208  H14
262  20134F 7 A

& L
Transactions of the Chinese Society of Agricultural Engineering

W OE: LR

Jul. 2013
AR \b i g PSER ol EE e st b pUYEY

==
 BEE

IER L, ENB 2
(1. BRI FEN B TR, B9 S 330013;

2. AT R AMNE TR B, 7 E 330013)
AL (least squares support vector machine, LSSVM) ik 1) D44 B 40k JR

=4
PR S S A i R I BB R bR L, SO BE T 2L AR b BOR &5 & e/ 3RS HF )
i g% /N 33 (moving windows partial least square, MWPLS) FIELFL R HE (successive projections algorithm,
RS A 24, 25 LSSVM KL IE AR AY
B T D AR SRR R ) TR T

=
e AR MR AR . R B &
i
SPA) A&7 iEmIEH 20 MFIEAR &, 1EN LSSVM M & . itz im FE k% (radial basis function, RBF)
TR bR v 22 4 0.223%, AHX 20 HTi 2 (standard deviation ratio, SDR) & 5.62. 45K M. 4T /MG 1EL5 & LSSVM
KA. wARE, RAveR, Hok, TEkE, DHE, ERE
hE 4 %S, TP374".52; TS235.2

Z LU, LSSVM K IEA R Tl 45 oA, HOlAHC FR 404 0.984,
doi: 10.3969/j.issn.1002-6819.2013.14.033
VS

XEktRERD: A
Chinese with English abstract)

Y E S 1002-6819(2013)-14-0262-07
Sun Xudong, Dong Xiaoling. Rapid detection of reducing sugar for potato granules by near infrared spectroscopy [J].
Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2013, 29(14): 262—268. (in
51 5

=1

IMEFR, B ELSMSERREENDREEMIERE ] RUTEFR, 2013, 29(14): 262—268.

P2k S FE IR HL (support vector machine,
I JEURE A S B A N T B
MEERFELZ—. PUESHET 0.25%00, & 505

Ho—Z 3Lk A L hr i, SR N T e

WAZ, W T AN T i M R R
GAFEHTIE, Pl ek, B
~F

SVM) , TEMRRIT L AN 1 E 261 in) 87 1 B3k
VA, HARKIIKSRE &, (HEERS. 2% 0. JHAEfka

=
P IAEA g — Jfe SRR AL (least squares

support vector machine, LSSVM) it T4 113
R B, SRR T B4 AR = Ul sk
) R, B T SR )3 R R SRS L

I R A2 3l B 1 i i/ —3feik (moving
s LA AL B BN T b bR e R SR o R

DR B A BB RO R, T
CVIRRRY SRR T
i

=.[3
Frtl

RAR SIS N TREE (e iR r S
8 Iy 7 I 20 4 D' 1 A e 0 2 A 1) I s R K 23

windows partial least square, MWPLS) &5 &t 5
7 C(genetic algorithm, GA) . i £ # 5% 5 7%
(successive projections algorithm, SPA) 43 2 L ik
AN AR e, BT T 48 S ANA JrUb &5
WPk A R bR s A DY, [ A A AE SR N B
‘ DR EYZIK S TEk . AN I JRbE
FRLLT o B, e e i B, S

A/ = RSP URAR o et A 1] -9 NE VAR

(RIARL L P, 88 A 2R PR FREINR
1
1
RLMESCRE HI R R T (O 2 O L WL

[ LSSVM R IERETY,  fi e il 5 i JR b 5 )
mRlE A%

R IapAY
LRESHHNZ LML
PR B FERL, B 1009, IR
SRR B T BUORL Ay 5 G Tl PR R A DR 25 B R
sEfE, BRI RN, ST gt ST EE L
Wk H . 2013-03-26 &I HI: 2013-06-27

AL, 3L 110
BAWH: EHERAREIF IS (61240018) ; YLHA RHE ¥ 1H %)
(20121BBF60054) ; VLVEH A E T HFLETH (G12317)
K. me

T )% (polyethylene,
PE) HAMBNE L., HRF YR ER, T
27 20°C =W IE 24 h, RSB RG, b
KA LLAM TS o W5 AR ] 110 3 T3 Ak
FEat,  AHRAE IE AR i OB 25 B A 3 LK -1

DNAERE S H 5] o0 A 0 Js ), R 850d% e 3: 1 i Lol
ks IO (1978—), W, SHSLIEA, =M AR T N
. .

