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Early Recognition of Bruised Kiwifruit Based on Near Infrared
Diffuse Reflectance Spectroscopy

Guo Wenchuan Wang Minghai Yue Rong
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Abstract; To detect bruised kiwifruits from intact kiwifruit early and effectively, near infrared diffused
reflectance spectroscopy technology combined with Fisher discriminant function, BP neural network and
least square support vector machine (LSSVM) were applied to discriminate collided kiwifruit, pressed
kiwifruit and intact kiwifruit after storage of 1d, respectively. Effectiveness of the discriminant model
using full spectrum ( FS), feature variables based on principal component analysis ( PCA) and
characteristic wavelength by successive projection algorithm ( SPA) was compared and evaluated. The
results showed that SPA gave the best advantage compared with methods of FS and PCA. Three models all
had an acceptable accuracy, especially LSSVM model had the optimal recognition performance. SPA —
LSSVM had an accuracy rate of 100% , 95% and 100% for identifying collided samples, pressed fruits
and intact ones respectively, and the discriminant accuracy rate for total samples was 98. 2% .
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1.1 {UEE&

K 1 Bruker 23 7] A MPA RU B 75 6 557
AN TR 0I5, 6k L 12 000 ~
4000 ecm ™' (833 ~2 500 nm) , $ER4E 2 074 UK
PR32 W /%8 em ™ RS 1. 902
KA FIR (23 ~25C) , U NET NS
b, S 3% % i OPUS 6.5 ( Bruker Optics,
Germany ) % {4 2 17 R £ F 3 Y, 40 M 5K 04 SR H
Unscrambler 9.8 ( CAMO, Norway ), SPSS 20.0
(IBM, USA) #1 Matlab 7.11 ( The Math Works,
USA) .

1.2 SRR FEIERE

HEAFES R 2010 459 A 16 H R TBEFIg%
TR A I 1 280 TR AL TCH A% | TCHE BE L g
PRI P S R R, BEALIEE 100 AN FE
i AT REIR IS HLLL 10 mm/min (9 58 B 2508 5% %
FARL LA 5 mm AT, FERAFLEER 100 4SHE &
MR 0.5 m =313 [ SR ERVE B G T, JE A2 4 em?

0 2% TR0 RRL ) G 4 B 45 SR . % 100 AN A 405 B
il 100 B FEF AT AR AN 80 AN A 24T ] Ak B A T
PR AR IS 26 TIREFAS B T 2°C T2, 24 h
Ja AN E U B T A (23 ~25°C) T 5 h, fiif
an T R =R H AR TR, BaikaG
PR SRR T T A, 6 R AR G A 1R
B 20 0 A5 BB A ) 2 5 0470 5E | I BT A5
BIGIEE ke SOt 280 N2 56 AL & Y R ER G
mE 1 Fis .,

2571

lg(1/R)
n

0.5 . ,
11995.420 10390.888 8786.356 7181.824  5577.292 3972.760
W E/em ™!
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Fig.1 Original near infrared spectra of 280 kiwifruits
1.3 HESWMEREFE
1.3.1 Kennard — Stone BRI EbndE

Kennard — Stone 575 J& — i 3 T RE A 1% (] MK
QIR B B e PR R 43 7 i, il i OIS 22 R KR
FESAYIZRA | TR H A IE AR T YRR 5 U3 A T
AR | DA 78 43 ORI 58 A B A i AR R PR A 2
PEN . SR Kennard — Stone B3:4% 4: 1 EL Il 43-51 %t
3 PR S TR A, R A B R A R R R B
BUEVARE S IR 4E 5 B0 4R Rl a5 R angk 1 r
o

%1 Kennard - Stone Eix XN HERELER

Tab.1 Results of sample sets selected by Kennard — Stone algorithm ™
" TR A Bk B FE Bk TRk A
s 255 i VIt i 254 i 258 i
FEA > A5 80 20 80 20 64 16 224 56
1.3.2 EZHGEHL e EL ) ) S R B S AR S 2 A ) g

SR 1 (Successive projection algorithm,
SPA) V2 — iy 1) AR B ) 28 i 4 07125, REAS AT A%
THERAS P AR T 2 8] A R AH DGR I | [ AR L F
SORIE  ASLRRT (PRI AR s A CTE R BRI AR 1
P h Iz
1.3.3  Fisher F IR

Fisher JI 51| R B 1840 1) , 58 ik - 48— 4> BE Al
N 423 () 5 s B — HE R Ry et R ik 50, AR5
I FHIE A 3R 35 BRI IV 2 25 (8] Hh i) 2 00 26 1) s A
AR AR A 531 U5 Jois B AE AR A A 45 g — 4 B8, PR AR

