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A non-destructive detection method for apple quality indices based

hyperspectral imaging

AN Jing, HAN Junying
( College of Information Science and Technology, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: To achieve rapid and non-destructive detection of internal quality in apples, this study established a pre-
diction framework integrating multiple preprocessing, feature selection, and modeling algorithms based on hyperspectral im-
aging technology in the range of 380—1 018 nm. Spectral data were preprocessed using Savitzky-Golay (SG) smoothing,
discrete wavelet transform ( DWT), multiplicative scatter correction ( MSC), standard normal variate transformation
(SNV), adaptive weighted smoothing ( AWS) , robust principal component analysis (RPCA), and baseline correction
(BC). Characteristic wavelengths were selected using the successive projections algorithm (SPA) , competitive adaptive re-
weighted sampling (CARS) , and Bootstrap-based spectral selection (BOSS). Partial least squares regression, support vec-
tor regression, and ridge regression models were constructed. The results showed that the optimal modeling paths for differ-
ent quality indices differed significantly. For vitamin C content, the combination of SG-SPA-SVR achieved the best predic-
tion performance. For titratable acid content, the BC-raw spectrum-Ridge combination performed best. For starch content,

the BC-raw spectrum-SVR combination showed the optimal prediction effect. For soluble solids content, the MSC-raw spec-

Y75 B #8: 2025-07-19 : ‘ . result
ESTE . F% 0 AR 4T H (32360437) s HltE [ REHE 5L The multi-strategy modeling system established in this

trum-Ridge combination yielded the best prediction results.

430 F (25YFNA040) study can provide theoretical support and technical refer-

EEGN . 15(2000-) , 4, HATR KN BRI A BRSO 1 ence for non-destructive detection of apple quality and the

AN S BRI . (E-mail ) 2750214516@ qq.com development of portable hyperspectral systems.
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Fig.1 Components of hyperspectral system
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Fig.3 Original spectral curves of different apple varieties
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Table 1 Apple physicochemical indicators

HALIEDR FHEL BRME HME
HeAZF C i (me/g) 0.019 0+0.004 2 0.0229 0.011 0
AHE R i (g/kg) 3.41+0.95 5.13 2.46
VA PEREY & i (%) 13.27+1.55 16.00 11.40
TER & (mg/g) 7.44+2.59 10.82 4.32
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Fig.4 Comparison between original spectra and preprocessed spectra
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Table 2 Effects of spectral data preprocessing on modeling performance

pllE S A
bR T4k 7
R? RMSE RPD R? RMSE RPD
HERCHE SG 0.890 0 0.1350 3.024 3 0.879 2 0.150 8 2.897 5
RAW 0.891 8 0.133 9 3.049 2 0.874 5 0.153 7 2.842 8
DWT 0.891 8 0.133 9 3.049 2 0.874 5 0.153 7 2.842 8
AL IR BC 0.969 7 0.169 8 5.763 4 0.9359 0.244 2 3.700 0
MSC 0.959 4 0.196 4 4.980 6 0.932 6 0.2329 3.878 5
SNV 0.957 9 0.200 3 4.885 7 0.917 9 0.257 0 3.515 4
ATV [ % MSC 0.895 6 0.487 5 3.103 5 0.816 3 0.692 9 2349 5
SG 0.909 1 0.454 7 3.327 3 0.804 9 0.714 0 2.280 0
SNV 0.899 7 0.477 8 3.166 4 0.814 1 0.697 1 23355
TER & BC 0.939 7 0.638 8 4.085 8 0.886 3 0.869 0 2.986 0
DWT 0.937 7 0.649 5 4.018 3 0.875 8 0.908 0 2.857 6
SG 0.930 2 0.687 6 3.795 9 0.882 7 0.882 3 2.940 9

SG : Savitzky-Golay ¥ ; MSC : ZIGHUZIE ; SNV, bR ifiE IE A AS A8 $e; DWT . B 8/ AR 3, BC . ZELR AL IE ; RAW ; JEUUR 64 R? . D8 R 3L
RMSE - 3577 W% 2% ; RPD  AHX FU i 2

£33 TREEBERMEXERRRIERH TR

Table 3 Prediction performance of different combined modeling strategies for apple quality indices

pllERS AR
bR TAbFE  RRAESRMR AR
R? RMSE RPD R? RMSE RPD
HeF CHE SG SPA SVR 0.892 9 0.133 2 3.064 2 0.928 9 0.115 7 3.776 3
RAW 0.886 4 0.137 2 2.9759 0.907 7 0.131 8 33155
DWT 0.886 4 0.137 2 2.9759 0.907 7 0.131 8 3.315 5
A R R i BC RAW Ridge 0.980 8 0.135 1 7.244 8 0.955 5 0.189 3 4773 5
MSC 0.977 1 0.147 7 6.626 6 0.954 5 0.191 3 4.722 3
SNV BOSS SVR 0.957 5 0.201 1 4.865 7 0.951 1 0.198 5 4.5522
AAERTEY S MSC RAW Ridge 0.919 4 0.428 3 3.5327 0.855 8 0.613 9 2.6517
SPA PLSR 0.873 8 0.5359 2.823 4 0.839 8 0.647 1 25158
CARS 0.869 2 0.545 5 2773 6 0.838 3 0.650 1 2.504 1
TEM BC RAW SVR 0.925 1 0.712 4 3.663 7 0.926 5 0.698 8 3.713 3
PLSR 0.927 1 0.702 5 3.715 1 0.912 8 0.761 1 3.409 4
CARS Ridge 0.923 2 0.7213 3.618 5 0.912 2 0.763 5 3.398 6

SG : Savitzky-Golay ¥ ; MSC : Z I L IE ; SNV, bR ifiE IE A AR fE A8 e, DWT 85 50/ AR 3 BC . ZELR AL IE ; RAW ; JRUR 63 R? . D8 R 5L

RMSE : ¥J 75 HRR 2 s RPD A TN A 22 5 SPA « 3 LR 530 ; CARS 36 4 1 H 38 1o T IMACRAR I ; BOSS : M Ak i 2 #5934 s PLSR .« i /N — 76

[B1)9; SVR ; SZFFm & [ml e Ridge : WAl

2.5 HREEMFESHRL FER S8 EEEIE Y S R T S E AT BR
R REAR B TO A 4 I 4R TR A RZ E M, AX b AHOCME M, WL S BT, O ] B R AR AE 4%

I X RRAE I B R AT 0 28 S04k, & 4, X380~ W B 1 4 R 5 i) N RF AIE A7 AE 25 55, 5P AT i E R

1018 nm PEHEIEEE 544K C & v S EMEHN SR 806~912 nm P BIEH N AR
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Fig.5 Heatmap of correlation between spectral bands and quality indices
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Fig.6 Regression scatter plot of correlation prediction results
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