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Background/Objectives: The efficient and robustness of motors speed control are ones of the big challenges in electrical
machines drive science. The control of PMDC motor represented a common part of those challenges. Methods/Statistical
Analysis: This paper introduces a novel optimizing method to calculate the controller PID parameters in order to get a
high performance DC motor. A modification of original firefly optimization method has been done and named as firefly-
segmentation method. The new method is based on a combination of firefly algorithm and dividing the searching method
as segment by segment. Four segments for KP and two for KI was selected as initial values of PID parameters. Findings:
The performance of the new method is judged via MATLAB simulations using typical BLDC motor with multi-known
speeds. The overshot an settling time of obtained parameters results show that the proposed optimizing method is
superior controller comparing with classical PSO and firefly methods. Application/Improvements: A robustness of speed
response is expected through the new optimization method with respect to conventional methods especially in high speed.
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1. Introduction

The improvement in energy efficiency of machine con-
trollers has been one of the most challenging tasks in
new generation electrical industry over the last decade®2.
Economic constraints and new standards by international
criteria are putting increasingly stringent requirements
on different electrical systems. New generation equip-
ment, components and systems controllers must have
higher efficiency with high robustness. Wide range of
applications of brushless DC motor are replacing such as
automotive, household appliances, aviation, and control
of Mach scale of Swash plateless rotor. A very robust with
efficient motor operation required to these applications.
In general the characteristics and curves of PMCD motors
are more similar to a separately excited DC motor>.
Many analytical design schemes of BLDC motors
controller have been proposed in the last decades. Such
as the conventional back-EMF sensing method*. In the
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beginning of the current century, a multispeed transmis-
sion units was Installed in order to improve the motor
controller®. Later, a method was presented based on state
observer®™®. Also many intelligent methods have been
done to tune the controller parameters using Particle
Swarm Optimization (PSO)? classical firefly optimiza-
tion, and Bacterial Foraging Algorithm (BFA)™. A serious
drawback of classical systems, for example the needs for
several isolated power supplies which increases the com-
plexity or external noise.

In order to improve the previous methods of BLCD
controllers, a novel method depend on dividing the initial
range of firefly optimization method have been suggested
in this paper. The desired speed efliciently and perfectly
tracked by using the segmentation of the firefly initial
range according to epact of the controller parameter. The
simulation results of tuning the control parameters show
excellent results in term of signal analysis using MATLAB
compared with PSO and classical firefly algorithms.
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2. Theoretical Background

2.1 BLDC Motors Model

Generally the working principles of an induction motors
share some similarities with brushed DC motors*-. Two
important parts in PLDC machines, first: is the rotating
part, and second: is stationary part (rotor and stator). The
stator may be design as inner or outer rotor as shown in
Figure 1 these methods called slotted and slot less respec-
tively™.
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stator windings
Outer rotor design

Inner rotor drsign

Figure 1. Slotted and slot-less stators.

Generally the mathematical model of BLDC motor
can be presented in the following equations

di, di di,
Vye = iycRe 4 Lig—2+ M + M
1z 13445 + 11 dl‘ 1z /5 dr la (73— d'r + E:b (1)
dig diy dig
foe = Lo S = M- |'|.r e —
I".s A}R L_‘ dt‘ 1 £1 d { d + €125z (2)
dis di, di
Vas = igeRs+ Lag——+ Mgy —+ Mg — -
a8z iy + 33 dl‘ 31 dr + ] d'r + E:. (3)
Where :-

Rs is Stator resistance per phase, assuming equal resis-
tances in each phase

i,, 1, i, are stator currents in each phase

L, L, L,, are stator self-inductances in each phase

M, M, M13> M,,M,,, M, are mutual inductance of
the stator phases and the rotor magnet

e €, ¢, areinduced EMF or back EMF in each phase.

The simulation diagram of BLCM with the controller
is shown in Figure 2.

The general block diagram of a BLDC motor control
system is shown in Figure 3.

The four main parts of the BLDC control system are
the power converter, controller, sensors and motor. The

power converter is a three phase power semiconduc-
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tor bridge. The main function of the power converter
is to transform power from the DC source to AC so
the motor can convert electrical energy to mechanical
energy. The sensor is used to determine the rotor posi-
tion, and it sends this information to the controller.

Figure 2. BLCM Simulink diagram.
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Figure 3. BLDC motor system control.

2.1 Classical Firefly Algorithm

InY introduced the firefly algorithm as a nature inspired
algorithm that derives from the characteristics of fireflies.
Many baselines are considered in this optimizing algo-
rithm. Fist; all of the fireflies can be male or female, so
that a firefly will be attractive to any other firefly without
taking of the gender as an effectiveness factor. Second;
the attractiveness is directly proportional to the amount
of brightness of firefly which flickering a light'Z. Also,
their amount of the brightness decreases as the distance
between the fireflies increases'”. Each population has no
brightest firefly cause to moving of fireflies randomly
within the initial range. The objective function (normally
minimum or maximum) is calculating or determining the
brightness of each firefly. The classical firefly algorithm is
shown in Figure 4.

