R.; —Run
K : R, HRIR R ROE I EER
1.2.3 SERRESYE RN REEER,
S TR SR SE AR TE AL A ) DD FF 5 A Wi R SE R 4T SR A 2
IO IS TRE S P IE =
L3 HdEar
1.3.1 HFEETBENF $FIE%+E (Feature Selection)
N HEFR NEHEF 8% (Feature Subset Selection, FSS) .
JEHEEE (Attribute Selection) , f& 4§ M JE 46 B4 H 5B
AHRBITAR A FRFAE , AR B4 AE , DA T 03 > 4 AE
ANE, IR B 4R AR A R B B, DA as AT i Rl Y B Y

125

R = .,

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

- YR -

F @ ¥ 2015008):124~130

IR T B AL P Y SE SR T 2141 R ik R R 4k
Bk 200 4k, A BB TR B . %5
ZRTEFRIRE.F K. R m &L E B
(support vector machine recursive feature elimination,
SVM-RFE) F1t 5% # (decision tree) f 4 Fh4F4E £ T
Bio TR EE X R T gt B
RATRLE 75 B 1 I HE P £ AR -5 2870 18] ) AH S 2
B NG RIRB A k 4E43ME, ZET F RS A 4F1E
P F ORI PR 7 25 57 PR A 36y , B A JELAELR T 25 /)N
HIZERE 5N, RS MHERM T 248

> (@ —2)*
Hrp,z ik — e FR4E 0 BB 1 F 39, ° R E
FE, BHEREERERRETERTREMEN R
TEYE %, % F 32 FF ) & L8 15 4 AE T Bk (SVM -
RFE) (A AE 2L £ - 76 55 3% 3 P i SR & LA
B YEFFAE 53 T 22 BOT 15 B 28 B4 X8 B /> 19 A — 4k
FRAE , 2R AR k 4ERPAERT 4 138 5, 2 T U 3R 1Y
FREESE A HRRW I ESASFIEMEZENE, AR
BB EZEMN k 4ERR1E
1.3.2 ZHpmENL SVM 43288 HF R ZH
) Bl SVM A SL 1 S50 2888 T A Dy o 3 it T
e 45 1E f51) 0 B2 48] 22 1] 14 i 5 3 5 ke B R AL, A SR DI 25
SETE SRR 25 ] Ve R T 20, U SVML g BE A 0 i
1% BRI HOHS AR 4 2 ) Bl S5F 81 o 4 2 ) 0 R R 7T 4
FEIZIR S, 3 RO 41 51 5 Ot 1 R R0 R AR 4k A
T » DN M 7 B 5 o 3 XY A% R ORI B 5 3 v 4 2 )
HATHRBE . H, % H R R BUR 58 2 BOR R )
a3 R S ME B bR B 2 T 2K R BN AR ) R A BRI K
(radical basis function, RBF),

§

@,

a YT Fruit top side

LM% RS .
K(z;yz;) = (x; » x;) 3,
LA PRECRZ RBCF Y 1 A0, SR PR R
BN R AE JF 46 25 o] oh SRz L R 7 288 .
E WL
K(z;yx)) = [(x; » z;) + 1] @,
He,d MFEET 2. 20 REE T2/
R, B 2 R R, SR BE AR A i B A RT DX
BB EA M., d ERRKR, B i 4E 808 , TR &
WK,
72 ) FE A PR

2
K(aioz,) = exp(— It I

= ) 5,

7 1) A bR B8R SRS T 140 A% B B30, ELAME RE 7 Bl
SHHE RIS
2 HRE5SW
2.1 SRS

MRAESE SRR SN FOR RS AR , 7848 1 057 nm
A1 1449 nm (9 EMR BT B ELAL B, A8 5 1 Rk B LE
R . Ead o B b & BLSE SR RS KB KT 2,
T M (BN 1, P e R E e 2. 3R15 1 IEE
FIXECh 0 RS X Il 1 (RS, B RSk
AT E U8 B AR A 22 B g A B S AR D R, 1R BUR 6%
PR FP ) SE SR SR S X8R (AN P 2 BT %) o 85 JE e Ay JER M
XIH(ROD ., SRJ51HEH A ROIL fF B84 .

