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Y 4. 840~950 nm. LED 446U REIE4 56 (full
width at half maxima, FWHM) L& 2 fizx, Z3R8560 &
620. 850. 880 #il 940 nm 4 % LED XMVt 2f-06 4 5
(FWHM) 4351k 15.07. 38.43. 44.99 Fil 64.83nm, H
T 620 nm (1) LED RS S B8 SR G H
TG R, TR i S A R A TR N A Y
FAZBOGE o E I /K SR 1 11 26 K4 2 LRG3t
W, DRI MM R AR (6.5 mm J2JE) AiriES
bbs FE S FEX S BCR S s 2 FRENLBCE , REASEE
TEAHFDGIE N ACRAE 3 YOG, I 3 I
VENBEARE S R A6, FESL . S ORI A o)
B E350 20 ms, HOGHANSHOR S . Bl RAERIA7 (38
FIH Spectrasuite (GEEFFEIL2EAT]D . AR R
I 1% DL RO A R R
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Fig.1 Schematic diagram of near infrared on-line detector
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Fig.2 Full width at half maximaof the LEDs light source
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AR BE ST B AR R RO AN ZK R LI KD
FERAFE AR R AR B 3 UIFHCT A AR K/
L SEAH
1.3.2 TTRERMAFHNE

K SR AL AT [ T4 W A FH A7 S X b
FEvl LB32T (J7MMAEHFRHEH R AFD . A
HeERAETE ST, KRS VIR (ML218 D
VT8, BT AT T SR T LB32T (1)
WA O b, TR E 3 KHCFIEE R ST
PRI T 1 () L S =R
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K H Excel 2003 Rk % vl & 2% 84 unscrambl er8.0C 4k
B CAMO 2 &]), fH/ph e HrmEbl (least squares
support vector machine, LS-SVM) T HLAMHEAT $cdi kb
B, BERLUR FH AN SRR SO BEREAT VMY, tAH G R EK
(R). @A 7R 2 (RMSEC) FITIN ¥4 J7 #8152
(RMSEP) HEATVENY. BIRLAHOC R A s, @misly )y
R A5 22 R0 PN 38 7 MR 22 )y, ESASORT T 48 g A iR
FERRBET, MR TN GE ) AR e M .

2 HZRES

2.1 BUSESH

1 SRR ERAL R AT I TR R /N B 0 T 5
o MWL 1 AT, A AR AT R A R A
7.50%~12.87% 7], K/NEHI{E 66~88 mm Z i, H. 2
Tl B0 ) BEAG 25T IO SRR A R AR FE A IR AR R A
s DN T AR A S PR SR YN s P 8 4 FH ok Yot
TR MBS EUEYGE, H 2 MRS EC R R IR IE
AR P B FE AT A B ARV ) P () (B, AT DA
FHARE A3 1 4 I S ST R R A R AL R ) ) T
TR o
F1 REEMMNEHRAEERIERNNEZESH
Tablel Truevalue distribution of size and soluble solids contents

for calibration and prediction samples

MW BEmAE Ao BORME BoME P bR R REU%
Avcte  RE4E 136 1287 750 1037 1.08 10
EEMI% wimg: 64 1247 810 1016 114 1

4 136 88 66 7585 3.99 5
Je/vmm KRR

g 64 85 67 7517 4.08

2.2 JigmALE

FES KN KRR A Z8 B 23 5 RSO GFE I 81k, B
J LT 7 R ) 30O A5 S 4 5 i) 1) ' 1 R 206 U RS A g
Hoo AERH 5 mifahi P, —isy (17
&, Savitzky Golay). —Firfs; (23 &, Savitzky Golay)
BRI ARG AT AR B, T RESIBR SRR &
ToRIME R, $em s R i ol g ) Fite e ok, 4553
Wk 2 Pin. SRR MU RS, 559 K H
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Fe/N 33 (partial least squares, PLS) Flfg/h 3 3
EHL (LSSVM) 7 840~950 nm I K70 [l Py @ a7 4L
PRl P [ TR RN B, JERA 64 MRS
FEEABE (PR TR A Y () 1

M 2 HEEE SR Al &, PLS kg, LR
Wb BR T RS AH LG, R R Bl B 11T AR Rk
P, AR EER bR T RIS, AR EE T
AL PE T B R AH DG R N 0.85 $iE i £ 0.88, A
BIJHRAR 2 (RMSEC) M 0.57%f% %1 0.51%; K/MEAH %
ZHON 0.90 #5092, @RI TIRIRZE (RMSEC) M
1.80 mm %2 1.66 mm.

