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Abstract: This paper presents the method of modeling the Brushless DC (BLDC) motor without knowing its
specific parameters using the system identification. The input and output data were collected and simulated based
on the real-time experiment. The potentiometer used to send Pulse Width Modulation (PWM) signals as input
signal to (BLDC) motor and LM2907 tachometer attached with (BLDC) motor driver to measure the output speed.
The input signal and measured output data were interfaced to plant by C code generation MATLAB/Simulink
through Arduino Mega controller. Result presented shows, the system identification process able to obtain the
estimates model of BLDC motor with best fit found is 90.2 % which is acceptable. The PID controller was
developed to control the desired speed based on the given speed to demonstrate the feasibility of the given method.

Keywords: System identification, PID Controller, Brushless DC Motor.

1. Introduction

The DC brushless engine is a versatile motor that is highly demanded in many different fields of application such
as electric vehicles, robotics, food and chemical industry. The excellent features of DC motor; high mechanical strength,
durability, reliability, effectiveness, portability, speed and cheap cost of maintenance, have placed them ahead as a
preferable horsepower control motor [1-2]. This unique DC motor is used mostly in three-phases [3-4] that is driven
and controlled by full bridge transistor circuit. The BLDC does not require brush for communication unlike the brushed
DC motor, which requires a brush for rotating the rotator. In view of this, it makes BLDC to be economical and
environmentally friendly, as they did not generate any electrical or acoustic noise as observed for the mainstream DC
motor. Hence, they are deployable in a harsh environment [5-6].

A mathematical model of the system needs to be built through different kinds of thermos for analysing the
performance of the control of the system, a process that is not so easy and applicable [7]. Thus, it is important to
analyse unknown system and produce an approximate mathematical model that can describe the system through
experimental approach [8]. If modelling of the control system can be easily obtained and the control algorithm
automatically generates the code, the control system design could be greatly accelerated [9-10].
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This paper proposed the system identification based on real-time experiment to solve the above problems in fast
and efficient way. The producer of the system identification system which needs to get the approximate mathematical
model of the system, a certain input signal must be loaded, and the device output detected. In order for a good
parameters identification system to be optimized, the input signal should have the capacity to holds a wide range of
frequency to be able to identify the whole spectrum of plant dynamics [5]. Therefore, closed-loop control speed
simulation built and the PID controller are implemented in the system proposed since that proportional-integral
derivative (PID) controllers has been used widely in various of applications control system such as speed and position
and represented by the question (1) [11-14]. The acronym K, represent proportion gain coefficient, Ki means integral
time coefficient, Kqis differential time coefficient. PID parameters controllers found by self-function of PID controller
in MATLAB toolbox. Then, the PID controller implemented with the system’s mathematical model, obtained from the
system identification and the response performance of the system was analysed. Based on the simulation results, the
system identification process ease to get the mathematical model of any dynamic system using a low-price controller,
e.g the Arduino Mega embedded controller [15].

d, (t)

u(t) =k e(t) +k, ! e(t)dt-+k, =

1)

1.1 System Structure

The system structure of the control system consists of the potentiometer, brushless motor with LM2907 tachometer,
Arduino Mega 2560 controller as well as brushless DC motor driver and +24 power supply. The Potentiometer sends
the signal as PWM to operate the BLDC motor. The installed LM2907 tachometer measures the rotational speed of the
BLDC motor starting from the moment the motor starts to rotate. The Arduino Mega controller captured BLDC Motor
output speed and send it to the native computer through COM serial communication port to display the captured input
signal (PWM), and measured speed in a developed MATLAB/Simulink model.

Brushless DC Motor Driver
=28

Potentiometer

Fig. 1 - System Structure

The speed generated from the brushless motor is dependent on the PWM signals; if the signal of PWM increased
the output speed of the motor will increase, and if the signal of PWM decrease, the output speed will decrease in real
time through MATLAB/Simulink simultaneously.

