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Abstract: A sensor lessBLDC (BrushlessDirect Current) motor
speed control is performed using PSO algorithm. The PSO
algorithm manages the gain value of the PID controller. The
speed of the BLDC motor is provided as the feedback to the
controller. The error value is calculated by predetermined speed
for the BLDC motor. Wind power generator is used as the input
power source for driving BLDC motor. The output power of the
wind power generator varies based on the wind speed. The
variableinput sourcefor the BLDC motor affectsthe performance
of the motor. In order to regulate the input voltage of the BLDC
motor, SEPIC DC-DC converter is used. The PSO-PID controller
controls the Gate pulse of the SEPIC converter. The model is
developed in MATLAB/Simulink, the performance of the
proposed PSO-PID control is measured in variable input power
condition. The hardware model is developed using MSP430
microcontroller to test the efficiency of the PSO-PID controller in
the real time environment.

Keywords : BLDC motor, PSO-PID, SEPIC converter, Wind
power Generator, speed control..

. INTRODUCTION

Brushless DC motors (BLDC Motors) are widely used in
industrial applications were higher reliability and accurate
control isneeded. BLDC motor posses asimple structure with
maximum speed range. Traditional AC motorsare used inthe
industrial applications, which were replaced by the brushed
DC motors. Development in the field of motor technology the
BLDC motors are introduced with higher efficiency in
handling speed and torque characteristics. In BLDC motors
Brush based commutation is replaced with electronic
commutation. The torque delivered by the BLDC motor is
higher than its size. Thus, the BLDC motors are used in the
applications were weight and space plays a critical factor.

The applications of BLDC motor was classified as
follows open loop Applications, Closed loop Applications,
positioning Applications.
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The examples like blowers, fans and pumps are classified
under open loop applications. An elementary low cost
controller is enough to control the BLCD motor for the open
loop application. The closed loop application requires higher
accuracy in speed control and better dynamic response. The
house hold application like dryers, washers are the examples
of closed loop applications. Even speed control is used in
automotive applications like electronic steering, fuel pump
control and engine control. These applications need advanced
control algorithms. The positioning applications focus on
faster response in speed and torque of the motor. Automation
and Industrial applications, which use BLDC motors, are
grouped in this category. These applications may change the
direction of the rotation of BLDC motor more frequently.
These applications posses four important phases they are
Acceleration phase, Constant speed phase, Deceleration
phase, Positioning phase. A complex agorithm is needed to
control the BLDC motor connected to the load in all these
phases. The control algorithm posses three control |oops
namely, Position control loop, Torque control loop and Speed
control loop. A closed loop controller is required to perform
these loop operations. The commutation time of the BLDC
motor is reduced by adding a sensor along with the control
system.

A. BLDC motorsvs Traditional DC motors

Therotor in the electric motor isreferred as commutator.
In traditional DC motor brushes are placed to provide contact
between DC electrical source and armature coil windings.
Brushes provide mechanical contact to the several sections of
commutator. The brush system and rotating commutator
operates like a switches, which drives the armature coil in the
sequence along the permanent magnet or an el ectromagnet. In
BLDC motor the armature coil remains static. Instead of it
permanent magnets rotate along the axis. Thus the problem of
transferring the power to the armature axisis solved in BLDC
motor. The commutator in the traditional DC motor was
replaced with the electronic controller in the BLDC motor.
The controller is programmed to control switching patterns of
the armature coil. Advantages of the BLDC motors are L esser
operational noise, Longer life time, Higher speed ranges,
Higher efficiency

B. Controlling BLDC motor

A Hall effect sensor is used to identify the position of the
rotor to measure the speed of the BLDC motor. The main
disadvantage of the BLDC motor is its manufacturing cost.
Addition of Hall effect sensors increases the manufacturing
cost.
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Some applications like submersible pumps, the BLDC motors
are driven sensor less. Various algorithms as Field oriented
control, direct back EMF zero crossing and indirect back
EMF integration methods are introduced. To apply the BLDC
motor in constant speed variable load application, a sensor
less method with complex algorithm isrequired.

