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 This thesis presents an overview of issues and technologies related to the proper design of charging infrastructures for the road 

electric vehicles. The analysis is carried out taking into account that the recharging stations of electric vehicles might be 

integrated in smart grids, which interconnect the main grid with distributed power plants, stationery electric storage systems and 

electric loads. In this paper, PID controller, fuzzy logic controller and a buck-boost converter is presented. DC and AC 

configurations of charging stations are compared in terms of the issues related to their impact on the main grid and the design of 

their main components. Specific attention was devoted also to the ultra-fast DC architecture, which appears a possible solution 

to positively affect a wide spread of plug-in hybrid and full electric road vehicles. This paper provides the information about fast 

charging of an electric vehicle developed in MATLAB 
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1. INTRODUCTION 

 The main reason behind the electric vehicle invention 

is the emission of toxic substances into the air by the 

motor vehicles such as cars, buses, etc. The electric vehicles 

must be developed in such a way that the vehicle must be 

charged within a few seconds. Compared with 

conventional internal combustion engine based 

vehicles, EVs are powered by batteries that may 

charged from renewable power generated from the 

wind, solar or other forms of renewable sources. Among 

all battery types, Li-ion batteries are preferable power 

supplies for EVs due to a number of favorable 

characteristics such as power density, less pollution, 

and long service life. For Li-ion batteries, a proper 

battery charging strategy is essential in ensuring 

efficient and safe operations. The charging strategy is a 

key issue in the Battery Management System (BMS) of 

EVs. An optimal charging operation will protect 

batteries from damage, prolong the service life as well 

as improve the performance. The battery charging time, 

energy loss, and temperature rises  are important factors  

to be considered in designing the battery charging process. 

The PID controller is used in a fast charging electric vehicle 

is always a closed-loop network and receives feedback. 
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This feedback is employed to make adjustments to the 

deviations in the output. Buck-boost converter along with 

the PID controller, FLC and Fuzzy-PID are presented as 

the advanced controlling circuit. The Fuzzy logic can be 

carried out easily when related with the PID controller 

and is adoptable to the variations in the system. In this 

paper, MATLAB/Simulink is used for the representation 

of the connections in the network to complete the 

charging of the electric vehicle quickly. 

 This paper represents design of battery management 

system which is done by using buck-boost converter. 

Figure 1. Shows the proposed block diagram of battery 

management system using Buck-Boost and type of 

controllers. In which input DC supply is given to the 

Buck-Boost converter. As input voltage less than output 

voltage then system work as a boost converter to charge 

the battery. So, here this system works for both Buck as 

well as Boost conversion, depending on selection. Gate 

pulse from PWM generator to this Buck-Boost converter is 

generated by the controllers i.e. PID, Fuzzy and 

Fuzzy-PID and this gate pulse which is given to the Buck- 

Boost converter. 

 The input voltage and an input current of the battery 

has set to the particular value and from battery the 

parameters are taken out and which are given to the 

PWM generation. The circuit operates like this way. All 

this circuitry is developed in the MATLAB/Simulink 

software. 

 

Figure 1: Block Diagram of Proposed Battery 

management system 

 

2. METHODOLOGY 

Battery Management System 

The battery management system implements several 

safety features. These include undervoltage, 

overvoltage, short circuit, and open circuit detection. 

The battery pack is additionally protected by a battery 

protection board (or Battery Management System). The 

BMS measures the voltages of the individual battery 

cells as well as the charge/discharge current flowing 

through the battery. The BMS disconnect the battery as 

soon as the voltage or current values become outside of 

the specified limits. Trickle charging phenomenon is 

used which enables the battery to remain at its fully 

charged level. 

 

Buck-Boost Converter 

Buck- Boost converter includes the output voltage 

which may be exceeding or below the input voltage 

along with is a DC-DC converter. When the Buck 

converter remains combined with the boost converter, 

output voltage is usually similar to the input, and it can 

also be below or exceeding than the input. 

Configuration of Buck-Boost converter is shown as in 

figure 2. parameters are given in Table 2. Buck-Boost 

converter was chosen for this project due to its simpler 

concept than the rest. 

 

Figure 2: Configuration for buck-boost converter 

 

Table 2: Parameters of Boost Converter 

Parameters Values 

Input capacitor Cin 100 µF 

Inductor L 0.0010 H 

Input capacitor Cout 1000 µF 

 

CCCV TECHNIQUES 

In this paper, a triple objective function is first 

formulated for battery charging based on a selectable 

rate. An advanced optimal charging strategy is then 

proposed to develop the optimal 

Constant-Current-Constant-Voltage (CC-CV) charge 

current profile, which gives the best trade-off among 

three important objectives for battery management. 

Li-Ion batteries must be charged using the Constant 

Current Constant Voltage (CC-CV) charging method. 

