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Methods of Characteristic Wavelength Region and Wavelength Selection

Based on Genetic Algorithm
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(1 Agricultural Product Processing Research Institutes, Jiangsu University, Zhenjiong 212013)
2 Jiangshu Hengshun Group, Limited Liability Company, Zhenjiang 212004

Abstract: Genetic algorithm interval partial least square (GA-iPLS) and genetic algorithm partial least square
(GA-PLS) were proposed to select the characteristic wavelength region and characteristic wavelength of sugar
content against apple near-infrared spectra for sugar content prediction. The apple near-infrared spectra data were
divided into 40 intervals. Consequently, 5 subsets (No.4,6,8,11,18) and 362 data points were selected quickly by
GA-iPLS, and 44 characteristic wavelengths were selected by GA-PLS based on the 5 subsets. Compared with the
whole spectra data model, the GA-iPLS and GA-PLS models could not only improve precision with the coefficients of
determination for prediction set improved by 10% , but also simplify the model with 7 primary factors decreased in
the model. With the proposed methods, a concise easily computed model can be built to select the characteristic
reigon and wavelength of near-infrared spectra.
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Table 1 Statistic of apple sugar content

Number of Mean Maximum Minimum Standard Coefficient of

samples (° brix) (° brix) (° brix) deviation variance /%
Calibration set 63 12. 855 16.6 9.4 1.50 11. 67
Prediction set 22 12,795 15.8 9.0 1.473 11.51
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Fig. 2 “Fuji” apple spectra for model building
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Fig. 4 Minimum Eg values of partial least square

regression models variation with generation
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Table 2 Summary of partial least square results after apple spectral being treated by different methods

Election _
Selected wavenumber range /cm™!

methods

Variables Number Calibration set Prediction set

in model of factors Er(° brix) . ExC brix) 7,

Full-spectrum PLS 4279.34~9843. 06

2886 13 0.5542 0.8808 0.6334 0.8362

4701. 6~4840.5; 4983.5~5122.0
5263.0~5399. 8; 5679.5~5816. 4
5818.3~5955. 2

GA-iPLS

(5 intervals selected)

362 7 0.3346 0.962 0.3846 0.932

5252.19, 5254.12, 5250. 26, 5016. 92,
5256. 05, 5018. 84, 5527.97, 5529. 90,
5059. 34, 5760. 75, 5814.99, 5315. 55,
5415. 83, 5795.18, 5797.11, 5767. 01,
5811. 42, 5816.40, 5348. 34, 5317.76,
5319. 69, 5899. 04, 5814. 47, 5883. 89,
5708.16, 5787. 23, 5028.29, 5368. 94,
5403. 65, 5453.79, 5839. 49, 5901. 21,
6047. 77, 6188.55, 6213. 62, 6298. 48,
6300. 40, 6302. 33, 5812.54, 5826. 04,
5881. 97, 5026. 37, 4855. 96, 5027. 60.

GA-PLS

44 5 0.3526 0.934 0.3757 0.936

PLS: Partial least square, GA-iPLS: Genetic algorithm interval partial least square;

GA-PLS: genetic algorithm partial least square

5 4% 1

FH a8 A% DX ) A o /D> — 3 7k 0 35t 5 i o /> — 3 1
X 3SR L1 T AT RRAE 6 1 X IR R AR B K Y
B, SREM, 5&NIERTAE ., 54 X B )W i
NSRRI AL R B /N 3R R AN RE A R b /D
LT FH A 78 B4, T HL BB A S0 Hb 32 & SE SR b B A
B B RE BE .  A X PR R O I R B A A T X 1]
A AT ST, v] DAY /N AR B B ] S B MR R
I RS X, o B 2 38 57 A9 AR 7= i o TR I 3k 21 4
R MM N AR EE & . RES R kit
I8 A = SO 2 £ A s A 45 $R At — b L
WHERE K B ik,

2 £ X W

1 Chu Xiaoli, Lu Wanzhen.
application of spectral data pretreatment and wavelength selection

Yuan Hongfu, Progress and
methods in NIR analytical technique[J]. Progress in Chemistry ,
2004, 16(4): 528~542 (in Chinese)

WA, R ULAR, B WIS, I LA 3 AT P O T AL B B e
FitRESMALT]. fF#E, 2004, 16(4); 528~542

2 Li Hui, Xie Shusen, Lu Zukang e al.. A new model of the light
scattering in biological tissue for visible and near infrared region
[J]. Acta Optica Sinica, 1999, 19 (12). 1661 ~ 1666 (in
Chinese)

2= NELWRIER, BEALEE 45 AEWA ST oG 5T A A e R

BRI, b5 2R, 1999, 19(12) . 1661~1666

Liu Muhua.

methods of near infrared spectra fro simplifying prediction model

of surgar content of apples[J]. Acta Optica Sinica , 2006, 26(1) ;

1136~1139 (in Chinese)

