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Hyperspectral imaging based non-destructive prediction of soluble
solids content in apples at late development period

MENG Tian-yuan, WANG Zhuan-wei, CHI Qian,
ZHAQO Fan,WENG Xiao-feng

(College o f Mechanical and Electronic Engineering s Northwest A& F University sYangling s Shaanxi 712100, China)

Abstract: [Objective)] This study investigated the feasibility of using hyperspectral image technique to
nondestructively predict soluble solids content (SSC) of apples at the late development period. [Method])
‘Fuji’ apples were used as samples to acquire hyperspectral images from 900 nm to 1 700 nm. Three predic-
tion models, partial least squares (PLS), support vector machine (SVM) and extreme learning machine
(ELM) ,were built. The effect of characteristic wavelength selection method of successive projections algo-
rithm (SPA) and data compression method of principal component analysis (PCA) were compared accord-
ing to model predication accuracy. [Result] Nine principal components were compressed by PCA and 13
characteristic wavelengths were selected by SPA from the full spectra (230 wavelengths). SPA improved
the prediction performance effectively. The best model for SSC prediction of apples at late development pe-
riod was SPA-PLS,whose correlation coefficient and root mean square error of prediction were 0. 945 and
0. 628 °Brix, respectively. [Conclusion] Hyperspectral imaging technique could be used as a noninvasive

method for predicting SSC of apples at late development period. This technique is helpful to instruct apple
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planting and harvest timely.

Key words: hyperspectral imaging;soluble solids content in apple;non-destructive prediction
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Fig.1 Hyperspectral imaging system
1. CCD camera;2. CCD detector;3. Lens;4. Light source;
5. Electronical-controlled mobile platform;6. Camera obscura;

7. Motor control box;8. Motor; 9. Computer
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Fig. 2 Reflectance spectra after SNV processing
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Table 1 Samples division results of apples
e AL A /°Brix Sugar content
TS
Sample set Numb(elr of H/ME R KAH TR T Al 22
samples Min value Max value Mean Standard deviation
AR All of samples 199 8.9 17.7 12.2 2.1
1 IE % Calibration set 149 8.9 17.7 12.5 2.2
i 4 Prediction set 50 9.1 17.1 11.5 1.9
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Table 2 Contribution rates and accumulating contribution rates of the first 10 principal components %
5 b7 FE 4> Principal components
Index PCl1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10
71k % Contribution 57.34 28.58 8.33 2.49 1. 66 0. 54 0. 37 0.18 0.16 0.09
SR TR
Accumulating 57. 34 85.91 94. 25 96. 74 98. 40 98. 94 99. 31 99. 49 99. 66 99. 74

contribution
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Fig. 3 Calculated RMSECYV at different characteristic
wavelengths selected by SPA
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Table 3 Determined values of parameters in PLS,SVM,and ELM models for SSC prediction of apples
A PRk PLS F ¥4 SVM ELM B 247 s 8K
Variable selection Number of PLS FESTA T (o) FA B A 2 (o) Hidden layer nodes
method main factors Penalty factor(c) Slack variable (g) number of ELM
FS 15 8 0.031 3 40
PCA 8 1 0.500 0 30
SPA 11 16 0.176 8 25
4 BETAABEETEAEAEMBEIRBEMNEREENTNLER
Table 4 Apples SSC prediction of established models based on different characteristic variable selection methods
T ik FRAE AR BT R AR B @4 R Modeling results
Modeling Variable selection Number of
method method variables R. RMSEC/ Brix R, RMSEP/°Brix
FS 230 0.979 0. 440 0.938 0.663
PLS PCA 9 0. 878 1.036 0.793 1.503
SPA 13 0. 946 0. 700 0.945 0.628
FS 230 0.961 0.612 0. 826 1.530
SVM PCA 9 0.924 0. 837 0.812 1. 655
SPA 13 0. 945 0.711 0. 880 1. 211
FS 230 0.918 0. 852 0. 847 1.027
ELM PCA 9 0.914 0. 877 0.798 1.507
SPA 13 0.942 0.725 0.938 0. 664

# 4 W, FSPLS BA AR OEPERE . H R,
F1 RMSEC 43 %] 2% 0. 979 H1 0. 440 °Brix; i % F
SPA # 7 /) PLS(SPA-PLS) 4 % H. 45 &t 4 (19 15
PERE, H R, F1 RMSEP 4 %k 0. 945 1 0. 628
°Brix; 5 F PCA # 7 () PLS K% (PLS-PCA) [ 1%
E T P R ) e 2%
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4, R4 RW,FSSVM KA AT I 4 19 1 EPERE
H R.=0.961,RMSEC=0. 612 °Brix; SPA-SVM H.
A I W M g L R, =0. 880, RMSEP=1. 211
°Brix,
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