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Parameter |dentification of Lithium Battery M odel Based on
I mproved Whale Optimization Algorithm
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(College of Mechanical and Electrical Engineering, China Jiliang University, Hangzhou 310018, China)

Abstract: The parameter identification accuracy of a lithium battery model is of significance for the development
of a battery management system. To improve the accuracy and efficiency of parameter identification, a multi-step
parameter identification method for the electrochemical-thermal coupling model of lithium battery is proposed in
combination with the Arrhenius law, which uses the whale optimization algorithm improved by oppositional learning
strategy and Levy mutation. In this method, constant-current data at 15 C, 25 °C and 35 “C are adopted for parameter
identification, and constant-current and dynamic working conditions are used to verify the identification results.
Simulation and experimental results show that the mean absolute percentage error of parameters is reduced by 7.2%, the
maximum root mean square error of voltage predicted by the model is 26 mV and that of temperature is 0.4 C,
indicating that the multi-step parameter identification method using the whale optimization algorithm based on
oppositional learning strategy and Levy mutation can efficiently identify parameters.
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Brug 1.5 1.5 1.5
R/m 5.86x10° 5.22x10°
. 0.250 0.470 0.335
¢ /(mol'm”) 1000 1000 1000
R/(J-mol "K' 83144 83144 8.314 4
a 0.5 0.5 0.5
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Ek /(Jmol")  10°~10° | RJK-W')  05~50
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Tab. 5 Parameter identification results obtained using PSO,
OLWOA and MOLWOA methods

2 e APER
PSO OLWOA MOLWOA

D /(m*s ) 33x10% 6.61  4.94 6.84

D} /(m*s™) 4x10"°  13.65 38.46 17.48

k™ /(m*>mol **-s1) 6.72x10"% 39.71 35.72 29.35
K /(m*mol ®-s') 3.54x10"" 19.10 22.84 23.10
ED; /(J-mol ') 10 1661 1236 11.23
ED! /(J-mol")  99.894x10° 36.67 34.40 28.70
Ek™/(J-mol")  40.971x10° 19.60 14.29 17.40
Ek*/(J-mol')  78.576x10° 26.48 31.80 22.80
CJ/IK" 627  59.49 56.41 47.46
C/IK" 5 56.18 28.24 37.50
R/(W-K") 1.67  85.03 69.94 44.27

R /(WK™ 112 036 144 1.17
R/(Q-m’) 0.001 2410 32.50 22.50
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Fig. 7 Fitted curvesfor parameter activation energy
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Tab. 6 Identification results of battery parameters

BH MOLWOA HHRZE5 R
D /(m*s) 3.08x10 "
D! /(m?*s) 4.46x10"°
ED_ /(J-mol ") 38.83x10°
ED; /(J-mol ") 21.70x10°
Ek™ /(J-mol ") 43.12x10°
Ek* /(J-mol 1) 71.44x10°
R/(Q m’) 0.006 7
k™ /(m**-mol **-s 1) 5.87x10 "
k/(m**mol %5 1) 2.26x10"
CJ/J K" 87.12
C/IXK" 37.5
R/K-W") 2.67
RJ(K-W) 14.37

A 5 ELAERR 10 S B0 1 25 SR mT el AR AR )
WEF/N, K8 K25 CTF 0.5C, 2C HifHH T
BLIGUEMZ, R 8 WU, 0.5C. 2C B THL T
Y H iR KA X R 2553510 40, 24 mV, ¥J5 AR R
298 13, 20 mV; R KRYEXTIRZE R
0.37. 0.72 C, ¥JriiRZE3510 0.18, 0.40 C,
R 25 R WA (5 BRI AL b A S PR I e 454l

B A AR P A S A R, T
WAEEIIE S A T o M e B i shs T K
T IE B ER A UDDS(urban dynamometer driv-
ing schedule) FzIAN J1illi DST(dynamic stress
test), &1 9 425 ‘CF DST. UDDS JitH T 56 3iE
i<k, $E/ 9 %1, DST. UDDS T4 F Ay HL A
KRYFHREES A 66, 88 mV, HTTHRIRZE 5K
22, 26 mV; i ERKARXRZE DGR 041,
0.34 °C, HIrMRZE SN 022, 027 C, HiE
TR T LA LY, ABETR FTI0 352 25 A7 A — o A B 1 34



