
International Journal of Soft Computing and Artificial Intelligence, ISSN: 2321-404X, Volume-4, Issue-1, May-2016 

Fuzzy Logic Control Based Regenerative Braking in Electric Vehicle 
 

47 

FUZZY LOGIC CONTROL BASED REGENERATIVE BRAKING IN 
ELECTRIC VEHICLE 

 
1R.SOWMYA, 2S.P.AJITHA, 3V.KEERTHANA, 4M.SARANYA 

 
1,2,3,4Electrical and Electronics Engineering, KPR Institute of Engineering and Technology 

E-mail: 1sowmyanitt@gmail.com, 2ajithasprabha@gmail.com, 3keerthana4894@gmail.com, 
4saranyamurugan006@gmail.com 

 
 
Abstract— In this paper, safe and efficient utilization of regenerative braking method is portrayed. In regenerative braking, 
the excessive energy produced while braking is extracted, stored and reused. Dual source of battery and ultra capacitor are 
used in order to attain an effective utilization of energy. Here, ultra capacitor acts as a fuse for the battery, which avoids the 
damage of the battery during high storage of energy. Fuzzy control ensures high operational efficiency, coordinates with 
linear control system and ensures output plane continuity. It is used to obtain the regenerated braking force through speed of 
vehicle and required braking force. Hardware modeling of the vehicle is proposed by vehicle simulation software.  
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LIST OF ABBREVIATIONS 
 
EV   ELECTRIC VEHICLE 
BLDCM  BRUSHLESS DIRECT CURRENT 

MOTOR 
UC   ULTRA CAPACITOR 
Li-on   LITHIUM ION BATTERY 
FLC   FUZZY LOGIC CONTROL 
RBF   REQUIRED BRAKING FORCE 
S   SPEED OF THE VEHICLE 
MF   REGENERATED MOTOR FORCE 
 
I. INTRODUCTION 
 
Green energy is perhaps the most relevant area of 
science and engineering moving forward; as the 
world runs out of oil, electric transportation solutions 
as well as energy recovery solutions will become 
increasingly important. . 
Electric vehicle have been catching more attention as 
a mean of eliminating or reducing exhaust gas 
emission from vehicles. However, the driving 
distance of EV, particularly battery electric vehicle is 
limited by the energy in the battery[5]. One of the 
most important features of the EV is ability to recover 
braking energy when vehicle is under braking. The 
electric motor can be controlled to produce the proper 
amount of braking force for recovering braking 
energy as much as possible which can be stored in the 
battery and then reused to increase the driving 
distance and energy efficiency. 
A pure electric vehicle contains major three parts: the 
power battery, the driving motor, power converter 
and controller[2]. The driving motor can be switched 
reluctance motor (SRM)[7], Induction motor(IM) or 
the brushless direct current motor(BLDC). BLDCM 
has been widely used in EV because it is highly 
efficient and is more easily controlled than the AC 
motor. Among all the driving motors, the brushless 
direct-current (DC) motor has many advantages over 
other brush DC motor, IMs and switch reluctance 
machine[3]. It has the merits of simple structure, high 

efficiency, electronic commutation device, high 
starting torque, noiseless operation and high speed 
range, etc. hence, the brushless DC motor has been 
widely used in EVs[8,9].  
Conventional EVs use mechanical brakes to increase 
the friction of the wheel for deceleration purpose. 
Thus, the braking kinetic energy is wasted. So, 
regenerative braking of battery-powered EV based on 
BLDCM is designed. In addition ultra capacitors are 
used with the battery to enhance the driving range 
and life time of the vehicle[7]. It is connected in 
shunt with battery to achieve higher efficiency. In 
order to avoid the damage on the battery caused by 
large braking current, the braking current of 
regenerative braking is controlled[9].  
So now, the battery pack can be optimized for energy 
density with limited concern of providing average 
power only. Ultra capacitors help to improve the 
regenerative braking capacity of the vehicles as they 
can take in large current during regenerative braking 
which the batteries cannot because of their lower 
rated charging current. The life of ultra capacitor is 
much longer as compared to battery as well as the 
operating temperature range is also wider. Thus 
integrating ultra capacitors with batteries will result 
in Energy Storage System with both high energy 
density and high power density and can provide 
benefits like longer driving range, better acceleration 
performance, controlled regenerative braking, smaller 
battery pack and longer battery life. Fuzzy logic 
strategies have been successful to achieve the overall 
efficiency in energy management system of power 
electric vehicle (PEV). To achieve the overall 
efficiency in regenerative braking system, it needs 
make a decision on the power split between the 
battery and the Ultra capacitor. Therefore, we 
propose a strategy by considering the characteristic of 
PEV during regenerative braking with fuzzy control 
strategy.  
Fuzzy logic control model was established under the 
MATLAB/SIMULINK environment[1]. Simulation 
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experiments were carried out with different driving 
cycles. Simulation results show that the fuzzy logic 
control strategy is feasible and effective.                
                