[I. LITERATURE SURVEY

A finite element analysis is used to measure mechanical
flexibility and speed control of the BLDC motor. The
magnetic field generated by the BLDC motor due to the
switching action of PWM inverter is analyzed using
non-linear time stepping finite element method. M axwell
stress sensor is used to measure torque and magnetic field
generated by BLDC motor. Thefinite element method utilises
the flexibility of rotor, shaft and bearing to measure the
rotational motion of the rotor. The speed of the motor is
controlled through PWM. A closed loop system is designed
by providing magnetic and mechanical outputs as a feedback
for control system and PWM pulse is generated based on the
error value [1].To overcome the cost limitations in
development of BLDC motors, a sensor less speed control
systems were developed. The sensor less control systems
utilises back EMF voltage signal to measure the speed of the
BLDC motor. The back EMF value is nearly zero at lower
speed. Flux estimation method generates higher error rate at
lower speed ranges. Thus, these methods fail to measure
speed of the BLDC motor at lower speed. In order to
overcome this limitation speed independent function is
derived from the deep knowledge based on physical
properties of the BDC motor [2]. The Application specific
integrated circuit (ASIC) is used to perform sensor less
control over permanent magnet BLDC motor. The ASIC
computes the commutation sequence of BLDC motor by
combining the back EMF data from terminal voltages and
phase locked loop. The input voltage can be distorted even by
the switching of freewheel diode in motor control system.
This affects the performance of the motor control system, to
overcome this limitation a third harmonic back EMF is
integrated with the ASIC system, which largely reduces the
commutation retardation. This improves the performance of
the BLDC motor with sensor less motor drive [3].Current
mode control and Condition angle control are introduced to
design a controller unit for BLDC motor speed control. Two
states of operation is defined for BLDC motor thus the
average speed is framed between these two operating points.
Newton’s second law is used to frame equations for designing
motor speed controller [4]. To reduce the size of the BLDC
motor drive, a phase locked loop (PLL) and internal model
(IM) speed control systems were integrated. Additional with
it, PWM control and current sensing scheme are integrated in
the motor drive which simplifiesthe hardware devel opment of
the BLDC motor speed control drive system. These
integrations provides more accuracy and robustness in the
control of BLDC motor. The hardware model developed
using these integrated model produces compact structure and
improves the current regulation performance in BLDC motor
drives[5].

Vector based control is used to perform speed control in
Permanent magnet synchronous motors. The outer spped loop
in the vector based method reduces the performance of the
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vector based control system. in order to overcome this
limitations the Pl and fuzzy based control unit is used to
regulate the errors in speed control. Based on the level of
error generated the Pl or fuzzy controller is selected or both
the outputs of Pl and Fuzzy were used to control the
permanent magnet synchronous motor. The switching
function is generated based on the weights of the PI and fuzzy
controller. It reduces the execution delay and avoids
chattering effects due to switching in motor speed control unit
[6]. A current sensor based control methodology is deployed
to control the four-switch three-phase BLDC motor. A single
current sensor is used to monitor al 6 modes of operation. It
increases performance of the system and reduces the
manufacturing cost. The modes of operation of BLDC motor
was grouped into two groups. Modes 2, 3, 5 and 6 grouped
together, 1 and 4™ modes grouped separately. The current
flow through phase ¢ ismeasured individually for both groups
of modes in BLDC motor function. Initially the phase ¢
current is set to nearly zero and phase a and b were regulated
circularly. A single neuron adaptive Pl controller is used to
regularize speed in four-switch three-phase BLDC motor [7].
A power factor corrected bridgeless buck boost converter
based BLDC motor control drive is used for low power
applications. The speed of the BLDC motor is controlled by
regulating the output voltage of the voltage source inverter
using voltage sensor. The switching frequency of the voltage
source inverter was controlled based on the commutation of
BLDC motor, which reduces the switching losses. To
eliminate the conduction loss bridgel ess buck boost converter
is used. To perform power factor correction a discontinuous
inductor current mode operation is performed in buck boost
converter [8]. Severa methods are introduced to perform
BLDC motor speed control. Pulse width modulation
technique is used for fixed input DC voltage based BLDC
drive and Pulse Amplitude Modulation technique is used for
variable input DC voltage. The performance of PWM based
and PAM based controllers were analysed over high speed
BLDC motor with variable speed range and input power. The
performance comparison shows that the controller with PAM
method produces maximum efficiency by decreasing the
commutation delay [9]. A real time IF starting sequence and
magnetic flux estimation method is developed to control the
sensor less single phase permanent magnet BLDC motor.
Phase |ocked loop observer, orthogonal flux system and atan2
trigonometric functions are used to extract the speed and
position of the BLDC motor. The magnetic flux harmonics
generated by the permanent magnet is overcome by analytical
functions [10]. A speed independent flux linkage function is
used to drive the high speed BLDC motor. The reliability of
the motor at |ower speed ranges and error correcting methods
provided to measure exact commutation points at higher
speed ranges are the challenges faced by the sensor less flux
linkage function. An improved closed loop controller is used
to improve the accuracy and robustness of the system at
operating range of near zero to 20000 rpm [11].The
performance of the closed |oop speed control of BLDC motor
in simulation environment will generate efficient performance
in transient and steady state conditions. However, the
performance in hardware environment depends on the speed,
dataacquisition, position monitoring and the control program.
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In addition, depends on the selection of suitable controller
unit with appropriate hardware setup to control the BLDC
motor. To achieve high performance in BLDC motor speed
control DS1103 controller is used. The DS1103 controller is
interface with matlab simulink blocks to develop control
software [12]. Inevitable voltage pulses were generated
during the commutation period due to the higher speed range
or driving heavier load by BLDC motor affects the accuracy
of detecting the position of the rotor. This affects the
performance of the sensor less BLDC speed control system.
To overcome this fault higher precision sensor less BLDC
driveis used. It uses active compensation method which uses
phase locked loop based on the combination of 3 harmonic
back EMF, synchronic frequency filter and second order
generalised integrator. The method was used to measure the
precise occurred during the commutation points in the sensor
less motor drive [13]. A model predictive controller is
designed to control the four quadrant operation BLDC motor.
It controls all the four quadrants without loss in power. The
model isused to analyse the characteristics like torque, speed,
back EMF of the four quadrant BLDC motor. Model
predictive controller conserves the power at regeneration
cycle [14]. The BLDC motor speed controller based on
Back-EMF sensor less technique generates drawback at the
initial state of the motor drive. At initial stage, the motor isin
stand dtill position thus no back-EMF is generated. This
technique uses V/F or I/F measurement method, which are
more sensitive with input parameters. To overcome the
problem the relationship between the energizing interval,
preposition current, transient speed at the initial state of the
BLDC motor isanalysed. Through thisanalysis, the drive can
be switched to self-synchronisation stage without adding any
external synchronisation methods. To detect the speed at
lower speed ranges, a line voltage difference zero crossing
point detection circuit is developed. A neuro fuzzy controller
is used based on phase error correction to measure the
accurate commutation points at the higher speed ranges of
BLDC motor [15].

