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Abstract: Hybrid battery systems constructed by connecting lithium iron phosphate (LiFePQO,,
LFP) and nickel cobalt manganese (LiNi,CoMn,0,, NCM) cells in series represent a key
technology for overcoming the limitations of single-chemistry systems. However, the flat
voltage plateau of LFP cells complicates state-of-charge (SOC) estimation, resulting in

Wi AHA: 2025-10-09; f&ZtisHHA: 2025-10-29.

EEWB: EFRAMRFFIES (52267022); =AM AT RIBIH (202401AS070118): &~ A “ M IEA LHFIHR]” =& 2238 L0
(KKRC202402005); =M 4 R H] 51817240 I (202505AS350024) .

F—1E&: WG (1982—), T3, #d%, WIRJriaAsh /b E 5 Rd], E-mail: chen@kust.edu.cn; BIE1EE: ZEA, YHF, WFsIrnAzh/id
WA 5], E-mail: wix@kust.edu.cn.

SIRASC: Wi, sk, T4, &6 T Bk S iR e et A v R B A rE Vo vy IR S ok i 0[], AR 5 BOR, 2026, 15(2): 604-615.

Citation: CHEN Zheng, ZHANG Huan, XIA Xuelei, et al. High-accuracy state of charge estimation for LFP batteries based in hybrid battery packs
on a segmented decision strategy[J]. Energy Storage Science and Technology, 2026, 15(2): 604-615.



w2

MR Uas . BT Bk SR AR VR 26 F T A B R A P AT RS v 6 B 605

250 6 T 98 E AT,

insufficient accuracy over the full operating range and abrupt SOC jumps during multi-
algorithm switching. To address these issues, this study proposes a segmented fusion method
for SOC estimation based on adaptive partitioning of the open-circuit voltage (OCV) curve.
First, a piecewise smoothing strategy is designed for the LFP OCV curve according to
variations in slope. This strategy preserves voltage characteristics in high-slope regions while
enhancing smoothing in the plateau region. Based on the first-order derivative of the
smoothed OCV curve, an adaptive slope threshold is established to divide the discharge
process into a front high-slope region, a middle plateau region, and a rear high-slope region,
providing a clear basis for algorithm selection. Subsequently, a segmented estimation
framework was developed. An improved adaptive extended Kalman filter (AEKF) is applied for
dynamic SOC tracking in the high-slope regions, while SOC in the plateau region is estimated
by mapping from the SOC of the NCM battery in the hybrid pack. To mitigate SOC jumps at
switching points, a gradient-sensitive adaptive blending (GSAB) algorithm was introduced.
This algorithm quantifies SOC gradient differences near switching points and dynamically
adjusts fusion function parameters to generate smooth transition weights, thereby
suppressing SOC discontinuities. Experimental results show that the improved AEKF reduces
the root mean square error (RMSE) of the NCM battery by 63.70% compared with the
traditional extended Kalman filter (EKF). The GSAB strategy effectively eliminates SOC jumps
during algorithm switching and reduces transition-zone fluctuations by 72.42%. Under an
urban driving cycle, full-range SOC estimation for the LFP battery achieves a mean absolute
error (MAE) of 1.08% and an RMSE of 1.31%, demonstrating the effectiveness of the
proposed method in improving full-range SOC estimation accuracy.

Keywords: lithium-ion battery; state of charge; adaptive extended kalman filter; piecewise

fusion strategy; battery management system
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Flowchart of method for SOC estimation
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Fig. 2 Flowchart of method for SOC estimation
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Table 3 SOC estimation error under different
algorithms
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