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Abstract -   In present day, Battery technology is a 

major demanding and in almost all applications useful. 

Electric car and various applications of Battery are so 

dependent. Batteries require special handling with the 

performance and its parameters need to be monitored to 

prevent situations that could result in damage or 

unexpected burst. This is incorporated by Battery 

Management System. Battery Management System 

consists of many blocks like Sensors, Battery pack, 

Control Circuit, Signal lines. To provide accurate 

information to the Control Circuit in management system 

it is essential to perform various operations like SOH, 

SOP and SOL. This project report describes the research 

in detail, and analysis of the SOC estimation method 

using two techniques which CC Method and EKF 

Method. The proposed model depicts accurate estimation 

method, by comparing to give the best State-of-charge. 

MATLAB/Simulink software is used for simulation and 

analysis, results show that the approach of State-of-

charge estimation using Extended Kalman Filter 

considering Thevenin model, provides less error 

compared to Coulomb Counting Method. And the report 

finally concludes accurate estimation technique for 

Battery Parameter Estimation. 

 

Keywords - electric vehicles (EVs), State-of-charge 

(SOC), State-of-health (SOH), State-of-power (SOP), 

State-of-life (SOL). Coulomb Counting (CC), Extended 

Kalman Filter (EKF). 

 

I. INTRODUCTION  

At present, if we notice the growth of Batteries in various 

fields, it is not at maximum potential compared to other fields 

like Processor capacity, Memory and Storage capacity. It is 

important to improve the Battery Technology for better 

efficiency. Also the estimation Techniques for accurate 

operation in different applications. It is not easy to estimate 

the accurate charge of Battery because of its nonlinear 
behavior of Battery Characteristics. However each technique 

to estimate the SOC of Battery has its own advantages as well 

as drawback [1] [2]. Accurate estimation for Battery state of 

charge is a challenging task because of aging effects and its 

dependency on temperature [7]. This paper is to research, 

compare and simulate SOC Estimation Technique using 

Coulomb counting method and Extended Kalman Filter 

Method, Further the Analysis of the work reviews the most 

accurate Technique. 

 
 

Fig. 1 Basic diagram of Battery Management System. 

 

Battery Management System is one of prime task. To monitor 
and ensure safe operation of any circuit with Battery 

applications BMS is must. Fig 1 shows the block diagram. 

Battery Pack array voltage, Current and temperature various 

data measured from sensors and Sample Circuit analyzes and 

sends signal to Control Circuit to take necessary action 

according to the situation. Estimation of various Battery 

Parameter like SOC is very important in Electric Vehicles 

[13], Therefore it is not investigated the impact of input 

capacitance upon system stability for photovoltaic fed 

systems for other power converters. Considering the subject 

under review, this paper’s aims are  

 

 To research well about different SOC estimation 

Techniques, develop a simulation model for SOC 

estimation considering Thevenin model.  

 Furthermore to compare Coulomb counting method 

and Extended Kalman Filter Method using MatLab.  

 Also one of the objective of this project is to boost 

research in the Battery Parameter Estimation area 

using Industry oriented MatLab Tools. 

 And to conclude the most accurate model for 

estimating SOC for Battery  
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II. SOC ESTIMATION  METHODS 

A:  Electrical Equivalent Circuit Model 

Different Electrical Circuit models are considered to analyze 
estimate and evaluate the battery parameters for improving 
accuracy in different applications. The models like Rint 
model, RC model, Thevenin model and PNGV models and 
dual polarization model are used to simulate the polarization 
and chemical behavior of the Battery. But Thevenin model is 
used to depict optimal performance. 

 

 

Fig.2 Equivalent Circuit of first order Thevenin model 

 

B:  Coulombs Counting Method (CC) 

Coulomb Counting or Ampere-Hour method is simplest and 

cost effective compared to other estimation methods. 

But it does have problems such as an initial value must be 

known.  And measurement error noise should be taken care of. 
The maximum offered capability to discharge Amperes of a 

battery is known and its current can be measured accurately 

the Coulomb Counting method easily provides the accurate 
estimation of the SOC.  

SOC (t) = SOC (t0) + (1/Cn) ∫ (𝐼 𝐵𝑎𝑡) 
𝑡0+𝑡

𝑡0
 ×100%               (1) 

Equation (1) Where SOC (t0) is the initial SOC, Cn given 

capacity of Battery, and Ibat is the charging/discharging 

current. Positive for charging and negative for discharging. 
CC has been used in most all of industry for Charge estimation 

At present, the CC method (the ampere-hour Integral method), 

is the most used method for SOC estimation since it is the 

most correct technique for short duration estimation since it is 

a direct method. 

C: EXTENDED KALMAN FILTER METHOD 

To understand the Extended Kalman filter, 
KF is an integrated method,it requires a batterymodel and a s
tate observer to be used. Kalman filters in 1958 Rudolf Emil 
Kalman practiced and are developed estimation theory, 
for system linearity. Kalman Filter provides an accurate 
method for evaluating the SOC through linear filtering, the  
 
SOC estimate of a battery remains difficult because the  
battery's extremely nonlinear and electrochemical behavior 
of the battery after usage of certain durations lead to low 
performance. To account this, a technique called Extended 
Kalman Filter (EKF) can be utilized for estimating SOC. The 
Extended Kalman Filter is iteration based method for 
nonlinear systems. 

 

 
 

Fig.3 Kalman Filter Three Phases of Filter Operation 
 
 

The figure (3) shown depicts the three stages of operation. 

System’s state is estimated using model for each prediction 

transformation matrix is updated, an actual input data given to 

the state estimate estimation matrix and initialization of noise 

matrix is done. An actual input data given to the state estimate 

estimation matrix and initialization of noise matrix is done. 

The equation is defined as follows 

.  