AT = oG g gl £ 7F 865. 11 ~ 940. 00 nm L) K&
1 600. 00~1 711 11 nm AL, B AR AR, B i
B (5 BARH BRI, X I, 26 5008 o o R 2 g
FBYEHY 941~1 602 nm 8] 200 4N BEAIECRE  Ag>
EObE R BE R, h R SE BRI R T (.

b. YLK TAT Carpopodium side

2 ERREXETE 1200 nm K E#
Fig. 2 Hyperspectral image (1 200 nm) of apple region
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Fig. 3 Averaged spectral profile of
hyperspectral image of ROI region
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ALY RO BE ARG 4 PR LE 07 1k i S A 2, 2
BIXF 1~200 MEBHTEET R TRK F K% SVMRFE
TIPSR RAIE R, . P, 280 k BRI R 5 21 Y
T BRFAE 1580 % 18 SR IR A R KB S T k
M1 E] 10 fREEAR.

xR 1~4 GrHr R I, 2 TR 07 K5 il 45 1iE 2 9%
it e WA AL B 5 BRI 111~123 (B K
1226.99~1 207.15 nm), 7€ 153 ~161 (1 369. 75~
1 396. 31 nm) FBE T AHXEEA BT F A K A RFAIE L $E
08 ) A BB B i 5 8RR E 2~5 (944. 79~954. 75 nm)
1 58~66 (1 054. 35~1 080. 91 nm) ; #&F SVM-RFE 4§
AIEBEFE 7T 3 1A 2800 Bedhi 5 46 P AE 60~64 (1 060. 99~
1 074. 27 nm) H1 109~118 (1 223. 67~1 253. 55 nm) ;3
TR F) 4T 32 48 T 0 B A AR B g S EEAE 28
(954. 75 nm) 29 (958.07 nm) 1 171~176 (1 429. 51~
1446.11 nm), k ) 1~200 f &ML HEL R BE k K
1~10 f—30 Bk BRI ET RITH K SVM-RFE
AR 438 s 30 ) 280 B BE G A B AR R T B B 2
PO TR R D D e 1 AR A 8 T A
TRT FAARMPRR R RHE R

®1 ETFHRBMHHEERESER (kA 1~10)

Table 1

Feature selection results based on

chi-square test(k is from 1 to 10)

k ot o7 3 B A 5
k value Corresponding band number
1 114
119,120
115,116,117
116,117,118.,119
112.113,114,115.116
154.,155,156,157,,158,160
116,117,118,119,120,121,122
110,111,112,113,114,115,116,117
153,154,155,156,157,158,159,160,161
111,112,113,114,115,116,117,118,119,120

© 0 N o Gl e W N

=
(=

®2 ETFRBHFEERELSER (kM 1~10)

Table 2 Feature selection results based on
F classic test (k is from 1 to 10)
kB ot o7 3 B A 5
k value Corresponding band number
1 59
2 2.3
3 59.60.61
4 57.58.59,60
5 2.3.4.5.59
6 2.3.4.58.59,60
7 58.59.,60.,61.62,63.64
8 3.4.5.58.59.,60,61.,62
9 58.59.,60,61.62.63,64.65.66
10 1.2,3.4,5.6.57,58,59.,60
*3 EHF SVM-RFE
FHEERFEZE R (k A 1~10)
Table 3 Feature selection results based on
SVM-RFE (k is from 1 to 10)
kfH X I 3 B
k value Corresponding band number
1 114
2 61,62
3 116,117,118
4 60.61.62.63
5 60,61.62.63.,112
6 109,110,111,112,113,114
7 60,61.62,111,112,113,114
8 111,112,113,114,115,116,117,118
9 61,62,111,112,113,114,115,116,117
10 60.,61,62.63,64,110,111,112,113,114
x4 ETREREFFIEEELE R (kK N 1~10)
Table 4 Feature selection results based on
decision tree (k is from 1 to 10)
k{8 ot o7 3 B A 5
k value Corresponding band number
1 121
2 14,108
3 173,182,194
4 8.118,144,195
5 2.56.60,151,182
6 6,11,108,165,179.,197
7 6.20.56.83.84.,177.199
8 5.,6,19,165,189,195,196,198
9 5,18,53.64,129,133,161,164,167
10 2,5,16,20,31,81,110,139,172,181

2.3 FET AFRHEEFETTIET SVM MK LR 547
REIX

SR IRAN RV AFAE 7 1k o i 308 PR A 35 BT i
BT b R, UHAERE T RT3 fl SVM-RFE
FRARFAE 4 7 35 T O 0k A A S BE BB D Har A |
B A LR 7 30k R 0 ) AR B B AE T 7KL R
77 TH) BR300k BUAL, IR O T 45 2 R S 7K O
FRIRAEEY , FEUCRS 4 FRAFAE LS T7 Y5 73 515 3 A e
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poly) FI4% [ii] F A% bR H (SVM-rb) e 7K a5 TR 51 U At R
KI7E 48.6%~70. 2%, M BRI HERE 3 il k%L
XK SR TR B e SR BOE 2 — 30, B R TR
BTE R FE— 2 . 2 SVM-poly % bR ¥ 7E 1R 51 HE 5
J % SVM-rbf F1 SVM-linear 2 Fi 4% bR 8RR . X Vi
AR TF 7 22 AR EE T, SVMerbf 1 SVMHinear 2 i
% PREAE TR AN SR KL TR 2R 5 T T SVM-linear
R EL
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Fig. 4 Change of distinguish accuracy of watercore with
three kinds of kernel function with band under