(1. METHODOLOGY

A constant speed BLDC motor control is designed using PSO
based PID controller. The BLDC motor is powered by
variable speed wind turbine. The variable output voltage of
thewind turbineis controlled by feeding the output voltage to
PWM rectifier and SEPIC DC — DC Converter. The SEPIC
DC- DC converter is controlled using PSO based PID
controller. The speed of the BLDC motor is assigned as a
feedback to the PSO algorithm. The agorithm computes gain
values of PID controller and triggers the SEPIC converter to
maintain input voltage of the BLDC motor to run in the
constant speed. Fig.1 shows the block diagram of the system.

SEPIC

DCDC [,

Converter
L)

PID Controller

BLDC
Motor

Variable
Speed Wind  [»|
Generator

Three phase
PWM | Inverter [y

Rectifier

}
PSO Algorithm

Fig. 1 Block Diagram for Constant speed BL DC motor
control.
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A. SEPIC DC-DC Converter:

SEPIC converter is specifically used for irregular input
voltage source. SEPIC converter acts both as buck and boost
converter. Fig. 2 shows the circuit diagram of SEPIC
converter

|_1J:I

Fig.2 SEPIC DC - DC converter

The SEPIC converter posses two inductors which makes
it idle from other converters. The converter was operated by
rapidly switching the MOSFET on and off in specific
frequency. When the input pulse is high, MOSFET is
switched on then the L1 inductor was charged by the input
voltage and the capacitor C1 voltage charges L2inductor.
This situation is shown in Fig. 3. The diode was switched off
and the capacitor C2 voltage drives the load.When the input
pulseis set low, MOSFET is switched off thus the inductor
voltages flow directly through the load. The capacitors are
now in charging mode. By repeating the pulse, theload will be
drive through capacitors and inductors cyclically. Based on
the applied frequency the range of the output voltage is
controlled. If frequency is low the inductors will charge for
long period which results in increase in output voltage and
vice versa

m e, 17 oy 1L
— ir e ¥ e B
Cc1 D1 -
v..,T v T s1 v“.T L2 72 RL:ETVQ
) [ = \

Vs ve,

1, 1, 1, [}

- m_.:. = K D —

c1

Fig. 3 SEPIC Functionsin Switch ON & OFF mode

The pulse generated to control the MOSFET is generated
using PID controller. The speed of the BLDC motor isapplied
as a feedback to the PID controller. The Gain of the PID
controller istuned using PSO algorithm.

