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Apple surface defect detection based on improved CNN

and data augmentation
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Abstract: Objective: Improve the detection accuracy and
efficiency of apple surface defects. Methods: An detection method
for apple surface defects was established based on an improved
convolutional neural network (CNN) and data augmentation
method. Firstly, the classical CNN was improved to detect apple
surface defects. Then, wusing the conditional generation
adversarial network, the image data of surface defect free and

defective apples was augmented with synthetic apple images to
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improve the detection performance of the improved CNN for
apple surface defects. Finally, by pruning the CNN model, the
detection accuracy, detection speed and energy saving limits of
apple surface defects were balanced reasonably to improve the
practicability of the proposed method. Results; When 2 048
interpretive neurons were selected in the interpretation layer of
the improved CNN, the average detection accuracy was the
highest among the interpretive neuron number situations.
Additionally, the diversity of the apple image data sets was
enhanced with the synthetic apple images produced by the
conditional generation adversarial network. In addition, the
accuracy of the proposed method for detecting apple surface
defects increased continuously with the increase of the proportion
of the enhanced images in the test data set. When the ratio of the
pruned model size to the original model size decreased from 100 %
to 50% . the detection efficiency of apple surface defects was
doubled with 6.96% detection accuracy decreasing. Conclusion:
This method is expected to realize the automatic defect detection
in apple production and processing, and provide a reference for
the developing of other fruit surface defect detection methods.
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Figure 1 The topology of conditional generation

adversarial network
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Figure 2 The framework of apple surface defect

detection method based on improved CNN

and data augmentation method
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with different number of interpretive neurons
in the interpretation layer %
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Figure 4 Loss of the generator in a conditional
generation adversarial network  during
training (error generation)

1.5 Wil JEs
— AR L EEE)
””” ) f R 1R E1R)
1.0
0.5
0 500 1 000 1500 2 000
AR EL
Number of iteration
B5 HHARNRAMEHHNZENALIE PG
Ik (% A 5D
Figure 5 Loss of the discriminator in a conditional

generation  adversarial  network  during

training (error discrimination)
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image of the final iteration
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Figure 8 Class activation diagrams on six composite
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CNN trained on real apple images
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Table 2 The accuracy of the proposed detection method

for apple surface defects

BREGEI  FRERGEID KRR/ %
0 0 91.99
100 200 93.16
200 400 98.12
300 600 98.40
400 800 99.16
500 1000 98.51
600 1 200 96.25
700 1 400 95.58
800 1600 96.74
900 1800 97.12
1000 2 000 98.41
1100 2 200 95.05
1200 2 400 97.46
1300 2 600 96.28
1400 2 800 95.78
1500 3000 98.85
F3 NEHO0IWAENFREERGE N AR L

FriRmM A N ERENT DL

Table 3 The percentages of detection accuracy of the
method in [10] for defective apples to the
detection  accuracy  of  the proposed
detection method

GREGR I AREG R K0 A 32/ 6

0 0 93.77
100 200 97.25
200 400 98.75
300 600 97.63
400 800 97.14
500 1 000 97.52
600 1 200 97.75
700 1 400 95.64
800 1 600 96.51
900 1 800 97.01

1 000 2 000 97.63
1100 2 200 95.02
1 200 2 400 96.88
1 300 2 600 95.89
1 400 2 800 95.52
1 500 3 000 97.63
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Table 4 Accuracy of detection of apple surface defects

by test method

rs/ %
/% r2/ %
C C,
10 0.9 70.12 70.12
20 0.8 83.85 83.98
30 0.7 85.71 89.18
40 0.6 87.45 88.31
50 0.5 90.79 91.16
60 0.4 91.54 92.16
70 0.3 92.16 92.65
80 0.2 93.64 94.76
90 0.1 92.93 93.51
100 0.0 93.77 98.12
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Figure 9 Change curve of detection accuracy of apple

surface defects by the test method
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