This method consists of charging the battery at a 
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constant current until a certain voltage threshold is 

reached, then gradually reducing the charging such 

that the constant cell voltage not exceeded. Charging is 

terminated once the current reaches a certain minimum 

threshold. This is a effective way to charge lithium 

batteries. When a lithium battery is nearly empty, we 

take constant current to charge it. We need to make sure 

that charging current should be lower than the max 

charging current that battery can accepted. With 

constant charging the voltage of battery is slowly 

increasing, when battery volt reaches the max charging 

voltage, charger would make sure charging voltage 

fixed as “constant voltage” and reduce the charging 

current. When battery is fully charged this state would 

be stopped. It is a hybrid approach that combines the two 

charging methods. It uses CC charging in the first 

charging stage, and when the voltage reaches the 

maximum safe threshold value, the charging process 

shifts to the CC charging method. 

 

PID CONTROLLER 

PID controller has implemented in this system for the 

comparison purpose. It gives measured response to the 

unmeasured disturbances. It reduces the time constant 

of the system. PID controller is adjusting the gain to 

increase or decrease or to operate the system in Buck or 

Boost mode. Battery parameters are obtained such as 

SOC, Voltage, and Current. It is very feasible and easy to 

implement. 

 

FUZZY CONTROLLER 

Model of Fuzzy controller has implemented for this 

system. In designing a Fuzzy logic controller, the 

process of forming Fuzzy rules plays a vital role. Fuzzy 

logic controller maintains the constant current while 

charging. With the technique of soft charging of battery, 

it helps to prevent the proper gravity and increase the 

battery life. Battery parameters are analyzed by such as 

SOC, Voltage and Current in the Simulink. 

 

3. RESULTS 

The simulation work is completed by the usage of 

MATLAB/Simulink and results are given in Figure 3.1.1, 

3.2.1, 3.3.1 for PID controller, fuzzy logic, and fuzzy-PID 

controller respectively. The essential components of the 

simulation are Battery management system, Buck-boost 

converter, PID controller, Fuzzy controller, Fuzzy-PID 

controller, battery. In this simulation, three parameters 

of battery management are examined, i.e. For PID, Fuzzy, 

and Fuzzy-PID controller. 

 

PID CONTROLLER FOR BATTERY MANAGEMENT SYSTEM 

 As shown in the figure 3.1.1, battery parameters are 

obtained from PID controller in the results of SOC, voltage, 

and current. In this, PID controller is adjusting the gain to 

increase or decrease or to operate the system in buck or 

boost mode. The SOC shown in figure 3.1.1 (1). The output 

voltage in figure (2) is increasing up to 26V that has been 

set. The output current is shown in figure 3.1.1 (3) is also 

goes to the set value i.e. 5A. 

 

(1) 

 

(2) 

 

(3) 

Figure 3.1.1 :Simulation results of battery management 

system for PID controller: (1) SOC (2) Output Voltage (3) 

Output Current 
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FUZZY CONTROLLER FOR BATTERY MANAGEMENT SYSTEM 

As shown in the figure 3.2.1, battery parameters are 

obtained from Fuzzy controller in the simulation results 

of SOC, voltage and current. The SOC in figure 3.2.1 (1) 

which is increasing in steps. The output voltage is 

reaching at desired value as shown in figure 3.2.1 (2) is 

reaching to the set value i.e. 26V. The output current also 

reaching to the desired value as shown in figure 3.2.1 (3). 

In EV, FLC maintains constant current for charging. 

This result shows the suitability of the FLC for fast DC 

charging of EV. 

 

(1) 

 

(2) 

 

(3) 

Figure 3.2.1 : Simulation results of battery management 

system for Fuzzy controller : (1) SOC (2) Output Voltage 

(3) Output Current 

 

FUZZY-PID CONTROLLER FOR BATTERY MANAGEMENT 

SYSTEM 

Battery parameters are obtained obtained from 

Fuzzy-PID controller. It is called DC fast charging. 

Lithium-ion battery is used to test the charging. Figure 

3.3.1 shows the results of simulation. Trickle charging 

phenomenon is used which longers the battery life. Due to 

this phenomenon, gravity of the battery is maintained at 

proper charge and also battery everlasting property gets 

increased The smooth SOC curve 

 

obtained which is shown in figure 3.3.1 (1). And the 

output voltage shown in figure (2) and output current 

which is obtained shown in figure (3). By giving input 

12V to the battery, it charges up to the 26 v i.e. Battery 

voltage boosts at a particular level that has been set. All 

the results are displayed which are taken from the 

Simulink. 

 

(1) 

 
(2) 
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(3) 

Figure 3.3.1 : Simulation  results of battery management 

system for Fuzzy- PID controller : (1) SOC (2) Output 

Voltage (3) Output Current 

 

4. CONCLUSION 

The proposed Fuzzy logic controller is designed 

effectively and successfully in this paper. All objectives 

are accomplished efficiently. All circuit elements are 

designed successfully. By using MATLAB, the total 

simulation design has been advanced. Byusing MATLAB, 

the total simulation design has been advanced. The 

proposed battery management system can produced 3 

types of controller results : (1) Battery charging using 

PID controller (2) Battery charging using Fuzzy logic 

controller (3) Battery charging using Fuzzy-PID 

controller. The results carried out successfully with the 

help of Buck-Boost converter and other controlling 

strategies. From the results, CCCV technique is 

correctly applied to get output as in 3 different 

parameters. 
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