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SOC estimation of lithium batteries based on BiTCN-BiGRU optimized
by improved beluga whale algorithm

Liu Bo'*  Wu Songrong'? Fu Cong'* Wang Shaowei'* Zhang Chi'*
(1. Key Laboratory of Magnetic Suspension Technology and Maglev Vehicle, Ministry of Education,Chengdu 610031, China;

2. School of Electrical Engineering, Southwest Jiaotong University,Chengdu 611756, China)

Abstract: The state of charge (SOC) of the battery is one of the core parameters for managing lithium batteries in
electric vehicles. This paper proposes a lithium battery SOC estimation model based on an improved white whale
algorithm optimized BiTCN-BiGRU. Firstly, a SOC estimation model combining bidirectional time domain
convolutional network (BiTCN) and bidirectional gated recurrent unit (BiGRU) is constructed. Then, the beluga whale
optimization (BWQO) is used to optimize the hyperparameters of the BiTCN-BiGRU model to fully leverage the
advantages of the combined network model. Improvement strategies are introduced in the exploration and whale fall
stages of traditional BWO to solve the problem of traditional BWO easily falling into local optima and slow convergence
speed. Finally, the performance of the improved SOC estimation model was verified based on the open-source lithium
battery charging and discharging dataset. The results showed that under standardized urban cycling conditions at three
temperatures, the improved white whale algorithm optimized the BiTCN-BiGRU model SOC estimation with an
average absolute error of 0. 428 % and a root mean square error of 0. 38% , which can be well applied to lithium battery
SOC estimation.

Keywords: Lithium batteries; SOC estimation; BITCN network ; BiIGRU network;beluga whale optimization algorithm
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Table 6 Error evaluation metrics for each model

R Euae /6 E quse /0

GRU 1. 630 1. 316
BiTCN-BiGRU 0. 986 0.913
BWO-BITCN-BiGRU 0.673 0.598
IBWO-BiTCN-BiGRU 0.428 0. 380

e 81 -



948 & 2 F o

M2 6 AT AL IBWO-BITCN-BIGRU # B AG H 19 E yae
5 Eguse K, Hh Eyae HE T GRU £EEIF1 BITCN-
BiGRU KR 3 BIBEAR T 73. 74% M1 56.59% , E ruse 23 3
B T 71.12 % F1 58.37 %,

)RR EE UDDS T80 #5810 Ak - R 4 #r

4 0°CHN 40°C T 1Y UDDS I 1 $5 4 % & At T 45 78 54
TIXFLL AR BT, 0°C A1 40°C FRER IR BE N & LA 19 fl 1T i 4k 5
flHR 22t 243 A E 9Ca) . (b FE 10Ca) (W s,

Mg 9 10 AT 1, 7E KN AR B R BT BWO 5
BiTCN-BiGRU @ &8 (5 SOC £ 85 I 76 £ K5 B A
Bt L ¥ T GRU B& A BITCN-BIGRU £ #, {H
BWO Bk AE 78 B A Ja FBAK AL 1% 1) &8, 3k LA AE SOC il 115
A rp sl 4 R Ak L ik 9E R 9 IBWO-BiTCN-BIGRU ## £
A V1A BE AR 8 MR — 2B A3 B4R Tt

12 ¢

— H¥%fE

——— IBWO-BiTCN-BiGRU#3%)
ok BITCN-BIGRUF57!

e BWO-BITCN-BIiGRU¥#i%!
- = = GRU§#Y

! \

60 .
5500 5600 5700 5800 5900 6000

8000 10 000 12 000

0 2 000 4000 6000
B 8] /s
(a) 0°C UDDS .ottt £k
(a) Estimation curves under 0°C UDDS conditions
0.08
—— |IBWO-BiTCN-BiGRU##i#!
0.06 BiTCN-BIGRUF;iY
’ g BWO-BITCN-BIGRUF Y
$ - -+ - GRUA
0.04
4 0.02
i
£ o
Q
@)
w2