5573

K, ABATIRER S AT 5 S B I 2 K

> 4.00 Fomcengey_ > 4.00 ° gﬂ%%%

3 50l o witn | B 350 \

S 280 | — i S| S 280F

£ 108 - & 108

e ~100 I ! 1 :}}H ~100 I 1 1

K 0 2000 4000 6000 =K 0 500 1000 1500
t/s t/s

(a)0.5C T3t Ha s i 2% (b)2C Tt L J & il 2k

p 2800 o

270 | s P

ZE 260 o Wikxn| 2 o WIANHE

o 239 — fisd| o — { E;

ﬁ 718 | | 1 ﬁ | Il

= 70 2000 4000 6000 - 500 1000 1500
t/s t/s

(¢)0.5C YL h 2% (d)2C Ty 2 i 2k
8 25 CTERIABESREMLZE
Fig. 8 Voltage and temperature curves under

constant-current working condition at 25 ‘C

3.90

Z 3.0 2
H H 370
B 360r  wiomn # — Wi
= 3.40 £ Viseadi > 350 — LA
& 109 & 109
2K —100 ! ! ! 2K —100 ' !

0 100 200 300 0 500 1000

t/s t/s

(a) DST T8 Hu & il 2% (b)UDDS T-35% i i 2%
9) o WIRHE 9) [
B 0T i g | 500
g 260r = %5-5 o WAME
o 250 o 250 — (A
< 10 S 10
W ok | 8 ol ]
I,]K ,18[ 1 1 1 | I,I,% ,18[ 1 1 |

0 100 200 300 0 500 1000

t/s t/s
(c)DST Iyt 3 i 2% (d)UDDS T3t B il 2%

B9 25 CTeh&IRBESEEME
Fig. 9 Voltage and temper atur e curves under dynamic

working condition at 25 ‘C

LR SR 3 iR 22 e s 10 s .
10 AT, R2ERE TR IA ., 2R R
FEARWE  MHIER TOT, S8 TH0F A
FHIREKR, WRZ 8 mV; IREHITHRIRE T/
Fet R, B R 2 10% , RPHASBIZALRETI AR .
THEUEA B, H R ARIRZZGERFTE 10~30 mV
Z 18], IREEYITARIRZEEFAE 0.2~0.5 CZIH], HX
BT R WA, e T IRSHEN A
Bk

BRI, 4. Tt Sk A MR S R R 291
35 0.6
—JEe — 13 C
30 35C o 0.5 35C
E25t 4
& f§ 04|
% or b 0.3
§ 15 g
! 202}
10 H
= pec|
5L 0.1 H
0 0
0.5C 2C DST UDDS 0.5C 2C DST UDDS
T T L T
(a) RS T IRIR 2 (b) IR B4 5 MR 2=

E 10 BESEEMHFRIRES
Fig. 10 Statistics of RM SE for voltage and temperature

4 HhiE

ARSCETETF L 1 R e Al - TR S AR AR
BERSHIRRIT, B R IR B )2 i R AR
TURIAE PRI A 857 SPMET, J-45 AR R
BFE R MOLWOA . 5 AR SR 5 7 i
ATEL, MOLWOA J7 vk 250 H T HRL it Rk 38 ol
RS EE . B, MOLWOA J5 S BN 7
HLH A S EOIER, IR 00T B HRZE R
AR SRS EHRR R A o T 24,
AFFE T I A9 52 A2 B, S8 TRl i i 36
%, IR SRS T T AR L TR SRR
SO, SRS B TE A RAE B T

B3 -

[1] Li Weihan, Limoge D W, Zhang Jiawei, et al. Estimation
of potentials in lithium-ion batteries using machine
learning models [J]. IEEE Transactions on Control
Systems Technology, 2022, 30(2): 680-695.

[2] Li Junfu, Wang Dafang, Deng Lei, et al. Aging modes
analysis and physical parameter identification based on a
simplified electrochemical model for lithium-ion batteries
[J]. Journal of Energy Storage, 2020, 31: 101538.

[3] Li Weihan, Fan Yue, Ringbeck F, et al. Unlocking
electrochemical model-based online power prediction for
lithium-ion batteries via Gaussian process regression [J].
Applied Energy, 2022, 306: 118114.

[4] Ringbeck F, Garbade M, Sauer D U. Uncertainty-aware



292 i, b

E 4 $23 %

state estimation for electrochemical model-based fast
charging control of lithium-ion batteries [J]. Journal of
Power Sources, 2020, 470: 228221.

