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Soluble Solids Content Detection of Postharvest Apples Based on
Frequency Spectrum of Dielectric Parameters

Guo Wenchuan Shang Liang Wang Minghai Zhu Xinhua
( College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling , Shaanxi 712100, China)

Abstract; Based on frequency spectrum of permittivities from 10 MHz to 4 500 MHz of intact postharvest
Fuji apples during 21 weeks storage, BP network model and support vector regression (SVR) model were
applied to predict SSC. Effects of the prediction models using full frequency (FF), principal component
analysis (PCA) and successive projection algorithm (SPA) were compared and evaluated. The results
showed that PCA — SVR gave the best result rather than PCA — BP and SPA — BP. The predicted
correlation coefficient of PCA —SVR was 0. 883 and the root mean square error (RMSE) was 0. 552. The
effect of PCA — BP was a little worse than PCA-SVR. The RMSE of the model established by SPA was
generally smaller than by other methods, and the predicted correlation coefficient of the models
established by PCA was generally higher. The research offered some useful technologies in developing
nondestructive sensors for fruits’ soluble solids content based on frequency spectrum of dielectric
parameters.
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Tab.1 Comparison of SSC of apple samples during storage

ST 1] KIESE ik
/A HAR PIE/% WKME/% FME/% bRfEmZE/ % HAR PEE/% WOIME/ % BoME/% BRERZE/ %
0 20 12. 00 13. 40 9.60 1.19 5 11.91 13.23 10. 33 1.07
3 12 12.81 14.70 9.90 1.38 3 12.74 13.67 11. 80 0.76
6 12 12. 83 14.90 10. 30 112 3 12. 68 13.50 12. 00 0. 62
9 12 11.64 13.70 9.40 112 3 11.38 12. 40 10.70 0.74
12 12 11.93 13.80 10.33 1.03 3 11.82 12.87 10.77 0. 86
15 12 12.19 13.83 9.57 1.26 3 12.12 13.40 10. 90 1.02
18 10 11. 56 13. 67 8.83 1.30 2 11.53 12. 40 10. 67 0. 87
21 9 12. 04 12.77 11.00 0.51 2 12.28 12.67 11.90 0.38
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Fig. 1 Effect of frequency on &’ and &" for postharvest Fuji apples at indicated storage weeks
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Tab.2 Variance analysis of dielectric parameters at 101 different frequencies during 21 weeks’ storage

I 2 J7 22K Sl A B F P ITE 3¢
IR 3835.279 100 38.353 1675.923 <0.01 o
5 s 8] 150. 421 7 21.489 939. 005 <0.01 * %
¢ s 16. 019 700 0.023
Bt 4001.719 807
i 914. 609 100 9. 146 577. 696 <0.01 o
5 F 8] 5.638 7 0. 805 50. 871 <0.01 %
& S 11.082 700 0.016
Mt 931.329 807
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Tab.3 Optimal parameters and structures of BP-ANN

e SHRE
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A E M TTEL 202 25 6
R =X L EZPTiv 1 8 5 3
i)=Y EZSToe 1 1 1
ETE S 0.1 0.1 0.1
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Tab.4 Results of parameters in SVR models

using cross validation

E 20 FF PCA SPA
¢ 11.314 5.657 2048
g 0. 063 0. 063 0.177
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Tab.5 Comparison of modeling results with
BP and SVR models

HA ATEEIR KeIESE s
sk Jrk WIUIRIRE R WIRIRE . R
FF 0.872 0.751 0.618 0.850
BP PCA 0.567 0. 880 0. 591 0.870
SPA 0. 650 0.851 0.527 0.853
FF 0.495 0.923 0.739 0. 670
SVR  PCA 0.438 0.936 0.552 0.883
SPA 0.570 0. 890 0.361 0.651
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(R IE S5 5 S T 25 SR WLl 3 ARl 4) |, AR IEAH
KRHHN 0.936, B 77 MR 2N 0. 438 5 T AH E R
h 0. 88135 SRR 2E K 0. 552, LT BP 4% (1)
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Fig.3  Correlation of measured and predicted SSC

of calibration samples
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