FIH LS-SVM Jridigdthsirt, R0t 11 Pl 2%

BB AT A LR PIACEE 79k AASAS IE SR Al
MEE & B A OE RBUN 0.81 #2731 0.83, @A
i 2 (RMSEC) M 0.65%P4% %] 0.62%; A/IMEIAHIE R %L
M 0.86 #EmEl 089, @AY R IEZE (RMSEC) M
2.48 mm P& 2.25 mm.

2 FhEAS T v b R A 1 TR F0AL 1 5 10 R
K, SOME TS, BT AR s i R FE 2 A
0.2 nm, FHAT PR i R IR G BEEAR B2, it i
IR BT TR B S, AT RELE - R T BOR T R
L, S B, RIMACRAEA. BahE 1 -FE
oA B AL HE 772 e TE AT RGN BTG O AE BT, S
AR [ T

F 2 AREIFIETRAIET X R A B AR 75 7R FA T 45 R
Table2 Results of different modeling method and prediction with different pre-processing methods

B ) ) ) 4 RIES
WESeks  @BUE B E IR 24 :
MRFRER AR TR 2% RMSEC AXRHR TR TR % RMSEP
Jas P=6 0.85 0.57 0.85 0.62
R(:1 P=5 0.88 0.51 0.86 0.58
PLS

—Wr P=5 0.90 047 0.81 0.68
;ﬁzfl B p=2 0.79 0.66 078 072

RARIA Y
) % ! g y=19.24, 6"=29.38 0.81 0.65 0.82 0.65
SV =12.46, 6°=30.31 0.83 0.62 0.83 0.64

LSSVM 1 Y r;
B y =157, 6°=27.58 0.80 0.64 0.81 0.68
—K y =5.64, 6°=21.04 0.79 0.68 0.80 0.69
JR A P=8 0.90 1.80 0.88 231
R(:1 P=6 0.92 1.66 0.90 1.93
PLS
—Wr P=5 0.90 174 0.86 251
KM "B P=5 0.88 191 0.76 321
mm st y=17.75, 6*=25.97 0.86 248 0.88 232
R y=12.46, 6*=27.36 0.89 2.25 0.89 233
LS-SVM 5

SN y =955, 6°=21.24 0.88 243 0.89 2.40
B y=11.62, 6*=22.38 0.71 359 0.70 3.45

FE: PLS Mfhids/h 3k LS-SVM Juds/h SR L P OO A TRy NIRRT o o de i A% R B B 8

2.3 HEEBEIRML
2.3.1 R ZFRGRHFAERE S AL

R 5 T Ak B 7 20 AR v 00T Ak B 9 TN 5 SR
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J8 53 R E 3 A i 0 R ] 3 BT o
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Fig.3 Number of principal components determination
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MR, ERIR T RE ) TR, BB “ s
5o PRI 62006 655385 1) 2 Lo Bk AR Y . 36 3
P PAREE R A PLS J5 i A AN R) 35 2 20T s
TR 25 5 o

M 3 AT, AR TEY T PC3. PCA R AR AN
T 25 5L 0] A% T PC5. PC6. PC7. PC8, 1fii PC5 TR
BB RS RGN PC6. PC7. PC8 [ FH EL AN 15
1, AHJEAE PCS HE I T R AH OC R4 R S i,
AR 5 M3 5% 22 (RMSEC) AT ) )5 HR 1% 25 (RMSEP)
BT, NI AE 6 5 PCS T S 7 Rl 1 [ FE 4 (SSCH
TR 36 3 RO RS P A bb At =2 Bl 43 R B 5

ER/NJT TR, PC3. PCA. PC5 I @t HE I 25 S ]
WALT PC6. PC7. PC8, R PC7. PC8 T ALK
RERMEZE ST PC6 MEMIIAHIC R R, {1 PC7,
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PC8 T ML R IR HIY Iy IR 2 (RMSEC) AT
iRz (RMSEP) MHZEBUR,  HBIALTII 45 FAHOC &
b RS R R R B ZZ K. HHLET PC6 i LA
TR A R A, RIFE T o PCE I S 37 R /MY

