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100% o IBFFEERE]  ITLLHNE S CHEBOR ATy — iR R TR TR IR R TCR R
R BRERE OOR mgseig R

hE4SHES. 0657.33; $663. 4 STERARIRAD. A CEHES. 1000-1298(2014)09-0230-06

545 & 59 W

515

Fl 20 fH22 90 4FAXA) , SR PE AR ) A 18 5 57
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Tab.1 Statistic values of physical and chemical properties of kiwifruits treated by EPGR and normal ones

FEA K&/ mm B/ mm

&

eSSl

ETEEIER R R %

T/ (kg+cm -2 ) WHEE KR %

Bod  Jull M =bafize B BE e

fiEAia)

W = pize B BB eARERE VBRI = hRiER

MR 120 55.3~74.2 64.7+4.37° 46.3~62.6 57.0=4.5°
EHR 120 44.3~65.2 52.9+3.3" 41.5~50.3 458 +4.9

12.3~15.9
13.3~17.7

14.6 £0.9°
14.4+1.1°

5.4~12.6  8.7+2.6° 841~8.9 858=+1.1"
6.2~14.4 9.2£2.2" 81.5~85.0 83.3x0.7"

# [A PR FREFR IR TE 5% K E2ER B .

2.2 SRiGRTRAIEFEEAR S

XA i B 21 A I 42 17 SNV kb
B, 240 ARSI IR IR RSO I 2k M 28 SNV Tk
PG fEiE ph 2o e 1 FE 2 s, Bl R 3
IR E S N H AT LE H 7E 97981 199.2
1450.8.1786.8 Fil 1 927.6 nm AbH445 BH 5. it W& Wi
e, AR A T - TR T B S 0 BT g 45 R AT
979.8.1 199.2 F1 1 450.8 nm g 7K fi¥ W Wi s, T
1786.8 nm Al 1 927. 6 nm W HRAAE o2 R
FEY(EHAH C—H.0—H 5 a8 H) 1Y F#1E & i
W, MWIEIE E& RS IEE R A6t ZAH [
H. 2 B RUERAE Bk R 52 i WO 1% H & ™ B AR
FEAR =  ARXE a3 HE R I R . itk , 75 I £04h
T PR ICA R R IR AR 1t DL ST RN R Bk K
T PEFI AR . SR K — S L XF 2880 SNV Fiikh
S G 30 1R 40 FE A, 15 B RE AR A i 180
AR R FIEF R4 90 A) , X A A i 60 4>
(RS RARFNIE #4530 1N) o

KL 240 ANMERIBEBERE i B9 JEUR T 2041t

B2 SNV FiabBS HIE L0 AN ik Hh £k

Fig.2 Near-infrared spectra after SNV preprocessing

2.3 SEERBERIFELE

2.3.1 Jiif] PCA $2HU A4y

AHF 5 F) F Matlab 7. 11 # {4 1 {1 Statistics
Toolbox X kA Bk AR df Y 3L 21 S 3 B die 47 8 A
G343 HTe HiT 12 A~ 3o 1Y BT kR B R BTk R
2, 2 LA, 1 B (PCL) MIZE 2 &
B4 (PC2) By BTk 2R 451 R 77. 95% F1 13.43% |, —
L BRI 91.38% . K I A IR FRIE
HALA PCL F PC2 145 4 E ANl 3 fron. H A 3
AL ARBESS 1.2 15 20 vl DA 43 R 4 1
R R AFIIE 5 B A A — e KR 5 1 A fE
X530 AFSPRIERE R HAT B0 i BV RE TG 3¢
AN TR L, A SCHE B R R Tk 35 F1) 99. 90% 1y
HI 11 A F A E R RS &
2.3.2 i SPA SEHURHE I K

1 SPA KA 2y 1 ~ 30, i IE 1Y
Y05 R 25 BE B AR M R RAE I K B0 o 3 LAY Oy

Fig. 1  Original near-infrared spectra of 240 kiwifruits HR R 25 /M I B E R e I B . AESE
R2 ET12 NEMSHITTR R RRTTME
Tab.2 Contribution rate and accumulative contribution rate of the first 12 principal components
B PC1 PC2 PC3 pPC4 PCs PC6 PC7 PC8 PC9 PC10 PC11 PC12
TR/ % 77.95 13.43 6. 19 1.17 0.45 0.25 0.23 0.14 0. 06 0.03 0.02 0.02
ZRTTR AR % 77.95 91.38 97. 56 98.73 99.17 99. 42 99. 66 99.79 99. 85 99. 88 99.90 99.92

