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Comparative study of Thevenin model and GNL
simplified model based on kalman filter in SOC
estimation
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Abstract— To explore the importance of establishing battery
models during the battery SOC estimation process. At present,
the most commonly used Thevenin model and Gnl model, on
the basis of the two models, the first comparison of the voltage
waveform of the discharge two fitted with the actual static
voltage waveform, the Gnl model in the process of fitting in
voltage precision is higher than that of Thevenin model, have a
stronger degree of simulation. With the extended Kalman filter
algorithm, further confirm the use of the two model in SOC
prediction model, the equation of state parameter
identification by using the least square method, the
relationship between calculation model and parameters of
SOC cell, and obtained the simulation results and the actual
conditions and results. After many experiments, found in the
process of using the extended battery SOC estimation Kalman
filter algorithm, battery model selection has an important
influence on the experimental results, and the results show that
Gnl model is better than the Thevenin model, the prediction
error is reduced to 4%.
Index Terms—Extended kalman filter; Thevenin model; Gnl
model; SOC

I. INTRODUCTION
In recent years, the research of vehicle power battery has a
great development, but there still exist some problems, one of
the most important problem is the battery state of charge
(state of charge) estimation problem of SOC, and establish
the precise model of the battery is basics of SOC estimated
.There are many definitions of the battery SOC, and many
researchers consider the remaining electricity and charged
state (SOC) as a concept, but strictly speaking, there are
differences between the them.The remaining power refers to
the amount of charge released from all possible chemical
reactions, while SOC refers to under certain conditions, the
number of battery charge can release, SOC can accurately
indicate that the battery more than remaining battery state of
charge.There are many algorithms for SOC estimates , such
as: open circuit voltage method, current time integral
method, resistance method, Kalman filtering algorithm,
neural network algorithm.However,these methods have their
own shortcomings，For example, the open circuit voltage
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method requires the battery to remain stationary for a period
of time before the open circuit voltage is measured；The
current time integral method depends on theinitial value of
SOC, If the initial value is not accurate, it will produce
accumulative error ； The Kalman filter algorithm can
eliminate the accumulated error, but it has strong
dependence on the battery model。From the research of
these methods, it can be seen that either method can not be
separated from the establishment of battery model ， the
accurate battery model is very important for the study of
battery charging state。In this paper, the extended Kalman
filtering algorithm is used to study two widely used battery
models --Thevenin and GNL simplified models.Through
simulation experiments, the advantages and disadvantages of
the two methods in the research of battery SOC are
compared, which lays a foundation for further
research.Compared with traditional algorithms, such as open
circuit voltage method, internal resistance method, current
integration method and so on, extended kalman filtering
method can make prediction achieve higher accuracy.
II. EXPERIMENTAL

A. Equivalent Circuit Model
The equivalent circuit models commonly used at home and
abroad are: Rint model, Thevenin model, PNGV model,
GNNL model, neural network model, etc.Considering the
practicability of the battery model, the equivalent circuit
model of the battery is neither simple nor too complex. The
Thevenin model and the GNL model are widely used in these
models,The following is the comparison of the two models.
B. Thevenin Model
The circuit diagram of the Thevenin model is shown in
Figure 1. The model consists ofa constant voltage source, a
capacitor and two resistors.The model describes the open
circuit voltage of a battery with ideal constant voltage source
Uoc,The resistance R0 represents the ohmic resistance of the
battery,The resistanc RP represents the polarization
resistance of the battery,A network composed of a resistor
RP and a capacitor C P can describe the planned function of
the battery,The voltage at both ends represents the
polarization voltage of the battery.
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Output equation：
(6)
Discretization of state equation and output equation：
(7)
(8)
(9)
Both the Thevenin model and the GNL simplified model take
the charging current as the forward current.