MR AT R AL AR 4 Bt 330013,
Email: sunxudong_18@163.com

Feil = RN 83 AR MIE AR, HARE
FHILIRAE A AN TSUAR , AR ER AT TN 4 2 % A
I JEURE O AU E WA 1.

Vol.29 No.14



5514 39 IMBAREE: W LLANGTE PR P B % T8 by I i B 263
*k1 CDREMEREEHESE
Table 1 Reducing sugar in potato granules
FEARL EEPN: 5/ ME A Btk i 2
Sample number Maximum/% Minimum/% Mean/% Standard deviation
B 83 6.06 0.27 2.59 1.33
Calibration set ’ ’ ) ’
SIS
Prediction set 27 6.06 0.38 2.60 1.25
1.2 RIGLEE MWPLS. GA. SPA Fl LSSVM #J7E Matlab

RIS 24K FH NIRFlex N-500 {7 -3 41 A8
B4 (BUCHI Labortechnik AG, Switzerland) , Bt
7% Peltier ¥ HIEH BRI A%« JGiEE 2 10 000~
4000 cm™, 43Ry 4 om™, PR £0.2 emt
FIEA AL A R R S SRR B4
1.3 HiEIRE

LRI s, B TR
S, wE R, B MRS . SR I
W, JEBEEARZ) 2 om. B SR MLIARE A et —
Ji, B 32 Ik, wWskin g AN, R ER
KAt 3 I, BRI B G A A ialae £, JE 110

% AR 30 IO O B L S R A W 42
fit, RH 3, 5—AHHIKMIR L A E . FRELE
4K 10 g N = AL, NN 80 mL ZE 1R /KIRA] .
50°C{H i /KRR 20 min, AW EEE: H b s,
L 12 000 r/min B> 10 min. B 2357 1 mL JnA
1%t 3, 5-AHAKIIRWM 1 mL, RG],
FEECEETE FIE 540 nm AEWEOGEEAE, Arbnifk
2R 15 0 o o e,

1.4 BEEFMRELTEM

MWPLS & — i K X R L IE J7 %, 1% 0532
DL— e % JE 1 & I I Al X ), AEfREAN 5 DX
18] °F 43 930 4 57w e /N 3¢ (partial least square,
PLS) A, X [a] i A8 50Uk 35 75 i % Croot
mean square error of cross validation, RMSECV)
/N T4ils RMSECV X () A1, GA [
M AR A HUE, DL YR o 250k 4R %
2l B AN O AR B I IR R AT XL AR AR,
SIS B A BT, SPA T SO it 4 I
it RN H e AR, REREFEEE
(142 /b pesg Nk As 518200 pLS Tk M [m] 1
J7 X 2 Jo ke IE 5 vk, T e FE X 43 o
W T R BE R B Y 1A 0 FE B U TA) R 2 1 [=] )
#A7 PLS BEAY, LSSVM il i 5E ST 24 i A% b0 5T
SEHARL AR, Re FHERE A . &2
e FE4% 17) BE pR % Cradial basis function, RBF)
SN 7y NS5 6° B8, W5 LSSVM [#
WLz fhfig g 228,

R2010a #fFrhog . PLS AR A 460 750 Y0 22 75
Uscrmbler 8.0 K fFH5E . K FH FGIIAH G R AL R,
K IEFRYEZE (standard error of calibration, SEC) il
TR kR UE % (standard error of prediction, SEP) Al
AR AT 2 (standard deviation ratio, SDR) 1A/
BiRPERE, Lt SDR b2z 5 1illbsdE %= SEP
LAY, R, Rl SDR & s A5 R S % ) e,
SDR — 4Kk AE 3 UL .

2 GRS

2.1 JELTHMSEIESFE

B HLYILET 21 A% DX (W i e 3 2 g 2 S 0
& RS AR sh 51k, 40K 2 508 A3
P E A AaAnte 2000em™ UL F. B 1 h L%
AW LL AN B 1%, 7E 4 000~8 000 em™ i
DY, 3 45t il o il A% I A v TR R Y
/N (0.27%) . #c K (6.06%) FlH A]{E (2.58%)
THER AR RE S G, TR A SRR & el b
B, Ho I (14 5 1 W Wi 06 i 58 #1555 7F 8 000 em™
LU AN T2 4 N IX — U, (R4S IE AR ik
8 000 cm™ UG i X [ AR R B AR D ik b . %
AR T Z1 AP T W I 2 B T AL AT
FRE SRS TR, AR % 0 U s Aok
W 2,

