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Abstract- This paper presents an idea of improving the In-wheel motor technology associated with Electric Vehicles. An In-
wheel motor is one which is incorporated into the hub of the wheel and drives the vehicle directly.  Different researches 
show that Brushless DC motor works efficiently as an In-wheel motor.  By improving the control circuitry of BLDC motor, 
it is possible to improve vehicle performance. In this paper, we are using Pulse Width Modulation technique for controlling 
the speed of motor which is a popularly known method. Three different PWM methods such as Sinusoidal PWM, Third 
Harmonic PWM and Space vector PWM are compared in MATLAB/SIMULINK environment. Total Harmonic Distortion 
(THD) of the output voltage and current waveforms generated by the above techniques is mainly considered for the 
comparison. The Space vector PWM technique is found to have comparatively l ower THD in waveforms and thus the 
performance will be better. Implementation of space vector PWM controlled BLDC motor for Electric Vehicle was also 
done and the performance was analyzed.  
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I. INTRODUCTION 
 
Nowadays Electric vehicles are becoming 
increasingly popular because of their increased 
efficiency and environmental compatible 
performance. Different technologies are developed 
for these types of vehicles to further increase their 
functionality. The most popular two technologies are 
1. By-wire technology (brake by-wire, steer by-wire, 
drive by-wire etc) 
2. In-wheel motor technology The  purpose  of  these  
technologies  is  to replace  maximum  possible  
mechanical  components in  the  vehicle  with  
electronic  control  circuitry.  The main advantage of 
this is reduction of wear and tear, heating up and 
delays caused by these mechanical Components. This 
paper focuses on the improvement of in-wheel 
technology associated with electric vehicles. An  
improved  speed  control  of  the  vehicle  can  be 
achieved  by  the  improvement  of  in-wheel 
technology. Different areas of study associated with 
this paper are explained in the below sections. 
 
A. Electric Vehicles (EV) 
Electric vehicles uses one or more electric motors for 
propulsion and are powered by different methods 
such as directly getting power from electric power  
station, using stored electricity from an external  
power source and using an on -board electrical  
source. A key advantage of EVs is regenerative 
braking, which is their ability to recover energy lost 
during braking as electricity, and is stored back to the 
on-board battery or to the electrical grid. By-wire 
technology associated withEV replaces the 
mechanical control systems with electronic control 
systems. 

B.  Brushless DC Motor for In-Wheel Motor 
Technology 
Brushless motor technology is efficient and long 
lasting, although it is more expensive. These are 
electronically commutated synchronous motors and 
powered by a dc source. An integrated inverter is 
used to convert DC signal into AC signal to drive the 
motor. An electronic control circuitry is used to 
control the inverter output amplitude and frequency. 
In research papers, BLDC is recommended for drive 
train of electric vehicles due to Better torque/speed 
characteristics, higher efficiency, higher dynamic 
response, high output power to size ratio, higher 
operating life and noiseless operation. 
 
C. Pulse Width Modulation Technique for Speed 
Control of Brushless Dc Motor.  
Pulse Width Modulation (PWM) technique is a 
common and popular speed control technique where 
the power delivered to the load is determined by the 
duty ratio of pulsating output waveform and is 
controlled by another waveform. The ON and OFF 
periods are rapid so the average power delivered to 
output is low compared to other methods. Different 
PWM techniques for three phase voltage source 
inverter are Sinusoidal PWM, Third Harmonic 
Injection PWM and Space Vector PWM. We are 
conducting a comparative study of the above three 
PWM techniques in MATLAB/SIMULINK 
environment to find the best speed control method for 
brushless dc motor. 
 
II. DIFFERENT PWM TECHNIQUES AND 

THEIR MATLAB IMPLEMENTATION 
 
A Brushless dc motor by its construction is a 
combination of an electronic commutator/ inverter 
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and a permanent magnet synchronous motor.  The 
speed control of motor can be done by PWM method, 
in which inverter gating signals are given as pulses. A 
conventional three phase voltage source inverter is 
used in this project which has six MOSFET switches 
in its H bridge construction. 

 
Figure 1. Six switch inverter and motor load 

 
A. Sinusoidal PWM 
In this method, 120° phase shifted three sinusoidal 
waveforms are compared with a triangular waveform. 
The change in ON and OFF states occurs when the 
sine waveform intersects with the triangular 
waveform. The amplitude of the sinusoidal waveform 
is set less than the amplitude of the triangle carrier 
waveform. When the sinusoidal waveform amplitude 
is greater than the triangular waveform, the upper 
switch is turned on and the lower switch is turned off. 
Similarly, when the sinusoidal waveform is less than 
the triangular waveform, the upper switch is off and 
the lower switch is on.  
 
In case of MATLAB implementation, for the ease of 
comparison, all the three methods are implemented 
with two units. One is a pulse generation unit and 
other is inverter unit. Pulse generator block will 
produce six output pulses and these pulses are given 
to the six MOSFET switches of the bridge inverter.  
The output voltages such as line to line voltages, 
phase voltages and filtered voltages and line currents 
are taken from the inverter. For each output 
waveform Total Harmonic Distortion (THD) is 
calculated using the FFT analysis tool. 

 
Figure 2. SPWM pulse generator module 

 
The output voltage and current waveforms are 
obtained by using an outage block. This block is same 
for all the three PWM SIMULINK models. The phase 
voltages are taken across RL loads which are Van, 
Vbn and Vcn respectively. Line current is taken 
directly from each phase lines and filtered voltages 

are taken by filtering line to line voltages using a 
second order low pass filter.  
 
