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Abstract— The increase in demand for clean sources of 
energy is getting more attention in recent time. Electric vehicle 
(EV) is an important area to fulfil this demand. However, one of 
the major obstacles in the growth of EV is the longer charging 
time. Therefore, there is a definite need for the reduction of 
charging time in EVs. Constant current charging of EV can help 
to solve this problem. That’s why, the role of DC-DC converter 
is very important. DC-DC converters are commonly utilized in 
electronic devices such as mobile phones, computers etc. This 
paper presents the possibility of grid connected constant current 
charging of EV with buck DC-DC converter through fuzzy logic 
control (FLC). FLC is easy to implement without the 
requirement of intensive mathematical modelling. The complete 
model of the considered system has been developed in 
MATLAB/Simulink. The achieved simulation results show the 
viability and capability of the proposed scheme. 

Keywords— DC-DC converter, fuzzy logic controller, electric 
vehicle. 

I. INTRODUCTION 

According to International Energy Agency, about 64% of  
global oil utilization originates from transport sector. The 
increase in fossil fuel demand, coupled with the upsurge in 
climate change, has led  to control in the release of CO2 and 
NOx emissions [1]. Eventually, there is an increase in the 
demand for clean sources of energy. Electric vehicles (EV) [2] 
can help to reduce the menace related to climate change. 
Presently, a lot of research work is going on regrading EV [3] 
and viability of designing the charging process through power 
grid connection [4]. However, the charging system of EV 
needs to be improved considerably. Decrease in charging time 
is an important requirement in making EV easy to use [5]. As 
a result of this, fast DC and constant current (CC) charging 
systems offer a fascinating opportunity [6].  

The author in [7]  describes the two levels of DC fast 
charging according to the international standard of IEC 
61851-1. The DC-DC bus connection is more desirable 
because it requires lesser switching process which facilitates  
higher efficiency [8]. Moreover, according to algorithm 
developed in [9], the CC charging can also be used to 
determine the charging power requirement, based on the 
battery capacity, departure time, arrival time  and the battery 
state of charge.         

 A comprehensive review of fast charging process with  
required charging current and voltage is discussed in [10]. 
Power grid and photovoltaic connected EV charging is 
developed in [9] but the detail design of  the EV charging 
process is not illustrated. In [11], a fast DC charging of EV is 
implemented with a proportional integral (PI) controller but 
generally PI are often subjected to tuning. In [2], a voltage 
sensing smart charging is used for the energy management 

with a PI controller for buck converter charging of the EV. In 
[12], DC voltage source is used as the PV panel and the battery 
is modelled as a simple resistor with a bang-bang fuzzy logic 
controller for the EV charging implementation.  

In contrast to previous works, this paper focuses on buck 
DC-DC converter charging of grid connected electric vehicles 
with a constant current fuzzy logic controller (FLC). In this 
paper, the actual models of the grid connection as well as 
battery have been used in MATLAB/Simulink for the analysis 
of the complete EV charging system. FLC can be used in 
various home and industrial applications [13]. FLC is easy to 
implement than the classical proportional integral (PI) 
controller and it easily adjusts to changes in operating 
conditions [14]. It can be computed with linguistic variables 
rather than numbers. Membership functions (MF) are used in 
describing fuzzy sets. MF denotes degree of accuracy in fuzzy 
logic and it is mapped between 0 to 1. A MF value of 0.2 
denotes 20% degree of accuracy in a fuzzy logic. The control 
algorithm for fuzzy set can be implemented through fuzzy 
rules by operators for difficult and non-linear systems without 
the requirement for intensive numerical modelling. It is also 
highly reliable and robust to change in circuit parameters and 
transient conditions [15]. 

This paper is organized as follows: Section 2 of this paper 
presents the design of buck converter and the grid connection. 
Section 3 describes the constant current fuzzy logic controller 
for EV charging. Section 4 presents the simulation results. 
Finally, Section 5 concludes this paper. 