the feature selection based on chi-square test
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LK DR RIR AR fE 5 AT 0L, 78T F BRI A 4
FESEEE T 78 1~200 BN, 3 F% R BO%t 7K 0 Y
IBIER R ILE 33. 3% ~71. 8%, Mk HEE,
3 PR BRBUTE 51U B 7K O SR TR 1 R i ok 3
7 [ —32, {2 SVM-poly % bR EUFEA [F) 3 Bt T 1R 5 o
W2 B 18 % F SVM-linear #% MR (M1 SVM-poly 1% pR %,

—— SVM-linear -+ SVM-rbf

-= SVM-poly

EAfRRIR

Accurate rate of distinguish/%
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B 5 ETFREMNSMEEET 3 figmxt
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Fig. 5 Change of distinguish accuracy of watercore with
three kinds of kernel function with waveband under

the feature selection based on F classic test
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33. 3% X UEBATE R TR KL 96 MO R AE 645 T - SVM-poly
¥ SR BTE IR B SE SR KL TR A B S A
2.3.3 F£F SVM-RFE WFHEEBET 3 Fii% R B HE
M EVLACCRRIRAE  fE 6 v L, 7835 T M
BEHL# I Bk (SVM-RFE) f B E 38 T, XFF 1~200
ANV B, 3 B % oA BN K O R R B o B R X 7R
48.6%6~72. 0% N 3. M ERKEHKRE,3 Fixik
BAEARAN BT X K0 5 A TR B 2k B R BGE 17—
3,0 SVM-rbf #% pR %% SVM-linear Fl SVM-poly 2 F
R BCE finAS 4d, X Ul B #E 2 T SVM-RFE ()RR AE 25
T » SVM-rbf #2% sREHE TR 513 5K O 77 TH B A B E
FIRER

- SVM-linear =+ SVM-rbf

-+ SVM-poly

(LGIES
Accurate rate of distinguish/%

1E#
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Bt Waveband
B 6 #H-F SVM-RFE W4HHERET 3 Mz s 83
7K U575 B TR ) A R ER B R R
Fig. 6 Change of distinguish accuracy of watercore with
three kinds of kernel function with band under
the feature selection based on SVM-RFE

2.3.4 FETURWIRERET 3 MR HEmE
LK ODRRIRBIR B 7 0] 0L, 785 T UL SR A 45
FEESE T X F 1~200 BN, 3 A% oA B 7K Ok
BRI VR SR TE 47. 2% ~T70. 8% NI B, MRk E,
3 P B BRI BE R XK DR SR IR S R H ok B
E 1 —2, {2 SVM-poly ¥ bk $1 3 3 BBl 8% K, H#E 56
114 BT MR R ARy 47. 206, W 7E SR 160 4N i Bt
THERBIRILE] 70. 8% . M, SVM-rbf 4% B E 1)

°\,_.\° 75 ~+ SVM-linear = SVM-poly -+ SVM-rbf
Z 70
% Uk
£ 65|
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X5
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2 45
5
40 PR S S
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Fig. 7 Change of distinguish accuracy of watercore with
three kinds of kernel function with band under

the feature selection based on decision tree
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ST 4R e 52. 8% ~68. 1%, AF LI SR /N, XU
BHFERE T UL SR I RRAEBE 4 T , SVM-rbf 4% o B0 1R 5]
SER AR T T B A B AR E AR, T SVM-poly # bR
BRI RIE

R ARG R AT LR B, N R R EE B T,
SVM () 3 Ffiiz pREOW 7K 0o SR TR 51 1E 3 R B4 A
T 47.2%~170. 8%, HH,3F SVM-RFE f5-1F 1k £
T AR F IR B HE B R TESE 126 NMEB T AR R &R
(72. 0%6) »{E7E FL B ARRAE 16 15 T o 18 1) 1 35 A 55 R o
Yk 2 LA R A 7K (70. 0% ~70. 8%) , R I, 4 Fvis
RIS 7 s XoF 7K A0 1) TR 1) o 7 2R 45 SR T B b 22 ).
tbig 3 FiiZ R E B SVM-linear, SVM-poly Fl SVM-rbf
TE S [R) U BE R R K 0 B R B S n] DL R B, 7R & T
SVM-RFEFFHEESE T , SVM-rbf % RO 7K L9 IR 51
BURERGE, M T F KB RE L SR K,
TR 5K R X AR,
3 WitE4ie