8 ‘mo
0 200 400 600 800
TREERE AR
(b) 0°C UDDSLULAf 152 i 2%

(b) Estimation error curvesunder 0°C UDDS conditions

9 0°CTF UDDS T.#Ak 45

Estimation results under 0°C UDDS conditions

1000 1200

Fig. 9

25 b AR S 2 B IBWO % BITCN-BIGRU 4 #1
AT S ET G . SOC Al T 5 B K B A a5 T WA
£t

. 82

= 2
¥ # A
121
— 9
IBWO-BIiTCN-BiGRU##!
ok BiTCN-BiGRUJ#!
~~~~~~~~ BWO-BIiTCN-BiIGRU{# %)
- = = GRUfti#)
0.8
Q
S0.6
w
0.630F 7
0623\ 4
0.4 10.620f
(),615<\6’~\\0 N o
0610 QAC/\N
0.2 (0603 wﬁ\”
0.600}
0595
6500 6600 6700 6800 6900 7000

0 2000 4000 6000 8000 10000 12000 14 000

i 8)/s
(a) 40°CUDDS Ly fi 45 3
(a) Estimation curves under 40°C UDDS conditions
0.05
—— IBWO-BiTCN-BIiGRUFii)
0.04 BITCN-BiGRUF )
~-=4---- BWO-BITCN-BiGRU#:1!
003 - GRUFﬁL[‘l;]
0.02 I ¥
4 Y
ﬁr‘g 0.01 N . A ;
. ; , s
B y
& Y
2 001 1% - !
2 -0.01 t¥ {
00 o i
0.010
-0.03 0005}
-0.04 X
0.015 i
2005 N . 10001050 1100 1,150 1200 . .
o 200 400 600 800 1000 1200 1400
TREEREARL

(b) 40°C UDDS T fii+iR 2 £k

(b) Estimation error curves under 40°C UDDS conditions

Kl 10 40°C F UDDS T.AAhiit45 5%
Fig. 10 Estimation results under 40°C UDDS conditions

4 &5 8

Gl o £ Rt SOC A 1% 458 20 Ak 105 BE 1y 19 23R, 7R 3¢
P T IBWO-BITCN-BIGRU £ %1 1§ SOC il 14 51
FLF UDDS T o84 %t tk 4 Fh SOC A4 #8115 H LR
45t

A SCHE Y IBWO 59, B A AU b4 58 BWO X &
Fe B A B A7 A B AR 8 5 A L T S5 8 1Y ) R R
AR SR TR RE . R S A ST 8 5 HE T R H IBWO 4
1k BiTCN-BiGRU #5258 i 41 a3t SOC £l 718G B 7 s #2 7t
1E UDDS T.#. F ,IBWO-BiTCN-BiGRU ¥ % ) SOC £ it
PEREMH A8 F GRU B A, BITCN-BiGRU #% %1 1 BWO-
BiTCN-BiGRU #% #, H 7 K [Fl & E & #F T IBWO-
BiTCN-BiGRU #5 B [F] 4 J& #0005 i Al T H RS B IERH T
HAE i b SOC 53] Hr 8938 ok
S % ik
(1] FI7RZE. 3h 780 A i Sy 2 R R A B[], %



P

A Tk @ sz F kAL BITCN-BIGRU #4942 & 2 SOC 4% 3t

509 1

(2]

[3]

[4]

[5]

[6]

[7]

(8]

(9]

[10]

HEHIR,2024,24(11) :17-19.

HE CH Y. Analysis of the application of power
lithium batteries in electric vehicles[J]. Automotive
Knowledge,2024,24(11) :17-19.

AR, BP0, BR/NEL. B R gy R G R IR
RO gE gk [, o F 0 4 £ R, 2024, 47 (20)
41-59.

CUI X D, HUANG Y Q. WU X M. Overview of
state-of-charge estimation methods and application for
Lithium-ion batteries [ J ]. Electronic Measurement
Technology.2024,47(20) :41-59.

PRATIMA D. Maximum power tracking based open
circuit voltage method for PV system [ ]J]. Energy
Procedia, 2016,90:2-13.

ZHANG X, HOU J] W, WANG Z K, et al. Study of
SOC estimation by the ampere-hour integral method
with capacity correction based on LSTM [ ] 1.
Batteries,2022,8(10) :170.

BV, WWHEE, T4, B FEA EKF-UKF 513 i 2
At SOC oAl WF 78 (1], W I8 44 R, 2023, 47 (11)
1424-1428.

HAI T, FAN P L, WANG ]. SOC estimation of lithium
battery based on joint EKF-UKF algorithm[ J]. Chinese
Journal of Power Sources,2023,47(11) :1424-1428.

CUI D W. Vehicle state and parameter estimation
based on double cubature Kalman filter algorithm[]].
Journal of Vibroengineering,2022,24(5):936-951.
TR, A, ZEHEUE . SF. JET M GRU BRI
Pt SOC Al ih [T ], B F I H AR, 2023, 46
(11):57-65.

