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Identification of bruised kiwifruits during storage by near
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Abstract: To detect bruised samples from intact kiwifruits and to reduce the loss caused by decay
fruits and cross-infection, the near infrared diffused reflectance spectroscopy and an Extreme Learning
Machine (ELM) were coupled to establish a model to discriminate collided, pressed and intact ki-
wifruits during 10-day storage at 2 C. The effect of the discriminant models using the feature varia-
bles based on Uninformative Variable Elimination (UVE) and the characteristic wavelength by Suc-
cessive Projection Algorithm (SPA) combined with UVE on simplifying model and improving predic-
tion performance was compared. The results show that the collided samples can be distinguished easi-
er than pressed ones from intact kiwifruits. Bruised kiwifruits can be recognized easier with the expan-
sion of storage period. UVE-SPA-ELM model has optimal discriminant performance with a discrimi-
nant rate of 92.4% for total prediction set samples. This detection technique has a high measurement

precision and applicability, and can be used to identify bruised kiwifruits nondestructively and rapidly.

I B H3:2013-04-10; 11T H #3:2013-05-10.
BT H: BEFXFARB¥ELEIT H (No. 31171720) 5 Hr s 55 4 B 4 B3l 45 2% % 55 % 4 % B 5 H (No.
ZD2012017)



% 10 34

S QLIPE IS IR AW\P/ i £ ey

e B 2 3T LR 00 6% 5 1%y 45845 B ik 2721

Key words: near infrared spectroscopy; image identification;kiwifruit; storage period; extreme learn-

ing machine; identification

1 3 =7

TR L5 2 i R A LB o3 i AL R
FEZANTIFA AT . 11X 28 i 8 25
2 DR T R S D DR R S R JRE R B
FE P HEAIUBRA A7 . — S R At A o 0 L 2 B M 43
DL A FH PR AR . 3 A 45 405 2R 1) I g i
JEE T T IO AR T SRAS B S I 451 4 A A Bk I
—J7 T 23 bR Jo B B A dk Y Je A, 3 BOR S
PR ZE AL 4 0 e 30 PR 5 5 — T i 2% W A 3O
JE AR P AR R Ml Y I TR S 4R G R
S TR 5 — i PR o LT S 4 0 R
LB R T 08D Bk Bk SR IS G s 4 2k R0 R
TR it 5T A AT R L

T 4T 4F 5% 3% (Near Infrared Spectroscopy,
NIRs) 5 90 4 A S 3 45 A d5c oy a8l 3 1 8 8T
SR BT R Z — B RAH TG R &, Al S 7R
LA A5 AR T T AN L R 2 AR A
FHAGE L NS H O S I E R R
7 FH TR A A it B AG: 0 A v O MR T s
WFFE R . BUA H1E 2 48 rh 7E R Bk P A o B Y
SE R 7 T S 40 McGlone Hil Moghimi 485 )i
FH NIRs £ AR SR I 5545 Bk 1 0] 5 14 18 ¥ &
i BERE T A R pH A MOCR Y@ S N
i BAEARHEAT T IR I . 5K H R | R 7 4E LX)
FRAEDT R BERFSE TR I8 B NIRs 47 AR P
ARG I 5k A AR AR 52 RIS 88 S5 5 BT A o T E 454
TR U T A R GE . L AR T L/
ZLAR i DG WL AR A AR X R S AL R Ak AT T TE
PUPGH TR TE AR 87, 500, A TR B4 Hi
WRFE . C & 5T NIRs £OR 40 @ 17 548
PRI (B 15 1 R) Y Fisher 37 5 #5251 BP
Pl 25 T 2 PR BT 5 B /s e SCHF ] ML (Least
Squares Support Vector Machines, LSSVM) X 5|
B, Jf 25 G B PR T 32 23 0 At (Principal
Component Analysis, PCA) & BURRF 28 B 5 1% 42
# 5 B 1 (Successive Projection Algorithm,
SP A I 16 45 0 AKX AR 53] B RE 9 52 W
45 R R B, SPA-LSSVM #18 B AT 5 A 19 31 01 3

TR0 TR0 AR A A0 Bk RE Y EL T B TR R Gk B
98. 265 H ¥ A £ G 5 7 I I [ A% £ xF 4 531
ST PRI L AR SO TG 20 A0 T8 R 5O 1
FAR 456 W IR 2% 2 Hl (Extreme Learning Ma-
chine, ELM) # 37 7 1.5 Fl 10 d A9 1E % Bk At
b Al 25 5 45 2 A Ak 0 5 s 4583 A Bk e 1 ) A
B, I 43 0] T B TG A5 B2 5 BR i (Uninforma-
tive Variable Elimination, UVE) 5% UVE % 4%z
P S TE AR ZS G 1 D0 328 4R 0E 38 B30T X R Ak ds 58
Pt e T ML BE YR . A SCE AR R IE 2040k
TR A PR | A 1t TR 3 R S ) ) 453 £ 2 A Bk
RUEH T MEARS% .,