R 48 R £ R
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Fig.1 Absorbance spectra of potato granules



264 Al TRE 24 2013 4F

F* 2 DRESMILLINIEX N EIETTE RKIR
Table 2 Bands attribution corresponding to near infrared spectra of potato granules and source

BH SN B4 WH SV B4

Wave number/cm™ Vibration mode Group Wave number/cm™ Vibration mode Group
4200 3xO-H def. AUz 6876 2xC- O str. PR
4472 O-H str. + O—H def. TR 7652 3xC— Hstr. CH
4976 N-H sym. str. CONH; 8816 3xC—Hstr. CHs
5372 O-H str. + 2xC— O str. ek

e 2%, —RAEIG 3x, TRAHG str., AEIRZD: def., ARTBIRZD: sym., XFRARH.

Note: 2x, the first overtone; 3x, the second overtone; str., stretch vibration; def., deformation vibration; sym., symmetric vibration.

2.2 FHEXIEXE E AL o —— SN A SRR E Y 5 2E f RMSECY
T A B AT A B 53 A A £ 10F T AR oyl Aveage RMSECY

B A2 B e S AR H AR [

E iR a7 RN ER Y% DS Y AT plRAR A A “r K\Ai‘

R XA AN . B sl B 1 i de /> — €

Root mean square error of cross validation /%

=% 06
o {E AU R (RMSECV) AT 3 /N
T, ARSI N T T 2§ os
REEP. ASCRA G300 25 MRS wery 1
NG PN Ak, BATAE 2 P, Hed "
R AN IR, AW R R, oLlLL LI AL —
@J Xﬁﬁii‘% éﬁ%%ﬂ&%ﬂyi, Eﬁ %)I%‘é[«jg‘ﬁ]kﬁk 31 /[\ 4000 5000 6000 7000 8000 9000 10000

3 Wavenumber/em'!

T[] FEREASTIX RN, K H] PLS 23 i 7 d i
%&E*‘% , WIS 7 X A ) RMSECV /> T34, B2 DAZARRaIMIEERSHE 2R Rk

HwFEER
I—] =y
Wiz X Imé\ﬁ BRI, BUOARAAEREX Fig.2 Characteristic bands of potato granules selected by
3470 ML, HARERR LR ILEE 3. moving windows partial least square

#£3 TRMNTER PLS B RIER TN AR

Table 3  Results of different PLS calibration and prediction models with different input variables

AR PR 5V [CIPEWIRFS jeiy SRS
Method of variable selection Regression method Calibration set Prediction set

KIE T 3
-~ BEH . hocsme PEE g MOOE

Tk A - AR 75 i ¢ Standard  RER, Standard -
) Variable - Correlation . Standard

Method Variables Algorithm  Factors L error of Correlation error of e
number coefficient B o _— deviation

calibration  coefficient prediction ratio

1% 1%
J&  None 4000~-10000 1501 PLS 9 0.961 0.368 0.961 0.361 3.474

41884308, 43364404,
4564~4624, 5084, 5148~
5396, 5476, 5520, 5536~
MWPLS 5952, 6172~6188, 6892~ 470 PLS 9 0.976 0.318 0.963 0.346 3.624
7168, 7364~7372, 7468~
T472,7672~8116, 8272~
8428
4284, 4352, 4596, 5324, 5604,
5716, 5832-2836, 6176-6180,
MWPLS-GA 6944~6952, 7084~-7088, 24 PLS 9 0.976 0.290 0.970 0.306 4.098
7696, 7856~7860, 8112,
8360, 84008408, 8424
4224, 4336, 4404, 5084, 5176,

5236, 5268, 5316, 5776, 5876,
MWPLS-SPA 6188 6900, 6968 7116, 7972, 20 PLS 9 0.980 0.262 0.976 0.273 4.593

7996, 8288, 8304, 8336, 8360

##: MWPLS (moving windows partial least square) SA# 2 & [fifi/N —3fevk, MWPLS-GA (genetic algorithm) S48 2l & 1 i fe /) — Jedk- AL 5k
MWPLS-SPA (successive projections algorithm) 4% ) % I fhidse /N — eidi-E S48 59k, PLS (partial least square) Aflid/d — . TAl.