B. PID Controller

PID controller is designed by combining the
Proportional, Integral and Derivative controllers. The results
of these three controllers are added to generate a control
signal. I(t) represents the reference input, E(t) represents the
error and O(t) represents the regulated output of the system.
Fig. 4 shows genera feedback system. The C(s) is the
controller system, which represents the PID controller, and
the P(s) isthe operating function (BLDC motor). The speed of
the BLDC isfeed backed to the control system were the error
value is measured based on the reference input variable.
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I(t) E(t) of(t)

C(s)

P(s) >

v

Fig. 4 General Feedback System

The control transfer function of PID controller is defined
as

K
Cls) = K, +— + Kys
- F D
The parameters of proportional, integral and derivative
control is represented as K. ;. K. These gain variables are

used to tune the output of the controller. The BLDC motor is
used as the operating function P(S). the speed of BLDC motor
is provided as a feedback to the control system. PSO
algorithm is used to improve the tuning of the PID system.
Thegainvaluesfor P, | and D are assigned by PSO algorithm.

C. PSO Algorithm

PSO agorithm was developed based on the swarm
intelligence from characteristics of birds and fishes. The
systems involved in the optimisation agorithm were
represented as particles. The particles updates the velocity
and positions based on the values gathered from the other
particles. Each particle posses three characteristics, fitness,
position and velocity. The fitness represents the optimal
function, position represents the distance of flight and
velocity specifiesthe direction of flow. Every particlesrecord
the present optimal solution in space. Moreover, the process
was performed in iteration fashion. Once the better solution is
identified then the solution will be taken as base for the next
iterative solution. The optimization algorithm initializes with
the collection of particles and iterations were generated to
identify the optimal solution. The optimal solution was
refined at every iteration. pis the optimal solution generated
by the individua particle and g°is the optimal solution
generated by complete particlesin the system at current time.
The system terminates when the iterations generate same
optimal solution. The maximum iteration count is represented
as N. PSO algorithm determines the position of m particles as
| at thekthiteration as x ¥and the vel ocity isdetermined as v .
The velocity and the position of individual particles at each
iteration is generated using

7t = ook o (o= xE) 4 0y o (o 5
R

Were w represents weight factor of inertia, c1 and c2 are
acceleration constant, rl and r2 are random variables within O
and 1. pd;represents best previous position of kth particle and
gd;refersthe best particles from the collection of particlesin
the system. To refine the convergence velocity, the weight
factor of inertia is replaced with the shrinkage factor. The
equation to determine the location of the particle remains
same. The eguation to determine velocity is updated as

vF*t = KF +0onm s (pd; - xE) 4 ¢ 0, » (gd; — )
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were k is defined as————=, were ¢ = ¢; + ; and
I-p+y g -ap

P =4 (©)

The local searching capability of the PSO algorithm is
improved using shrinkage factor. The velocity of the particles
can be controlled within the bounded range. The PSO
algorithm with the shrinkage factor is applied over the PID
controller to assign the gain values of k. k;. k;. The values

are tuned to obtain maximum controlled result. Initialising
with P, I, D particles, the sysem is framed in
three-dimensional space. The fitness value is generated for
each particle and the best solution is determined in iteration
process. Once the best solution is obtained the value is
assigned as extreme value of that particular particle. Then
several best solutions were obtained in the iterative process.
The best position of the particle is framed from the optimal
value of the iteration experience. The velocity of the particle
is generated within the bounded range. The objective function
is developed by integrating the absolute error and
performance index with time interval.

F= J‘ (e leGEN + co, u® (E))dt
¢ 4

were g(t) is systematic error, u(t) is the controllers output and

wyand wyare the weights of the particle. The steps in the

process of PSO based PID control is shown in Fig.5
flowchart.

| Initialize population |
%
Execute the BLDC control system

with initial input parameters
control

v

Calculatefitnessfunction for input
parameters

v

Generate best points for each
particle

v

Update position velocity of
individual particles

Reached M aximum
iteration?

