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Abstract

This paper presents an implementation of a microcontroller based boost converter to maintain constant speed of a DC motor. The
optimised values namely kp,ki,kd of the Boost Converter are taken from firefly algorithm[10] and implemented using microcontroller.
Pulse width modulation (PWM) is a procedure to generate changeable pulse width with different duty cycle. The PWM signal reduces
the switching losses. This paper presents a DC motor speed controller where PID Controller is used where the optimized values of
kp,ki,kd are taken from firefly algorithm[10]. The PWM pulse width will alter the speed of the motor. The motor voltage and revolutions
per seconds (RPS) obtained at different duty cycle rates. With increase in duty cycle, further voltage is applied to the motor. This gives
stronger magnetic flux in the armature windings and to enhance revolutions per seconds. The characteristics and concert of the DC motor
speed control system was discussed. In this paper, a PIC microcontroller is designed with a DC-DC boost converter for the motor speed
controller system. Finally to improve the graphical result we design the hardware in loop method using matlab.

Keywords: Boost converter, duty cycle, pulse width modulation, proportional integral derivative.

1. Introduction

Kinattingal et.al proposes a converter which uses pid controller
whose parameters are optimised using queen bee assisted genetic
algorithm. Here line and load regulation is monitored for step
change in output and input. Here the settling time, peak overshoot
and under shoot are analysed[1]. Brain R Copeland proposed
Ziegler Nichols Tuning is used for tuning PID controller. This
method line and load regulation is monitored for step change in
input and output. Here the settling time, peak overshoot and under
shoot are analysed. Dynamic response of the controller is not good
and the convergence with best solution is poor. For this reason we
need to go for other optimisation algorithm[2]. Here fuzzy logic
implementation of boost DC-DC converter is analysed and the line
and load regulation is monitored[3]. Here pulse width modulated
is used for sliding mode controller for boost converter is
discussed[4].Here the continuous and discontinuous modes of a
boost converter is discussed. Further the duty cycle variation with
respect to input voltage is discussed[5].Here various method like
sliding mode, PI Integral, fuzzy logic implantation and line, load
regulation are monitored[6]. Rick zaitu, et. al., proposed small
signal loop analysis of DC-DC boost converter using TPS61030
system to meet dynamic load variation. The PID controller was
tuned to tune the proportional, derivative and integral gains
yielding a minimum overshoot and low ripple content. The
controller modifies the duty cycle of the boost converter in terms
of input voltage and loading variations such that it produces a
stable output voltage[7]. Tang, et. al., designed a Fuzzy controller
to regulate a boost converter whose operation was verified by
simulation. The output of Fuzzy and PID controllers are compared
for various aspects like output transient, line and load regulation.

The Fuzzy controller output shows reduced settling time. In order
to obtain dynamic performance and less steady state error fuzzy
logic controller is carried out for DC-DC converters[8]. In CCM
and DCM the linear model for PWM switch is obtained with the
help of ideal diode and switch[9]. Reeba et.al., suggested various
optimisation algorithms namely cuckoo search, frog leaping and
cuckoo search algorithm are discussed. From the best performed
algorithm that is firefly algorithm the optimised values are taken
and planned to implement a converter for the optimized values got
from the design[10].

In this paper, an boost converter is implemented for the optimized
values obtained from firefly algorithms[10].In section A deals
with  boost converter basics with respect to duty cycle and
CCM,DCM is discussed. Section B deals with boost converter and
modeling of controller design is discussed. Section C deals with
flowchart of hardware implementation. Section D deals with
hardware implementation of boost converter.
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Boost Converter

The voltage at the output of the boost converter can be altered by
varying the duty cycle. If on time is more, output voltage will be
more. If on time is less, output voltage will be low. If there is no
loss in inductor then input is converted to output with no power
loss and is 100% efficient conversion. Figure 2 shows variation of
duty cycle. A 50% duty cycle means pulse width is on for 50%
and off for 50%.
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Fig. 1: Boost converter
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Fig. 2: Duty cycle

There are two modes of operation in boost converter. They are
continuous conduction mode(CCM) and discontinuous conduction
mode (DCM). In CCM the inductor current never ceases to zero.
In DCM the inductor current ceases to zero. A boost converter
operates in continuous mode if inductor current by no means
ceases to zero. Figure 3 shows CCM and DCM maode.
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Fig. 3: CCM and DCM mode

Boost Converter Analysis
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Fig. 4: Boost converter(on/off state)

e  When on, the switch is shut, MOSFET is on and the
current over the inductor increments.

e In the off express the switch is open, MOSFET is off
and the vitality put away in the inductor moves through
diode, capacitor and load. In the event that the lift
converter works in nonstop conduction mode then the
current through the inductor never tumbles to zero. In

irregular mode the charge in the inductor is released

before the cycle. ends.
Boost Converter uses MOSFET as its switching element, when it
is closed its reverse biases the diode and the voltage across the
inductor is identical to input voltage V;,, and the inductor voltage
is denoted by V;.The current through the inductor is given by I,
Therefore V, =LV, =V, =L V,=V;y V,=Vin

