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Insulation status assessment of XLPE distribution cable based on
BO-LightGBM algorithm
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Yangtze University, Jingzhou 434023, China;
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Abstract: To improve the accuracy of cable insulation status assessment, this paper proposed an assesement model of
insulation condition based on Bayesian optimization (BO) algorithm and light gradient boosting machine (LightGBM)
algorithm. First, all the features in the dataset were combined to form different feature subsets. By traversing all the feature
subsets, the optimal feature combination corresponding to the highest accuracy from five-fold cross-validation was identified
to complete the input feature selection. Then, the BO algorithm was used to optimize seven hyperparameters in LightGBM.
Finally, the proposed BO-LightGBM algorithm was used to assess the cable insulation status. The results show that the
feature subset method proposed in this paper can better improve model performance compared with principal component
analysis (PCA) and mutual information-based feature selection methods. After optimization by the BO algorithm, the
accuracy of the LightGBM model is further enhanced. Compared with particle swarm optimization (PSO) algorithm and
genetic optimization (GA) algorithm, the computational efficiency of BO algorithm increases by approximately 80% and
86.9% at the same accuracy level, respectively. Furthermore, compared with other commonly used machine learning
algorithms, the performance metrics of the proposed model are optimal.
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Table 1 Hyperparameters to be tuned of LightGBM
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Fig. 2 Distribution of cable health index in the dataset
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Fig. 3 Calculation results of accuracy rate for

different feature combinations
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Table 4 Calculation results of mutual information method
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Table 6 Calculation results of different

optimization algorithms

WL VRS FAT A SRR A 2 IR 8] /s
BO 0.970 4 44.198
PSO 0.970 0 221.252
GA 0.970 8 336.036
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Table 7 Comparison on performance of different algorithms

o ‘ PERETR bR

TR % TS RERCIE S F1-Score

BO-LightGBM 0.9853 0.983 9 0.986 9 0.9853
LightGBM 0.966 6 0.967 9 0.968 5 0.968 2
XGBoost 0.964 0 0.965 8 0.965 3 0.965 5
SVM 0.936 0 0.9354 0.9417 0.937 5

RF 0.9573 0.962 1 0.965 8 0.963 7
KNN 0.950 6 0.950 8 0.956 2 09531
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