NO

Fig.5 Flow chart of PSO-PID controller.
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IV. RESULTSAND DISCUSSIONS

BLDC motor speed control using PSO-PID controller is
simulated using MATLAB/Simulink. The speed of the BLDC
motor is provided as a feedback to the PSO-PID controller.
The speed and torque of BLDC motor is measured using
sensorless back EMF technique. BLDC motor is powered
using variable speed wind generator. The output voltage
generated by wind generator is variable. The varaible input
voltage to the BLDC drive affects the performance of the
BLDC motor. To overcome this limitations SEPIC DC-DC
converter isconnected between thewind generator and BLDC
motor drive. The MOSFET in the SEPIC converter is driven
through PSO-PID controller. The frequency of the gate pulse
variesbased on the speed of the BLDC motor. P, I, and D gain
values of PID controller is tuned by PSO algorithm which
stabilise the BLDC motor speed in fixed RPM even applying
variable input source.

IR F
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Fig. 6 wind power generator voltage output

The output of the wind power generator varies based on
the wind speed. Fig.6 shows the output voltage generated by
the wind power generator by providing variable input wind
speed. The peaks of the output voltage vary frequently based
on the speed of the rotor in wind turbine. Fig.7 shows the
current generated from the wind turbine. Maximum of 250
volts and 145mA current was generated from the wind power
generator model.

Fig. 7: Wind power generator current output

The pitch angle, mechanical torque, and rotor speed was
shownin Fig. 8. The mechanical torque generated by thewind
turbine depends on the nominal power generated and speed.
The pitch angle is made constant. The rotor speed varies
based on the input wind speed variable. The generator speed
was refered with the unit wrad/sec. The speed of the generator
depends directly over the speed of the rotor in wind turbine.
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Fig. 8: Wind turbine parameters
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Fig. 9 RM Svoltage and current, output power and wind
turbinerotor speed.

Figure 9 shows the RMS plots for the generated voltage
and current by the designed wind generator model. The output
of the pitch angle controller. The pitch angular controller is
used to maintain the aerodynamic torque of the generator
when thewind speed is greater than the rated speed. The pitch
angle controller will also monitor the generator speed and
turbine speed to maintain the generated torque in wind power
generator. In order to regulate the variable output voltage of
the wind turbine. The output power is applied to the SEPIC
DC-DC converter. The output of the wind turbine is three
phase AC. Thus the output power of the wind turbine is feed
into theviennarectifier to convert the variable AC input to the
DC output. Fig. 10 shows the DC voltage generated by the
PWM rectifier. Due to the presence of higher noise rate at
initial state of generated voltage the PWM rectifier output was
distorted at the initial state and the output voltage maintained
after 0.2 seconds.
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Fig. 10 PWM rectifier Output

The DC output of the PWM rectifier depends on the AC
input provided by the wind power generator. Vienna rectifier
is used instead of diode rectifier to reduce the voltage drop
generated by the diodes in the rectifier circuit and Vienna
rectifier also reduces the ripples compared to the diode
rectifier.The generated DC voltage is then feed to the SEPIC
DC-DC converter, were the inductor and capacitorsfilters the
input DC voltage. SEPIC converter controls the amount of
output voltage based on the triggering pulse applied to the
gates of the MOSFET placed in SEPIC converter. Fig. 11
shows the output controlled DC voltage of SEPIC converter.
The output voltage was rated about 145v to maintanel500
rpm speed in BLDC motor.

1s0 [

/

o 005 o1 015 02 o.2s 03 0.3s oa 0as os

Fig. 11 SEPIC output voltage

The output voltage of SEPIC convereris boosted or
bucked based on the trigger signal generated by the PSO-PID
controller. The error in speed of the BLDC motor is measured
with the reference speed. The error value is processed by the
PSO algorithm and the gain values P, |, D values are fixed to
the PID controller in order to generate a trigger pulse to
maintain lesser error value generated in the BLDC motor.
Fig.12 shows the PWM pulse generated by the PSO-PID
controller. The frequency and duty cycle rate of the PWM
pulse is controlled based on the negative or positive error
condition occurred at the BLDC motor feedback.

1
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Fig. 12 SEPIC PWM input
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When the speed of the BLDC motor is lower than the
reference speed it is refered as positive error and the speed is
higher than the reference speed then it is negative error. The
frequency of the pulse increases during the positive error thus
the output voltage of SEPIC converter increases and the
frequency of the pulse decreases for negative error thus the
output voltage of the SEPIC converter reduces. By balancing
the output voltage the speed of the BLDC motor is maintained
at constant speed. The regulated DC voltage Output of SEPIC
converter is feed to the three phase inverter. The inverter
convertstheinput DC voltage into AC voltage and feed to the
BLDC motor. The inverter is used to drive the BLDC motor.
Fig. 13 shows the single phase output of the inverter. The
output AC voltage was measured 145v AC, thus the voltage
generated by SEPIC converter is directly converted into AC
voltage by the inverter circuit to drive the BLDC motor.

