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Abstract: To enhance the safety performance of mining new energy vehicles and further improve the
estimation accuracy of lithium battery state of charge (SOC), this study proposes a cloud — edge
collaborative SOC estimation framework and algorithm integrating deep learning for mining scenarios.
At the edge end, parameters are collected through the battery management system, and local SOC
estimation is performed using the ampere-hour integration method. In the cloud, a hybrid neural
network model combining a bidirectional long short-term memory network and a multi-head attention
mechanism is constructed, and the dung beetle optimization algorithm is introduced to optimize the
hyperparameter combination of the model. Finally, adaptive unscented Kalman filtering is used to fuse
cloud and edge data for SOC estimation correction. The effectiveness and performance of the model are
evaluated under US06, FUDS, and DST operating conditions. The results show that the cloud-based
model performs well and can effectively estimate SOC. Under FUDS conditions, the mean absolute
error is 0.36% and the root mean square error is 0.50%; under DST conditions, the mean absolute error
is 0.40% and the root mean square error is 0.57%. The cloud—edge fusion model further achieves SOC
correction. Compared with the cloud-based algorithm, the mean absolute error and root mean square
error are reduced by 28.5% and 37.9%, respectively, under FUDS conditions, and by 26.9% and 39.4%,
respectively, under DST conditions. The model demonstrates a certain degree of generalization ability
and robustness. The proposed cloud-edge framework can provide theoretical reference for the
engineering application of lithium battery SOC estimation in mining scenarios, while the cloud—edge
fusion model offers a practical approach for improving SOC prediction accuracy of mining lithium
batteries.

Keywords: lithium-ion batteries; state of charge; Ampere-hour integration method; bidirectional long

short-term memory; adaptive unscented Kalman filter
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Table 1

performance under the FUDS operating

Comparison of model

condition
i Eypid% | Eyse/% | Euse/% | B
Transformer 091 |0.0158| 1.26 ]0.998 12
LSTM 0.62 |0.0071| 0.85 [0.999 15
BiLSTM 0.51 |0.0052| 0.72 |0.999 38
BiLSTM-MHA | 0.46 |0.0041 | 0.64 |0.999 51
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Table 2 Comparison of model

performance under the DST operating

condition
] Eynid% | Eyse!% | Ennse/% | B
Transformer | 0.87 [0.0161| 1.27 [0.99810
LSTM 0.68 [0.0090| 0.95 |0.99893
BiLSTM 0.58 [0.0069| 0.83 |0.999 18
BiLSTM-MHA | 0.52 |0.0055| 0.74 |0.999 34
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Table 3 Comparison of model performance under the FUDS operating condition

il Eyai% Ey/% Epqnsi! % R
GWO-BIiLSTM-MHA 039 0.003 9 0.58 0.999 600
HHO-BiLSTM-MHA 0.39 0.003 0 0.54 0.999 765
DBO-BiLSTM-MHA 036 0.002'5 0.50 0.999 700

&4 DST U TFHA M AR I
Table 4 Comparison of model performance under the DST operating condition

R Ey/% E\ /% Eyise/% R
GWO-BiLSTM-MHA 0.44 0.004 5 0.67 0.999 47
HHO-BiLSTM-MHA 0.43 0.003 7 0.61 0.999 57
DBO-BiLSTM-MHA 0.40 0.003 2 0.57 0.999 62
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Table 5 Comparison of model performance under the US06 operating condition

A Ey/% Eyo/% Epyys/% R
GWO-BILSTM-MHA 0.35 0.002 4 0.49 0.999 71
HHO-BILSTM-MHA 0.35 0.002 2 0.47 0.999 74
DBO-BILSTM-MHA 0.33 0.001 9 0.4 0.999 77
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Table 4 Models performance evaluation

WA T Ay Ey/% E, /% Epyyse/% R
LSTM 0.62 0.007 1 0.85 0.999 15
BiLSTM 0.51 0.005 2 0.72 0.999 38
FUDS T4t BiLSTM-
0.46 0.004 1 0.64 0.999 51
MHA
DBO-BiLSTM-MHA 041 0.003 7 0.61 0.999 56
LSTM 0.68 0.009 0 0.95 0.998 93
BiLSTM 0.58 0.006 9 0.83 0.999 18
DST
‘ BiLSTM-
T 0.52 0.0055 0.74 0.999 34
MHA
DBO-BiLSTM-MHA 0.28 0.001 6 0.39 0.999 82
LSTM 0.67 0.007 8 0.88 0.999 06
BiLSTM 0.51 0.005 0 0.71 0.999 39
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\ BiLSTM-
T 0.42 0.003 4 0.58 0.999 59
MHA
DBO-BiLSTM-MHA 0.27 0.0013 035 0.999 85
004 [ 0.07 .
DBO-BiLSTM-MHA DBO-EIlfTM;Mt{A
oos AHISE A H12 2% -AUKE 0.06 —— AHI-R A2 45-AUKF
' 005 [
i“ﬁ ?E 0.04
£ 002 =
8 ® 003 [
0.01 | 0.02
0.01
0 AMMMAM 000 AAAAAANNANIAA”
0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000
I /s N
B} [El /s
; 332 £ s pb 4k . oy
9 FUDS TIOUTFARRIRZ xR F 10 DST I FAAIR Z 2 b 25 R

Fig. 9 Results of algorithms under Fig. 10 Results of algorithms under

FUDS operating conditions DST operating conditions




N

16 (L7 i == XX B

AT 2H TOUT AR AR AL
Table 7 Models performance comparison evaluation under two operating conditions
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