Also V,=V;, V, =L

When the switch is open the diode will be in on state due to the
current stored in the inductor.
Therefore V;,,=V,+V,,.;

vy _dl,
Also £ =—*
L dt

The duty cycle with regard to output voltage is given by
in

Vour =7_p
Where D refers to duty cycle
The duty cycle with regard to output voltage is given by

Vour = —

1-D
Where D refers to duty cycle
The boost converter is designed with closed loop using MOSFET
switch. The converter is designed with following specification:
input voltage Vin=12V;switching frequency fs=2kHz; inductance
=33mH,capacitance=1000pF and load resistance 100 Ohm and

output voltage=48V.
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The voltage, at the output of the boost converter when the switch
is on is given by
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The output voltage in this mode is

vo= [ waro] o @
The error is given by

e(t) = Vo~ ©®)
Thus the error signal is the comparison of actual and reference
voltage.

Let F(0) denotes the minimization function which is used for
optimization. The aim is to minimize settling error, steady state
error,peak overshoot and undershoot. The function is written us

t
FO)= X, e(®
0 =[Kp,Ki & Kd] is the controller ts is the start up time.

Flow Chart

First we need to set the command from the PC to the
microcontroller. Then compute the error. Based on this generate
PWM pulse and give to boost converter. From that the speed of
the motor is controlled and speed sensor is set to sense the speed.
Constant speed can be maintained using microcontroller by
varying PWM pulse.
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Fig. 5: Flow chart of hardware design

Hardware Design and Implementation

Block diagram

Lco

L
= P EHE

i

Paiar i
Supply g .
Prev I

Fig. 6: Block diagram of boost converter

The Set point and the Time sample are given to the Kit using the
MATLAB front end designed as GUI. The MATLAB session and
the kit are synced using the USB to TTL converter which is
connected to the USB port of the Microcontroller. The serial port
receives the MATLAB Command and gives it to the
Microcontroller. The Microcontroller produces the PWM based on
the set point. The Boost Converter gets the PWM and the boost
process is driven using the PWM received. The Boost Converter
output is attached to the load. The load given is the DC Motor.
The Speed Sensor senses the Speed and it transmits the Speed to
the PC. The Real time speed received is plotted to display the
Time vs Speed Graph.

Hardware section

e  PIC Microcontroller

e  Boost Converter

e LCD

e  Regulated Power Supply
e IR Transmitter

e DC Motor

e USBtoTTL

PIC microcontroller

PIC is the acronym of Peripheral Interface Microcontroller. It
have certain features. It uses Harvard architecture and has fixed-
length instructions. Here RAM acts as register in both input and
output. Here the PIC Microcontroller is used to interface the
computer with boost converter, which will further monitor the
speed of DC motor.

Speed sensor

Speed sensor is the electronic gadget used to screen the speed of
motors. Here a speed sensor is utilized to screen the execution of
DC motor. Based on the perception of the speed sensor the
microcontroller will charge for steady speed control.

LCD

LCD is the liquid-crystal display (LCD) that uses the light
adjusting properties of liquid crystals. Liquid crystals don't
produce light straightforwardly. The main benefit of LCD display
is it devour less electrical power.

Regulated power supply

A power supply is a device that provides electric power to an
electrical load. managed power supply provides fixed voltage to
the converter.

DC Motor

A DC motor converts direct current electrical power into
mechanical power. Here dc motor is interfaced to the boost
converter and the speed is controlled using microcontroller.

USB 232

The USB to RS232deviceboardmay be a PIC
microcontroller based mostly device that receives a USB signal
from alaptop and converts the signal to an RS232 output.
The sign is sent to anyone of 3 serial ports.USB specification has a
pair of full-speed 12Mbps five pins for three.3V, RST, TXD,
RXD, GND & 5V.Baud rates: three hundred rate to one.5 Mbps.

2. Pin Diagram
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Fig. 7: Pin diagram
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4. Conclusion

This paper presents a DC motor speed controller where PID
Controller is used where the optimized values of kp,ki,kd are
taken from firefly algorithm[10]. The PWM pulse width will alter
the speed of the motor. The motor voltage and revolutions per
seconds(RPS) obtained at different duty cycle rates. With increase
in duty cycle, further voltage is applied to the motor. This gives
stronger magnetic flux in the armature windings and to enhance
revolutions per seconds. The characteristics and concert of the DC
motor speed control system was discussed. In this paper, a PIC
microcontroller is designed with a DC-DC boost converter for the
motor speed controller system. Finally to improve the graphical
result we design the hardware in loop method using matlab.
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Table I: Dynamic Response of Boost Converter with Bees GA, Frog Leap
(FL), Cuckoo Search(CS), Fire-Fly (FF)[10]
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3. Results and Discussion
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Fig. 10: Speed vs time graph

The designed control system with optimized values of kp,ki,kd
taken from [10] can control the motor speed very quickly. The
main benefit of using DC motors in today's world is the capacity is
to control the speed with no trouble. This paper is about
controlling the speed of DC motor by using micro Controller. The
motor speed (current value) reaches to set value in a short time
and used for speed control. By analyzing the simulation results we
can conclude that many of the desired characteristics such as rise
time and overshoot improve. The results of simulation and
hardware implementation show the superior performance of the
system.[11][12]
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