GEIR L SHEL o i

1 B3R WY AT LLE AT 5 A LR 04 PLS 5kt
SEATEETE R TEY) (SSC) IR ALAFELE T 6 STk
IR PLS Tk d s KM I AR AIE £

R3 TEEBSET X RIEEFTNLE R
Table3 Results of different prediction with different principal components

AV % Jobimm
o BEES B BE B
HIGREC  BUSORGE  GREC BOIRGRE  MDCREC  RBUSTIRDDE  MIRREC  mUSRGE
R RMSEC R RMSEP R RMSEC R RMSEP
PC3 0.69 0.78 0.63 0.90 0.65 3.18 0.75 2.94
PC4 0.77 0.69 0.77 0.76 0.78 2.60 0.82 2.52
PC5 0.88 0.51 0.86 0.58 0.88 1.96 0.88 212
PC6 0.90 0.47 0.86 0.62 0.91 171 0.90 193
PC7 0.94 0.35 0.83 0.64 0.94 1.30 0.89 2.20
PC8 0.97 0.25 0.82 0.67 0.97 0.90 0.87 2.24

2.3.2 RAOZREIFEENSFERE T B

B/ ISR AL (LS-SVM) 020 i 57 435 1) AL
SVM (Pt , LS-SVM S 3R 2 15 4 B %0k
EAIMEREMIR S . AVFFCR S A 2L (RBP), &
FHHEWT 2 MN38: o° (RBF REUWZSHD iy ([E)H
RERIR o ER /N, S REAR B et 2 2 I s
o R K, SMPEARBHRIE R 0% . LSSVM R
FH 0k 5482830 (Two-grid searching technique) FI4Mi
BAEXT AT IR LR B AE S AL R K 7 A 3
R IR B P AR N 200 RS R AR UE
WRGE RNy I rEE YD y=12.46, 6°=30.31; K/

R=0.86
RMSEP=0.58

SYITHE /

L
L=l

R T S M S %
a. PLS EHECT o] AR I3 ) A S5 S (i HH S e

R=0.83
RMSEP=0.64

o T P T/ %%

T S v
c. LS-SVM REHL [~ u] v (] A 0000 i S s e A DG P

y=12.46, 0°=27.36; XINZH T LSSVM Jiikde s sl i
FIPIE FIUAR BE R 0B 1E AR g e R I v RS R =
0.83, RMSEC=0.62%; K/ R=0.89, RMSEC=2.25 mm.
KB LSSVM J52 0T LU T AL P A 1y 2
2.4 FSFAEBILOE

TR0 SR FH A0 58 5611 149 5 92568 i 4 7 PR A 25 ot i 2k SR
WATISE, EH 64 N BA AR PEFE S AL ot 4 . Ja
T toF 4 ol e e AR B 9 X N AN [] S A 9k e S
VP v 508 B0 i 1P AR B R i, A A B/ —
ik (PLS) Mifg /DT FimEpl (LSSVM) JiikfE
R gl TP A 3T @1 AR SeAIE 45 SR an 1] 4 PR .
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85 | RMSEP=193
.
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B s
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Fig4 Correlation of predicted values and actual values of pear in prediction set for soluble solids content and size using PLSand LS-SVM
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MK 4 TTLAAFER, 2 B A7 vk v m] s [ TR 1)
DR 55 SR AR OC R ETIA 2] T 0.80 LA B, K/DEITI
WA 5 S R AH O R BB #2T 0.90, B PLS.LS-LSM
2 Pl A5 B ] LR SRRE AR AR it P bm B AT T o 2
RO S R nTEE PR TR AR O R £ i 0.86
A1 0.83, RMSEP 73 %12k 0.58%F1 0.64%; K /NEAHIEHR
043 7% 0.90 F1 0.89, RMSEP 435112k 1.93 A1 2.33 mm.
2 PRI LY, PLS SAR T &5 AU ¢ R s, B
T T ARAR ZE /N T LS-SVM IR AT 45 5, 7T %0 PLS
I 25 R ZAL T LS SVM.