2. Method

2.1 Data Collection

To model the BLDC motor based on the system identification required to collect the data based on the experiment
conducted in real time. The embedded controller Mega has been interfaced to host-PC by COM serial communication.
Fig. 2 shows communication between the brushless DC motor, driver, and embedded Arduino controller and host-PC.
The step signal has been transmitted to brushless DC motor driver as desired speed over the Arduino Mega controller.
Output speed of brushless DC motor captured by LM2917 tachometer and send to host-PC for processing the input and
output data. PWM signal and output data measured were achieved by using Arduino hardware support block-set
Simulink model.
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Fig. 2 - The serial communication between Arduino, BLDC motor and MATLAB/Simulink with computer

The following are the four stages involved with any experimental process that requires system identification for
obtaining the dynamics of a system’s motor [16]:

1) Experiment design and Data collection

The purpose of this step is to collect a large set of data input and output while the system under operation.
2) Determine and define the model structure

Choosing the model structure and find the best model stable.
3) Parameters estimation

Determines the fitting model used to measure the acceptance level based on percentage and recommend the best-fit

model. Repeat this step this step till find the acceptance percent which should be >= 90%.
4) Model validation

Model validation and identified used to investigate whether it meets the model requirements.

The flow chart below shows the process of the system identification that used in this project.

Desgin an experiment and data
collection

v

| Selectand define a model
d structure

v

Parameters estimation
(model Fitting)

Good Model ?

‘ Accepted Model ‘

END

Fig. 3 - System identification steps [13]
2.2 Experiment Setup

System identification toolbox [17] is considered an alternative way to model BLDC motor by finding the transfer
function of the system. In this work, the potentiometer is varied to send step signal 0-225 to PIN 9 to generate (PWM)
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waves to rotate the BLDC motor as shown in Fig. 4. The motor output speed, captured by LM2907 tachometer, is
connected to PIN1 in the Arduino Mega controller. The speed coming from the BLDC motor is measured through
tachometer transmitted over Arduino Mega microcontroller to host of the computer for the processing the data and
model the system. The actual I/O data from the physical system of BLDC motor collected by the Arduino Mega and
received by serial configuration port at MATLAB/Simulink in real time.

ARDUINO ARDUINO
AN 4.®_. i I
Fin 0 Gan Data Type Comversion Pn?
Desired Speed Input  Analog) PWM
ARDUINO
ARDUINO 44
Mo W ]
] Port0
Pin 1 Gaint Data Type Conversiont Serial Transmit
Mator speed

Fig. 4 - Model for generated input and output data in Simulink

Fig. 4 shown the model generated input and output data used in MATLAB/Simulink model of Arduino controller
program with a sampling time T=0.01s in the Simulink model and +24V volt supplied to BLDC motor. The speed of
BLDC motor is varied from 0 to 3000 RPM which is the maximum speed of Brushless DC motor. The input signal is
PWM signal and the output is BLDC maotor’s speed. The motor’s speed and eventual performance will be analysed at
no load condition. The input and output signals are exported to MATLAB work area, in where ul for input variable, y1
for output variable. Fig. 5 shows system identification in MATLAB.
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Fig. 5 - System identification
The data input and output collected from the experiment are shown in Fig. 6. A different model, such transfer

function, state question model, the nonlinear model could be used to estimate the system model. In this paper, the
transfer function has been used for estimation the model of the Brushless DC Motor.
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Fig. 6 - Input and output data extracted from real time experiment

System identification analysis is shown in Fig. 7 where the best fits of the system found is 90.2% after processing the
input and output signals in MATLAB’s system identification toolbox. The system’s transfer function is shown in
question (2) and as open-loop system.

3. Result and Discussion
3.1 Open-loop response

Open-loop response: Table 1 shows the response parameters of the model determined from the system
identification process, which represent the actual response of BLDC motor working efficiency. The system parameters
where is on open loop control system without any controller applied to the system model.
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Fig. 7 — System identification best fit
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Fig. 8 — Identification process
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Table 1 - Showing the performance level of Open-loop Response
Parameter Value
Rise time 23.44 sec
Settling time 31.25 sec
Overshoot 11%
Steady state 13

Fig. 9 shows the poles and zeros obtained from open- loop control system. There is one zero and two poles. From
the response shown in Fig. 9, the zero at the left side but poles in right-direction of real-axis which mean the system not
stable. In order the system to be stable, both of zeros and poles at the left side of real axis.
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Fig. 9 — Poles and zeros of open-loop system
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3.2 Model Validation

The transfer function of the system obtained was validated by comparing the measured speed output of BLDC
motor response with the response gotten from the model, which serves as the transfer function. In the process of
validation, the PMW signal was taken as input (yellow color) to model, then comparison between simulated speed and
the measured speed (black color) was made. Fig. 10 show the response of the transfer function (red color) is fitted the
measured output speed of the BLDC motor.

3.3 A closed-loop System simulation

In the simulation, the speed control was represented by a closed system in evaluating its transfer function, using
MATLAB Software. Fig.11 shows the closed response of the system without any controller has been applied. As it can
be seen, the response has improved where the step signal reduces settling time and rise time. However, overshoot has
been increased. Since the overshoot of the system increased, the system will be influenced by PID controller to reduce
the overshoot and to improve the system response for better performance in a real application.