Hh Bt AR S B 3N, 329 07 iR 22 AR A
FEANE 4 Fr7s e drlE 4 m] UL, SRR SR BN T
6 N, B I A KR 30, 249005 MR R 22 T /)N
HG PR BOR R T 6 I, P77 MR 22 08/ N A8 B 2
PRREARAS . BRI, AR SCRL 6 ANRRAE I AR R A 1Y

FEAEAZS i o 2% 6 ML 70 53 836 933 .1 146 |
1165 .1 882 #2500 nm,,
2.4 ERERREETEOLER
2.4.1 EESHUNBEREABE
ARSCR A B 19 75 I5 8 PLS B T 48,
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K3 KOEEHIZICRFIER RIS 1.2 FWaF0
Fig.3 Score plot of PC1 and PC2 of kiwifruits in

calibration set
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Fig.4 Changed root-mean-square error with the number

of selected characteristic wavelengths by SPA

FRAE B8 — 32 H RN SVM (ZE ST F- (o) A Bt
Wit (g) o EFXTAEIE (FS) F1 PCA #EHUW 11 A>3
LAY E R PLS K101 SVM YB3 3, BP
P22 N 45 00 N J2 A 356 SRR  tansig” | BT 2538 R
Hh logsig” , Y 25 R EUBE £ © trainrp” ([958 BP 55
), BFr T £ E R 0.01, i TREZEMETT
O I A B TR S, A SGl Rt i R R, X
FURR S 2B TE 3 ~ 30 Z (1] 14 90 45 T I0: BE Aff 22 1)
W25 2540 5 SNk 4 IR .

%3 PLS 71 SVM B SHHIEE
Tab.3 Modeling parameters of PLS and SVM

A it SVM

T PLS [H T4

PRI 1k ¢ g
FS 8 0.71 0. 06
PCA 6 2.00 1. 00
SPA 6 2.83 0.35

F4 BPHEZENEHNMELEMSSH
Tab.4 Parameters and structure of BP-ANN

S FS-BP PCA - BP
HWAZ 2074 11
b2 18 5
Hith )2 1 1
R 0.3 0.2
PIER/ € 103 61

2.4.2 LR

BT K= S 300 70 i 1E SR A il 1) S 1 8
B26HE 2 PCA $RBUY 55 L S 2 SPA $EHLAY
RIS 43 M /E A PLS (SVM L K¢ BP 1 25 [ 45 1)
g AR L, ST PSR RE KA RIE 5 SR T
IR A KRR PEF T IR UE o T SR AR 70 % A2 1
AT A HR I AR I SR IE R AR L3R 5

®5 BB ARMERREMERINE

Tab.5 Identification results on expanded Kiwifruits and
normal kiwifruits %
s FHIEAE R IESE 2
- EIRE PR ERWR P R EWR P
i (904)(904) fHE (301)(304)  fA
FS 98.9 98.9 98.9 100 96.7 98.3
PLS PCA 100 100 100 100 100 100
SPA 98.9 98.9 98.9 96.7 96.7 96.7
FS 98.9 100 99.4 100 96.7 98.3
SVM PCA 100 98.9 99.4 100 96.7 98.3
SPA 98.9 97.8 98.3 96.7 96.7 96.7
FS 97.8 96.7 97.2 96.7 93.3 95.0
BP PCA 97.8 97.8 97.8 96.7 96.7 96.7
SPA 96.7 96.7 96.7 96.7 93.3 95.0