2 M#E Ik

2.1 RIew

) 2 HT A Al R B A B AR Bk el L Ay 255
AR AF B AR TC B 5 L TC AL P ik
SRR (5 TR T b SR Y 6] — St AR At o BEAIL
BECL 90 A FE 5 A7 X5 ML LA 10 mm/
min [ 3 B 2 18 BF &, A R bk & E 5 mm
AT 5 BRI 90 A SRR 0. 5 m (985 BE 3 4R
WRV& L T U R AR 4 em® Y
BEREH 5 2 . B 90 AN BF He 4 1 FF L 90 A filf
A5 B R 75 A R 4 AT ] Ak B TG BB B 45 oy
B3 2H o, g A Rl R R SR 30 A (B R R
30 NV TEHUR 25 A ARl G g i TR EE AR
BT 2CNM. YRS T A 1.5 A 10 d S
PEAT I LL AP R A . B I HT . 76 3 Fh AL i
Mg B — 21 2k 85 N ER Ak, B T = R (23~ 25
C)F 5 h PRIEFE IR 5 %R — 3
2.2 ELIHMRIERE

A 7S [E Bruker 24w 9 MPA I B i 45
335 21 A AR A B0 A i 1 30 214118 B SO
e R EE (23~25 O, LI g N BT
SN S B REE AL y SR S RTE A4 A Ho
B Y 2 8 I A (R] R BR 1807, U £ 1 - 0
TSR OGS s A E Y 12 000~4 000 cm
(833~2 500 nm) 3k 2 074 A E S s TR ECH



2792 b=

e TR

%21 %

32 WA HERE R 8 em LM M 907 H A
B YR LR RSk SRR BRI By e B fh . S B
FTESHr B4 OPUS 6. 5 (Bruker Optics, Ger-

many) #l Unscrambler 9. 8 (CAMO, Norway) #f

17 R A NG 4, B0 A B 5 A AR 45 A % T Matlab
7.11(The Math Works, USA) & 523,

& 1 Kennard-Stone HER NS HERELER

Tab. 1 Results of sample sets divided by Kennard-Stone algorithm “™
. Ailf: 3 5 4 0 A 0k 5 H 040 0 A ok TC A 5 bk a5
I VI T £ RS T £ I ERS T £ Y ZR4E RIIES
FEA 3 A A% 66 24 66 24 57 18 189 66

2.3 Hm&ENNS

Kennard-Stone 557 j& — Flt 5 #4535 7]
DA PR B 1 o b B ) 23 T v B Ol 2
LNOE R B WA [E7 % SO i O S i S Ll = AN
A L O 58 73 DRAIE S8 B SR AE i A AR T 1 5
PO AR BF 9T % A Kennard-Stone & 3 D) K &k
3+ 1HY BRG] 2 3l 0T A b P Y 3 v K ]
) 25 I AR o R AT R 20 BB A B R SRS
FEIE BB AR il A1 25 46 5 000 46 58 T 5 30 1)
2% 0 3 J] 40 B =R R et 2 A g3 A A 2 AR 5 T
e rh  BXRE R DS A3 DR IR A o R 0 G BRPE AR R
PEFEARL 73 S5 R ANZE 1 TR .
2.4 HESWERERE
2.4.1 UVE 7 &4k % 4 £ 0 3

UVE J;5 3 32 76 06 38 0 B o A — € %0 H
MY BENLAE 5, JE 7 PLS 28 B3 kA A, 55 43 Ay (7]
VA 2R B 1wt 3405 s o i 22 1) R 0 R P L AR
B FL 44 X 1 /NP T AR R S R IR
2.4.2 SPA FE$% BRI B

SPA B3 2 I 1] & 09 4% 5% 43 B A6 6 % AR
M 4R & A RARR W ITRE B ny 28 & 20 L fif
P78 i 2 1) B 2R PR AH 5C 3k B fi /)N . AT BE 8 A 5K

0 20b
R AR
w;mms% G

e 1
15 /Li/‘/‘\ s \
s 5
= 5
1.0 - 1.0
._/\/—J —_—

0.5 0.5

O e O 2 T 3 2 P 0 08 KB
AT S B 0 A BU BE RIBCK . SPA STk
£ 4 12 T 3 O 2041 B 15 4 0 45 £ 25
O
2.4.3 ELM 35| 54

ELM & 3 08 2006 45 $ih 19— 0 ]
S O 2 9 22 6 2425 9 0 2 R W 4
BT IR 1425 1 26 9 45 01 45 5 OB U 2% 50 s A
JR 8 A 25 5 LA 3 2 ) 2 A
85 0 A O AE AP SRR SR AL 15 B0 2
R TVZ W UL 6 3 2

3 R 554

3.1 =R HA 18 BRAE Bk A 4T S0 i 4 A

1 Ay A0 3 i A Ak AR i 3 7 O 40 1 3
P 1 LA 65 . 1 W] LA S il
A 00 R B %) W AT O 5 5 b 7 R o 2 R R
B I T % 0 0 R 5 T A R B RO 1 S ™
&AL AR m . HAE 10 205, 750, 8 338. 938,
6 892.545.5 569. 578 F1 5 187. 730 cm ™' [t iE 1Y
A B I I R 0

20

A 17
.

0.5

1199.420 10390.888 8 786.356 7 181.824 5 577.292 4 000.000

Wavenumber/cm™!

(a) 79 1 K

(a) Storage for one day

1199.420 10 390.888 8 786.356 7 181.824 5 577.292 4 000.000

Wavenumber/cm~!

(b) e 5 K
(b) Storage for five days

1199.420 10 390.888 8 786.356 7 181.824 5 577.292 4 000.000

Wavenumber/cm~1

(o) W 10 K

(c) Storage for ten days

BT gt 1K .5 RAN 10 RBRAEAE IR I 21515635 14

Fig. 1

NIR spectra of kiwifruits with storage for one day, five days and ten days
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Tab. 3 Discrimination results for 3 times test samples on prediction set based on ELM model
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