L.3.4 BRI M4

R 2% 2 [ 4£ % ( Error back propagation, BP) [
K I TE 1155 LE [ A R R85 S ) A% e VR Jo) i 52
BB EAT  AEAUE AN B A B8 88 | DA TS 190 2% i
HE R 22 /D B AT A7 R R Bk B T BE Y )
URAION 1, I AR S M At DA i 1) 4 1) 2 [ R
1.3.5 /N FeSCRrm L

/N 3 3 FF 1] 7ML ( Least square support
vector machine, LSSVM) J&5: 1548 SVM 18— FHr
AR BERCIE T %, REA AU e IR 48 M S A 1)
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2.1 ELIMNEIBSFESD T

ME 1 ATLUE 3 FiBR A Bk i 21 APt % 2
] A ARV & &, 7F 69005200 em ™' FfHE
A W W AB A OGS RRAE b xE DL DX 2340 47 2R
SR, L, W 25 TS REGE B 456
T2 7 VR TO R 0 SR A T A R 532
2.2 HiEFHHIRE

I X REA G E e 1T 32 5 40 (PCA)
ATAR 3 3 FERIERE Y £ S R (E 2)

L 2 AT LU HY Rl 450 1 A ok fi 2 ] ik
55 HA 2 FhEE S X 43, 1B A Bk 5 0 H5
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Fig.2  Principal component scores cluster plot

of the first three principal components

TR RIS HUD AL , R 5 X 4y, G 8REUAY R 10 4
TR RIS A B TTECR WK 2, hk 2 1T
AT 3 AR e AR IR R Ok 99% 15 B, 5
PR 105 SR 45 T SR ] BRI 22 S e /N B T
Fr R EGE D 0 3 5 T RE A RS B B ]
SR, RFE A PRE B A B 1 R P R S D
T3 R ER R TR A /N T 0. 05% R R
7 A TR T8 S A AR

x2 W10 NMERSRRIAEHE
Tab.2 Cumulative variance explained for the first ten principal components %
FHsr PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PCY PC10
ZRTTHR R 70.92 97.76 99. 48 99. 69 99. 84 99. 89 99.94 99. 96 99.98 99.99
2.3 SPA EIRMUIEFHER K 201
JSEFH SPA SR A XoF I S5 1] A it 4R 016 73 B340 | " R
PP REEBHR A2 DK B 3 ~ 20, KA w0l
J7HRAR 22 (RMSE ) /i 2 6 514 5 4 437 11T O 3% %k SN
i, SPA IR FEH  FEAC RMSE BfRHIE 3 < 2 H 1o}
MR AL 2R AN TR 3 BT 7R, 10 A K A A A (i R 08
rn AR SR IR YETEZE SPA P BE IS B B AERRIE I KB H 0 500 1019)2L i 1500 2000 2500
WS

B3 M, S KBH KT 5 i, RMSE B K% H
BOMASBAR /N, PR, 25 SPA Dk HY 1 5 ANRE U
BB A W E 4 B, 40 %~ 10 826.735,

7 679. 383 .7 343. 820 .7 166. 396 F1 5 311. 155 em ™',

0707
065}
0.60
0.55}

8 o050}

2 oast
040}
0.35 XA

030f i

o5 b e e
34567891011121314151617181920
DAL TRV A

3 SPA AR AL S e RMSE #9424k
Fig.3 Changing curves of RMSE during selecting

optimal characteristic wavelength

K4 SPA BIAEIEMPK
Fig. 4 Selected wavelengths by SPA algorithm

2.4 FREB RS 5T o
2.4.1 Fisher JI| 5

FHECF 1.2 F0 3 3 iR Al A3 40 05 i A B L B
JE 4005 5 A Bk 5 T 0 B A Bk, B4 O3 ((Full
spectrum, FS) '~ 2 074 NE KN Fisher PR%L A HE T
THRRAR I, B8 7 FH B R A ] S B
SCo FTEA, FIH SPSS BRAF ST AL TEARAE AL 9 PCA —
Fisher #7% 5 SPA — Fisher 5% s Jlf @ & Fisher H) 51
PR R BT N3 3 s o PRSI0 A A ot 45
TS I3 A 3 NGk ¥ F F, FFy 347
AR LU A A i T AT B 5 SR SR R A X
Fhh,
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Tab.3 Parameter values of Fisher discriminant function
PCA — Fisher SPA - Fisher
FIBIRECRE  BEHEBOARERE BRIk TRk BB OIARERE BRI OBk TRk
(Fy) (F) (Fy) (F,) (F3)

At 1 0. 634 -0.242 -0.476 5801.724 7 600. 033 8578.030
A2 -1.025 0. 637 0.497 -4773.792 -6379.211 -7170. 527
A543 -0.013 -0.223 0.127 —1846. 455 ~2434.330 -2779. 815
At 4 -10. 645 4.440 8.395 912. 847 1182.565 1299. 436
A S 6.132 -2.463 -6.107 338.915 429. 839 479. 185
6 -10.870 2.963 10. 128
AT 4.080 -2.786 -1.372
W -2.962 -1.573 -2.142 -273.491 ~309. 708 ~346. 683