_\[_:dqj RY *\.'\?"HQ{'@DD D; EEEED
Figure 6
Model Validation with Transfer Function
= Desired Input (PMW)
Best A Transfer Function

F;SS —5— Acual Plan! Response
€
E
-1
H
Qa
7]
3
2
3
o]

N ——
Time (s)
Fig. 10 - Model validation of transfer function
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Fig. 11 - Closed-loop response
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Table 2 — Performance indicator of closed-loop response

Parameter Value
Rise time 1.7047 sec
Settling time 5.70064 sec
Overshoot 12.57%
Steady state value 0.929

3.4 PID Simulation Result

speed with fast response and reducing the overshoot and settling time of the system.

The transfer function in question (2), obtained based on system identification, was employed to develop a
traditional PID controller to control the speed based on the desired speed given using question (1). Fig. 12 shows the
complete model that represents the PID controller in MATLAB/Simulink. The estimated error e(t) in between the
desired and the generated speed of the plant is fed into the controller. However, the controller will adjust the entering
signal to the model as a suitable value based on error given to the brushless DC motor, so it can achieve the desired
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Fig. 12 — Model PID controller for speed control

parameters obtained after tuning are Kp= 50, Ki = 101 and Kd= 18.
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MATLAB PID tuner provides the suitable method for tuning PID controller’s parameters. The basis of PID tuner is
on the MathWorks theorem to turn the PID controllers to achieve the fast-dynamic performance, stability, and
robustness of the control system. If the PID gains is tuned, it can make the system to perform at its peak by reducing
settling time, rise time and overshoot of the system. In this work, we have tuned the PID controller to obtain the
preffered response rate of the BLDC motor produced from the system identification modeling technique. The PID

Block Parameters: PID Controller
PID Controller

This block implements continuous- and discrete-time PID control algorithms and includes adwanced features such as
anti-windup, external reset, and signal tracking. You can tune the PID gains automatically using the "Tune..." button

(requires Simulink Control Design).
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Integral (I): |1Dl | o

1 N
Derivative (D): [18 | Prl +D 1
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Fig. 13 — PID controller auto tuning in MATLAB/Simulink
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3.5 PID tuning speed control Simulink

The accuracy of response of the BLDC motor model is established by simulating the model with the tuned PID
parameters obtained and output plot analysis. The output of automated model for the PID control parameters and
replicated close motor speed is shown in Fig. 14. Sort of desired speeds given as the input to the model with 800, 600
and 1100 RPM respectively as indicated in black colour and PID response indicated the red colour. PID response
followed to the given values of desired speed. Since PID response followed the given speed even though that the speed
varied continuously, tuned PID controller has succeeded in controlling the model’s speed, in accordance to the desired
speed given, even if any load is applied to control system because the auto-PID controller will maintain the stability of
the system as desired speed. To vary simulation speed of tuned PID control, another set of desired speeds given
(1000,500,900,700 and 0 RPM) to model in closed-loop motor speed as Fig. 15. Based on the PID response of these
new data, the response of the system is tracked the desired speed as it can be seen in Fig.16 and validated that the
system is under the PID controller. Based on Table 3 the parameters of tuned PID controller speed controller, the
system parameters improved, and which indicated tuned PID controller maintain the system stability and robustness
under the changing of the speed.
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Fig. 14 — Simulation of PID controller model response with speed control
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Fig. 15 — Varying the PID controller based on desired speed given
4. Conclusion

The speed control of Brushless DC motor based on the system identification was studied to identify the
mathematical model of a control system using an embedded Arduino 2560 controller of high economic importance. The
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objective of studying the actual response is to find the response parameter of the control system. Transfer function has
been used in system identification to estimate the best fit between the input and the measured data and found 90.2%
which is acceptable. Model validation has been done by comparison between the data input and measured output speed.
Simulink of PID closed-loop control is established for an identification system. Finally, a sort of desired speed given to
the PID closed-loop control to find the output speed response of the system which finds that the output speed is tracked
the desired speed given which indicated the control system has good dynamic performance and precision as the
simulated result obtained. Future work, this work will carry out in real-time control with obtained tuned PID controller
system

Table 3 — Performance indicator of closed-loop response

Parameter Value
Rise time 0.0214 sec
Settling time 0.0406 sec

Overshoot 757 %

Steady state value 0.825
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