2.3 FHEXIETE1REF HEALARBONIZ AT 46 5039 4 100, 45 RMSECV f/)

YRR GA FI SPA {EHI 5 v K RF AL 1% [X. (P JE, FEIsATHReEA, IR vy T i K Al
W, FIERFIEAR . GA KM 0/1 —idkllgmid, #F 1, SHEFVEEITE R WE 3 Frn. BARLL IS AR
ECH N 30, MATHER A 50%, RN 1%, AR, JEE 24 kit s, B ElR 3
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Fioe FIHBHALFILIE R 24 Ak, &
AL PLS RAERERL, JEHEAT AU, YR AR HE ZE N
0.306%, M&ALT MWPLS [T 25 B o SifL 52 AR
PB AT R A N AR R AR B e A R, AR
3 W4, 6 AAHARIAR Bt . AHARAR B2 W] A7
TR KIS, S mi iR il e )

L % WA B WG HE GHY Spectrum of potato granules

o JUETEEIE P OLTEE R Genetic algorithm

o EHHESE P e A
Successive projections algorithm

0.8 -

0.6

0.4

WL JE - Absorbance

1 L " 1

4000 5000 6000 7000 8000 9000
AL Wavenumber/em!
B3 AL F GA A= SPA iL#F4 R
Fig.3 Characteristic variables selected by GA and SPA

]
10 000

SPA iEfiiid s MERHCN 20, FRAZEEH

350, LLRMSECV /A RN, 16 H i) AL & .
SPA IZATE R E 3 Fiow, 3t 20 MR ek, H
IRGE R 2% 3. R SPA ik (1) 20 NS &, #37 PLS
A, FEEAT I, 5 GA FHEL, 45 LR800, il
TFRHEZE A 0.273%. SPA Tifli T GA Sk AH4rAx
ERIBN, B gk e T A AR AR R L e A

IR0 AR Bgdisr. PLS BEERRY, JEK
H 27 NS SR S PRI PR, S5 503 3.
e R T PLS BARKTENAE S, HRA MWPLS
1 SPA Y1) 20 AN EEEN 1) PLS B2 AR T
KR er,  TRNAHOCREL R, 9 0.976, SDR 4593,
SDR KT 3, B EA SN AR FEae )%,
2.4 JELRMEAREBYEE T K T

RBF #Z s AESIR 7 p fbREA 2= 5L
ALEE IR PA , A% S o i R 2y =) el 2% 59 P,
R R s RN 8 RAFAR S &, 3T
EHI Ty MESE o ARSI, 4 14545 10
X 10 M LA SO KIik; 5 2 sD7ErbIERl L,
7E 10X 10 % s VB INB KR, fe iS5 R
ey A1 o7 (RS 43 31 1~10 000 A110.01~100.
AN LSSVM RS R IR AT y F o® W3 4.

F 4 TREMANTEH LSSVM #RELTIN L5 R
Table 4 Results of different LSSVM prediction models with different input variables

A e e W5k ZH T 42
Method of variable selection Method of training Parameters Prediction set
Sl

A e BEH 4oz y bz MR
ik 3{ iﬁ‘;ﬁ Tk ] ST Aaz ){rﬁ%gﬁ? R, Standard Standard
ariable X Penalty Correlation o
Method number Method Time/s factor Nuclear coefficient error of deviation
parameter prediction ratio/%
1%
J&  None 1501 LSSVM 0.081 882 23 0.980 0.253 4.96
MWPLS 470 LSSVM 0.043 882 23 0.981 0.247 5.08
MWPLS-GA 24 LSSVM 0.026 2482 20 0.982 0.240 5.23
MWPLS-SPA 20 LSSVM 0.026 364 26 0.984 0.223 5.62
H: LSSVM (least squares support vector machine) it L4 Gl AR &S £ fe /N — e S FF 1) bl
ﬁ%”uéﬁg 1501 /I\EEE%$ foﬁﬁiﬁ’ﬁ 470, 24 %n 20 /l\ 6l o i fJ'i: 1 l'IL T_I'[ JEFRIN Scatters
HFHIEASEAE Y LSSVM (RN, LA RBF WXER%L, AL Fitlne .
K6 LSSVM AU RFINGE )y, 25 RWNAE 4. i 4 7] 2
A, TR RAE R LSSVM [P &, $idm 3 af
TBIRIATEINGE ), 3 SDR ¥ T 4.96: 45 T LSSVM Nember 27
(SISO, ek T REIIZRIN ], B2IG T 0.081 50 X z 3
Ltk 4 FiEk 3, i EAT R SDR BRI TieIGE S5l v £ ot SDR:5.62
Hrlgll, LSSVM BRI Tialae S 5m T PLS #5%Y., =
KH 27T MRS 5 EBIRE 5 %5 28 LSSVM 54
RPN RE )y o 22104, LA MWPLS FIl SPA 414 ik 0 : : : s : x

(] 20 N RAEH AR &, LLy iy 364 F16° Jy 26 (1
RBF 1% BR %11 LSSVM A5 74 T RE ) fe i, RS 7RL T4
AR ZRHL R, Ay 0.984, T bR HEZE SEP 2y 0.223%,
SDR }j 5.62. LSSVM TR () TR 5 A0 1R
Z IR A DGO R WK 4 P .