Fig.1.Thevenin model
Assuming that the charging current is positive direction, the
state space equation of the model can be obtained according
to the Kirchhoff voltage and current law:

D. Parameter Identification of Model
In the Thevenvin model and the GNL simplified model,
the parameters need to be identified are the internal

State equation
(1)

resistance and time constant of the battery.The parameters
that the thevenvin model needs to identify are ohmic

Output equation

resistance

(4)
C. General Nonlincar(GNL)Model
The circuit diagram of the simplified model of GNL is
shown in Figure 2，The model consists of a constant voltage
source, two capacitors and four resistors.The ideal voltage
source Uoc for the model represents the open circuit
voltage，The resistance R0 is the ohm internal resistance of
the battery ， The resistance Rpp represents the internal
resistance of the battery's concentration plan，A network
consisting of a resistor Rpp and a capacitor Cpp can describe
the concentration polarization of a battery.This is a
simplified GNL model without considering the energy
storage capacity.

constant

resistance

,time

.GNL simplified model needs to identify

parameters with ohmic resistance
,time constant

,

,Polarization internal
.A method of stationary

discharge or charging static discharge of the battery is
presented in this paper to get parameters of battery model.
The battery was discharged 600s after 1000mA and
placed 3H, and the voltage characteristics of the battery are
shown in the diagram .
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Fig.3.Voltage curve after discharging last 600s at 1A
discharge current
The voltage will rise suddenly after the battery stops
discharging and it will take some time to settle down，The
reason is that the current suddenly ceases to be zero after
Fig.2. GNL model
State equation：

discharge, and the ohmic resistance produced by ohmic
resistance disappears instantaneously, but the polarization of
the battery does not disappear immediately.The polarization
voltage does not change to zero immediately. As the battery

(5)

is stationary, the polarization voltage drops to zero，The
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voltage at both ends of the battery is the open circuit voltage
of the current SOC.Therefore, the ohmic resistance and
polarization resistance of the
This method is used in the Thevwnin model：
(10)

kalman is mainly used to deal with linear discrete
systems.The extended kalman filtering algorithm used in this
paper is an excellent algorithm to deal with nonlinear
systems.The battery cell is a nonlinear dynamic system.The
state value of this moment is estimated by using the estimated
and observed values of the battery state at a previous
moment.The equivalent discrete equation is as follows:

(11)
In the formula

,

experiments,Using the least square method to fit the
experimental data

(16)

can be obtained through

, the value of time constant

can be

、

Expanding the function

by Taylor

formula to reach the purpose of linearization of nonlinear
function：

obtained.
(17)

It can be deduced from the simplified GNL model：
(12)

(18)

(13)
(19)

(14)
(15)
25

B. Algorithm verification
Put the battery at room temperature (25℃).The working
condition of the battery in actual use is simulated by
experiment charging and discharging.Fig. 5 is the change of
current and voltage under the experimental condition.From
the diagram, the battery charge and discharge
alternately.The SOC of the battery is calculated by collecting
the capacity of the battery charging and discharging.
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Fig.5.Current and voltage wave forms the test condition
C. Simulation Result
The results of simulation are compared in Figure 6 and
Figure 7.The SOC simulation value is compared with the
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experimental value based on the Thevenin model and the
GNL model.Figure 8 is the error comparison of simulation
results.It can be seen from the diagram that the errors of the
two models converge within 4%.However, the simplified
GNL model results slightly higher than that of Thevenin
results which can reach 3%.Results of synthesis graph 4,The
GNL model is better than the Thevenin model in estimating
the battery SOC by kalman filtering.
1
Thevenin
Experiment value

0.8

SOC

0.6

battery power model, Thevenin model and Gnl model.The
advantages and disadvantages of the two models in the
application of Kalman filter to predict the battery SOC are
deeply studied and the simulation results are obtained.By
comparing the experimental results, we can see that the
accuracy of thevenin model in SOC estimation by Kalman
filtering is lower than that of Gnl model.And The GNL
model is more close to the actual battery performance and can
reduce the error to less than 4%.
The method is mainly dependent on the application of
Kalman filtering and the application of other algorithms in
estimating battery SOC has not been studied deeply.The
conclusions presented in this paper can lay the foundation for
the follow-up research of battery work.
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IV. CONCLUSIONS
In this paper, SOC estimation of power battery is studied
based on extended Kalman filtering algorithm .We built the
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