2.4.2  BP 2 R 25 A5

B 224 NUNGRAEREA 2IETET 2 074 UK
PCA S E LI 5 73 78 B 5 SPA B33 110 0k R fiE I8¢
KA HINE R I 25 i A 7S 1 HE ST 3 )2 BP P28 O 45 A
B gy N2 AL 1 R B IO 1ansig, B R 21
PREICH logsig, i 2% 38 BREUA trainscg, H PRI T
ZEVCE N 0.01, &8k th 3 SEARmpepk, 00 25 H Al &
SRR IR 4 PR, FEor 2R B 206 T 1
AT ot 9 TR

&4 BP MBMRMNEZENSSH
Tab.4 Optimal parameters and structure of BP — ANN

BH FS - BP PCA - BP SPA - BP
HAZ 2074 7 5
[ 20 10 7
i 2 3 3 3
)R 0.3 0.2 0.3
VIERV € 103 64 83

2.4.3 LSSVM gl

K AR 17 A% BR B ( RBF) |, o rp S8 ] ) 45 2%
EE y 5 RBF % BRI A% S50 8% (12 BGHE 1 — Ik
ZYEAE LTS AR FO0E 5 B S Y SRS kAT
YNGRSEIE . LSSVM ZE 57 B tunelssvm BREX T A8 LIk
B (L-fold ) B Ry 20, - BLRI S 4L v Fi 8% (1 L2
Rk s R,

x5 LSSVM #AE S
Tab.5 Parameters of LSSVM models

S8 FS - LSSVM PCA — LSSVM SPA — LSSVM
y 58 506. 72 1949.37 4.23
& 42 686. 94 107. 10 12.21

2.4.4  ASHHIBEITI SR B
AR LS 57 0 A5 AR 2R 31 o T B it 3
FrHE A AT R ZR IR 6,

% 6 Fisher \BP il LSSVM ¥ BRI 3 Tl S 4 MR B 45 R
Tab.6 Recognition results using discriminant model of Fisher, BP and LSSVM

- B AR O R Ak PRSI BRIk TSRk BIE
WHEA BRI % RASAS BRI e BB ERREIR % HIRIER %
PCA — Fisher 1 95 4 80 5 68.8 82. 1
SPA — Fisher 1 95 4 80 4 75.0 83.9
FS - BP 2 90 3 85 2 87.5 87.5
PCA - BP 2 90 1 95 2 87.5 91.1
SPA — BP 0 100 5 75 1 93.8 89.3
FS -~ LSSVM 0 100 1 95 1 93.8 96.4
PCA —LSSVM 3 75 2 90 2 87.5 87.5
SPA —LSSVM 0 100 1 95 0 100 98.2

T < R LE A 30 24 Ay ) 530 L 0 R R LR B D BT SRELA 100%

M 6 1 LLFE i, Fisher H] 5143 Hr b SPA —
Fisher #5& A1 X5 71 I £ A & (9 5L 1E 8 20 51 R K
83.9% , &1 T PCA — Fisher #i58(1) 82. 1% , BP #ii
R F 43 Hr R PCA — BP AU [0 S M B e A
SOERAH B ZREF] 91, 1% , LSSVM A 1Y 1] 51 43 #r

H,FS — LSSVM £l SPA — LSSVM H R X6J 38 i £
) s TE A ) 1) 25 40 53 35 5] 96. 49% FIT 98. 2% , 34 ik 2%
=T PCA — LSSVM, ELAT TR AT F 1 B, HLIF SPA —
LSSVM 57 [y i A AR 1/ AR S0 , BT AR 52
Frii i SPA — LSSVM A= B ZL A F FS — LSSVM,,
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SMRI T 3 Pl A iy AR H e BO 2, SPA Bk
RENSAR Ar b PR HURF AR AR 5, R/ 115 ;3 Rl
BRI ] FH 1RO R 48 00 A ik 5 e B Ak
{H SPA — LSSVM FI5IZCR 5 4F ,PCA — Fisher £
BIRCR 2

T A (PCA $EHUE AT SPA IR RRIE I K
S 5EBTN SRR IR . BESE R, SPA
VE T IR REAS A A IR /B R g AR R AR AK
SR TIOR3 3 AN [ ) S A AR B4 i A AR
S A SR AR () S PR 2L T LSSVM ARLAY [y 311

3

P2 25 ) IS T 55 LSSVM I IR i 4 b

10

11

12

13
14

S RE R, Forh SPA — LSSVM #5550 %k 751 0] £ fil 4k
Pt B A3 5 To R Bk A T A TR 5 43 ik
F]100% 95% F1100% , i 1IEHIIRH N 98. 2% ,

Tott ER U BRI T HAR S %
%

Z % X #t

HRIE

ORMESE TR Y Fisher 58 BP
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