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Abstract: Mostly lithium ion batteries are more famous among the people because of its energy density, long life span and high 
power. Battery management system is necessary for safe operation as well as long life span of lithium ion battery. The wide 
spreading of EV is encouraging for research on electric energy storage systems as well as Battery Management Systems.  To 
control charging as well as discharging of battery, state of charging estimation is necessary. For monitoring battery state, it is 
important to analyze the factors which are affecting the errors in evaluation of state of charging along with health parameters 
such as internal resistance and capacity. For accurate calculation of state of charging we can use Extended Kalman Filter or 
Unscented Kalman Filter. 
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I. INTRODUCTION 
Now a days, demand of energy increasing. Because of excess use of fuel like petrol diesel there is decrease in fuel resources, 
environmental disorientation and increase in greenhouse gases. Rising crude oil prices, the awareness about environmental issues 
had resulted in increased development in energy storage systems. Because of its low pollution as well as more efficiency, battery is 
more charming system for storage of energy. Due to this, renewable energy has gained more attention and derives use of electric 
vehicles. Electric vehicles are more popular because of its wider acceptance among the customers, improved performance such as 
acceleration rate and large distance running from single charging. 
It is no overemphasis to say that power batteries have been the heart of new energy vehicle, and play a significant role in the 
developing of new energy automobile industry. Lithium-ion battery has been mostly used in electric vehicles due to its large specific 
capacity, high energy density, pollution-free and long driving distance [11].With the rapid development of new energy industry,  Li-
ion batteries are widely used in electric vehicles and power grid as energy storage unit [2]. Battery management system is an 
essential module, which results in optimal power performance, reliable power management, secure as well as safe vehicle. This is 
lead back to boost power in electric vehicle. 
 The State Of Charging estimation is important feature in BMS [19]. Considering the complex dynamic driving conditions for 
electric vehicle, accurate State Of Charging estimation of the battery can greatly prolong its service life, improve its efficiency and 
ensure its safety and reliability. Because of their more energy density, more power and long life span, lithium-ion and lithium-
polymer batteries are popular among the people.  
Lithium –ion battery that is used in electric vehicle is consists of many cells. These cells may be connected either in parallel or 
series to each other.  
The performance of the battery should be predicted for reduction in the energy use and increase battery life. Therefore use of a 
reliable simulation model for the BMS is important for designers to guide about the performance of the battery as well as to increase 
the power efficiency of a battery-based system. In electrical vehicle, a BMS with the function of state of charging estimation is 
required for user to know how long the electric vehicle can be used before the battery state approaches to empty. 
Moreover, the Lithium-Ion battery should not be excess charged or excess-discharged, correct State Of Charging estimation is 
necessary to avoid the system from unintentional battery misuse and thus ensuring safety and longevity. A good simulation model 
for battery is necessary, so both battery behavior and the physical interaction of the battery with all the other components are 
properly reflected in the model. For effective as well as adequate design of battery for Electric Vehicle is important part. 
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II. ADAPTIVE FILTERS 
Based on current and voltage measurement the battery state is determined to be in either charge, discharge or open-circuit voltage 
and SOC relation are established for each .These relations are the used to estimate SOC over a cycle, resetting different parameters 
values for  each start of estimation. For state estimation on nonlinear systems, or parameter estimation using Kalman Filter, one of 
the approaches is to lineralize the system under investigation around its current state and force the filter to use this linearized version 
of our system as a model. This is Extended Kalman Filter. EKF is not very stable and many times, when it does coverage to the right 
solution, it does it very slowly. In order to improve this filter, instead of using linearization to predict the behavior of the system 
under investigation some of researcher started using Unscented Kalman Filter.  In EKF, it is difficult to calculate the Jacobians if 
they need to be found analytically. If Jacobians found numerically, then there is a high computational cost. Extended Kalman Filter 
only works on system that has a differential model. Extended Kalman Filter is not optimal if the system is highly nonlinear. 
Unscented Kalman Filter has some advantages over Extended Kalman Filter. UKF transformation describes the nonlinear system 
better than the linearization. Hence these filter coverage to the right solution more rapidly. However, as the EKF, this filter may 
become unstable and results may be biased. In Sigma Point Kalman Filter (Unscented Kalman Filter) produces several sample 
points around the current state estimate based on its covariance. Then, propagating these points through the nonlinear map to get 
more accurate estimation of the mean and covariance of the mapping results. In this way, it avoids the need to calculate the 
Jacobian, hence incurs only the similar computation load as the Extended Kalman Filter. 

