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Research on Non-destructive Detection Method for Apple
Multiple Quality Indicators Based on GAF and Improved CNN
CUI Yan-ping"*’, LI Xin-yu', YANG Li-feng', YIN Zhuo-ran’

1. School of Food Science and Engineering /Shandong Agriculture and Engineering University, Jinan 250100, China

2. School of Chemistry and Chemical Engineering /Shandong University, Jinan 250100, China

Abstract: This study utilizes 600 intact and healthy apples from four varieties as experimental materials. Based on near-
infrared spectroscopy data, a dual-branch convolutional neural network fusion model (GAF-SE-1D-2D-CNN) is constructed,
which incorporates Gramm's angular field (GAF) and SE channel attention mechanism. This model achieves synchronous
non-destructive detection of three core quality indicators of apples: firmness, sugar content, and titratable acidity. A total of
600 sets of original NIR spectral data are collected, and after outlier detection using the 3¢ criterion of normal distribution,
591 valid samples are obtained. After comparing the optimization effects of SG smoothing + SNV, SG smoothing + MSC,
SG smoothing + first-order derivative, the valid samples are divided into a training set and a test set in a 7: 3 ratio using the
KS algorithm. The GAF combined with the SE-channel attention mechanism is then used to enhance the quality-related
feature channels, and the dual-branch convolutional neural network is constructed to complete multi-task regression
prediction. The model training employs Adam optimizer, along with L2 regularization, dropout, learning rate attenuation and
carly stop strategy to suppress overfitting, with the decision coefficient and root mean square error as evaluation indicators.
The final results show that the model performs well on the independent test set, with the R* of firmness, sugar content and
titratable acidity reaching 0.875 5, 0.880 2 and 0.914 1, respectively, and the RMSE of 0.161 0, 0.508 1 and 0.020 5,
respectively. The prediction accuracy of all three indicators meet the requirements for non-destructive fruit quality detection.
Keywords: NIR Spectroscopy; apple quality; GAF; CNN; non-destructive detection
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Table 1 Comparison of model prediction performance for different spectral preprocessing schemes
LIS LyTES T R 1l RMSE B R HiE & RMSE P21 R fi2Ji¥ RMSE
Pretreatment plan Firmness R* Firmness RMSE Sugar content R*  Sugar content RMSE  Acidity R* Acidity RMSE
SG+SNV 0.8213 0.178 2 0.8356 0.562 3 0.872 1 0.023 1
SG+MSC 0.8325 0.172 1 0.8412 0.5517 0.880 3 0.022 5
SG+—Pr 34k 0.8755 0.1610 0.880 2 0.508 1 0.914 1 0.020 5
¥ : SG N Savitzky-Golay 1 U , SNV AbrifE IEZ A #7484, MSC N2 Jo iU R IE

Note: SG stands for Savitzky-Golay smoothing filtering, SNV for Standard Normal Variable transformation, and MSC for Multivariate

Scattering Correction.
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Fig. 4 Comparison of quality indicators of different apple varieties
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Note: The bar height indicates the average, and the error line represents the maximum and minimum values of each indicator. The error

lines in the figure represent the extreme values of all sample indicators for a single variety. The larger error range is due to individual

differences in water, fertilizer, and ripeness levels in field cultivation of apples of the same variety, resulting in natural dispersion of fruit

physicochemical indicators, which is a normal sample physiological difference.
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Table 2 Performance evaluation results of model test sets

e 2 Ay R RMSE PERESFL
Quality indicator R? RMSE Performance class
f /N 0.8755 0.1610 %
BHEE/% 0.8802  0.508 1 175
FRIE/(g/100g)  0.914 1 0.020 5 EHIRF

SR RN Rl (S22 SR 2L AMS AT bad 23 b
) :R?>0.91 AR 75 : 0.85<R?<0.91 M 75:0.70<R?<0.85 Ky
A R<0.7 AN A2 TV A

Note: Grading criteria (referring to the general grading
standards for fruit near-infrared testing industry) : R>>0.91 is
excellent; 0.85<R?*<0.91 is good; 0.70<R*<0.85 is qualified; R*<
0.7 does not meet industrial testing standards.
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Table 3 5-fold layered cross-verification R* and RMSE performance tables

it SRR iR 2R 3 R

ra R

Quality indicator Discount 1 R* Discount 2 R* Discount 3 R* Discount 4 R? Discount 5 R* Average R* R’ standard deviation RMSE

filfi /N 0.8612 0.857 5 0.868 3
BHIE /% 0.872 6 0.879 4 0.875 1
B2/ (g/100 ) 0.907 3 0.9116 0.913 8

0.863 7
0.877 8
0.909 5

SR S35 R R*Frif % RMSE
0.8659 0.863 3 0.004 1 0.008 2
0.8815 0.8773 0.003 4 0.006 5
0.912 4 0.9109 0.002 5 0.000 9
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Table 4 Comparison of prediction results on test sets for different modeling methods
TR 185 R? {8/ RMSE WEJE R ¥EE RMSE FRRE R iz J£ RMSE
Model Firmness R*  Firmness RMSE  Sugar content R* Sugar content RMSE ~ Acidity R*  Acidity RMSE
PLSR 0.721 6 03152 0.735 1 0.8125 0.792 2 0.051 3
SVR 0.7532 0.284 7 0.768 3 0.7512 0.8135 0.045 6
Hi.337 1D-CNN 0.8311 0.205 5 0.842 6 0.6217 0.879 5 0.029 6
53 2D-CNN (GAF) 0.8427 0.192 6 0.8513 0.5922 0.8917 0.025 3
7R3 GAF-SE-1D-2D-CNN 0.8755 0.1610 0.8802 0.508 1 09141 0.020 5
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Fig. 7 Comparison of actual and predicted acidity values of test samples
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Fig. 8 Comparison of actual and predicted sugar content values of test samples
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Fig. 9 Comparison of actual and predicted firmness values of test samples
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Table S Prediction performance for test sets of different

varieties

A wn TR bR R RMSE
Varieties Quality indicator R RMSE
i 0.8812 0.158 3

TR il 0.8726 0.5217
[ivd s 0.9173 0.019 8

Gy 0.8715 0.1642

Bt TR 0.883 5 0.5029
PR 09126 0.021 1

i i 0.879 4 0.159 7

Zh W 0.878 1 0.513 6
[i7dEs 0.908 9 0.0223

il 7 0.870 3 0.165 5

Jak 4 W 0.886 2 0.498 5
[iciEs 0.9152 0.020 4
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