Line-Line voltage Vab
T T T

L | L | | | | It
0 0.08 01 015 02 025 03 038 04 045

Fig. 13 Inverter Output

The AC voltage generated by the inverter is feed to the
BLDC motor. The Fig. 14 showsthe rotor speed of the BLDC
motor. The speed of the motor is fixed constant at 1500 rpm.
The system reached steady state at 0.15 seconds. The speed of
the rotor is feed backed to the control unit.

Rotor speed (rpm)
T T

T T T
1600 [

Ve

1400

1200 -

1000 -

800

600 [

T
\
400 - T T 1
|
2

I
0.15 0.2 0.25 0.3 0.35

Fig. 14 BLDC motor speed

Figure 15 shows the stator current recorded at BLDC
motor. The Torque generated by the BLDC motor isshownis
Fig. 16. The efficiency of the BLDC motor is measured based
on the generated rotor speed, torque and stator current of the
motor. The variation in the torque of the motor represents the
time taken for settling input voltage. The BLDC motor drive
was run in constant speed of 1500 with constant stator current
and torque at 0.1 seconds.
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Figure. 15 BLDC motor stator current

Electromagnetic Torque (Nm)
T r T

Fig. 16 Torque of BLDC motor

The speed of the BLDC motor is calculated based on
back-EMF zero crossing method. It is the simplest and
reliable technique to measure the position and speed of the
motor in sensor less approach. The simulation results proved
the stability of the system using PSO-PID controller. The
efficiency of the controller is tested in hardware environment
using MSP430FR5529 launch pad. The rea time
environment generate additional challenges in maintaining
speed and position of BLDC motor due to addition of
harmonics and errors generated in the system. The SEPIC
converter is designed using 680uH inductor and 1000 wF

capacitance. IRF540 power MOSFET is used to switch the
SEPIC converter. Trigger pulse for SEPIC converter is
generated using PSO-PID control design in MSP430
controller. Fig. 17 shows the hardware implementation of the
PSO-PID based BLDC motor speed control.

4

awa/A

A

[ D ¢ B

Fig. 17 Hardware Setup
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Fig. 18 Viennainverter output voltage

A variable AC input source is provided to run the BLDC
motor. In order to regulate the input voltage source the AC
voltage is rectified using vienna rectifier. Fig. 18 shows the
output DC voltage of the Viennarectifier.

Fig. 19 SEPIC output voltage

The rectified DC voltage is provided to the SEPIC
converter. The input voltage is variable based on the applied
input variable AC source. Thus the SEPIC operate in both
buck and boost converter logic to maintain the constant DC
output. Fig. 19 shows the regulated DC output generated by
the SEPIC controller.

Fig. 20 PWM pulse generated by PSO-PID controller

The MOSFET in the SEPIC controller istriggered using
PSO-PID controller with the speed of the BLDC motor as
feedback. Fig. 20 shows the PWM pulse generated by the
PSO-PID controller to trigger the SEPIC converter. The
SEPIC converter is triggered in 22Hz frequency range. The
duty cycle of the generated pulse was altered in order to
control the output voltage of SEPIC converter.
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Fig. 21 3stagelnverter triggering pulse

The controlled DC voltage is then passed to the Inverter
were the regulated DC voltage is converted to the AC voltage
which used to drive the BLDC motor. Fig. 21 showsthe PWM
pulses generated by the PIC microcontroller to control the
inverter function. Fig. 22 shows the output of the 3-stage
inverter. This AC voltage source is then feed to the BLDC
motor.

Fig.22 3stageinverter output

V. CONCLUSION

PSO based PID controller is introduced to control the
speed of the BLDC motor. The BLDC motor with variable
input source was controlled using PSO-PID controller and the
SEPIC converter. The SEPIC converter regulates the input
voltage of the BLDC motor, the PSO-PID controller controls
the gate pul se of the SEPIC converter. Based on the generated
gate pulse, SEPIC converter acts as boost or buck converter.
Thus, the output voltage of the converter is regulated which
proportionally maintains the speed of the BLDC motor. The
performance of the BLDC motor drive with PSO-PID is
tested by simulating using MATLAB/ Simulink . And the
model is developed in a hardware environment to test the
performance of the PSO-PID controller in the real time
environment. The PSO-PID control algorithm is executed
using M SP430 microcontroller and the output of the hardware
model iscompared with the simulated results and proved to be
effectivein real time environment.
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