II. BUCK CONVERTER AND GRID CONNECTION DESIGN 

The complete simulation diagram of the EV charging 
system is developed in MATLAB/Simulink as presented in 
Fig. 1. In this figure, voltage source is modeled as a three 
phase source and the transformer as a Star-Delta connection. 
A three-level bridge inverter is used for AC to DC conversion. 
The adjustment of the DC bus voltage and reactive current of 
the grid are done by the control system, DC regulator, as 
shown in Fig. 2. This comprises of a DC voltage control and 
a current control. A d-q transformation process is employed 
with phase loop. The current reference 𝐼𝑑  is the output of 
the DC voltage regulator. The magnitude and voltage phase 
generated by the current regulator is used to regulate the 
converter as presented in [16]. 

 Figure 3 shows DC-DC buck converter system with 
output 𝑉𝑜. The converter allows the lowering of input voltage 
magnitude to a desirable level in order to charge the EV. The 
input of the DC-DC buck converter is connected to the output 
of the grid supply and the output of the converter is connected 
to the battery. The duty cycle of the buck converter, which is 
the ratio of two voltages, can be determined as: 
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Fig. 1. EV charging system developed in MATLAB/Simulink.
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Fig. 2. DC regulator. 
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Fig. 3. DC-DC Buck converter. 

 

                                    𝐷 =                                             (1) 

where, 𝐷 is duty cycle, 𝑉𝑜 output voltage and 𝑉  is the source 
voltage. Duty cycle determines the on/off stages of the 
converter. For continuous-current operation of buck 
converter, proper switching frequency and inductor size must 
be selected. The minimum inductor size 𝐿  can be 
determined from:  

                                                   𝐿 =
( )( )

                               (2)

where, 𝑅  and 𝑓  are the resistance and switching frequency 
respectively. The inductor size (𝐿) can be 25 percent larger 

than the minimum to ensure that the inductor current is 
continuous. That’s why:  

                                  𝐿 = 1.25𝐿                                  (3) 

Average inductor current (𝐼 ) is the ratio of the output voltage 
(Vo) to the resistance (R). For a steady state operation, the 
average capacitor current must be zero. Therefore, the current 
through the load is the average inductor current, which can be 
calculated as:  

                                                𝐼 =                                                          (4) 

 

Proper selection of capacitor is required to maintain very low 
output ripple voltage. The required capacitance with respect 
to specified output ripple voltage can be calculated as: 

                                  𝐶 =
( )

∆                                     (5) 

where, ∆𝑉0  is the peak-to-peak ripple voltage at the output. 

III. FUZZY LOGIC CONTROLLER 

Controllers are primarily employed to bridge the gap between 
the measured output parameter and the reference value.   The 
fuzzy logic controller in this paper is based on the bang-bang 
control [15],[12]. Bang-bang control system automatically 
turns on/off in order to keep the measured output close to the 
reference value. It is basically known as a two-step controller. 
Fig. 4 shows the design for the control system where the fuzzy 
controller is implemented as a current regulator. The 
difference between the reference and the actual voltage 
measurement serves as the input for the fuzzy controller. This   
determines the reference current to charge the EV battery. In 
Fig. 4, 𝐿,𝐶 ,𝑅  and 𝑅  represent the inductor, capacitor and 
resistors respectively. The source in Fig. 4. represents the grid 
connection, which was described in Fig 1. The pulse width 
modulation (PWM) block in Fig. 4 generates the switching 
frequency for the MOSFET. The input, output membership 
functions as well as crisp output function are presented in Fig. 
5, 6 and 7 respectively.  
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Fig. 4. Fuzzy logic controller with DC-DC converter.
 