TER 2 — PP BRI FH T 2R S0 3 T 4R i 9 /T
AR B ST BT AR B R A B SRR S BT 1 AR
Ja RFAAERN 2R FHBIRE RS E. IS
FARFRAE S BB AR AE IS B, Cheng %M 3R A 3 %,
434311 (PCA) & 4 1 F1 Fisher 424 #1151 (FLD) IR & 1)
PCA-FLD 77k 7E 5 T 5 Y6 ik A 51 35 N 5 7 AL T B
M PCA 5% FLD %, Gomez-Sanchis 2505 | F A] I,
IEETAM (VIS-NIR) 5 A A (ke A A5 i s SR, 45 SR 3R
BRI (RT) 431E S B 16 1 45 A 40 4 51 4 #r
(LDA) BEARMIFET 91 W HIRBIR, %R R
FH 4 FRARRAE I e ik, 3 P BR B 1) B AL 4> 2648, X
SERIKOIRRE LN IS B 4T T 2 AR AE 24T, B
FAMERGE R TR ZZRMANRRFDER,
FEPRIE T S5 R AT SEME . 22T SVM-RFE RU4FAE e
T, SVM X R R B ZAA B 72. 0 %6 , Xf 52 e iz FH L
A—EMSHME.

YT 35 250 Wof FRF A SR S v i R A PCA 5 B
LLB LGB T, X B 3 SR R A IE B Rk 2 95. 420,
JAPT DT R F i B/ —3Re-4RHE H) B (PLS-LDA) X5
B 2 bt B 4 T, T B D R R B IE R A F
90. 77% . VLBAR MGG R AR AR LR ZHLUR
A, UNVe AN % O T B R B R A, 7R R AR AL
BT, [ st B 0 22 St 26 A A 3 T 20 O T A L
AR ST, XTI 5T ) SE SR K0 95 T B 3R A v (Y
IRE] 72. 0% , X W] B85 K O IR 7E SR A P &R IR AL BRI
I oo S5 fa R RV B 6 25 7 AN K, B0 i e SR IRk
H7HREEE TRA . 4501 R aE i 2 e ik B
AFRAGE 1 P61 B AR AR T KO 98 Tofia kil
AT, — 20 58 B R R G 1 BUR PR 7E 3 R KO R

PR b L A T AT AR

SER KRR G U RAE T B i i R IF
TER, TEHITEERX 4>, TR TUAR I B BRFE 4L
DT, FE TR A SVM-RFE YFHE 2 B AL T3
T F RSP R R E S 07 6 . 88T SVM-RFE
FRAAESEEE T 7K Lo B PR v 3R AE 5 126 IR B
(1 356. 47 nm) F kB R (72. 0%) , H SVM-rbf 2% B %
XoF 7K EA) TR 3R 75 T BE RS , 3 R Ay e 1T B EL R LY
FHESEOR 38T 7 15, L L0 AR D6 3k LR B AR X 7K
O IR A B A 74 B SEBR R L BA —E M EL.
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Nondestructive Detection of Apple Watercore Based on Hyperspectral Imaging

WANG Si-ling' ,CAI Cheng? ,MA Hui-ling' ,LONG Yi-lin®
(1. College of Life Science,Northwest Agriculture and Forest University, Yangling, Shannxi 712100; 2. College of Information Engineering,
Northwest Agriculture and Forest University, Yangling,Shannxi 712100)

Abstract:In order to evaluate the ability of near infrared hyperspectral imaging to detect watercore in apple fruits,
hyperspectral images of 240 apples cv. ‘Qinguan’ including sound fruit and watercore fruit were collected by near infrared
hyperspectral camera (900—1 700 nm). The apple regions of hyperspectral images were extracted as region of interest
(ROD) in which its average spectrum was calculated. To recognize watercore fruits,4 kinds of feature selection methods
and 3 kinds of kernel function of support vector machine (SVM) classifier were adopted. The results showed that 2 kinds
of feature selection which based on chi-square test and support vector machine recursive feature elimination (SVM-RFE)
were superior to the methods of F classic test and decision tree. The accurate rate of watercore distinguish of 4 kinds of
feature selection with 3 kinds of kernel function of SVM classifier at 1—200 wavebands was 48. 6% —70. 2% ,48. 6% —
72.0%,33.3%—71. 8% and 47. 2% —70. 8%4 , respectively; moreover, the accurate rate of watercore distinguish based on
SVM-RFE, which was the best method,reached the highest level of 72.0%.

Keywords : apple ; watercore ; hyperspectral image;feature selection; SVM;kernel function
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