III. METHDOLOGY 
The Simscape language makes modeling physical systems easier and more intuitive. Thevenin Equivalent model is mostly used to 
model the Lithium ion battery (1-RC cell) as shown in Fig.1., but it is not accurate if all of its elements can change, depending on 
the state of the battery and its conditions. Here we have used lithium-ion cell (1RC circuit) from simscape sources for battery 
modeling purpose. A controlled pulsed current discharge gives the result in a form of voltage response that the model should be able 
to regenerate when correctly parameterized. 1-RC simscape MATLAB model is as shown below: 

 
Fig.1. 1-RC cell Simscape Model 

The state transition equations for 1-RC battery model, 

= 
( , )∗ ( , )

+   
( , )

 퐼 + 푊. Where R1(SOC,Tb)  and C1(SOC,Tb)  are the thermal and 

SOC-dependent resistor and capacitor in the RC block, U1 is the voltage across capacitor C1, I is the input current, Tb is the battery 
temperature, Cq is the battery capacity  (unit: Ah), and W is the process noise . 
To improve the model reliability, unlike the general equivalent Thevenin model, one more RC branch is added as shown in Fig. 2. 
These blocks shown in the figure were created in Simulink Simscape Language to define the custom components as text files. The 
texts include complete parameterization, physical connections, and equations represented as a couple of causal implicit differential 
algebraic equations. The blocks utilize look up tables with variable values for each of battery circuit element employed.  These 
values are obtained by a minimization problem to fit the actual voltage current relation of the battery. This relation is obtained as a 
result from experimental work as explained in [25]. 
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Fig.2. 2-RC cell Simscape Model 

A. Battery Modelling 
Battery modeling forms the basis of and stands as an effective tool for battery design, manufacturing, and control. 

 
Fig.3.Battery Modeling 

The simulink model that we have used is as shown above. It is available in simscape examples. Battery modeling is important task 
to get values of Real SOC, current, Voltage, temperature as well as battery capacity. It consists of two important blocks current 
measurement block, voltage measurement block. We connected current measurement block in series with lithium-ion cell. And 
voltage measurement block is connected across the lithium cell. Here we have connected 1 RC lithium cell. After that using same 
simulink model we analysis 2RC circuit. 

B. SOC Estimation Using Simulink Model 
The Simulink model contains three major components: a battery model, an EKF & UKF block and an event-based Kalman Filter 
block. This model is available in simscape examples. We assume the battery is a nonlinear system, and estimate the SOC using an 
EKF as well as UKF. The capacity of the battery decreases with every discharge-charge cycle and gives an inaccurate SOC 
estimation. We use an event-based linear Kalman filter to estimate the battery capacity when the battery transitions between 
charging and discharging. Then we use the estimated capacity to indicate the health condition of the battery. 
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IV. RESULTS 

 
Fig. Zoomed View Of Simulink Output 

As we can see in above screenshot orange color line indicates real soc of battery cell. Blue and Red color line shows estimated SOC 
using UKF and EKF filter respectively. From above output screenshot it is clear that UKF gives better results than that of EKF 
filter. In place of 1RC cell we replaced 2RC cell. After testing 2RC model for same simulink model, results shows less error in 
estimated SOC and real SOC as compared to 1RC cell model.  