RS, TRIG AR, RIAR AR, TR] b 37 SR 0 B 390000 45 B ) S £ A0 O 1%

BALBE LT 554, 2006, 26(1); 1136~1139

Liu Muhua.
determinat ion of sugar contents of apples using near infrared
diffuse reflectance[J]. Transactions of the CSAE, 2005, 21(3);
162~165 (in Chinese)
RS TR AR, XA, F]F T 21 5018 I 5 6 SR #4731
WEELE KW B EIT] Rk & %R, 2005, 21(3);
163~165

5 Ann Peirs, Jeroen Tirry , Bert Verlinden e al..

3 Zhao Jiewen, Zhang Haidong, Preprocessing

4 Zhao Jiewen, Zhang Haidong, Non-destructive

Effect of
biological variability on the robustness of NIR models for soluble
solids content of apples [ J .
Technology , 2003, 28(3): 269~280

6 O. Kleynen, V. Leemans, M. -F. Selection of the most efficient

Postharvest Biology and

wavelength bands for “Jonagold” apple sorting[ J]. Postharvest
Biology and Technology, 2003, 30(1); 221~232

7 1. Wayan Budiastra, Yoshio Ikeda, Takahisa Nishizu. Optical
methods for quality evaluation of fruits (part 2)-prediction of
individual sugars and malic acid concentrations of apples and
mangoes by the developed NIR reflectance system[J . J. JSAM,
1998, 60(3); 117~128

8 V. Steinmetz, J. M. Roger, E. Molto et al.. On-line fusion of
color camera and spectrophotometer for sugar content prediction
of apples[J]. J. Agric. Engng. Res., 1999, 73(4): 207~216

9 K. H. S. Peiris, G. G. Dull, R. G. Leffler e¢ al.. Spatial



(] AR/ AR vk e R BT AT A1 o T 4 AE X ISR 4R AE B 1321

variability of soluble solids or dry-matter content within individual
fruits, bulbs, or tubers: implications for the development and use
of NIR spectrometric techniques[J]. Hori Science, 1999, 34(1) :
114~118

10 Ann Peirs, J. Lammertyn, K. Ooms et al.. Prediction of the
optimal picking date of different apple cultivars by means of VIS/
NIR-spectroscopy [ J ]. Postharvest Biology and Technology ,
2000, 21(3);: 189~199

11 J. Lammertyn, Ann Peirs, Josse De Baerdemaeker e al.. Light
penetration properties of NIR radiation in fruit with respect to
non-destructive quality assessment[ J]. Postharvest Biology and
Technology, 2000, 18(1); 121~132

12 Renfu Lu, Daniel E. Guyer, Randolph M.
Determination of firmness and sugar content of apples using near-
infrared diffuse reflectance [ J]. J. Texture Studies, 2000,
31(6): 615~630

13 B. Park, J. A. Abbott, K. J. Leeet al.. Near-infrared diffuse

Beaudry.

reflectance for quantitative and qualitative measurement of soluble
solids and firmness of delicious and Gala apples[J]. Transactions
of the ASAE, 2003, 46(6); 1721~1731

14 L. Nergaard, A. Saudland, J. Wagner e al.. Interval partial
least squares regression (iPLS): A comparative chemometric
study with an example from near-infrared spectroscopy [ J].
Applied Spectroscopy, 2000, 54(3); 413~419

15 R. Leardi, A. Lupidez, Gonzdlez. Genetic algorithms applied to
feature selection in PLS regression: how and when to use them
[J]. Chemometrics and Intelligent Laboratory Systems, 1998,
41(2) . 195~207

16 R. Leardi, L. Ngrgaard. Sequential application of backward
interval PLS and genetic algorithms for the selection of relevant
spectral regions[J]. J. Chemomelrics, 2004, 18(11) ; 486~497

17 R. Leardi. Application of genetic algorithm-PLS for feature
selection in spectral data sets [ J . J.Chemometrics and
Intelligent Laboratory Systems, 2000, 14(5); 643~655

A A Je e D Ae e D W Je e e e e e W e Ve e e Ve e e Ve e e Ve e e e e D Ae e D e e e e e e e W e e e e e e

fE 1T

B =

5/l & HEOL N T AR B SCE—Ch EEOE)2007 £ H], B2 F 2007 4 3 AR, WXEKLE
b B T AT A SR R BOE N T ARG T L AN AL Ak 5 BT R R OB R ORI L OB R IR
CUIE] AT AL B UE 0058 , BOLsR AL (B &1L R B VTSR , BOGH &35 48, BOL g BUE 5 B0 e i
& BOER & I IHAR  BOCHAARBA , BOL I T 8OR 538 5/ B0t ik 224 0 5 26 3 R Bot 4
75 LRGSR EE R A TEAGE 40 MRE B AL A A . 2 REOEN TR TIEH

R AR H A HER S H 50R .

WL 400 BT, EAH 100 T6, BE O FE G AR B, G R MUE #r 80 T8, W 325 3T B .

BRAAN: @ LL

7% :021-69918253



