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Abstract

A challenging problem in tobacco industry is to efficiently decrease non-tobacco-leaf materials
and especially the secondary produced ones during tobacco production. In this work, we present a
non-tobacco-leaf materials detection method by using hyper-spectral images and the proposed
Multiple Convolution Fusion U-NET. The method integrates center differential convoltion residule
modual, fast Fourier transformation convolution residule modual and standard convolution into the
U-NET model and respectively deploys each of them to the downsampling stage, center stage and
upsampling stage of U-NET. To this end, the quality of impurity segmentation can be guaranteed,
which further achieves accurate localiation and recogtion. We combine weighted cross entropy
loss and Dice loss to train our model as we find it effectively and efficiently for sufficient training.
The overall method achieved a false-alarm rate of 1.12% and a missed-detection rate of 0.45% for
eight typical non-tobacco materials with the size less than 10 mm x 10 mm. When test in the case of
not considering the types of non-tobacco materials, and a number of new non-tobacco materials be-
ing involved, the proposed method achieved 3% false-alarm rate and 2.4% missed-detection rate. A
significant improvement is also found when compared with existing non-tobacco-leaf materials de-
tection method. Moreover, system deployment and model performance validation have been finished
in a tobacco factory of Chinese Tobacco Industry Hunan Co. Ltd.
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Figure 1. The overall architecture diagram of MCFnet model
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Figure 2. The real picture and spectral curves of normal tobacco leaves and typical non-tobacco mate-
rials (a) The real picture of normal tobacco leaves and typical non-tobacco materials; (b) The spectral
curves of normal tobacco leaves and typical non-tobacco materials
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Figure 3. The discrimination between non-tobacco materials and normal tobacco with aspect to their spectral curves and the
heterogeneity of some non-tobacco materials. (a) The real picture of black wires; (b) The significant difference of spectral
curves at six pixels of black wires
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Figure 4. Typical cases of false alarms and missed detection (a) A false alarm case; (b) A missed detection case
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Table 1. Detection results of eight non-tobacco materials
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Figure 7. Consusion matrix
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Table 2. Comparison of detection performance with all non-tobacco materials merged to an anomaly class and with in-
stances from unseen class mixed
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Figure 8. Visualization results for all methods
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Table 3. Ablation study of the selection of model architecture and Backbone
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Table 4. Ablation study of involving multiple types of convolutions
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Table 5. Ablation study of weight selection for cross-entropy loss

5. R NIBHRAN EEIFHASC

HEAE mloU
0.30 62.8
0.25 65.2
0.20 70.1
0.15 72.4
0.10 72.9
0.05 72.2
0.01 67.3

(4) ASTEIH K pR A EL 3
% 6 T A HE SRR EU)I 2% MCFnet J518 IR TIMERELL RS, ATUUEH, B Wik S5
Dice i 2 (4L &1 15 B B AP M RE 45 R .

DOI: 10.12677/jisp.2024.131008 89 1G5 (55 A3


https://doi.org/10.12677/jisp.2024.131008

HIRE %

Table 6. Ablation study of using different loss function
3 6. TREIRK R EHAMELE

R mloU
Cross-entropy Loss 71.6

JNAL Cross-entropy Loss 72.9

Focal Loss 72.8

Dice Loss 73.2

JEAX Cross-entropy Loss + Focal Loss 73.7
JIEAX Cross-entropy Loss + Dice Loss 74.1
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