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Deep Learning—based Weight and Grade Prediction Algorithm
from Apple Images
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Abstract

In this study, we propose a deep learning-based algorithm for predicting the weight and grade of apples from
images. The grade of apples is determined by weight according to the quantitative evaluation criteria in the
agricultural product quality standards set by the National Agricultural Product Quality Management Service. Therefore,
to train the deep learning-based weight prediction model, we collected a dataset of apple images with weight
information. For the experiments, we used 12,932 images for training, 3,695 for validation, and 1,848 for testing. For
the weight prediction experiments, we trained seven machine learning-based regression models and the deep learning
model MobileNetV3. The results showed that MobileNetV3 achieved an MAE of 59.7430, which is 37.8715 lower
than the best-performing machine learning model, Random Forest. When classifying the grades based on the predicted
weights on the test data, the MobileNetV3 model achieved an accuracy of 99.8%.
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Table 1. Experimental data sets

Apple Weight Diameter | Number of images
Grade-1 | 351g 1T | 94cm 1?1 5,726
Grade2 | 2517350g | 8.279.3cm 7202
Grade-3 | 250g | | 8.1cm | 5547
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Fig. 2. Apple grade images
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Table 2. Evaluate the performance of an apple weight regression prediction model in predicting apple grades

Model MSE( ) MAE( | ) Accuracy( 1) | Precision( 1) Recall( 1) Fi(1)
Decision tree 34328.9451 113.902 0.986 0.986 0.986 0.986
Gradient boosting 14348.9316 83.8614 0.995 0.995 0.995 0.995
KNN 18641.7694 93.7346 0.991 0.991 0.991 0.991
Logistic regression | 1.832253e+06 1115.1801 0.304 0.092 0.304 0.141
Naive bayes 18499.9571 93.5248 0.991 0.992 0.991 0.991
Random forest 21877.8319 97.6145 0.998 0.998 0.998 0.998
SWM 50190.9840 159.8833 0.995 0.995 0.995 0.995
MobileNetV3 6028.4160 59.7430 0.998 0.998 0.998 0.998
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