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Improved NGO Optimized MVMD-BILSTM for Remaining
Useful Life Prediction of Lithium Batteries

GUO Xifeng, HUANG Yuhai, SHAN Dan, YUAN Baolong, NING Yi
(School of Electrical and Control Engineering, Shenyang Jianzhu University, Shenyang 110168, China)

Abstract: To solve the problem of low model prediction accuracy caused by noise interference and capacity
augmentation in the remaining useful life (RUL) prediction of lithium batteries, an RUL prediction method combining
the parameter-optimized multivariate variational modal decomposition (MVMD) and bi-directional long and short-term
memory (BiLSTM) network is proposed. Multiple health factors (HFs) are extracted from the charging and discharging
processes of lithium batteries as model inputs, and the northern goshawk optimization (NGO) algorithm is introduced
by combining the sine cosine algorithm and the whale spiral predation mechanism, which is used to optimize the
MVMD parameters. Then, the optimized MVMD is used to decompose the HF into a number of smooth components.
Finally, the optimized multilayer BiLSTM is used for prediction, and the stacked summation is the final RUL result.
The results of a comparative analysis of the proposed method and other methods based on NASA and CALCE data sets
show that this method has higher prediction accuracy and generalized adaptability.

Keywords: Lithium battery; remaining useful life (RUL) prediction; multivariate variational modal decomposition
(MVMD); improved northern goshawk optimization (NGO) algorithm; bi-directional long short-term memory
(BiLSTM) network
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Tab. 2 Prediction errorsof differ

ent decomposition methods

T gy vk MAE RMSE MAPE%
EMD-ISNGO-BiLSTM 0.022 3 0.027 5 1.1235
LMD-ISNGO-BiLSTM 0.018 1 0.021 7 1.038 9

EEMD-ISNGO-BiLSTM 0.017 7 0.022 1 0.991 7
CEEMD-ISNGO-BIiLSTM 0.016 4 0.020 1 0.9512
CEEMDAN-ISNGO-BIiLSTM 0.012 4 0.0155 0.8117
VMD-ISNGO-BiLSTM 0.009 4 0.011 4 0.710 8
MVMD-ISNGO-BIiLSTM 0.008 3 0.009 8 0.5518
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Fig. 8 Prediction curvesfor different methods
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Tab. 3 Prediction errorsof battery B5

WIZEE & b T Ay vk MAE RMSE MAPE%
GRU 0.035 4 0.044 5 26325

BIiLSTM 0.032 6 0.042 4 2.3869

MVMD-GRU 0.025 5 0.036 7 2.0816

, MVMD-BIiLSTM 0.021 8 0.033 5 1.945 1
0% ISNGO-BiLSTM 0.023 5 0.0312 1.713 5
MVMD-NGO-BiLSTM 0.0105 0.0118 0.741 2

MVMD-ISNGO-LSTM 0.010 1 0.011 1 0.7125
MVMD-ISNGO-BIiLSTM 0.008 3 0.009 8 0.551 8

GRU 0.034 1 0.042 4 0.5215

BIiLSTM 0.030 6 0.040 1 23258

MVMD-GRU 0.026 2 0.037 5 2.0713

; MVMD-BIiLSTM 0.023 1 0.027 3 1.854 4
0% ISNGO-BiLSTM 0.020 1 0.028 3 1.557 6
MVMD-NGO-BiLSTM 0.0116 0.013 1 0.766 2

MVMD-ISNGO-LSTM 0.0112 0.0125 0.779 6
MVMD-ISNGO-BIiLSTM 0.009 1 0.010 4 0.571 1
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Tab. 4 Prediction errors of battery CS2-34

A 1 B T7 ik MAE RMSE MAPE%
GRU 0.0315 0.0419 22144

BILSTM 0.0301 0.039 8 2.0582

MVMD-GRU 0.0221 0.0311 1.7152

MVMD-BIiLSTM 0.0202 0.029 7 1.5155

205 ISNGO-BiLSTM 0.0175 0.025 2 1.462 1
MVMD-NGO-BiLSTM 0.010 7 0.0139 0.6858

MVMD-ISNGO-LSTM 0.009 8 0.012 1 0.6121

MVMD-ISNGO-BILSTM 0.007 9 0.009 1 0.524 4

GRU 0.029 8 0.038 6 2.1032

BIiLSTM 0.027 8 0.036 8 1.987 3

MVMD-GRU 0.020 5 0.028 4 1.6915

MVMD-BIiLSTM 0.018 4 0.026 5 1.5155

605 ISNGO-BiLSTM 0.016 1 0.023 2 1.445 8
MVMD-NGO-BILSTM 0.0102 0.0125 0.6551

MVMD-ISNGO-LSTM 0.009 2 0.0112 0.5921

MVMD-ISNGO-BILSTM 0.006 3 0.008 7 0.491 2
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