
Estimation and Simulation of Charged State of Battery for AGV 

 

 

International Journal of Mechatronics and Applied Mechanics, 2019, Issue 6, Vol. II 120 

ESTIMATION AND SIMULATION OF CHARGED STATE OF BATTERY 
FOR AGV 

 
Chun-yuan Pian1, Junfeng1, Liu, Liwei Zhang1 
1Xinxiang University, Henan, 453003, China. 

Email: pianchunyuan232d@126.com  

Abstract - The purpose of this study is to estimate the charge state of Automated Guided Vehicle 
(AGV) battery and verify it by simulation experiment. In this study, based on the equivalent model 
of Thevenin battery and lithium ion battery as the template, the improved extended Kalman filter 
method is applied to estimate the charged state of AGV batteries. Experiments show that the 
improved extended Kalman filter method based on Thevenin battery equivalent model is more 
accurate than the traditional integral method error in estimating the state of charge of the battery 
in the discharge state. In summary, based on the Thevenin battery equivalent model, the improved 
extended Kalman filter method is used to estimate the state of charge of the battery for AGV, which 
is in line with the practical application requirements and is of great significance for the sustainable 
development of the battery in the future. 
 
Keywords: AGV; State of Charge; Thevenin; Improved Extended Kalman Filtering Method; Lithium 
Ion Battery.  

1. Introduction 
 
AGV is a relatively intelligent handling tool that can 
efficiently transport materials in industrial 
production lines, reduce manual work intensity and 
improve production efficiency [1, 2]. AGV vehicles 
are generally driven by wheels and powered by 
batteries, which have the characteristics of electric 
vehicles [3]. It can carry out the instructions of the 
scheduling system, carry the production materials 
according to the established route, and improve the 
automation level of the production line.  

At present, AGV vehicles are widely used in 
automobile, machinery, electronics, textile, food, 
cigarette, paper and other industries [4]. AGV 
vehicles are powered by batteries, including lithium-
ion batteries and lead-acid batteries and nickel 
batteries. Lead-acid batteries are low in price, 
relatively mature in technology, and relatively safe, 
but lead-acid batteries have low energy density, 
small charge and discharge rates, and short life.  

These disadvantages of lead-acid battery make 
AGV vehicles have high energy consumption, 
frequent and long charging time, and low utilization 
rate, which seriously affect its work efficiency and 
performance.  

Compared with lead-acid batteries, nickel 
batteries have higher energy density, higher 
charging and discharging rate, and longer service 
life. However, nickel batteries are more polluted and 
have higher maintenance costs [5]. Therefore, lead-
acid and nickel batteries are not suitable for AGV 

vehicles. Lithium ion battery has high energy 
density, large charge and discharge ratio, long 
service life, convenient maintenance, high working 
voltage, and no pollution. Therefore, lithium ion 
batteries are more suitable for AGV vehicles. 
However, lithium ion batteries are not ideal in terms 
of safety performance and are sensitive to 
overvoltage and under voltage [6, 7].  

Overvoltage and under voltage in the working 
process of lithium ion battery will reduce its service 
life. If the temperature is too high or the battery is 
overcharged, it may cause the battery to burn or 
even explode.  

Therefore, in order to ensure the safety of lithium 
ion batteries in the process of operation, it is 
necessary to improve the management, which 
requires a more demanding Battery Management 
System (BMS).  

In BMS, the important parameter to ensure the 
safety of lithium ion batteries is the State of Charge 
(SOC) value of battery [8].  

The excellent performance of lithium ion battery 
has attracted many countries in the world to study 
lithium ion battery. The Chinese government also 
attaches great importance to the development of 
lithium-ion batteries and electric vehicles.  

In the new energy vehicle development program 
released by the government, it is proposed that by 
2020, China’s government should be able to provide 
100 billion yuan of subsidies to support the 
development of electric vehicles [9], so that the 
lithium ion battery industry can reach 1-2 trillion 
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yuan. However, the cost of an AGV car or electric 
vehicle battery pack accounts for about 50% of the 
cost of the whole car, and BMS accounts for about 
10%-15% of the cost of the battery pack, so the 
demand for BMS is very large.  

At present, one of the difficulties for BMS is to 
estimate the SOC of battery pack, especially for AGV 
vehicles with special working conditions.  

Therefore, how to accurately estimate the SOC 
value is a problem worth studying [10]. 

At present, there are many difficulties in the 
estimation of SOC (State of Charge) of AGV batteries, 
such as the estimation method, estimation accuracy, 
and real-time performance. In this study, with 
lithium ion battery as the template and Thevenin 
battery equivalent model as the basis, the improved 
extended Kalman filter method is used to estimate 
the charge state of AGV batteries, and the SOC 
estimation algorithm of batteries is mainly studied.  

In particular, the problem of accurately 
estimating SOC value of a battery in AGV equipment 
under special working conditions is studied.  

By analyzing the special working condition of 
AGV, an improved extended Kalman filter method is 
proposed.  

This method is mainly aimed at the estimation of 
SOC value of battery of AGV under special working 
conditions, so that the estimation accuracy becomes 
higher, and the data accuracy is proved by 
simulation results. 