Centroid defuzzification or center of gravity (COG) approach 
was employed between the input and output membership 
functions (MF). This is center of gravity where all points 
intersect. This procedure produces an output value based on 
the COG of the fuzzy set. The overall control is obtained from 
smaller division of membership function’s total area. The 
COG and the area of each smaller division are computed and 
the total sum of all these smaller divisions is used to calculate 
the defuzzified output for a non-continuous fuzzy set. The 
defuzzified value, 𝑥∗,  with centroid defuzzification approach 
is represented as:   

                             𝑥∗ =  
∑ . ( )

∑ ( )
                                (6) 

where 𝑥 , 𝜇(𝑥 )  and  𝑛 denote the sample elements, 
membership function and number of elements in the sample 
respectively. 

 The rules are as follows: 

 If input MF is high input (HI) then the output MF is 
also high (HO) 

 If the input MF is low input (LI) then the output MF 
is also low (LO) 
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Fig. 5. Input membership function. 
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Fig. 6. Output membership function. 

 

 
 

         
  

Fig. 7. Crisp output function. 

IV.  SIMULATION RESULTS 

The values of the parameters used for simulation are presented 
in TABLE I. DC fast charging mode with 400𝑉, 120𝐴 and 
48𝑘𝑊 are used for simulation. The complete simulation block 
diagram is presented in Fig. 1. 

Fig. 8 shows the result for the 120𝐴 constant current (CC) 
charging for the 12 𝑘𝑊ℎ  EV battery. The fuzzy logic 
controller maintains a constant current for charging of the EV 
battery. This result shows the applicability of the fuzzy logic 
controller for fast DC charging of EV. 

 The charging voltage is greater than the open circuit 
voltage (OCV) of 324𝑉 . When battery charges at CC, the 
charging voltage is always greater than the OCV as shown in 
Fig. 9.  

Furthermore, there is a steady rise in battery state of charge 
(SOC) from 50% while maintaining a constant DC bus voltage 
as shown in Fig. 10 and Fig. 11 respectively.   

Fig. 12 shows the transient behavior of DC bus voltage 
when battery is connected for charging. The small settling 
time of around 0.2 second can be observed before reaching the 
final value of 800V.  

All these presented simulation results show that the fuzzy 
logic controller can be utilized for large scale deployment of 
EV charging. 
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TABLE I. DESIGN PARAMETERS. 
 

Parameters Values 

DC bus voltage 800 V 

Inductance 21µH 

Grid voltage 600 V 

Transformer 600/240 V 

Grid frequency 60 Hz 

Battery SOC 50 % 

Battery nominal 
voltage 

300 V 

Battery time 
constant 

2 sec 

Battery capacity 12 kWh 

Short circuit level 30 MVA 

X/R ratio 8 

EV charging 
current 

120 A 

 

 
Fig. 8. Battery charging current. 

 
               Fig. 9. Battery charging voltage. 

 
                       Fig.10. Battery state of charge (SOC). 

 
                          Fig. 11. DC bus voltage. 

 

     
                      Fig. 12. DC Bus transient voltage. 
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CONCLUSION 

In this paper, the complete model of EV charging system 
with the utilization of fuzzy logic controller is presented. The 
complete simulation model has been developed in MATLAB 
/Simulink. The achieved simulation results show how easy   
FLC can be used in EV charging without the requirement for 
any tuning like with PI controller. 

In perspective of this work, experimental validation of the 
proposed scheme can be performed. 

ACKNOWLEDGMENT 

This work was supported by College of Engineering 
Research Centre, King Saud University, Saudi Arabia. 

REFERENCES 

[1] M. Tesanovic and S. Vadgama, "Short paper: Vehicle emission control 
in Smart Cities," in 2014 IEEE World Forum on Internet of Things 
(WF-IoT), 2014, pp. 163-164. 

[2] P. Goli and W. Shireen, "PV Integrated Smart Charging of PHEVs 
Based on DC Link Voltage Sensing," IEEE Transactions on Smart 
Grid, vol. 5, pp. 1421-1428, 2014. 

[3] Z. S. R. Bhatti, M.  Abdul Aziz, K. Pui Yee  "A Comprehensive 
Overview of Electric Vehicle Charging using Renewable Energy," 
International Journal of Power Electronics and Drive System 
(IJPEDS)” vol. Vol. 7, No. 1, p. pp. 114~123, 2016. 

