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Fig. 1 Charging capacity curves of lithium battery under

different aging conditions
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Fig. 3  One-dimensional convolutional neural network
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Fig. 4 Flowchart of predicting lithium battery capacity
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Table 2 Statistical results of estimation errors of
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Table 3 Statistical results of battery capacity estimation error
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Fig. 9  CS2-33 battery capacity estimation results and error
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Table 4 Comparison of estimation accuracy of different models
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Fi 4(101~300) 1.09 0.97 2.38




631 FRAIAAE . T 78 HU RO A 48 o A e A 3 1k 559

B2 > 19 itk by B 77 i S 1 8.66% 3N ] 17.33%
IR, ATt e AR RS B (AR THACRIF AT . BRI
BEHRB O T A BT AR AT B A B Al 1125
B WX HEEIRFE R 1 JERE b AR SO T R R )
J7 ik A 0.5C HCHL AR AR A0 IR 7 e IR B
21, R ARAS HL VAR 0.5C T Af 38T il L 25 Al 31 E
7 ELBAT B A TR BE
34 S5NARMAEMITEER

R T U A SCIT 4 T A L Tt A A T A R
43531 55 3 F 18] FE AL ] )5 (support vector regression, SVR )2 ik
F & 25 2 1M BR 2% 2 Bl (extreme learning machines,
ELMs) " |3l 25 11 & B A 45 5 38 3R KR 10 12 B 48 19 4%
(dynamic adaptive cuckoo search long short term memory,
DACS-LSTM) FEiE M HEAT S e o O T BB S 80 4 #:
AR SC I BRI AR [ B 40 45 A9 SCHIK , 104 5 | IR I SRk f) A G
FEPR B AT OB . T bR SCERAE E A 8 AR 3 A4 ]
R ST A2 i A e o T X LR A, X
PET7 LA BB IEH 16 bR BEAT R A Bk B Al RS BE X
Pk 5 B . 3R 5 AL, BT i i i SR TR T A PPN 4
bi B IAE TR . LA €S2-37 i), 5 5L T i s AL |
BT B L 2 A BR 27 > MUAR FL , i 488 07 vk i 34 O AR iR 22 4
il K AT 48.68% I 43.48% , i K 5 22 73 5l e A1 73.36% Al
59.21% . 53745 A AT A 518 R AR C I 28 1 25 5
AR L, T3 5 R 1 P S A X IR 22 BEAIR 55.22% 0 XS L5 2R
BRI A A A i A T D7 R T BOAG TR

x5 ARBEEMGITERERSM[ITHBETLE
Table 5 Comparison of estimation accuracy of lithium

battery capacity
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DACS-LSTM 0.88 0.67
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SVR 0.88 3.29
CS2-38
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DACS-LSTM 1.00 0.63
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Table 6  Statistical results of estimation error of lithium battery

capacity in Oxford University
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LITHIUM BATTERY CAPACITY ESTIMATION METHOD BASED ON
CONSTANT CURRENT CHARGING DATA

Cheng Weida, Sun Shuo, Yin Hang, Wang Zongliang, Cai Wei, Song Jiakai
(Naval Submarine Academy , Qingdao 266199, China)

Abstract: Accurate estimation of lithium battery capacity is the basis for its safe and reliable operation. However, the lithium battery
capacity attenuation mechanism is not clear, and its capacity shows nonlinear attenuation during use, making it extremely difficult to
accurately estimate the lithium battery capacity. In order to solve these problems, this paper proposes a method to estimate the capacity
of lithium batteries by using constant current charging data and a one-dimensional convolutional neural network model. Firstly, two aging
feature sequences are extracted from the constant current charging stage: the constant current charging capacity and the time interval of
equal charging voltage rise. Secondly, in order to make full use of the measured charging information and extract the key capacity
attenuation factors in aging feature sequences, a new one-dimensional convolutional neural network capacity estimation model is
constructed. Finally, the proposed capacity estimation model is verified and analyzed on the aging data set of lithium batteries in Maryland.
The experimental results show that the proposed method can achieve an accurate and robust estimation of battery capacity on the complete
constant current charging curve and partial constant current charging curve, which is better than other capacity estimation methods. The
root mean square error (RMSE) and mean absolute error (MAE) can be controlled within 0.68% and 0.50%. Furthermore, after transfer
learning with a small amount of date, the proposed model can accurately estimate battery discharge capacity at other discharge rates. After
transfer learning for the first 50 cycles, the root mean square error of the model at a 0.5C discharge rate is only 0.58%.

Keywords: lithium batteries; convolutional neural networks; transfer learning; capacity estimation; constant current charging; deep

learning