𝑋𝑘+1  =  𝑓(𝑋𝑘 , 𝑈𝑘  ) + 𝑊𝑘         (2) 
 

    𝑌𝑘 = 𝑔(𝑋𝑘 , 𝑈𝑘  ) + 𝑉𝑘                          (3) 

 

 

Equation (2) shown in is processing equation, where the  

X k+1 is state vector which consist SOC, u k is system control 

input, (X k U k) is system  state transition function. And Yk (3) 

is the output function with noise. 

 

CC method of estimating SOC is basic and the simplest 
among the other. The Ampere Hour method or the CC 

method is implemented using the standard equation with the 

basic elements from Simulink Library in Matlab. The model 

shown in figure consists of Two Blocks CC model it is the 

standard equation implemented and the Battery Model is the 

1st order Thevenin equivelent model. Open circuit voltage 

computed over Controlled voltage source is fed to the model 

with Ro connected in series with the RC pair and to the 

terminal as controlled current source. The terminal side is 

connected with the controlled current source as to inject 

negative current equivalent to the drain current from the 

model when connected load. This negative current is 
measured with current measurement block and connected to 

the CC model as shown in figure (4). 

 

 

 

Measure

UpdatePredict
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Fig.4 Simulink Block Diagram of Thevenin’s Model 

 

The CC model is Amperes measured over the time and with 

respect to the total capacity of the battery calculated in 

percentage. And integrated over the time interval, here the IBat 

is negative because it is characterized the discharge. Which is 

following the standard equation with initial condition as 

hundred percent. And the gain block shows the negative 

current that is discharge current. In order to incorporate EKF 

with the input data of Discharge Current linearized model 

with matrices the computation is done. The equation (2) and 

(3) of EKF is implemented with discretized state space 

equations of equivalent Thevenin Circuit model. To 
implement EKF considered equivalent circuit model as 

Thevenin Circuit figure (2) transition function and discharge 

Current data of dynamic stress test for Battery is considered 

and described w.r.t matrices A, B, C and D and to apply EKF. 

And MatLab Code is written. 

 

𝑓(𝑋𝑘 , 𝑈𝑘  ) =    𝐴𝑘  𝑋𝑘  + 𝐵𝑘 𝑊𝑘                        (4) 

 

 

   𝑔(𝑋𝑘 , 𝑈𝑘  )  =   𝐶𝑘  𝑋𝑘 +   𝐷𝑘 𝑉𝑘                          (5) 
 

 

 

Refer The Circuit shown in Figure (2) 

 

 
𝑑𝑈1

𝑑𝑡
= {𝑖𝐵𝑎𝑡 (

1

𝐶1
) − 

𝑈1

(𝑅1  𝐶1)
}                                        (6) 

 

 
 

𝑉𝑜 = {𝑉𝑖 − 𝑈1  −  𝑅𝑜   × 𝑖𝐵𝑎𝑡}             (7) 

 

 

 

A       =    [

−1

𝑅1 𝐶1
0 0

0
−1

𝑅1 𝐶1
0

0 0 0

]                        (8) 

B      =          

[
 
 
 
 

    

1

 𝐶1

1

 𝐶1
−𝜂

𝑄

    

]
 
 
 
 

            (9) 

C     =       [−1  − 1    𝑉𝑖  ]                                  (10) 

 

D     =    Ro         (11) 

In the form of Modelling as: 

 

[

𝑑𝑈1

𝑑𝑡
𝑑 𝑆𝑂𝐶

𝑑𝑡

]=[

−1

𝑅1  𝐶1
0

0
−1

𝑅1  𝐶1

] [
𝑈1

𝑆𝑂𝐶
] +[    

1

 𝐶1
−𝜂

𝑄

   

 

] [𝑖𝐵𝑎𝑡]   (12) 

 

[𝑈𝑜𝑐]=   [−1      𝑉𝑖  ]  [
𝑈1

𝑆𝑂𝐶
]    +𝑅𝑜    [𝑖𝐵𝑎𝑡]        (13) 

 

III. SIMULATION RESULTS 

It is well known that iteration based estimation of 
parameter always yield more accuracy, in the Figure (5) shows 
the SOC estimated Curve of CC and EKF method. The upper 
brown color curve data shows the CC based and the lower 
cyan color data EKF based. It is noticed that the Extended 
Kalman Filter is more accurate because, it accounts the 
correction at every iteration till its meats the given threshold 
with present and previous state. And the new gain value is 
accounted for posterior steps. 

 

Fig.5: SOC estimation Curve of CC and EKF method 
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Fig.6 SOC estimation Error of CC and EKF method 

IV. CONCLUSIONS 

In this paper, proposed system efficiently estimates the SOC. 

The Extended Kalman Filter is modelled in Simulink and 

Compared with the traditional CC method. The maximum 

SOC error of 3 % is determined and an average error of 2% 
with Extended Kalman Filter Figure (6) and The data resulted 

by EKF model is found to be more accurate compared to the 

Coulombs Counting Method. Error in measuring data, change 

in battery temperature and accurate noise sensor errors was 

not taken into consideration, although the Change in 

discharge current is considered with dynamic stress test data. 

An improvement of the model with more precision can be 

done if considered. Reduction of error in estimating the State 

of Charge and meeting real time values is more demanding at 

the same time there is trade of with cost and complexity. 

V. FUTURE SCOPE 

This is an investigation for SOC estimation design, simple 

and cost effective with accuracy, to estimate SOC and real 

time Battery Parameters considering all Battery behavior and 

Chemical effects is very challenge. The Battery Technology 

which is improving bit by bit recently, with recent Li 

Batteries of enormously developed and making it compact. 

There are different filter based SOC estimation of Battery but 

comprising reliable and cost effective and less complexity is 

important.  
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