ZHANG X CH, LI X SH, LI C L, SOC
estimation of lithium battery based on improved gated
algorithm [ ] J.
Measurement Technology,2023,46(11) :57-65.

JAFE, BLFv, e, 4. 55T BIGRU Fl PF 94 Lt
SOC fh1H[J]. T4 A ,2022(18) :80-82.

ZHOU D, ZHU Q. FENG X, et al. Estimation of
lithium battery SOC based on BiGRU and PF[]].
Electric Engineering,2022(18) :80-82.

T, WP, XI5, . AR LS CNN-
GRU sh £ 4 & ith SOC 5 ik [J]. %l 515 B
K ,2023(5) :83-90.

WANG SH H, TIAN Q. LIU L. H, et al. CNN-GRU

battery SOC estimation method fused with attention

et al.

recurrent unit model Electronic

mechanism for electric multiple units[J]. Control and
Information Technology,2023(5) :83-90.

X0, 20, BERE LS. BT TCN-BiGRU 4 &
T et f BRCIR S PR AR [T ). BT &= 4 R, 2023, 46
(23):68-76.

LIU SH Q, LI SH, MIAO J G, et al. Lithium-ion
battery state of health estimation based on TCN-
BiGRU [ ] 1.
2023,46(23): 68-76.

Electronic Measurement Technology,

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

NIRRT SCAE R B B9 BITCN-SA # 5 f4 B
FELT ] AR R 2 4l CH AR B 10D 5 2022, 40 (6) -
38-42,67.

BIAN Y L. Research on BiTCN-SA model for text
emotion analysis [J]. Journal of Jiamusi University
(Natural Science Edition) ,2022,40(6) :38-42,67.
XI55, RFAGE, X, %, FF ASSA-RBF B &5
B =08 B F it SOC AT, B F & oAk,
2024,47(1) :71-78.

LIU Q. WU SR, DENG H L, et al. SOC estimation of
ternary lithium-ion battery based on ASSA-RBF joint
algorithm[J]. Electronic Measurement Technology »2024 ,
47(1):71-78.

FEE, ER, KWK, 4. 3T BITCN-DLP B
A% 5y 26 07 2k [0, 15 B W 45 % 42, 2023, 23 (11)
104-117.

LIS C, WANG J, SONG Y F, et al. Malicious code
classification method based on BiTCN-DLP [ ] ].
Netinfo Security,2023,23(11):104-117.

Koo w, W, FEM, F. ETF B-LSTM/Bi-
GRU R34 28 9 2% 1 8 i vt SOC 3L . i s A2
HHAR,2021,10(3):1163-1176.

ZHU Y F, HEW W, LIJ X, et al. SOC estimation for
Li-ion batteries based on Bi-LSTM and Bi-GRU [ ] ].
Energy Storage Science and Technology, 2021, 10 (3):
1163-1176.

ZHONG CH. LI G, MENG Z.
optimization: A novel nature-inspired metaheuristic
algorithm[ J]. Knowledge-Based Systems, 2022, 251,
DOI:10. 1016/j. knosys. 2022. 109215.

FERAHTIA S, REZK H, ABDELKAREEM M A.

et al.

Beluga whale

Optimal techno-economic energy management
strategy for building’ s microgrids based bald eagle
search optimization algorithm [J]. Applied Energy,
2022,306:118069.

SRR AR, XN, SO, AE. £ R Bl e BT I AR
EFEE LT, ol 724 535 HL. 2021.38(7) 1 18-24.
GUO Y X. LIU SH. GAO W X, et al.

harris Hawks optimization algorithm with multiple

Improved

strategies [ ] J. Microelectronics& Computer, 2021, 38
(7):18-24.

VIDAL C, KOLLMEYER P J, NAGUIB M, et al.
Robust xEV battery state-of-charge estimator design
using a feedforward deep neural network[]J]. SAE
Advances and Current

International Journal of

Practices in Mobility,2020,2(5) :2872-2880.

EEE T

W B BT T AR R REAT SE J 1) O E R v e R R S A

IRITEES
E-mail:691637020(@qq. com

IR GEAFEED L R B, EEM R I )

HFHEHAR ME/ S EHEG L hE,
E-mail: srwu88@163. com

¢« 83