B. Third-Harmonic-Injection PWM  
In this method, the reference signal is not a pure 
sinusoidal wave, but the sum of the fundamental and 
the third armonic wave. It is implemented as shown 
in the figure. Same as the SPWM method, this signal 
will be compared with the triangle signal to generate 
PWM signals. 

 
Figure 3. THPWM pulse generation module 

 
C. Space Vector PWM 
In this modulation technique, the three phase output 
quantities can be transformed to their equivalent two-
phase quantity.  From these two-phase quantities, the 
reference vector magnitude can be found and used for 
modulating the inverter output. In detail, when the 
three-phase voltages (Eg: Va = Vmsin(ωt),  Vb  =  
Vmsin(ωt-2π/3)  and  Vc =  Vmsin(ωt-4π/3))  is 
applied to the AC machine it produces a rotating flux 
in the air gap of the AC machine. This resultant flux 
can be represented as single rotating voltage vector 
Vref.  The magnitude and angle of the rotating  vector  
can  be  found  by  means  of  Clark’s Transformation 
as  explained  below  in the  stationary reference 
frame. 

 
The reference voltage vector can be represented in 
four quadrants as below for any particular output 
performance. And based on the α values it can be 
divided into 6 sectors. 

 
Figure 4. Basic switching vectors and sectors 
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Figure 5 Switching time for sector 1 

 
Figure 6. SVPWM sub block for pulse generation 

 
III. COMPARISON OF PWM TECHNIQUES 
 
A  comparison  of  the  three  methods  is exclusively  
done  based  on  the  Total  Harmonic Distortion 
(THD) values of the waveforms. An unbalanced 
voltage in the voltage source could result in problems 
like excessive loss, over voltage, mechanical 
oscillation, and interference with control electronics.  
As  discussed  above  THD values  gives the  measure  
of  harmonics  present  in  the  wave  with respect to 
the fundamental  wave. A low percentage THD value 
represents a better wave with relatively low harmonic 
components from which better performance can be 
obtained. The pulse output generated by the different 
PWM techniques is also taken into account for 
performance analysis. The THD values of each 
waveform are found by the FFT analysis tool of 
SIMULINK Powerful block.  For comparing the three 
methods, as a common setting, the fundamental 
frequency is set as 60Hz and one cycle of wave is 
considered for analysis. 

 
Figure 7. Graphical representation of %THD values 

 
From the above figure, it is almost clear that SVPWM 
method has better output waveforms when compared 
to others. The THD values are comparatively lower 
for line to line voltages, phase voltages and line 
currents. Also, when we consider the generated pulse 
waveforms of the three techniques, SVPWM is found 
to generate high frequency pulses rather than SPWM 
and THPWM. This will produces more smooth 
waveforms. Since SVPWM has better performance, 
this can be used for controlling an in-wheel BLDC 
motor. This will improve drive train performance of 
electric vehicles. 
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IV. HARDWARE IMPLEMENTATION OF 
SPACE VECTOR PWM CONTROLLED 
BLDC MOTOR FOR ELECTRIC 
VEHICLE 

 

 
Figure 8 Figure Block Diagram 

 
An SVPWM controlled BLDC was implemented as 
shown above. A PIC16F877A microcontroller is used 
and space vector coding was incorporated. The 
working of the system is such that speed ω of the 
motor is to be adjusted first. At the starting, the 
microcontroller produces pulse waveforms according 
to the set speed. Generally at starting, the set speed 
will be 0. As the speed is gradually increased, just as 
the accelerator increases speed of vehicle, the 
controller will generate SVPWM pulse waves.  These 
pulses  are given to the 6 MOSFET  switches  of  the  
three  phase  voltage source  inverter  and  this  in  
turn  drives  the  Brushless DC motor in the required 
speed. Hall-effect sensors are used for position 
detection of the permanent magnet of BLDC motor. 
By detecting the position, the controller can   produce 
commutation signals for the motor, i.e. pulses for the 
inverter.  One of the pins of the BLDC motor will 
give the speed data ω to the controller.  This speed is 
compared with the set speed which is ωref.  The 
system will run as a closed loop with error control to 
run the motor in required speed.  The speed is also 
simultaneously displayed in an LCD.  The algorithm 
for the digital implementation of Space Vector PWM 
is as explained in section II.C, which is coded as, 

 
The time delay function is of great importance in 
SVPWM. The programming is done in MPLab IDE. 
We use look up table because the value of time 

duration is identical for all the sectors. So the possible 
values of one sector is calculated and stored in a look 
up table. This will reduce a considerable 
programming time. 
 
V. SIMULATION RESULTS 
 

 
Figure 9. SPWM SIMULINK model 

 
Figure 10. SPWM pulses 

 
Figure 11. THPWM pulses 

 
Figure 12. SVPWM pulses 
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Figure 13. SVPWM line currents 

 
Figure 14. SVPWM filtered voltage 

 
Figure 15. SVPWM line to line voltages 

 
Figure 16. SVPWM phase voltages 

 
Table 1. Percentage THD values for voltages for the three 

PWM methods 
 

 
Figure 17. BLDC controller 

 
CONCLUTION 
 
A Space Vector PWM controlled BLDC motor was 
designed for Electric Vehicles. By SIMULINK 
implementation and comparison of three PWM 
methods such as SPWM, THPWM and SVPWM, it is 
found that the SVPWM can produce better 
waveforms. Thus this can be adopted for Electric 
Vehicle In-wheel motor technology for better 
performance. Digital implementation of Space vector 
is also straight forward and can be implemented with 
low cost microcontroller. 
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