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1. INTRODUCTION 

MATLAB is a widely used tool in the electrical 
engineering community. It is now accepted that 
MATLAB and its numerous toolboxes can replace 
and/or enhance the usage of traditional simulation 
tools for advanced engineering applications. Since it 
is already easily available in institutions, this paper 
proposes a MATAB graphical user interface for 
effective teaching of BLDC control. 

Teachers are constantly in search for better 
methods to teach students. In earlier days, the 

learning process was a teacher-centered one, 
whereas, the recent trend is to adopt a student 
centered learning process. To make teaching highly 
efficient and successful, it is required to combine 
traditional teaching approaches with new learning 
techniques. In the last few years, slideshows have 
become more attractive for teaching. In this method 
of teaching, the teachers do not have to write down 
anything or draw the complicated waveforms on the 
blackboard and can concentrate more on his lecture 
and explanations. But the disadvantage is that as 
most of the materials presented are given in the form 
of handouts, the student here has a very passive role 
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to play. If along with the slide show or lecture the 
student is provided with a tool to simulate and verify 
the things he has already learned, then the teaching 
learning process becomes interesting [1]. 

Using visual tools makes the concept of learning 
motor command more understandable and lasting to 
the students. Graphical User Interfaces (GUI) is one 
of the visual tools to provide the user with interactive 
visual communication with the tasks on hand and the 
solution process. With GUI, the student can start 
applying the application software to solve the 
problem more efficiently. The GUI environment 
keeps most of the tedious and repetitive calculations 
in the background, allowing the user to spend more 
time in the analysis of the results obtained [2].  

In this paper, a MATLAB/GUI (Graphical User 
Interface) based simulation tool has been developed 
to command a brushless dc motor. This simulation 
tool can be used as an educational material for course 
of brushless dc motor command. The program 
provides the main buttons for controlling a BLDC, 
like Start, Stop or Break, a speed selection slider, 
torque simulator and a button for configuring the 
main parameters of the motor and the controller. A 
GUI-based user-friendly interface has been 
developed so the students are also able to see the 
graphical variations of speed, currents and voltages 
in the GUI screen. 

2. BRUSHLESS DC MOTOR CONTROL 

In electric traction, like in other applications, a wide 
range in speed and torque control for the electric motor 
is desired. The DC machine fulfils these requirements, 
but it needs periodic maintenance. The AC machines, 
like induction motors, and brushless permanent magnet 
motors are brushless, and their rotors are robust because 
commutator and/or rings do not exist. That means very 
low maintenance. This also increases the power-to-
weight ratio and the efficiency. For induction motors, 
flux control has been developed, which offers a high 
dynamic performance for electric traction applications, 
but this control type is complex and sophisticated. The 
development of brushless permanent magnet machines 
has permitted an important simplification in the 
hardware for electric traction control. 

The most popular way to control BLDC motor for 
traction applications is through the use of voltage 
source current-controlled inverters. The inverter must 
supply a quasi-square current waveform, whose 
magnitude, IMAX, is proportional to the machine shaft 
torque. Then, by controlling the phase currents, torque 
and speed can be adjusted [3]. 

In this paper, the standard configuration is modeled 
whereby an inner feedback loop controls current and an 
outer feedback loop controls motor speed. Speed 
demand is set by the voltage presented at the Vref pin, 
and motor direction by the voltage presented at the Vdir 
pin. If the voltage at the Vbrk pin goes high, then Vref is 
overridden and speed demand set to zero to implement 
a braking action. The control scheme is presented in 
figure 1. 

 

 
 

Fig. 1. Control Scheme 

3. STRUCTURE OF THE MATLAB 
GRAPHICAL USER INTERFACE 

A MATLAB/GUI based simulation tool for 
controlling the brushless DC motor has been developed, 
as shown in figure 2. The hardware part behind the GUI 
was made in Matlab Simscape, because the model runs 
at a higher speed and fidelity than the normal Simulink 
models, as shown in figure 3. 

The control buttons included in the GUI are: 
- “Start”: opens and starts the Simulink model, 

which will give the required feedback to the GUI in 
order to draw the graphics of speed, current and power. 
In addition the “Power” led turns on, showing the 
current state of the GUI. 

- “Break”: sends a signal to the Vbrk pin to 
simulate a break in the model. 

- “Stop”: stops the model and the GUI. “Power” 
led turns off. 

- “Load”: simulates a load on the motor by 
sending a signal to the torque pin. “Load” led turns on. 

-  “Configure”: opens the configuration window, 
as shown in figure 4, where one can construct and 
parameterize the motor based on a datasheet.  

The speed slider can be moved to the left or right of 
the center (zero) point depending on the direction one 
wish the motor to rotate. Negative speed (left of the 
slider) means the motor will rotate counterclockwise, 
shown in the GUI by the “CCW” led, which turns on, 
while positive speed (right of the slider) means the 
motor will rotate clockwise, shown by the “CW” led, 
which turns on. 

The motor can be stopped returning the slider to 
zero. In addition, it can be stopped by pushing the 
“Break” or “Stop” button, which will cause the slider to 
return to zero. 
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The break, stop, load, start and configuration signals 
are sent from the m-script behind the interface through 
the bldc_gui script, which connects the 
Simulink/Simscape model to the GUI. Finally these 
signals modify the gain value of the various gains found 
in the model. 

 

 
 

Fig. 2. BLDC control interface 

 
Speed, supply current and electric power data are 

plotted in the panes of the motor control GUI. 
 

 
 

Fig. 3. Simscape model of the system 

 
The configuration, as shown in figure 4, has two 

main sections, the motor and the controller section. 
The motor section contains the nominal voltage, 

which in this case is set to be smaller because the 
chosen motor prototype is a cooler, with small rated 
power and high speed. The other motor parameters are 
the nominal speed, torque, efficiency and rotor inertia. 

The controller section contains the parameters 
needed for tuning the inner speed controller, like the 
proportional and integral gains, the maximum reference 
voltage and the maximum speed corresponding to the 

maximum reference voltage. By default the maximum 
reference voltage is set to 5V corresponding to a 
maximum speed of 20000 rpm. 

 

 
 

Fig. 4. Configuration window 

4. FUTURE WORK 

This graphical user interface only simulates the 
motor using Matlab Simscape. Further development 
would be using Matlab Real-Time Windows Target 
software, which enables Simulink models running in 
real time on the PC for rapid prototyping or hardware-
in-the-loop simulation of control system and signal 
processing algorithms. One can create and control a 
real-time executable entirely through Simulink software 
and start real-time execution on the PC while 
interfacing to real hardware using PC I/O boards. 

This feature can be used efficiently for education 
because it teaches concepts and procedures for 
modeling, simulation, testing real-time systems, and 
iterating designs [4]. In addition it is easier for students 
to understand better when they have the opportunity to 
implement that they learn. 

5. CONCLUSION 

This paper presented a Matlab GUI for education 
purposes developed to control the brushless dc motor.  
The software provides a simple user friendly interface 
for helping students understanding the key concepts of 
controlling the brushless dc motors. The students can 
make the basic functions like start, stop, and speed 
selection of the motor. In addition they can simulate a 
brake or a load, parameterize the motor with specific 
values and view the main graphics like speed, supply 
current and electrical power on the scopes. 

This interface can be further improved with Matlab 
Real-Time Windows Target software, in order to 
eliminate the simulation and give the ability to 
command real motors using the PC I/O ports. 
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The interface can be used as an educational tool for 
brushless dc motor control, because using visual tools 
makes the concept of motor control more 
understandable and lasting to the students. 
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