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Abstract: To address the issue of inaccurate state of charge (SOC) estimation for power batteries
in new energy vehicles in scenarios involving temperature variations, a modified battery SOC
estimation method based on neural network and unscented Kalman filter (UKF) is proposed.
Initially, a Thevenin equivalent circuit model with dynamic parameters is established, taking into
account the effects of temperature fluctuations. The characteristics of changes in battery open-
circuit voltage (OCV) under varying temperature conditions are examined to establish the

relationship between battery SOC and OCV. Additionally, the alterations in battery capacity
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under temperature variations are analyzed. A neural network is employed to train the neural

network temperature factor for battery capacity reduction corresponding to temperature changes.

Furthermore, the dynamic model parameters are identified using the recursive least squares

algorithm with a forgetting factor. Subsequently, the neural network temperature factor and the

UKF are utilized for real-time adjustments to ensure precise SOC estimation under changing

temperature conditions.

The results demonstrate that the battery SOC estimation method

considering temperature variations significantly enhances SOC estimation accuracy compared to

traditional methods. In a low-temperature environment of —15°C, the proposed method enhances

SOC estimation accuracy by 2. 77 %.

Keywords: new energy vehicles; power batteries; state of charge estimation; neural network;

unscented Kalman filter.
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Fig. 1 Thevenin equivalent circuit model with dynamic

parameters
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Table 1 Specifications of low temperature lithium battery
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Fig. 2 Tested result of open-circuit voltage
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Fig. 3 Open-circuit voltage under various temperatures

PSR BE R B i SOC X 1 Y T 5% e, 1 B
PIUE N3 2 Pros . EAHFE B SOC T, HL it
S-S5 T % L 5 A [R) IR R T b A E b T B L R
FrHede e RAYIR 22 0 R st 2 A 0. 220,
PRI I 5 FH S 347 FF 4% i 1 mT DA 8503 AE 4L f b A Tl R
AL EREE T B FF 6 B H-SOC $5bE

k2 @i SOC fn-F ¥ AR Y R B K F
Table 2 Relationship between battery SOC and average

open-circuit voltage
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Table 3 Battery capacity test results at different temperatures

WEE/C HBAR/(mA b FEEWRER/%
40 2370.2 0. 25
30 2376.1 0
20 2 276.6 4.15
15 2 233.3 6.01
10 2193.7 7.68
5 2154.9 9.31
0 2114.6 11.01
—5 2 080. 2 12.45

—10 1969.1 17.13
—15 1908.3 19. 69
10
0.9 —r
08} —
=
—0C
o6 T e
205 -15C
Q
0.4
03
02
0.1
0 s 10 15 20 25 30 35 40

IR 1) /ks
P05 A [l BE A 4 i P it SOC 55 1 1] 4 B 56 2
Fig. 5 The relationship between SOC and time in various

temperature capacity tests
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and unscented Kalman filter
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Fig. 9 Experimental test platform for lithium batteries
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