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Method of predicting residual power of
rechargeable lithium batteries

CHEN Siyuan, FANG Zheng, HU Weifeng, YU Jie, WANG Qian, WANG Hanbo, WANG Yuxin
(School of Aerospace Engineering, Xiamen University, Xiamen 361102, China)

Abstract: In order to accurately measure SOC (state of charge) of lithium ion batteries, the discharge voltage and
discharge rate of 6 different discharge currents (0.7, 1.1, 1.7, 2.2, 2.7 and 3.3 A) were collected by using Hyperion
balanced charge and discharge equipment with 2 200 mA-h polymer lithium battery as the research object. The neural
network algorithm based on backpropagation (BP) and radial basis function (RBF) was used. Collected sample data was
divided into training group and test group. After training the training group with different neural network algorithms,
appropriate parameters were selected to construct the neural network and the test group data were tested. Finally,
predicted results and errors of the two algorithms were compared. The results show that the average relative error of RBF
prediction is lower than that of BP, and the prediction speed is faster, therefore, RBF is more suitable for the prediction of
residual capacity of lithium-ion batteries than BP.

Key words: lithium ion battery; SOC prediction; BP; RBF

BMS
SOC
(BMS)
8 (state of charge SOC) ( )
2017-09-16 2017-10-28
(Foundation item) (61571381) (Project(61571381) supported by the National Natural Science Foundation of China)

E-mail: fangzheng@xmu.edu.cn



2122 ) 49
1.2 SOoC
= SOC SOC
SOC (8]
SOC
(
) SOC
Bl SOC
( ) SOC
[4] (
)
[5]
2200 mA-h
(backpropagation  BP) (radial basis
function RBF) socC e
BP RBF 1.3
SOC (artificial neural network ANN)
ANN
1 SOC
1.1 SOC
(SOC S )
(6]
2 1
1)
S:[%JXIOO% )
0
Qr QO
2)
S = WRemember x100%
Initial
1
[0) Fig. 1 Basic structure of artificial neural network
S=| =L |x100% 2)
0
W Remember VVlnitial n
Zi=Z(VVi><Xi_9i) 4)
i=0
SOC (depth of discharge Y=£(Z) (5)
DOD D ) ] )
o ¢ X(@=0,1, .n) W(i=0,1, . n)
D b
VAQ
S=1-D 3)



9 2123

w;
40 BP
RBF 2 (10]
BP RBF 2 SOC
BP
[11]
2 BP
2
BWMINE &2 g )=

3 BP
Fig.3 Flow chart of BP neural network algorithm

21
HIANX BUE  skerd LMt fmy

2 BP
Fig. 2 Basic structure of BP neural network

BP 3
Nmaxfail
Nmaxfail
Nmaxfail (2] 4 RBF
Neait k Fig. 4 Structure of RBF neural network
t
RBF
[13] 3
RBF p(x—cf) =expl=px—c[’] @)
4 RBF 4
timyy ., p(lx—c;)=0 ®)
N
() =Y ap(lx-c)) ©) ® 1
i=1
N (o8 i RBF

a i el



2124

49

E€RMSE

A

PISHALBUE . Hob &
L. EZIRE

! |
AR R T A TEBUR A
T Bk e S5 B 56 1)

5 RBF
Fig. 5 Flow chart of RBF neural network algorithm

2 200 mA-h
25C 4.2
Hyperion NET & DUO3

Hyperion control & date suite

36V

(
)
1C~5C
2C 44 A
2C 0.7
1.1 1.7 22 27 33A 3
2.1 BP SoC
BP D q
SOC
SOC
SOC (1]
07 17 27 A
1.1 22 33A
BP sSoC

[17]

S tansig
h=4\p+q+a ©
h=log, p (10)
h=2p+1 (11)
h q p
a 1~10
p 2 q 1
m  1~12
1.1 A
1~12
SOC 5
1
1 1 7 8
10 11 12 SOC 0.05
2 3 456 9 56 9
SOC
5 6
6
5 6
6
9
6 BP
6 ( U C )
1.1 22
33A MATLAB
BP [18]
DOD
7
1.1 22 33A
2
6 BP

Fig. 6 Constructed BP neural network



2125

Table 1 Comparison of SOC prediction errors of BP neural network with different hidden neurons

1

BP

SOC

/

1 17 0.2143 0.1015 0 0.0185 0.0145
2 135 0.044 0 0.029 3 0 0.0116 0.005 9
3 174 0.096 1 0.040 8 0 0.005 5 0.004 6
4 194 0.076 4 0.032 1 0 0.017 1 0.007 7
5 161 0.066 8 0.025'5 0 0.014 7 0.007 5
6 117 0.0515 0.021 4 0 0.0111 0.004 1
7 125 0.166 5 0.0715 0 0.0225 0.0167
8 243 0.435 1 0.3193 0.000 2 0.147 8 0.096 7
9 734 0.047 4 0.0312 0 0.009 7 0.006 8
10 236 0.294 3 0.158 1 0.000 1 0.069 3 0.0522
11 499 0.454 1 0.589 4 0 0.2297 0.1955
12 222 1.365 8 0.2245 0.000 4 0.043 7 0.0450
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Fig. 7 Relationship between discharge voltage and DOD and SOC prediction error distribution at different discharge current
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Table 2 SOC prediction errors at different discharge currents

/A

1.1 187 0.0548 0.0256 O 0.014 8 0.008 2
2.2 182 0.0228 0.0240 O 0.006 5 0.006 2
33 120 0.0489 0.0359 O 0.0142 0.008 9
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Fig. 9 Relationships between discharge voltage and DOD and SOC prediction error distribution under different discharge currents
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Table 3 SOC prediction errors of RBF neural network

/A

1.1 0.026 9
2.2 0.090 6
33 0.059 6

0.020 2 0
0.033 7 0
0.038 7 0
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