$47% 57 W % #  E£ ¥R Vol. 47 No. 7

2026 4 7 H Chinese Journal of Scientific Instrument Jul. 2026

DOLI: 10. 19650/j. cnki. ¢jsi. J2615139

IR - N AFE R & RIS &= F B it BEig SOH &t

YA‘] —$€Z¢il %]’i ij%‘ ﬂl ' ,%‘—;2
(1. VHL AR TR AP PO 710049;2.*EAE%ﬁiZEJ<HIJELﬁﬁ% PiZe  710025)

H OE ARG TYERT S T H I ROIRES (SOR) FVERMT T W RS Z BT S AmEMBEAEEE L, R
FLFE F B AE LA FE A RAE IR fb e B 38 T OURE A A3 AT 22 5 F BRI 72 A0 RE 1 T B 1) 1R JL,  H — o 0y B4 — 5000 SURAAE il 75 1 1
BT RS SOH Ml ik, 128, T 2 Har AR 415 B bR A WL SR BB R | BT AR I E L do/dv EA
DEEAEL N I o5 Lb SR EARRAE TR, LR Be Ak 70 v U 2R A A RS R 22 I 45 ( CNN) SR BB SR ShRRIE . Bl FS 3 aod 4 3
FRE S BOE R IE fl A AL R e LU ] R AR R A R ) IR AL SRAE 3 B A BRI 2 7 (MMD) X 5P 5 H ARl R ik
G3AG ISR TSR EE T MR RE S, R 7% 76 4 FhFT A T8 T JF 20 B i it iR b SE 50 SR 4E 39 Ht 18650 #I NMC
F b P 2 S S SRR DT A 12 25 T BT 55 . SEOn s SRR W], BT 7 ik AE 12 U455 P BUR SR AR A TR 22 T 11
FHRIRZE (RMSE) 4 0. 022 3, SEI 4% T 20525 (MAPE) 2 2. 05% ; FHEAUAS PR 45 4R A9 CNN A5 SEX RMSE 1 MAPE 43
BIREAR L 52. 6% F 53. 0% », TE-SKEWHCIZ (LSTM) [ TG I (GRU) | Transformer 35 4 HT 1 28 4% ( DANN ) Ko 74 4ol 1
7 VR BT L TR T TR R R SR B EEAR OF A MIT Bt B4 LRI — BB A8 R 00, 45 AL ULHH W3R AE 5 B0 R AiF By
) AR S MMD 38006 55 ML RENE A 35 B A B Fi b %5 T SOH AT A MERf R A iZ fL g

LR MBS T TR T R RRIRES s 4k G

hESES . THS9 TM93 MEFRIREE: A ERREZRSERE; 510.40

Cross-domain SoH estimation for lithium-ion batteries via
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Abstract: In the context of energy transition, accurate state of health (SOH) estimation of lithium-ion batteries is essential for safe
system operation and lifetime management. To address the problems that fragmented charging data cannot fully characterize battery
degradation and that significant sample distribution discrepancies across operating conditions reduce model generalization, this paper
proposes a cross-domain SOH estimation method based on physics-data dual-feature fusion. First, degradation-sensitive physical
features, including peak voltage, accumulated capacity, dQ/dV value at the peak, and peak time ratio, are extracted based on full-life-
cycle data analysis and battery degradation mechanisms. Meanwhile, fragmented charging voltage curves are used as inputs, and a
convolutional neural network ( CNN) is employed to extract data-driven features. Subsequently, physical and data features are fused to
construct a degradation representation with both mechanistic interpretability and data representation capability. Maximum mean
discrepancy (MMD) is introduced to align the feature distributions between the source and target domains, thereby improving the cross-
condition transfer capability of the model. To validate the proposed method, lithium-ion battery degradation experiments were conducted
under four charging and discharging conditions. Full-life-cycle data from 39 NMC 18650 cells were collected, and 12 cross-condition

transfer tasks were constructed. Experimental results show that the proposed method achieves the lowest estimation errors in all 12 tasks,
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with an root mean square error (RMSE) of 0.022 3 and an mean absolute percentage error ( MAPE) of 2.05%. Compared with the

CNN model using only data features, the average RMSE and MAPE are reduced by approximately 52. 6% and 53. 0% , respectively. In

comparisons with long short-term memory ( LSTM ), gate recurrent unit ( GRU)

, Transformer, domain-adversarial neural network

(DANN), and typical domain adaptation methods, the proposed method shows better overall performance and demonstrates certain

transferability on the MIT cross-batch dataset. The results indicate that collaborative modeling of physical and data features, together with

MMD-based domain alignment, can effectively improve the accuracy and generalization capability of cross-condition SOH estimation for

lithium-ion batteries.

Keywords : lithium-ion batteries; transfer learning; state of health; domain adaptation
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Table 3 Cross-domain transfer results for different models in the ablation experiment
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MAPE/%

RMSE MAPE/% RMSE MAPE/%

1-2
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0.045 1+0.002 5
0. 037 4+0.002 2
0.062 0+0.003 3
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Table 4 Differences in charging protocols across
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2017-05-12 46 23 3.6~8 15~80 3~5.4
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Table 5 Performance of various data-driven methods across different target domains
XJTU g MIT i
Tk 1-2 1—3 1—4 2—1 23
RMSE MAPE/% RMSE MAPE/% RMSE MAPE/% RMSE MAPE/% RMSE  MAPE/%
A 0.010 3 0.842 5 0.033 2 3.274 8 0.020 3 1.858 4 0.079 8 4.580 5 0.014 9 1.271 4
CNN 0.068 8 6.629 0 0.045 1 4.171 8 0.037 4 3.3550 0.084 2 4.424 9 0.0316 2.4314
CNN+MMD 0.054 4 5.112' 1 0.034 6 3.3186 0.030 8 2.811 4 0.084 5 4.6850 0.0312 2.5269
CNN+CORAL 0.056 3 5.2895 0.036 0 3.342 1 0.0317 2.896 2 0.084 0 4.267 5 0.030 9 2.286 7
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