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Voltage_measured | Current_measured | Temperature_measured | Current_charge | Voltage_charge Capacity id_cycle
4.188 108 651 0.000 130 667 23.819 520 25 0. 000 6 0 1. 855 004 521 2
4.188 195 943 0.001 459 081 23.828 807 16 0. 000 6 4.203 1. 855 004 521 2
3.469 907 316 0.001 515 875 34. 785 943 38 0. 000 6 0 1.341 051 441 318
3.477 276 739 —0. 001 940 069 34. 581 659 54 0. 000 6 0 1.341 051 441 318

*3 HEBEBSTHIEERES
Voltage_measured | Current_measured | Temperature_measured | Current_charge | Voltage_charge Capacity id_cycle
3.125 545 7 —2.023 314 5 38.369 830 1. 867 8259 2.498 738 0 1.752 299 5 39
3.716 371 8 —1.992 242 8 26. 710 802 1.995 241 4 2.908 668 3 1.478 731 4 190
3.139 994 0 —2.023 314 5 38.186 714 1. 877 815 6 2.532 3226 1.739 751 5 45
3.336 758 4 —1.880 005 8 32.335 300 1. 999 000 1 2.423 853 6 1. 363 560 9 301
3.486 401 6 —1.957 776 4 30. 444 775 1. 999 000 1 2.660 656 2 1. 384 201 9 253
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1 2 {119 {120 Capacity dl d2 . d19 d20
0.384 70 | 0.391 56 0.290 26 | 0.327 95 37.202 71 0.355 173 83| 0.563 401 3 —0.1281 736 5| —0. 609 647 3
0.38886 | 0.39343 | =« | 0.280 64 | 0.323 00 | 36.223 03 0.001 926 18 0 0 0
0.390 38 | 0.39 60 0.287 73 | 0.329 55 35.589 30 0.023 060 71 0 0 0
0.391 94 | 0.396 43 0.297 68 | 0.336 73 | 35.108 08 0. 361 399 50 1 0 0
0.392 25| 0.397 60 | =«-- | 0.283 96 | 0.325 62 | 34.767 28 1 0.545 869 5| - 0 0
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0.355 173 83| 0. 563 401 30 —0.128 173 65 | —0. 609 647 3 0.3606 | 0.3539 0.2919 | 0.315 2 26.803 7
0.427 724 96| 0.502 117 04 —0.093 782 78 | —0.505 016 9 0.542 7 | 0.497 8 0.278 8 | 0.297 6 30. 859 8
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Application of Denoising Diffusion Probability Model in Battery Data Augmentation

CHANG Wei, HU Zhichao, PAN Duozhao, SHI Jiwen
(Nantong L.e Chuang New Energy Co. .Ltd. , Nantong 226000, Jiangsu, China)

Abstract: Addressing the difficulties in collecting key data during battery operation and the limited amount of electrochemical impedance
spectroscopy (EIS) data, is able to optimize battery performance evaluation and health monitoring, as well as optimize battery usage and
charging strategies. The research method involves using data augmentation techniques to increase the sample size while ensuring data quality.
The denoising diffusion probability model (DDPM), as an emerging generative model, is applied to enhance battery data. For low dimensional
battery data such as current, voltage, temperature, and capacity, the DDPM model is directly applied for data augmentation. For high-
dimensional EIS data, the autoencoder (AE) model is first used for dimensionality reduction, followed by data augmentation in low dimensional
space, and the enhanced data is restored to the original space. The research results confirm that the proposed data augmentation method can
generate high-quality data on NASA ( National Aeronautics and Space Administration) and EIS public datasets and effectively reduce
computational complexity. The conclusion indicates that this study provides an effective data augmentation strategy for battery performance
evaluation and health management, and has certain reference and application value.

Keywords: denoising diffusion probability mode; autoencoder; electrochemical impedance spectroscopy; temperature; electric current;

voltage; capacity; data augmentation
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