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ABSTRACT 
Estimating the state-of-charge of battery packs is 

more important than that of single cells in electric 
vehicles. This paper proposes a battery pack model to 
estimate the SOC of a series-parallel battery pack for 
electric vehicles, which integrates the difference model 
and the mean model. To verify the performance of the 
model, we use the model to estimate the SOC of a 12-
series-3-parallel (12S3P) battery pack under dynamic 
conditions, the results show that the maximum error of 
the battery pack SOC estimation is 0.005. 
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1. INTRODUCTION
In order to meet the dual demand for high voltage

and high capacity in electric vehicles, lithium-ion power 
batteries need to be used in series and parallel 
combinations[1]. As the batteries will have differences in 
the production process, when these batteries are used in 
groups, the differences between individual batteries will 
further increase[2]. Although this problem can be 
improved by selecting individual cells with good 
consistency for use in groups[3], the consistency gradually 
deteriorates as the cells age and large errors can occur 
due to differences in the use environment and operating 
conditions[4]. Battery inconsistency has a significant 
impact on the safety of electric vehicles[5, 6].  

To overcome the problem of battery pack state 
estimation, a number of methods have been proposed to 
estimate the battery pack SOC. Zheng et al. [7] developed 
a mean difference model (MDM) which takes into 
account the inconsistency of SOC and internal resistance. 
The accuracy of the model was verified experimentally 
on a battery pack with 12 cells connected in series. Hu et 
al. [8] also considered the inconsistency of SOC and 
internal resistance, a fuzzy system they designed to 
improve the accuracy and adaptability of SOC estimation 
under cell inconsistency. Jiang et al.[9] proposed an 
extension method for cell-to-cell state estimation based 

on a multilayer difference model to achieve joint 
estimation of the state of charge (SOC) and capacity of a 
series-connected battery pack. 

Most of the current studies only consider series-
connected packs or parallel-connected packs[10], while 
the SOC estimation of series-parallel batteries is less 
studied. Therefore, this paper proposes a fusion model 
to implement the state estimation of series-parallel 
battery packs. 

The remainder of this paper is organized as follows. 
Section 2 describes the development of the fusion 
model, the accuracy of the model estimation is verified 
with the designed battery pack in section 3, and the final 
section provides some conclusions and summaries. 

2. BATTERY PACK SOC ESTIMATION METHOD
In order to establish a battery pack state estimation

model that describes both the battery pack state and the 
individual cell states, a difference model is first 
established to describe the individual cell states in each 
series branch, and then an average model is established 
to represent the battery pack state for a battery pack 
that is first connected in series and then in parallel. 

2.1 The difference model 

There are many inconsistency factors among cells, 
such as SOC, internal resistance, capacity, coulombic 
efficiency (CE), etc.[11] In order to reduce the 
computational burden on the battery management 
system (BMS) and to ensure the accuracy of the 
estimation, only SOC differences are considered in this 
paper. 

First, one cell in the battery pack is selected for 
parameter identification and SOC estimation using the 
double extended Kalman filter algorithm (DEKF)[12], and 
this cell is noted as the reference cell (r-th cell), then the 
difference between the SOC of the remaining cells in the 
battery pack and the SOC of the reference electricity can 
be expressed as: 

, ,

i i r

k m k m kSOC SOC SOC = − (1)
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where 
,

i

k m
SOC is the difference between the i-th cell of 

the m-th branch and the reference cell;
,

i

k m
SOC is the SOC 

of the i-th cell of the m-th branch; r

k
SOC is the SOC of the 

reference cell. 
The terminal voltage of the i-th cell can be expressed 

as: 
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where
,

i

k m
U is the terminal voltage of the i-th cell of the m-

th branch;
,

( )
i

oc k m
U SOC is the open-circuit voltage of the i-

th cell of the m-th branch;
,

r

p k
U is the polarization voltage 

of the reference cell;
,

r

o k
R is the ohmic internal resistance 

of the reference cell;
,k m

I is the current in the m-th 

branch. 
take (1) into (2): 
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The state space expression of the difference model 
can be established by (1) and (3), considering that the 

change of
1,

i
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SOC

−
 in the same cell at the former 

moment and
,

i

k m
SOC at the latter moment is small and 

negligible, so we assume that 
1, ,
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−
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state space equations are as follows:
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state equation; m is the total number of series branches; 
N is the total number of individual cells. 