 

2. Methodology 
 

2.1 Working principle of lithium battery 
 
The working principle of a lithium-ion battery is 

not complicated. In simple terms, its working 
principle refers to how the battery is charged and 
discharged.  

The working principle of lithium-ion battery is 
generally divided into two parts, the first part is the 
charge of the battery, the other part is the discharge 
of the battery. Lithium ions are generated when the 
battery is charged, and the generated lithium ions 
pass through the electrolyte of the battery to the 
negative electrode of the battery [11].  

The carbon layer structure of the negative 
electrode of the battery has many micro-pores, and 
these lithium ions are embedded into the micro-
pores of the carbon layer.  

The more lithium ions embedded, the higher the 
charging capacity.  

In this way, the charging process of the battery is 
completed.  

The discharge operation principle of the battery 
is exactly the opposite of charging. When the lithium 
ion battery is discharged, the lithium ions embedded 
in the carbon layer of the negative electrode will 
come out and move back to the positive electrode of 
the battery.  

Similarly, the more lithium ions that return to the 
positive electrode during this process, the higher the 
discharge capacity of the battery.  

The positive and negative electrodes of lithium-
ion batteries are chemically represented by the 
following formulas (1)-(3): 

Positive electrode:  

2LiCoO ⇋ -
21 xe 

 xLiCoOLi x
                         (1) 

Negative electrode:  
  exLiC x6 ⇋ 6CLix                                      (2) 

Total reaction formula:  

CLiCoO 62  ⇋
621 CLiCoOLi xx 

                                   (3) 
 

2.2 Thevenin equivalent model of AGV 
battery 

 
The accurate establishment of the battery 

equivalent model is the basis of the Kalman filter 
method to estimate the battery SOC.  

In order to ensure the accuracy of SOC 
estimation, the equivalent model of battery needs to 
be established accurately. In order to facilitate the 
calculation of the algorithm, the calculation amount 
of the established battery model can’t be too large.  

Otherwise, the real-time performance of SOC 
estimation will be affected and the hardware 
requirements will be higher. In general, the core of 
building a battery model is to describe the dynamic 
and static characteristics of the battery in the 
process of charging and discharging, which can be 
expressed by a clear mathematical formula.  

The establishment of the battery equivalent 
circuit model can clearly describe some response 
characteristics of the battery. In general, the 
equivalent circuit model of the battery is composed 
of some common components to simulate the 
battery. 

 The equivalent model of the battery can be 
obtained by connecting these simple components.  

The schematic diagram of the model circuit is 
shown in figure 1. 
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Figure 1: Thevenin battery equivalent model 

 

2.3 The SOC value of AGV estimated by 
improved extended Kalman filter method 

 
The traditional Kalman filter algorithm is only 

suitable for the optimal estimation of linear systems.  
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The nonlinear system adds linearization process 
in the process of deriving the filter equation. The 
Kalman filter algorithm for optimal estimation of 
nonlinear problems is called extended Kalman filter 
algorithm.  

The extended Kalman filter method can make a 

real-time linear Taylor approximation for the system 

equation at the previous state estimation value. In 

the prediction step, the linear Taylor approximation 

is also carried out for the measurement equation at 

the corresponding prediction position.  

Lithium ion battery is a typical nonlinear system, 

so the extended Kalman filter method is needed to 

estimate the SOC value of lithium ion battery. 

In this study, the Thevenin lithium-ion battery 

model is used to equilibrate the AGV vehicle battery.  

The equivalent circuit schematic is shown in the 

figure 1.  

In figure 1, E is the battery electromotive force, R0 

is the battery internal resistance, RP and RC represent 

the polarization resistance and capacitance of the 

battery, UOC is the open circuit voltage of the battery, 

I is the total current of the battery, Ip is the current 

flowing through the polarization resistance, and Up is 

the voltage between the polarization resistance and 

the polarization capacitor. 

According to the working principle of Kalman 

filter method, a state quantity and an observation 

quantity are required in the process of estimating 

the SOC value of lithium ion battery, while the SOC of 

lithium ion battery can’t be directly measured.  

Therefore, Up is selected as the state variable in 

this model, and the system state equation can be 

obtained by linearizing and discrediting the system, 

as shown in equation (4).  

The battery terminal voltage Uoc measured by the 

system is selected as the observed value, and the 

established observation equation is shown in 

equation (5). 
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In the formula (4), UP,K represents the value of UP 

at time k, and UP,k-1 represents the UP value at time  

k-1.  

Similarly, SOCK represents the battery SOC value 

at time k, and SOCk-1 represents the SOC value at 

time k-1.  

T is the sampling time of the system, and W1,k-1 

and W2,k-1 are system noise.  

