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Life Prediction of Supercapacitor Based on Improved Support
Vector Regression
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Abstract: The service performance and remaining life of a supercapacitor which serves as a novel energy storage
device are part of the factors affecting the operation reliability of a system. A 2.7 V/10 F supercapacitor was taken as
the research object, an aging experiment and test platform for energy storage devices was built, and the rules for the
performance degradation of the supercapacitor and influencing factors were analyzed by collecting the variations in its
characteristics. To solve the contradictory relationship between small samples and prediction accuracy of the
supercapacitor lifetime prediction training set, a lifetime prediction method combining the non-dominated sorting
genetic algorithm II (NSGA-II) with an elite retention strategy and support vector regression (SVR) was proposed, and
the average values of charge-discharge cycles and charge-discharge duration were determined as the characterization of
supercapacitor performance degradation. Moreover, a dual-objective model with the minimum sample size and highest
prediction accuracy in the training set was established. Compared with the BP(back propagation), SVR and LSTM(long
short-term memory) methods, the proposed NSGA-II-SVR method improved the evaluation indicators of root mean
square error and mean absolute percentage error by 5 to 10 times in supercapacitor lifetime prediction under the premise
of a small sample size of the training set. Finally, a generalization experiment was carried out using the open-source

data set of lithium-ion batteries provided by NASA, proving
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Fig. 1 Supercapacitor test system
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Fig. 2 Capacity degradation curves for supercapacitors
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Fig. 3 Curve of relationship between time and capacity at

constant-current charging stage
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Tab. 1 Pearson and Spearman correlation coefficients
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Fig.6 Prediction results of remaining life of supercapacitor
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Tab. 4 Evaluation indexes for remaining life prediction

results of supercapacitors
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Tab. 5 Optimal combination solutions of three methods

F5) iy a j}f\g F};ﬁﬁﬁﬁ)
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Topl NSGA-II-LSTM 74 79 3149
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NSGA-II-SVR 35 50 2 140
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NSGA-II-BP 53 124 2916
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Fig. 9 Results of generalization experiment for
NSGA-II-SVR prediction model
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