The EKF algorithm is used to estimate the difference 
between individual cells, the SOC of the i-th individual 
cell can be expressed as: 
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Where 
 

m
C  is the capacity of the m-th series branch; 

,k m
SOC  is the SOC value of the m-th branch; n is the total 

number of cells in a series branch circuit.  

2.2 The mean model 

Unlike the conventional averaging model, after 
estimating the SOC of each series branch using the 
difference model, we take the average of the SOC of the 
individual series branches as the battery pack SOC, which 
is implemented as follows.  

First, for each series branch, the cell with the lowest 
SOC value is taken as the SOC of that branch, noted as 

, ,

i

k m f
SOC . Then the SOC of the battery pack and the 

capacity are calculated by the following equation: 
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Where M is the total number of series branches. 

3. RESULTS AND DISCUSSION  

In this paper, a 12S3P battery pack is used to verify 
the accuracy of the constructed model as shown in Figure 
1. Since the OCV-SOC relationship of the battery is 
constant, the OCV-SOC relationship of the reference 
battery is obtained through open circuit voltage 
experiments at different temperatures and the OCV-SOC 
relationship of the reference battery is used as the OCV-
SOC relationship of all the cells in the battery pack as 
shown in Figure 2. 
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Fig. 1 Battery pack formation type 
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Fig. 2 OCV-SOC relationship 

To validate the accuracy of the proposed model 
under UDDS operating conditions, the DEKF was used to 
estimate the reference cell SOC, as shown in Figure 3. 
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Fig. 3 (a) the estimation results of the reference cell; 
(b) estimation error 
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Fig. 4 (a) the results of SOC estimation for the remaining 
11 individual cells in series branch 1; (b) estimation error 

Figure 3 (a) shows the estimation results of the 
reference cell and Figure 3 (b) shows the SOC estimation 
error. The DEKF was used to estimate the SOC of single 
cell No. 1 to be able to meet its accuracy requirements 
and the error was maintained at 0.002, Figure 3(c) shows 
that the algorithm can converge to the true value within 
500 seconds when the initial SOC value is inaccurate, so 
it can be considered that the estimation accuracy of 
single cell No. 1 is high enough to be used as a reference 
cell. 

The battery pack SOC is then estimated by the fusion 
model proposed in this paper, and the results are shown 
in Figures 4, 5. 

Figure 4(a) shows the results of SOC estimation for 
the remaining 11 individual cells in series branch 1. 
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Figure 4(b) shows the estimation error, and it can be seen 
that the maximum estimation error is 0.0045, and the 
maximum error is 0.001 when the SOC is in the 20%-
100% interval, thus verifying the accuracy of the 
modified model. 

Figure 5(a) shows the results estimated using this 
fusion model, and Figure 5(b) shows the fusion model 
estimation error, which can be based on a maximum 
error of 0.005 using the EKF algorithm, with the 
maximum error occurring at a SOC of 40%, due to the fact 
that this difference model does not take into account the 
differences caused by differences in internal battery 
resistance and Coulomb efficiency, but is also 
satisfactory for use in real vehicles. 
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Fig. 5 (a) the results estimated using this fusion model; 
(b) estimation error  
4. CONCLUSION 

In this paper, we proposed a fusion model to 
estimate the SOC of series-parallel battery pack for 
electric vehicles. Using the EKF in conjunction with this 
model, the results show that the modified model can not 
only estimate the SOC of the battery pack, but also 
achieve the estimation of the SOC of each individual cell 
in the battery pack, significantly improving the accuracy 
of the battery pack SOC estimation. 
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