[5] Schmalstieg J, Rahe C, Ecker M, et al. Full cell para-
meterization of a high-power lithium-ion battery for a
physico-chemical model: part I. physical and electroche-
mical parameters [J]. Journal of the Electrochemical
Society, 2018, 165(16): A3799-A3810.

[6] Schmalstieg J, Sauer D U. Full cell parameterization of a
high-power lithium-ion battery for a physico-chemical
model: part II. thermal parameters and validation [J].
Journal of the Electrochemical Society, 2018, 165(16):
A3811-A3819.

[7] Deng Zhongwei, Deng Hao, Yang Lin, et al. Implemen-
tation of reduced-order physics-based model and multi-
parameters identification strategy for lithium-ion battery
[J]. Energy, 2017, 138: 509-519.

(8] b, B, sfOkME, 45 T SUCREAIGEIL IO
AEFE A A 5 SRR ). AR, 2023, 21(1):
133-141.

Ma Rui, Jia Xuecui, Zhang Yongkang, et al. Modeling
and parameters identification of Li-ion battery for energy
storage based on cubic spline interpolation method [J].
Journal of Power Supply, 2023, 21(1): 133-141. (in Chinese)

[91 Pang Hui, Mou Lianjing, Guo Long, et al. Parameter
identification and systematic validation of an enhanced
single-particle model with aging degradation physics for Li-
ion batteries [J]. Electrochimica Acta, 2019, 307: 474-487.

[10] VFakfe. HR AL Y 70 B R SRS A I 5 0],
HL R3], 2025, 23(2): 266-273.

Xu Zhihua. Fractional-order modeling and state estima-
tion method for lithium battery [J]. Journal of Power
Supply, 2025, 23(2): 266-273. (in Chinese)

[11] Fan Guodong. Systematic parameter identification of a
control-oriented electrochemical battery model and its
application for state of charge estimation at various
operating conditions [J]. Journal of Power Sources, 2020,
470: 228153.

[12] Doyle M, Newman J, Gozdz A S, et al. Comparison of
modeling predictions with experimental data from plastic

lithium ion cells [J]. Journal of the Electrochemical Soci-

ety, 1996, 143(6): 1890-1903.

[13] Moura S J, Argomedo F B, Klein R, et al. Battery state
estimation for a single particle model with electrolyte
dynamics [J]. IEEE Transactions on Control Systems
Technology, 2017, 25(2): 453-468.

[14] Chen Changhui, Brosa Planella F, O’Regan K, et al.
Development of experimental techniques for parameter-
zation of multi-scale lithium-ion battery models [J].
Journal of the Electrochemical Society, 2020, 167(8):
080534.

[15] Lin Xinfan, Perez H E, Mohan S, et al. A lumped-
parameter electro-thermal model for cylindrical batteries
[J]. Journal of Power Sources, 2014, 257: 1-11.

[16] #Hif, W, B, 5. BAEAE S H b =400 2
PREABUROET]. AR, 2021, 19(5): 165-171.
Han Tian, Shi Wei, Zhao Yangmesi, et al. Research on 3D
layered thermal coupling model of cylindrical lithium-ion
battery [J]. Journal of Power Supply, 2021, 19(5): 165-
171. (in Chinese)

[17] Mirjalili S, Lewis A. The whale optimization algorithm
[J]. Advances in Engineering Software, 2016, 95: 51-67.

[18] Haupt R L, Haupt S E. Practical Genetic Algorithms[M].
New York: John Wiley & Sons, 2003: 1-25.

[19] Tizhoosh H R. Opposition-based learning: a new scheme
for machine intelligence [C]/ International Conference
on Computational Intelligence for Modelling, Control and
Automation and International Conference on Intelligent
Agents, Web Technologies and Internet Commerce
(CIMCA-IAWTIC'06). Vienna, Austria, 2005: 695-701.

[20] B2, BT RIS JEOR B A Levy 2850 2 H bnfig (il
B, BURIHEEAL, 2021, 27(18): 25-31.

Liang Qian. Multi-objective whale optimization algori-
thm based on reverse elite retention and Levy mutation
[J]. Modern Computer, 2021, 27(18): 25-31. (in Chinese)

[21] Nyman A, Behm M, Lindbergh G. Electrochemical
characterisation and modelling of the mass transport
phenomena in LiPFs-EC-EMC electrolyte [J]. Electro-
chimica Acta, 2008, 53(22): 6356-6365.