II. METHODOLOGY 
 
Regenerative braking technology focuses on 
converting the kinetic energy during the deceleration 
of the vehicle back into electrical energy that can then 
be reused. In electric vehicle the actual motor can 
also be used as a generator, which is in itself 
exploited in vehicle that use this principle to convert 
kinetic energy back into electrical energy during 
deceleration and braking. 
This system consists of a battery pack, ultra capacitor 
pack, DC-DC converter, control and the motor. 
               

BLOCK DIAGRAM 

 
The motor used is Brushless Direct Current Motor 
(BLDC) as it has many advantages over other motors. 
It has the merits of simple structure, high efficiency, 
electronic commutation device, high starting torque, 
noiseless operation and high speed range, etc. hence, 
the brushless DC motor has been widely used in EVs. 
Batteries are the components that store electrical 
energy, allowing for the motor of the vehicle in 
question to run. There are two types of battery: non-
rechargeable batteries known as primary cells and 
rechargeable batteries known as secondary cells. 
Secondary cells, as the process is reversible, thereby 
being able to be reused. For an electric vehicle, high 
capacity secondary cell batteries will be used.  
Super capacitors (also called as “Ultra capacitors”) 
are different from normal capacitors because they are 
able to hold a much greater charge. Therefore, the 
potential is greater and the total energy stored can be 
much higher. 
In practical industry area, the commanding of safety, 
reliability and easy to be applied are most important 
factors. Therefore, fuzzy method is used to calculate 
the value of braking force. Regarding the EVs, the 
status of battery charge and the motor power are the 
main paramerters to be controlled.  
The converter used is DC-DC converter which is used 
for extracting the opposing current during braking. 
This current is observed in the converter and 

controller produces the PWM signal. Thus battery 
and ultra capacitor gets charge during braking, is 
called as Regenerative braking. 
 
III. FUZZY LOGIC CONTROL 

 
The structure of FLC 
We select fuzzy controller, which has high 
operational efficiency, coordinates with linear control 
theory and ensures output plane continuity. 
According to the influence factors of regenerative 
braking, the FLC system basically comprises of three 
main subsystems i.e. FLC input fuzzy variables, 
output fuzzy variables and the fuzzy logic rules. The 
input variables are the driver’s required braking force, 
vehicle speed and output variable is the ratio between 
the regenerative braking force and total braking force 
[8]. The structure of FLC is shown  
 

STRUCTURE OF FLC 
 
Input/output membership functions for FLC 
The shape of membership function has little effect on 
FLC, but the coverage of universe of discourse has 
much effect on FLC. In practical application, the 
regenerative braking system is fuzzy, so we don’t 
need to determine absolutely accurate membership 
functions, but allow a certain margin. Based on this, 
the fuzzy variables of membership function are 
determined as follows. 
For the linguistic variable of vehicle speed, which is 
expressed by the symbols H, M and L and the 
universe of discourse is [0,100].  
For the linguistic variable of driver’s required braking 
force, which is expressed by the symbols H, B and L 
and the universe of discourse is [0,2000]. Its 
membership function are shown  
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Fuzzy rules 

 
For the linguistic variable the ratio of regenerative 
braking force takes in the total braking force, which is 
expressed by the symbols Kd. We prefer the 
concourse of Kd as: Kd=Mf, where Mf is defined as L 
in the range of 0-0.3, M in the range of 0.3-0.6 and H 
in the range of 0.6-0.9. 
The performance of the FLC depends heavily on its 
fuzzy rules. According to practical experience and a 
lot of simulation, the rule is built to relate the four 
inputs with the output factor.  
It can be seen that when RBF is H, Kd is very small, 
because the inner resistance of batteries performs 
great value and unsuitable to be to be charged; when 
RBF is M, the batteries can be changed with big 
current and Kd should be increased correspondingly, 
but when the speed increases a certain value Kd no 
longer increases and remains at the maximum value; 
when RBF is L, changing current should be decreased 
to prevent deposit of battery and Kd should be low. 
 
IV. SIMULTION RESULT AND ANALYSIS 
 
To evaluate the energy recovery efficiency the 
simulations are carried out on three different cycles. 
The modified curves are significantly higher than the 
original ones, so the fuzzy logic control strategy can 
recover more braking energy  
 

 
 
The results indicate that the fuzzy logic control 
strategy can get more regenerative braking energy, 
and overall vehicle system efficiency also increases. 
From above simulation results it can be concluded 

that the fuzzy logic control strategy is feasible and 
effective. 
CONCLUSION 
 
Regenerative braking technology is a key energy 
saving technology for EV. With the consideration of 
low energy recovery and poor braking performance 
of regenerative braking energy recovery control 
strategy based on fuzzy logic control is proposed in 
this paper. Taking into the influence factors of 
regenerative braking, the FLC is designed, which has 
two inputs including the driver’s required braking 
force, vehicle speed and batteries and one output-the 
ratio of regenerative braking force takes in the total 
braking force. According to practical experience and 
a lot of simulation experiments, the rule base is built. 
Fuzzy logic control model is established under the 
Matlab/Simulink environment. It can be concluded 
that the regenerative braking of the vehicle can be 
improved effectively by using fuzzy logic control 
strategy and the ultra capacitors that are used 
additionally. 
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