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Early detection of contaminated food based on extreme

learning machine and crystal structure algorithm
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Abstract: [Objective] To propose an early detection method for contaminated food based on the extreme learning machine and crystal
structure algorithm. [ Methods] The crystal structure algorithm is used to optimize feature selection, combined with the extreme learning
machine for fast and efficient classification and detection, aiming to improve the accuracy and efficiency of early detection of contaminated
food. [Results] Compared to traditional methods, the proposed approach shows significant improvements in accuracy (94.5%) and F,-score
(93.2%). It also outperforms other state-of-the-art methods in recall rate and processing speed. Compared to the latest deep learning
methods, the training time is reduced by about 30%, and the detection speed is improved by 25%. [ Coneclusion] The early detection method
for contaminated food based on the extreme learning machine and crystal structure algorithm demonstrates clear advantages in improving
detection accuracy, speeding up detection, and optimizing computational efficiency. It holds promising practical application prospects,
especially for rapid and large-scale food safety detection.
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Figure 3 Overall process of experimental design for early

detection of contaminated food
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Figure 4 Dataset partitioning process
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Table 1 Early detection results of apple contamination
%
Iy ik L0 HER OEHE F %
ELM-CSA 953 94.7 95.5 95.1
1ISVM!2Y 90.8 89.3 91.0 90.2
IRF2! 86.1 84.7 86.4 85.5
ICNN'2 93.2 92.4 93.5 92.9
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Table 2 Early detection results of fish contamination

%

ik T PENCIR: . 1) s F, 531

CSA-ELM 92.0 91.5 92.2 91.8
ISVM'? 88.3 87.6 88.5 87.9
IRF2! 84.5 83.1 84.7 83.9
ICNN'22 90.5 89.8 90.7 90.2
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Table 3  Early detection results of vegetable contamination

%
Tk i AR R F 0
CSA-ELM 93.7 93.2 93.8 93.5
ISVM!! 89.1 88.5 89.2 88.8
IRF2! 85.4 84.8 85.6 85.2
ICNN!2 91.1 90.4 913 90.8
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Table 4 Early detection results of dairy contamination
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Table 5 Average training time and detection speed of

different methods

J7 ik SEYNLEIE T s PRI R s
CSA-ELM 72 138
ISVM'2 105 110
IRF2! 88 95
ICNN!2 94 112

%
Ik it HIEE OREE F %
CSA-ELM 94.1 93.7 94.2 93.9
ISVM'2 90.4 89.8 90.5 90.1
IRFF2! 86.3 85.0 86.5 85.7
ICNN!2 92.6 91.9 92.8 923
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Table 6 Performance comparison of CSA with three

optimization algorithms
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Table 7 Ablation experiment results
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