[4] V. Tikka, H. Makkonen, J. Lassila, and J. Partanen, "Case study: Smart 
charging plug-in hybrid vehicle test environment with vehicle-to-grid 
ability," in 2014 16th European Conference on Power Electronics and 
Applications, 2014, pp. 1-10. 

[5] L. Dickerman and J. Harrison, "A New Car, a New Grid," IEEE Power 
and Energy Magazine, vol. 8, pp. 55-61, 2010. 

[6] R. Shi, S. Semsar, and P. W. Lehn, "Constant Current Fast Charging of 
Electric Vehicles via a DC Grid Using a Dual-Inverter Drive," IEEE 
Transactions on Industrial Electronics, vol. 64, pp. 6940-6949, 2017. 

[7] D. Sbordone, I. Bertini, B. Di Pietra, M. C. Falvo, A. Genovese, and L. 
Martirano, "EV fast charging stations and energy storage technologies: 
A real implementation in the smart micro grid paradigm," Electric 
Power Systems Research, vol. 120, pp. 96-108, 2015/03/01/ 2015. 

[8] L. Tan, B. Wu, S. Rivera, and V. Yaramasu, "Comprehensive DC 
Power Balance Management in High-Power Three-Level DC–DC 
Converter for Electric Vehicle Fast Charging," IEEE Transactions on 
Power Electronics, vol. 31, pp. 89-100, 2016. 

[9] A. Mohamed, V. Salehi, T. Ma, and O. Mohammed, "Real-Time 
Energy Management Algorithm for Plug-In Hybrid Electric Vehicle 
Charging Parks Involving Sustainable Energy," IEEE Transactions on 
Sustainable Energy, vol. 5, pp. 577-586, 2014. 

[10] A. Meintz, J. Zhang, R. Vijayagopal, C. Kreutzer, S. Ahmed, I. Bloom, 
et al., "Enabling fast charging – Vehicle considerations," Journal of 
Power Sources, vol. 367, pp. 216-227, 2017/11/01/ 2017. 

[11] A. Arancibia and K. Strunz, "Modeling of an electric vehicle charging 
station for fast DC charging," in 2012 IEEE International Electric 
Vehicle Conference, 2012, pp. 1-6. 

[12] J. Bakalarczyk, "Charging of PV battery at constant current mode by 
using fuzzy logic control," in 2017 12th International Scientific and 
Technical Conference on Computer Sciences and Information 
Technologies (CSIT), 2017, pp. 397-400. 

[13] B. V. O. Erdinc, M. Uzunoglu,, "A wavelet-fuzzy logic based energy 
management strategy for a fuel cell/battery/ultra-capacitor hybrid 
vehicular power system," Journal of Power Sources, vol. 194, pp. 369-
380, 2009/10/20/ 2009. 

[14] K. Basaran and N. S. Cetin, "Designing of a fuzzy controller for grid 
connected photovoltaic system's converter and comparing with PI 
controller," in 2016 IEEE International Conference on Renewable 
Energy Research and Applications (ICRERA), 2016, pp. 102-106. 

[15] H. Kim, J. Kim, M. Shim, J. Jung, S. Park, and C. Kim, "A digitally 
controlled DC-DC buck converter with bang-bang control," in 2014 
International Conference on Electronics, Information and 
Communications (ICEIC), 2014, pp. 1-2. 

[16] G. T. R. Gagnon, C. Larose, J. Brochu, G. Sybille, M. Fecteau, "Large-
Scale Real-Time Simulation of Wind Power Plants into Hydro-Québec 

Power System," 9th International Workshop on Large-Scale integrated 
Wind Power Systems as well as on Transmission Networks for 
Offshore Wind Power Plants, 2010. 

 

2019 8th International Conference on Modeling Simulation and Applied Optimization (ICMSAO)