H 5 A%, 78 PLS BRI JEF PCA T gtiy
PLS A5 X6} A 1T 4 i T 4 Ho R ik i R R IE
LA IE B R 5 2 3455 5] 100% , 1] D58 4 18 Bk
BRIER F . FET FS 1 SPA Frfy PLS B X1
TEAE R R I I B SR 0 IE A R 0 SR A S 2
98.9% (HXF F WAL, JLF FS B g5 2 (1) -4 1E
WU 2y 98.3% , W = T 5L T SPA T BRI iy
96.7% ., #£ SVM A rf  JEF FS Fil PCA iy g5 7Y
Xof A2 1 A A FUIN 4 FP A (i ST 28 TE A U 1) 2548 43 )
4 99. 4% F1 98. 3% , W& 25 T 2T SPA 1) 98.3% F
96.7% . £ BP AU, JEF PCA Ji 4570 () - 3
ERR A2k 97. 8% , W& &5 F FS (1) 97. 2% 1 SPA
[ 96. 7% o X F WL, [F1FE 3L F PCA {51 %
(96.7% ) & F 3T FS Fl SPA [ 95. 0%
2.4.3 AR LA

O TR 7R o] A 1 A R A Hh B R SRR I R
() TR 2 34 43 9l 785 T 96. 7% F1 93.3% , Hirh
PCA — PLS BRI X A% 1F 2 A 4 1) U0 R Ak 5]
T 100% . e PR i, JE T PCA B g iy
0125 TE A 0 3 d e, O Oy FS RN SPAL 1]
PCA I 11 A>3 847 R 4 1 b 52 B J57 4 D't 3
T DA I R FNE e R A RUE B T FS R
A TH MG, RN b s T —E R,
SPA BARARICH T e /D R AR I K (At 4w T —
S HEE . A, EET PCA Fil SPA Jir A58 (1
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NERROTH RA L AF6 A AU T FSfA AREERY 6 ANFRRAE I Fr it sz 9 PLS SVM Al BP i

AR ER 0. 53% F10. 29% AR FFREE I itk 7 41571
BAAY, AE 3 PR ii 7y i rpr, M RR IR AR S R IO 1A
RIS, PLS iy A5 80 4 1A R 01 3 e ey, AR Oy SVM
FBP, N, 4T PCA $2HU 11 A s s
AR EF  PCA — PLS .PCA — SVM #il PCA — BP %
REIE 4 A f 14 7 ¥ 1E 8 37 51 R 43 il o 100%
99. 4% F197. 8% , X Wil £ HA it 1 ~F- 34 TE A U
RAYH 100% 98. 3% F1 96. 7% .

25 45 ARG ¢ 1 A R A R A A SR
() TR 838 43 3l e T 96. 7% #1193, 3%

(2) JF PCA Jir st A 280 (1 RO BOR e &, Hoik
i FS Fl SPA, L RYfR] AL AR BE I & , PCA F1 SPA
PRI RFIEAS U530 R FS i K81 0. 53%
F10.29% , BEASFRNRCRIT = F FS,

(3)7E 3 Fh gy vk v, YRR A2 2 42 WUy 12
FHIFIE, PLS BT 455 70 11 1 ff U1 %6 e =, LR Oy

SVM Al BP, H.rft, PCA — PLS Y i 150 A fie
SRS T A 1A F B ORR A LE SR A IE 01
FREJIKF] 100%
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Identification of Expanded Kiwifruits by Near-infrared Diffused Spectroscopy

Guo Wenchuan Liu Dayang
(College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: In order to develop a nondestructive method for identifying expanded kiwifruits, near-infrared
diffused spectra of 120 expanded kiwifruits and 120 normal kiwifruits were obtained between 833 and
2500 nm using a Fourier transformation near-infrared diffused spectrograph. Standard normal variate
transformation was used to preprocess original spectra. The samples were divided into calibrationset and
prediction set based on Kennard — Stone method. Eleven principal components and 6 characteristic
wavelengths were selected by principal component analysis (PCA) and successive projections algorithm
(SPA). Partial least squares ( PLS) , support vector machine (SVM) , and error back propagation ( BP)
neural network identification model were established based on full spectrum (FS), PCA, and SPA,
respectively. The results showed that correct identification rates of all models were higher than 96. 7%
and 93.3% for calibration set and predication set, respectively. The established models based on PCA
and SPA were much simpler than those based on FS, since the variable numbers of them were only about
0.53% and 0.29% of that of FS, respectively. The identification performance of PLS and SVM were
better than that of BP. The best model was PCA — PLS, whose accuracy rate reached 100% for
calibration set and predication set. The results clearly indicate that near-infrared diffused spectra
technique has the potential as an efficient, accuracy and non-invasive method for distinguishing expanded
kiwifruits from normal kiwifruits.
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