3. Proposed Method

There are many requirements to find a new technique
to increase the accuracy of firefly optimizing method,
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Firefly Algorithm

Objective finction f{x) = ITAE
Light intensity I; at X; is determined by fiX)
Define light absorption coefficient ¥
While (1< Max Generation)
Fori=1:nalln fireflies
Forj=1:iallnfireflies
If (I=1;), Move firefly i toward j in d-dimension, end
Aftractiveness varies with distance r via exp[-w]
end For j
end Fori
Rank the fireflies and find the current best
end while

Post process results and visualization

Figure 4. Firefly algorithm.

because of the indiscriminately of this to estimate a good
PID controller parameter, specially, in high order control,
which existing multi-optimal parameters. The proposed
method depends on dividing of firefly particles to multi-
group searching on local optimal point, and known as
segments. Each segment working as an initial range of
firefly algorithm to find the local point as shown in Figure
5. The points 1, 2 and 3 are representing the best points for
each group; also point 3 is representing the global point.
The optimal separated positions of the fireflies and
the optimal initial range of the new main firefly
searching group must be change to estimate the
optimal new group as follows;

Segment length = initial limits —. of Segments

no (4)
Hence;
lenght
z (5)
Where, optimal S is represented the optimal value
of first optimization search. The number of segment is
proportional directly with the parameter impact on the
fitness. The segmentation may give a direct to the optimal
group, which give new boundaries of parameters range
with single global point. Also number of segment can
increase in case of the wide range of initial value. The
searching of firefly in the optimal group gives a chance
to get more accurate controller parameters in searching

optimal segment = optimal 5 ¥ segment
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algorithm. Figure 6 illustrated flowchart of procedure
segmentation method.

fitness

segment 1 segment 2 segment 3

e

Particles

Figure 5. Local points of each segment.
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Figure 6. Firefly segmentation method.

4. Simulink Result

The model of Figure 2 was simulated using MATLAB/
SIMULINK in order to exam the proposed method. a
three phase BLDC motor with parameters as shown in
Tablel was tested and in this paper. The Simulink model
consists of an inner current control loop and an outer
speed control loop. The speed control was implemented
using PID controller and tuned using the three types of
optimizing methods. PSO, classical firefly and the pro-
posed method. The motor parameters are listed in Table
1.
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Table 1. Motor characteristics

Rated power Rated voltage | Rated speed | Rated torque | Rated current | No. poles
0.5 hp 160 V 4000 rpm 0.89 Nm 17.35A 4
Table 2. Step response
Speed (rpm) PSO Classical firefly Firefly segmentation
MP% | Ts(ms) | MP% Ts(ms) MP% Ts(ms)
1000 43.5 15.3 44.3 15.83 38.9 15.2
2000 19.1 15.51 20.4 16.22 17.1 15.50
3000 5.4 15.77 5.6 16.41 4.8 15.79
4000 1.9 16.83 2.3 16.93 1.5 16.97

Table 2 shows the performance of the system using
PID, and tuned by using the three methods reference
speed of 1000 to 4000 rpm in loaded condition. The
Settling Time (TS) and the peak overshot (MP) were
taken as a comparison points to analyze the results. The
results show that overcome of the proposed searching
method with respect to both of PSO and classical firefly
in terms of peak overshot. That table also show that the
setting time of the proposed method in cases of all speed
values are 15.2, 15.50, 15.79 and 16.97 respectively, but
PSO are 15.3, 15.51, 15.77, 16.83 respectively. The cases
show that not all the values of settling time is better in
proposed searching method, especially in rated speed.
The number of groups was selected as shown in Table 3.

Table 3. Selected segments

Parameter KP | KI KD
Segment No. 4 2 1

The main FA parameters are set to the optimal settings
B0 =0.2,y=1.0, o = 0.2 and the number of fireflies = 20,
number of iterations = 100. The bird step =30, ¢, = 1.5, c,
=1.5, and w =0.6. The boundaries of PID parameters for
optimal search are as follows:

0.001< Kp< 50, 0.001< K< 50, and 0.001< K< 50.

ITAE equation was taken in order to determine the
characteristics of the controlled signals.

ITAE = ii(‘[m“ﬁmﬁfhdr) )

Jj=1i=1

5. Conclusion

DC motors can be replaced constantly by BLDC many
applications especially in low power machines. Fans,
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blowers, pumps, and steering wheel are once of this appli-
cations. A typical BLDC behaves as a PM DC motor with
linear speed vs. torque characteristics where the speed
decreases as the load increases. In this research, a novel
algorithm of firefly depends on segmentation to the clas-
sical method has been suggested and studied for control
a BLDC motor. Parameters of PID controller have been
tuned using three methods. The segmentation method
has been compared with the two methods, which are clas-
sical firefly and PSO optimization methods for results
verification, a three different speed values are also been
suggested. The simulation results prove that the PID
which given by the proposed method is better perfor-
mance and speed response especially in peak overshot.
The International Conference on Fluids and Chemical
Engineering (FluidsChE 2017) is the second in series with
complete information on the official website18 and orga-
nized by The Center of Excellence for Advanced Research
in Fluid Flow (CARIFF)19. The publications on chemical
engineering allied fields have been published as a spe-
cial note in volume 320. Host being University Malaysia
Pahang?21 is the parent governing body for this confer-
ence.
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