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Abstract

Based on the zonotopic filtering estimation theory, a zonotopic filtering algorithm with sensor time
delay is proposed and applied to the state estimation and monitoring of lithium batteries. Firstly, a
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state space model is constructed based on the Thevenin circuit model of lithium batteries. On this
basis, a state prediction set is constructed and combined with the time-delayed sensor measurement
data. Based on the Minkowski property of zonotopes, an estimation set is constructed. By applying
the F-radius contraction model, the filtering coefficient is optimized to obtain the optimal estimation
of the SoC. Experimental verification on the lithium battery charge and discharge experimental plat-
form shows that the proposed algorithm has higher accuracy and significantly reduced conservative-
ness compared with the conventional ZKF algorithm.
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Figure 1. Experimental platform of Lithium battery SoC charging and discharging
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Table 1. Parameters of the experimental battery
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Figure 2. Results of SOC estimation
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Figure 3. Results of polarization voltage estimation

3. BEMREBEMAITER

I 2 A 3 TS, A FEESERR AR, BT R T AR KRR, ARSI T i

WS B, (RSP PETE /N, T DA N S T 2R G S A 4
6. &t

ASCHET 2 OB R BRI, Rt T BRI 0 % M B, TR IS A

MRS T S I A SCHE TP 1) Thevenin S8R, Hy g | 2 RS AIRA, IR+ 2 )
PR BT R I R T FINAR, RS S i e O BB 4 S W S SR, Rl F R
Z MY, R RECHEAT B AL, ATTSRAGHE Bl SoC B ALAG T, e #5 4 vl vl 70 R S 5
B BT SER ISR, ASCITR I FEAE TR S ZKF SR R A e R AL, (RSFIE R TR, JESEA
SCEE ] DA S 22 ROSEAN i S 20 00 T ) s AT 20 H7 i R [ 14]-[16] o

SE

(4]

(3]

REEE, AW, BATZ A AR i R G R E PR A )], 4215 P, 2023, 38(2): 562-568.

Cui, Z., Wang, L., Li, Q. and Wang, K. (2021) A Comprehensive Review on the State of Charge Estimation for Lithium-
ion Battery Based on Neural Network. International Journal of Energy Research, 46, 5423-5440.
https://doi.org/10.1002/er.7545

RT5, R, 75 PR, T AR ORI Y Rt S B R S AR LRI A A T R[], RS R, 2023, 38(6):
1620-1628.

Pesaran, A.A. (2002) Battery Thermal Models for Hybrid Vehicle Simulations. Journal of Power Sources, 110, 377-382.
https://doi.org/10.1016/s0378-7753(02)00200-8

Bobobee, E.D., Wang, S., Zou, C., Appiah, E., Zhou, H., Takyi-Aninakwa, P., et al. (2022) Improved Fixed Range
Forgetting Factor-Adaptive Extended Kalman Filtering (FRFF-AEKF) Algorithm for the State of Charge Estimation of

High-Power Lithium-Ion Batteries. International Journal of Electrochemical Science, 17, Article ID: 221146.
https://doi.org/10.20964/2022.11.46

Wrise, £7F, EWeE, S5 Wit SOC b5 rh 2 BLME DL LT B U IE R BSGE )], HLA TREEOA, 2023, 52(7):
198-201.

DOI: 10.12677/jsta.2025.133022 227 e IR A 5 8 FH


https://doi.org/10.12677/jsta.2025.133022
https://doi.org/10.1002/er.7545
https://doi.org/10.1016/s0378-7753(02)00200-8
https://doi.org/10.20964/2022.11.46

L &%

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Wang, W., Zhu, L., Su, Y., Huang, S. and Geng, Y. (2024) Interval Estimation of Sensor Fault in Rotary Steerable
Drilling Tools Based on Set-Membership Approach. Journal of Process Control, 143, Article ID: 103318.
https://doi.org/10.1016/j.jprocont.2024.103318

EHbk, HE, B, & T kI R A AR A B 3 N T AR TG R R 2 B T R R 2 T
Ot SOC fhiTH[I]. HL LHIARZEHR, 2024, 39(24): 7950-7964.

Chen, Y., Liu, Y., Du, W., Li, Q., Wang, H., Li, Q., et al. (2024) Identification of the Parameters of the Aluminum-Air
Battery with Regard to Temperature. Journal of Energy Storage, 88, Article ID: 111397.
https://doi.org/10.1016/j.est.2024.111397

X, TR, X, A FETXE R RRL T UEECE E E T IR A A A T[] R R, 2024,
39(2): 607-616.

Lee, K., Lee, W. and Kim, K.K. (2023) Battery State-Of-Charge Estimation Using Data-Driven Gaussian Process Kal-
man Filters. Journal of Energy Storage, 72, Article ID: 108392. https://doi.org/10.1016/j.est.2023.108392

Wang, X., Wang, G., Li, Z. and Fei, Z. (2023) Event-based Fault Estimation and Compensation for Discrete-Time Sys-
tems via Zonotopes. Information Sciences, 631, 1-14. https://doi.org/10.1016/j.ins.2023.02.073

Althoff, M. and Rath, J.J. (2021) Comparison of Guaranteed State Estimators for Linear Time-Invariant Systems. Auto-
matica, 130, Article ID: 109662. https://doi.org/10.1016/j.automatica.2021.109662

Bz, FIR, #C, . T RC SRR A SR-DUKF SyE 4R H it SOC Al LA 7T [J]. LV 4 4R, 2024,
22(4): 236-242.
Wu, M., Wang, L., Wang, Y. and Wu, J. (2024) State of Charge Estimation of the Lithium-lon Power Battery Based on

a Multi-Time-Scale Improved Adaptive Unscented Kalman Filter. IEEE Transactions on Instrumentation and Measure-
ment, 73, 1-12. https://doi.org/10.1109/tim.2024.3390162

Liang, C., Xia, B., Yue, S., Zhang, F., Qu, L. and Wang, S. (2024) A Quantum Particle Swarm Optimization Extended
Kalman Quantum Particle Filter Approach on State of Charge Estimation for Lithium-lon Battery. Journal of Energy
Storage, 100, Article ID: 113677. https://doi.org/10.1016/j.est.2024.113677

DOI: 10.12677/jsta.2025.133022 228 TR AR AR 5 N


https://doi.org/10.12677/jsta.2025.133022
https://doi.org/10.1016/j.jprocont.2024.103318
https://doi.org/10.1016/j.est.2024.111397
https://doi.org/10.1016/j.est.2023.108392
https://doi.org/10.1016/j.ins.2023.02.073
https://doi.org/10.1016/j.automatica.2021.109662
https://doi.org/10.1109/tim.2024.3390162
https://doi.org/10.1016/j.est.2024.113677

	基于传感时滞数据多胞滤波的锂电池运行状态估计与硬件验证
	摘  要
	关键词
	State Estimation of Lithium Battery SoC and Its Hardware Verification Based on Senor Delaying Zonotopic Filtering Algorithm
	Abstract
	Keywords
	1. 引言
	2. 预备知识
	3. 锂电池SoC建模
	4. 算法推导
	5. 硬件验证
	6. 结论
	参考文献