3 i i

THAL B 7 75 dee A R 3l i 1108 R A e /s — 3fe
(PLS) J i@ iy il &5 Sk - m s v [ FE 40y 1 5 S
' R=0.86, RMSEP=0.58%; K/l 454+ R=0.90,
RMSEP=1.93 mm, HoAty 1) F 32T AR Pt 5 SR A~ B
5o PV AT LG I AT VE R T (SSC) SRR
U E R PLS BEAYLE 5 f5 8T P8 FRACFE T $i 2%
Rdetf, R . R=0.95, RMSEP=0.55%. X} Lbm]
Al AT SR EL T AR, EET R T AR
NI AR RO A (LED) A YIRSk K A £k
RET PR AR RS HRILRA T 24~ 300 W I i (T
VE R G, DGUER S B 2 T ARG o LED Jedi$ L
FCIFHRIE O RE S GRS R S — I 2 5
A AT USBA000 S ik A3 I R e 7 AR A4 Y [ 4t
Ky RAELAT I G5 RALAFA — o sm, FFEAE— D0t
TN 6 B PRI S P, LS A 1E I FLIA
B A0y 3 ol AL g N YR A AR I T [
(SSC) & EM4i RN R=0.86, RMSEP=0.64%, HZH
E AW 85 AR BT, A WAE 2Rl T LA B S
B A DN AL 28 o Paz 51U T 3 AN [i] (0 0 41 4
SO AL B R S T P40 ( SSCO & B A I AH ¢ R 4038 Bl A -
0.39~0.76, SAMFITIF45 FAH L AR 22 .

M IR AR G UF g ol g, SR AT R T 45 A
FifE oK H 840~950 nm P BLERIN, ki Ba F
AHELRECDAS TS 5 A48 850, 880 fil 940 nm H
—WRKEHGRE, HEXILN P —EKEHGERE
4G, DRI S A Tl 255 SR 1 R B — ok KA AR R
SRR T AR, AT R FH A D VAR I R AR T
—IEUERT IR . ] WA E ) LED 4GRS T
AL it R B A — 5 B AT A T

4 & ®

AWFFTN R T 850, 880 Fl 940 nm 3 & KO M
(LED) H#IT—/ LED A H ek Tk (R
SANEL) W AL AT RN, AEAN R G T AL
PN EAL T M Ik (PLS) M/ IS E i EHL
(LSSVM) 2 P IEREAY, 38 ek 45056 14 5 VA 56
TR [ HERPE . IRIREE R, AR U BT VA R
MRS S o T R AR i dse /> —3fedd: (PLS) Jridk gt
R0 2 SRR, T & SR b m] s [ PR A R N

HAHKEARH R /%4 0.86 1 0.90, il ¥y i ik %
RMSEP 73 % 4 0.58%F1 1.93 mm. 56 iF 574 B B H T
LLAMETE R AR 456 I LED 414 e A 4 2K fb A n]
VPRI TR R /N o AT RTAT PR, ) B HT T 7K RAE
Lo RERMEA D
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quantitative and qualitative assessment of pear quality using (in Chinese with English abstract)

Online detection of soluble solids content and size of crystal pear based on
L EDslight sour ce-detector

Liu Yande, Peng Yanying, Gao Rongjie, Sun Xudong, Hao Yong
(Institute of Optics-Mechanics-Electronics Technology and Application (OMETA), East China Jiaotong University,
Nanchang 330013, China)

Abstract: Online detection method of soluble solids content (SSC) and size of crystal pear using LEDs light
source-detector based on near infrared spectroscopy was studied. LEDs light source-detector with wavelengths of
850 nm, 880 nm and 940 nm were used to irradiate crystal pear in this experiment. The crystal pear was homogeneously
arranged on conveyor line at the speed of 5 pears per second. Spectra was measured in near infrared diffuse reflectance
mode. Three pre-processing methods including average smoothing, first and second derivatives were applied to improve
the predictive ability of the models. Partial |east squares (PLS) and least squares support vector machine (LS-SVM) were
used to develop calibration models. The prediction set was used to evaluate the predictive ability of the models. The
results showed that the best model was obtained by PLS with the pre-processing method of average smoothing. The
correlation coefficient (R) and root mean square error of prediction (RMSEP) was (0.86, 0.58%) and (0.90, 1.93 mm) for
soluble solids content and size, respectively. The results showed that online detection of soluble solids content and size
of crystal pear based on near infrared diffuse reflectance spectroscopy combined with LEDs light source-detector was
feasible.

Key words. near infrared spectroscopy, size distribution, agricultural products, online detection, soluble solids content