P Actual values/%
T R, AT R 5L, SEP A TidlbsifE%, SDR AR/ Hrikz.
Note: R,, correlation coefficient of prediction, SEP, standard error of
prediction; SDR, standard deviation ratio.

B4 LSSVM #A Fmlsk R

Fig.4 Prediction results of LSSVM model
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2013 4F

3

% it

=

KHIE AN GIER AR, 454 LSSVM Hlas2: >

L, R B Al I SRR R R AR I T i
2o AR AL A RBF A% pR S ALAL, T i Hh e
EAPHE RS LSSVM R IE R AR T &5 S A

i,

BER TN A OC R4k 0.984,  ToUlll bz #E 22 A

0.223%, SDR 4 5.62. £ LK W]: MWPLS £ £ SPA
AR L 70, 4 T LSSVM B IE R AL i Fitil]
KGISEs SOl A LUAR e i AR B 5 Bl 2 B ) AR 2k
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Rapid detection of reducing sugar for potato granules by near
infrared spectroscopy

Sun Xudong®, Dong Xiaoling®
(1. School of Mechatronics Engineering, East China Jiaotong University, Nanchang 330013, China; 2. School of Foreign
Language, East China Jiaotong University, Nanchang 330013, China)

Abstract: Reducing sugar content is one of the important indicators for evaluating the quality of potato granules.
Near-infrared (NIR) spectroscopy has been attempted to determine reducing sugar content in potato granules
using near-infrared (NIR) spectroscopy combined with least squares support vector machine (LSSVM) algorithm.
NIR spectra were recorded in the wavenumber range of 10 000~4 000 cm™at a 4 cm™ interval. The 110 samples
were divided into calibration and prediction sets in terms of their respective actual value for avoiding bias in
subset division. One of every four samples was divided into the prediction set according the range of actual value
in calibration set covering the range in the prediction set. The calibration set contained 83 samples, and the
remaining 27 samples constituted the prediction set. Three different variable selection methods, namely the
moving windows partial least square (MWPLS), MWPLS-genetic algorithm (MWPLS-GA), and
MWPLS-successive projection algorithm (MWPLS-SPA), were performed comparatively to choose spectral
variables associated with reducing sugar content distributions. The partial least square (PLS) models were
developed with these selection spectral variables with the number of PLS components optimized according to root
mean square error of cross validation (RMSECYV) in the calibration set. The results derived by variable selection
techniques were then compared with the performance of PLS models with new samples in the prediction set. The
PLS calibration model exhibited a higher correlation coefficient of prediction (R,) of 0.976, lower standard error
of prediction (SEP) of 0.273%, and ratio of SEP and standard deviation (SDR) of 4.593, which was built using 20
spectral variables selected by the MWPLS-SPA method. Nonlinear models of the least squares support vector
machine (LSSVM) were developed using different spectral variables selected by MWPLS, MWPLS-GA, and
MWPLS-SPA. The main parameters of penalty factor () and nuclear parameters (¢”) of the nuclear function for
the radial basis function (RBF) were optimized by a two-step search method. Through comparison the
performance of LSSVM models with new samples, the optimal LSSVM maodels for reducing sugar content were
obtained with R, of 0.984, SEP of 0.223%, and SDR of 5.62, which were developed with 20 spectral variables
selected by the MWPLS-SPA method. The results indicated that: 1) the accuracy of the quantitative analysis
conducted by NIR spectroscopy can be improved through appropriate wavelength selection with the MWPLS-SPA
method; and 2) the implementation of LSSVM nonlinear models could predict reducing sugar content in potato
granules more accurately than a linear model of PLS. It was concluded that NIR spectroscopy combined with
MWPLS-SPA and LSSVM methods has significant potential to quantitatively analyze reducing sugar content in
potato granules, and this real time, in situ measurement will significantly improve the efficiency of quality control
and assurance.

Key words: near infrared spectroscopy, nondestructive examination, algorithm, variable selection, potato,
reducing sugar
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