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Abstract

This study aimed to identify the optimal deep learning model for apple quality prediction on embedded systems.
Six lightweight models were trained and evaluated using a weighted assessment of accuracy and inference speed.
Transfer learning was conducted using a collected dataset of apple quality images, and the results showed that the
RegNet-y model exhibited the best performance. To optimize the model for deployment on an embedded system, a
series of experiments were conducted. The final evaluation on a test dataset of 2,000 images achieved an accuracy of
95.36% and an inference speed of 0.0566 seconds per image. The findings provide empirical data on efficient deep
learning model utilization on embedded systems, expanding real-time application possibilities.
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Table 1. Comparison of lightweight model parameters

Model Number of parameters
MobileNetV3 4,204,594
EfficientNetB0 4010,110
FBNet 3,591,170
RexNet 3,518,435
RegNet-y 2,794,734
RegNet-x 2.316,530
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Input image Mask(M) Extracted apple area Cropped apple
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Fig. 1. Process of extracting regions of interest using
segmentation model
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Table 2. Transfer learning experiment results 1
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Table 4. Weighted evaluation experiment results

Model Weighted evaluation score
MobileNetV3 89.73
EfficientNetB0 86.69
FBNet 86.66
RexNet 84.54
RegNet-y 90.43
RegNet-x 93.32
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Table 5. Results of the optimal model search experiment

Weighted

Test Inference .
Model evaluation

accuracy(%) speed(s)

score
MobileNetV3 92.82 0.0129 74.25858
RegNet-y 93.37 00134 74.69868
RegNet—-x 92.37 0.0098 73.89796

Model Accuracy(%) Inference speed(s)
MobileNetV3 9R.12 0.0129
EfficientNetB0O 91.82 0.0158
FBNet 90.22 0.0128
RexNet 90.67 0.0128
RegNet-y 9372 00134
RegNet-x 93.82 0.0098
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Table 3. Transfer learmning experiment reslts 2

Model Accuracy(%) Inference speed(s)
MobileNetV3 94.26 0.0123
EfficientNetBO 93.37 0.0159
FBNet 9387 0.0192
RexNet 90.82 0.0170
RegNet-y 93.92 00134
RegNet—x 9382 0.0124
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Table 6. RegNet-y performance based on image size

Image resolution

Train accuracy(%)

Test accuracy(%)

224x224 91.44 92.37
368x368 94.69 94.81
512x512 94.12 94.71

E 7. ol SZ0ll RegNet-y M=
Table 7. RegNet-y performance with data augmentation

Leaming rate

Train accuracy(%)

Test accuracy(%)

4e-05

93.71

95.36

8e-05

94.47

94.61
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Fig. 2. Loss, F1 comparison of 5-Folds of training, validation
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Table 8. Evaluating inference performance on Jetson
Nano with deployed ONNX model

Inference number | Test accuracy(%) | Inference speed(s)
1 95.36 0.0730
2 95.36 0.0482
3 95.36 0.0540
4 95.36 0.0548
5 95.36 0.0528
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Fig. 3. Confusion matirx
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