 
V. CONCLUSION 

  We reviewed number of papers on SOC estimation methods. There are different methods are used for soc estimation. Out of them 
the kalman filter method is more effective. In kalman filter two blocks are important i.e, time update block and measurement update 
block. The measurements will be updated after time update and time will be updated after measurements update, it is continuous 
process. We have estimated SOC using EKF and UKF. The difference between the real SOC and estimated SOC is very small. For 
estimation of state, EKF linearize nonlinear system. And UKF uses sigma point method for nonlinear system. From overall study 
and results obtained, it is clear that the Unscented Kalman Filter gives better results than Extended Kalman Filter with minimum 
drawback. Second order RC-Cell gives better results than First-order RC-Cell. 

REFERENCES 
[1] Fatma Nur Disci, Yasser El-Kahlout, Abdulkadir Balıkci: ‘Li-ion Battery Modeling and SOC Estimation Using Extended Kalman Filter’, 2015 SAE 

World Congress. 
[2] Siwen Zhang, Hua Sun, Chao Lyu: ‘A method of SOC estimation for power Li-ion batteries based on equaivalent circuit model and extended Kalman 

filter’, 978-1-5386-3758-6/18  2018 IEEE. 
[3] Florin Andrei Rusu, Gheorghe Livint2 : ‘Estimator For A Pack Of Lithium-ion Cell’ , 2016 20th International Conference on System Theory, Control and 

Computing (ICSTCC)  
[4] Xiang Zhou, Bingzhan Zhang, Han Zhao, Weixiang Shen and Ajay Kapoor: ‘State of Charge Estimation Based On Improved Li-ion Battery Model Using 

Extended Kalman Filter’, 978-1-4673-6322-8/13/ 2013 IEEE. 
[5] Novie Ayub Windarko, Jaeho Choi, and Gyo-Bum Chung : ‘SOC Estimation of Li-PB Batteries Using Extended Kalman Filter Based On High Accuracy 

Electrical Model’ , 8th International Conference on Power Electronics - ECCE Asia May 30-June 3, 2011, Korea 
[6] Venu Sangwan , Rajesh Kumar , Akshay K. Rathore : ‘Estimation of Model Parameters and State-of-Charge for Battery Management System of Li-ion 

Battery in EVs’, 2017 IEEE Transportation Electrification Conference 
[7] Jonghoon Kim,: ‘State-of-Charge Estimation and State-of-Health Prediction of a Li-Ion Degraded Battery Based on an EKF Combined With a Per-Unit 

System’, IEEE Transactions On Vehicular Technology, Vol. 60, No. 9, November 2011 4249 
[8] Bijender Kumar, Dr. Neeta Khare, Dr. P.K.Chaturvedi : ‘Advanced Battery Management System using MATLAB/Simulink’ , 2015 
[9] K. W. E. Cheng, B. P. Divakar, Hongjie Wu, Kai Ding, and Ho Fai Ho: ‘Battery-Management System (BMS) and SOC Development for Electrical 

Vehicles’, IEEE Transactions On Vehicular Technology, Vol. 60, No. 1, January 2011 
[10] Yu Ding-xuan, Gao Yan-xia : ‘SOC estimation of Lithium-ion battery based on                  Kalman filter algorithm’, 2nd International Conference on 

Computer Science and Electronics Engineering (ICCSEE 2013). 
[11] Yuan Chaochun, Wang Bingjian, Zhang Houzhong, Long Chen : ‘ State-of-Charge Estimation of Lithium-ion Battery Based on a Novel Reduced Order 

Electrochemical Model’, International Journal of  Electrochemical  Science., 13 (2018) 1131 – 1146, DOI: 10.20964/2018.01.133 
[12] Wen-Yeau Chang : ‘The State Of Charge Estimating Methods For Battery’ , ISRN Applied Mathematics Volume 2013, doi:10.1155/2013/953792 
[13] Tarun Huria, Massimo Ceraolo, Javier Gazzarri, Robyn Jackey: ‘ Simplified Extended Kalman Filter Observer for SOC Estimation of Commercial 

