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State of health estimation of Lithium-ion batteries based on
incremental energy analysis and BiGRU-Dropout

Zhang Chaolong'®>  Luo Laijin®> Liu Huihan® Zhao Shaishai’
(1. College of Intelligent Science and Control Engineering, Jinling Institute of Technology, Nanjing 211169, China;
2. School of Electronic Engineering and Intelligent Manufacturing, Anqing Normal University, Anqing 246011, China)

Abstract: The accurate state of health (SOH) estimation of Lithium-ion battery is one of the core issues faced by battery management
systems. Considering that it is difficult to directly measure the battery capacity in practice, and the capacity regeneration problem always
cause SOH estimation errors, a SOH estimation method of Lithium-ion battery is proposed based on incremental energy analysis and
bidirectional gate recurrent unit ( BIGRU )-Dropout. The incremental energy curve is used to analyze the battery’ s degeneration
characteristic, and the maximum peak height is extracted as a new health factor of battery SOH. Through the BiGRU network built by flip
layer and gate recurrent unit layer, the mapping relationship between health factor and SOH is obtained. At the same time, Dropout
mechanism network layer is added to prevent overfitting, and a SOH estimation model is established to accurate estimate the battery
SOH. The results indicate that the proposed method can estimate battery SOH quickly and accurately under different charging rates.
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Fig. 1 The E-V curves under different charging rates

6 -
05C
-------- 0" C
5L 02C
——01¢C
4L
360 365 370 A
X 3.60 3.65 3. H
g3 N, 1\
3 ;) A\
)1 A N, )
s
1 J¥
,e
A
ot
-t
0 LS . . . .
32 34 36 338 40 42

WE/V
B2 AFFEHGRTWIE Mk

Fig.2 The IE curves under different charging rates
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SOH estimation results under different charging rates
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Fig. 12 SOH estimation results of comparison experiments
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(a) SOH estimation results at 0.5 charging rate under 0.3 C Chal‘glng rate
100 - o 2
S I +--BiGRU-Dropout 7:7(2 MAE/% RMSE/% R°/%
98 1 ™, IS‘\S/{/IM BiGRU-Dropout 0.206 5 0.246 0 99. 46
"~ EEM LSTM 0.285 8 0.348 3 98.93
96 | M, - - - - PR
. SVM 0.313 8 0.386 1 97.36
e %L .. ELM 0.336 3 0. 408 8 97.73
g "
A 9l
ol &6 0.2 CREFERTHMEREITM
Table 6 Performance evaluation
) under 0.2 C charging rate
86070 200 300 400 500 00 700 800 IR MAE/% RMSE/% R/ %
AU BiGRU-Dropout 0.215 6 0.255 4 98. 02
(b) 0.3 CFTEH FSOHMHH45 5
(b) SOH estimation results at 0.3 charging rate LSTM 0.3341 0.409 6 97. 64
100 - _ SVM 0. 360 4 0.472 4 94. 06
9} DT Propost ELM 0.418 3 0.5267 93.79
N BM
961 s SCCY R
94| ., x7 0.1 CFEBEETHMHEITM
= ol ., Table 7 Performance evaluation
Z .
ol under 0.1 C charging rate
8| Tk MAE/% RMSE/% R*/%
BiGRU-Dropout 0.246 9 0.307 7 98.52
sof LSTM 0.301 4 0.349 9 94.21
Y000 200 300 400 500 600 700 800 SVM 0.268 8 0.3348 94.71
TERRE ELM 0.441 5 0.52717 94. 35
(¢) 0.2 CTEHL T SOHf 453
(¢) SOH estimation results at 0.2 charging rate
100 N R . N N —
...... +BiGRU-Dropout R T DR W A O I L X 4 PO [R] A
| - LSTM N - v =
L v SR 53R 50% ,40% ,30% LK 20% 3 4 FhAS )
B FEB RN ZRREAS X SOH A AT IR , At 145 0 2 8
N s F 8 AT LU, B $2 77 i 48 20% ~ 50% Z 1]
T N v N Ny N >
g 7 Ny PIVNZRAEAS L 1] 2 R DA ME 6 b A5 7 FL it SOH, MAE 1
0 RMSE {H2 5 #RTE 2% F1 2. 5% LA, R* $97E 75% L) |
88t H MAE F1 RMSE {8 23 bifi 5 A LA A3 I K gt/
861 R® SREMEAS LU R3S i R iE4e T, LLo. 1 C s fh
¥ 100 200 300 400 500 600 R L R B REAS HE 5 DA 20% 54 113 309% I, MAE Al
TEHRRE

RMSE 43 SIFAIE T 26. 3% F1 29. 6% , R* B T 8. 4% ; £
7 N 20% 345 40% B, MAE 1 RMSE 43 51 B 1%
T 57.1%H159. 6% ,R* 34T 20. 1% ; BEA H A5 A 20%
BINE] 50% WF, MAE Fl RMSE 43 51 B 4% T 77. 6% 0
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Table 8 Comparison of estimation performance of four

different training sample proportions

FEHAGER  JIGREARLEl/%  MAE/%  RMSE/%  R/%
50 0.224 9 0.3092  99.29

40 0.454 3 0.5517  97.44

0-5¢ 30 0.919 7 1.2482  95.32
20 1.782'5 2.2536  88.71

50 0.206 5 0.246 0 99.46

40 0.4117 0.4872  94.41

0.3 ¢ 30 0.739 4 0.8534  87.61
20 0.924 2 1.1381  83.69

50 0.215 6 0.2554  98.02

40 0.3739 0.4474  93.92

0-2¢ 30 0.640 8 0.8194  85.91
20 0.934 3 1.0817  82.47

50 0.246 9 0.3077  98.52

40 0.473 4 0.5273  91.24

0-1¢ 30 0.814 2 0.9203  82.41
20 1.104 3 1.3064  75.97

4 %

ARSCHE T — BT 0 3 £ B8 B T R BURFIE 12
201y R SN A £ W R P Y R W N S =R 15 G2
SIS 1R 25, 1873 BiGRU-Dropout Y W 2515 B F
A5CHb v AR TR LA AR IR )R, B R T SOH Al TR Y
PRSI, I 4 BRIV T BRI & AL S8 56 6 r $2 7
RS FE AT T 30, 15t I B O R AEAS ) S L A R
TG R S REAE 24 T LA U AE R Al A
1M BIGRU-Dropout 1] DA #ERf A% T HL ML SOH, R T i —
BRI RE J7 1 A A RE 0 FRR E M SR FH I A AN [R] L
BRI REAR LT SOH Al 3T, BRI FE 209% 2> s R AR L A7)
T, SOH {25 R i RE 8 4% MAE 1 RMSE 43 3 4E 2%
2. 5%V, R® TE 75% V) I, PRI, AR SCHRE Y %) 06t
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