[22] Landesfeind J, Gasteiger H A. Temperature and conc-
entration dependence of the ionic transport properties of

lithium-ion battery electrolytes [J]. Journal of the Electro-



557 RGN, HE e ST Sk i R AR T S RO 293

chemical Society, 2019, 166(14): A3079-A3097.

[23] Smekens J, Paulsen J, Yang W, et al. A modified
multiphysics model for lithium-ion batteries with a
Li Ni, ;Mn .Co, O, electrode [J]. Electrochimica Acta,
2015, 174: 615-624.

[24] Rheinfeld A, Sturm J, Noel A, et al. Quasi-isothermal
external short circuit tests applied to lithium-ion cells:
part II. modeling and simulation [J]. Journal of the
Electrochemical Society, 2019, 166(2): A151-A177.

[25] Nileshwar P R, McGordon A, Ashwin T R, et al. Para-
metric optimization study of a lithium-ion cell [J]. Energy
Procedia, 2017, 138: 829-834.

[26] Geifes F, Bolsinger C, Mielcarek P, et al. Determination

of the entropicheat coefficient in a simple electro-thermal

lithium-ion cell model with pulse relaxation measure-
ments and least squares algorithm [J]. Journal of Power

Sources, 2019, 419: 148-154.

EEEN:

BEIM(1998— ), B, WILWE
e WESETT T BRI RE FE LA B
E-mail: zhaojiachengl@outlook.com,

E(1964— ), T, WEEH,
Wi, B WD m BREE R A
BHEE M, E-mail . 1955692303@qq.
com,

Refh(1972— ), B, fd, Al
Az, W) BRI R BLR A
shk%EE . E-mail: xhw@cjlu.edu.cn,

(DUAESE: Fh3E%0)

e e o e e e e e e e e e e e e e e e e e e A e A A A e O A A A N )

(L% 282 W)

EE BN

I (1993— ), &, BIEFEE,
i, PR, MR BREIRVA AR
IR R G, E-mail: 849402646@
qq.com,

TE4E4(1991— ), 2, @it df
Uil WFFETT I AR ZUERE KriAR )
SIS . E-mail ; 1151105263@qq.com,

WA (1985— ), B, Wi+, Bl
. BT HUIEES NVH Kl
HL S IR R AR 50775 . E-mail :
253984415@qq.coms,

ZEW(1991— ), T, Wit P,
WG 7 . Sedtdl & H R . E-mail :
925709170@qq.com,

(ATt : PREE)



	07期ML
	1-16  2025-0368  姚俊涛
	17-27  2023-0056  王贵峰
	28-35  20221206 0882-3  王林涛
	36-44  20221108 0824  杨  清
	45-54  20221015 0775-3  曾华荣
	55-64  2023-0005-3  蔡永翔
	65-74  20220923 0725-3  张景璋
	75-82  20220918 0705  周  杰
	83-95  20221007 0754-3  王春涛
	96-104  20220922  0723  张  江
	105-115  2023-0083-3  夏  晔
	116-127  20221017 0780  赵慧荣
	128-135  2023-0227  裴冯来
	136-142  20220823 0652-3  于来宝
	143-151  2023-0003-gkk  包斯嘉
	152-161  2023-0137  汪  清
	162-170  20220919 0708-3  孙新凤
	171-180  20221223 0917-3  蒋  鹏
	181-190  20221017 0779-3  陈乐飞
	191-199  20221114  0839  戎士敏
	200-209  jops-2023-0072  方 正
	210-217  2023-0056-3  王金明
	218-228  20221010 0761-3  汪兆栋
	229-237  2023-0121  李继超
	238-246  jops-2023-0145  张佳波
	247-252  20220731  0591  文  陈
	253-265  20221124 0867-3  李  银
	266-273  20221011  0762  张  可
	274-282  20220918 0704-3  路  玲
	283-293  20221017  0781  赵家城
	294-303  20221018 0784  王子鹏
	304-312  2023-0104  靳明旭
	313-320  JOPS-2023-0094-3  杜焕伦
	321-329  2024-0782  李  鑫
	330-337  2023-0042-3z  黄成洋
	338-348  2023-0011-3z  陈益华