Power-Oriented LFP Lithium Battery Cells’ , Copyright © 2013 The MathWorks, Inc.  2013-01-1544 
[14] Dongping XU, Lifang Wang, JianYang: ‘Research on Li-ion Battery Management System’, 2010 International Conference on Electrical and Control 

Engineering,  DOI 10.1109/iCECE.2010.998 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.177 

                                                                                                                Volume 7 Issue VI, June 2019- Available at www.ijraset.com 
     

 ©IJRASET: All Rights are Reserved 1885 

[15] T. O. Ting, Ka LokMan, Eng Gee Lim  Mark Leach: ‘Tuning of Kalman Filter Parameters via Genetic Algorithm for State-of-Charge Estimation in 
Battery Management System’ , The Scientific World Journal Volume 2014, DOI 10.1155/2014/176052 

[16] Dragicevic, Tomislav; Sucic, Stjepan; Guerrero and Josep M: ‘Battery State-of-Charge and Parameter Estimation Algorithm Based on Kalman Filter’, 
Proc. on IEEE EUROCON 2013, pp. 1519-1524. 

[17] Danijel Pavkovic†, Matija Krznar, Ante Komljenovic, Mario Hrgetic,  Davor Zorc : ‘Dual EKF-Based State and Parameter Estimator for a LiFePO4 
Battery Cell’ , Journal of Power Electronics, Vol. 17, No. 2, pp. 398-410, March 2017 

[18] Ivan BABOSELAC, Zeljko HEDERIC,  Tin BENSIC : ‘Matlab Simulation Model For Dynamic Mode Of The Lithium-Ion Batteries To Power The Ev’ , 
Technical Journal 11, 1-2(2017),  ISSN 1846-6168 

[19] Miao Liu, Naxin Cui, Shulin Liu, Chunyu Wang, Chenghui Zhang, Sizhao Gong: ‘Adaptive Strong Tracking Unscented Kalman Filter Based SOC 
Estimation for Lithium-ion Battery’, 978-1-5386-3524-7/17 .2017 IEEE 

[20] J. Jia, P. Lin, C.S. Chin, W.D. Toh, Z. Gao, H. Lyu, Y.T. Cham, E. Mesbahi  : ‘Multirate Strong Tracking Extended Kalman Filter and Its Implementation 
on Lithium Iron Phosphate (LiFePO4) Battery System’, 978-1-4799-4402-6/15 2015 IEEE 

[21] Fangfang Zhu, Guoan Liu, Cai Tao, Kangli Wang, Kai Jiang : ‘ Battery management     system for Li-ion battery’ , 2017 The 6th International Conference 
on Renewable Power Generation (RPG) ., pp. 1437–1440  

[22] M. A. Hannan, M. M. Hoque, Aini Hussain, Yushaizad Yusof : ‘State-of-the-Art and Energy Management System of Lithium-Ion Batteries in Electric 
Vehicle Applications: Issues and Recommendations’ , 2018 IEEE  

[23] Lee Y.-S., Cheng M.-W. : ‘Intelligent control battery equalization for series connected lithium-ion battery strings’, IEEE Trans. Ind. Electron., 2005, 52, 
(5), pp. 1297–1307 

[24] Shreya V Puranik, Sadashiva Chakrasali : ‘Comparative Study on SOC Estimation Techniques for Optimal Battery Sizing for Hybrid Vehicles’, 
International Journal on Recent and Innovation Trends in Computing and Communication ISSN: 2321-8169 

[25] T Huria, M Ceraolo, J Gazzarri, R Jackey, "High Fidelity Electrical Model with Thermal Dependence for Characterization and Simulation of High Power 
Lithium Battery Cells", 2012 IEEE Electric Vehicle Conference, Greenville (SC), March 04- 08, 2012 

 



 