According to equations (4) and (5), the matrix 

required by Kalman filter method to estimate SOC 

value of lithium ion batteries can be obtained, as 

shown in equation (6): 
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The functional relationship between UOC and SOC 
and the values of Ro, RP and CP have been obtained in 
the battery model parameter identification 
experiment. Combining the characteristic equation 
of the Kalman filter method with the state equation 

and the observation equation of the system, the 
process of estimating the SOC value of the battery by 
the Kalman filter method can be obtained, as shown 
in equation (7). 
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The initial conditions for estimating the SOC 

value of the battery are as follows. SOC0 is obtained 

by reading the last SOC value, Up(0) is generally 0 at 

initialization, and the initial value of the covariance 

of the estimated error P0 is selected according to 

practice engineering experience. Generally, the 

accuracy of these initial values does not have a great 

influence on the estimated SOC value. Kalman filter 

has good robustness to the initial value with poor 

accuracy and can converge to the real value quickly. 

If the initial value is reasonable, then the Kalman 

filter will converge to the true value faster. If the 

value is not reasonable, the convergence speed will 

be relatively slow, and multiple iterations are 

needed to converge to the real value, but eventually 

the error caused by the inaccurate initial value will 

be eliminated. This is the fundamental reason why 

the SOC value of the AGV vehicle estimated by the 

extended Kalman filtering method does not depend 

on the initial value. Extended Kalman filter method 

for estimating battery SOC is when k=1, 2, 3..., cyclic 

iteration is carried out for equation 6 to make the 

state quantity converge to the true value. 

The specific process is as follows: 
According to the first formula in the formula 6, 

the prediction is performed by the battery 
equivalent model, and the state quantity at the time 
k is predicted by the state quantity at the k-1 time; 

According to the second formula in formula 6, the 
error covariance matrix of the predicted value is 
calculated to determine the accuracy degree of 
prediction and prepare for the subsequent weight 
distribution; 

According to the third formula in formula 6, the 
Kalman filter gain is calculated, that is, the measured 
value and predicted value are given weight, and then 
the state quantity is corrected by Kalman filter gain. 

 

 

According to the fourth formula in formula 6, 

Kalman’s optimal estimation is carried out through 

this formula, the observed quantity is reversely 

calculated with the predicted state information, the 

difference between the measured value Zk and the 

reversely calculated value is calculated, and then the 

comprehensive weighting is carried out. 

According to the fifth formula in formula 6, this 

formula is to evaluate the optimal result and 

calculate the accuracy of the optimal result, so as to 

prepare for the next moment and ensure the 

continuous cycle. 

The Kalman filter method estimates the SOC 

value of the battery by iterating through the above 

five steps, so that the SOC value converges to the 

true value. Moreover, there is no dependence on the 

initial value and no cumulative error in the 

estimation process. The accuracy and stability of the 

SOC value estimated are higher than the integral 

method. 

 

2.4 Simulation experiment 
 

ADVISOR software is used to conduct simulation 

research on the charged state of AGV battery. The 

selected power battery pack is a lithium battery with 

a rated monomer voltage of 3.5 V. There are a total of 

13 battery packs in the power battery pack. Each 

battery pack is composed of 17 single batteries. The 

voltage of each battery pack is 32.1 V, the total fixed 

voltage is 365.2 V, and the rated capacity is 86 Ah.  

The relationship between SOC error and time 

estimated by the improved extended Kalman filter 

and the integral method when the experiment is 

discharging is shown in figure 2 and 3. 
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3. Results and Discussion 
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Figure 2: The error of SOC estimated by improved extended Kalman filter 
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Figure 3: SOC error measured by integral method 

 
It can be concluded from figure 2 and figure 3 

that the SOC error estimated by the improved 
extended Kalman filtering method is far lower than 
the SOC error measured by the integral method in 
most of the time.  

 

 In addition, it can be found that the tracking 
effect of the improved extended Kalman filter is 
significantly improved, especially in the case of 
current mutation, it can rapidly converge to the real 
value, and the accuracy of SOC estimation is further 
improved. 
 

20 40 60 80
310

320

330

340

350

360

370

 

 

v
o

lt
ag

e/
v

State of charge/%  
Figure 4: Relationship between battery SOC and rated voltage during charging 
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Figure 5: Relationship between battery SOC and rated voltage during discharge 

 

It can be concluded from figure 4 and figure 5 

that the SOC value of the battery increases with the 

increase of rated voltage during charging and 

discharging.  

The characteristics of the battery SOC are verified 

by the experiment, which accords with the actual 

characteristics of the battery. 
 

4. Conclusion 
 

In this study, based on the understanding of the 

principle of lithium ion battery, Thevenin battery 

equivalent model and the improved extended 

Kalman filter method, an improved extended Kalman 

filter method is used to study and simulate the SOC 

value of AGV battery according to the equivalent 

model of Thevenin battery, and the estimation value 

of SOC and some characteristics of lithium battery 

are verified. Through the experiment and analysis of 

the system model data graph, it can be concluded 

that the improved extended Kalman filter method 

has a very high accuracy in the measurement of 

battery SOC, which reduces the error a lot compared 

with the integral method and greatly improves the 

understanding of battery SOC. In addition, the 

equivalent model of Thevenin battery for AGV 

battery is established, and the parameters of the 

battery model are better understood. However, this 

study also has some shortcomings.  

As SOC measurement involves many fields, there 

is no perfect method at present, and battery life will 

decrease with time. How to continuously ensure the 

accuracy of SOC measurements is the focus of future 

research. 
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