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Abstract— Proportional-I ntegral-Derivative (PID) control is the
most commonly used algorithm for industrial control. The process
of computing and setting the optimal gainsfor P, | and D to get an
ideal response from a control system, called as tuning, is a very
difficult task. In this paper, two types of nature inspired
algorithms genetic algorithm (GA) and particle swarm
optimization (PSO) techniques are used for optimizing the PID
parameters. These techniques have been observed to be capable of
locating high performance areas in complex domains without
experiencing the difficulties associated with high dimensionality
or false optima. Hard disk drive read/write head servo control
system and DC motor control are used in the simulation study for
depicting the efficacy of the proposed methods. PID controllers
optimized using GA and PSO are observed to provide better time
domain performance in comparison with conventionally used
tuning method of Ziegler-Nichols.

Index Terms— Genetic Algorithm, Particle Swarm Optimization,
Tuning of PID Controller, Ziegler-Nichols.

I. INTRODUCTION

Despite the popularity of PID otrollers as the most practic
controller for control engineers, reports shows B@%6 of
the installed PID controllers are operating in na&rmode
and 65% of the automatic controllers are poorlyet [1].
The remaining 5% of the PID controllers areerating under
default settings which means ththese controllers are n
tuned at all. These situations impthat tuning thePID
controllersare the vexing problems to ticontrol engineers.
Most commonly used tuning methods Ziegler-Nichols
and Cohen-Coon methodsd they havemany inherent
disadvantages.

This paper tries to provide an alternative approfurt
tuning the PID controllers. The natumspired algorithms
especially genetic algorithm (GA) [2nd particle swarm
optimisation (PSO) [3] d@ussed in this paper can genera
high quality solutions and stable convergence altaristics
and theywill provide the designers with the optimized F
parameters with less rules of tunidgcomparative study o
the performances of GA and PSO danPID controller
parameterson the basis of application on simulated mo
of hard disk drive control and dc motor contiis presented
in this paper. The GA tuneahd PSO tuned PID controls
give better time response characteristics in coimparwith
PID controllers tuned with conventional methc
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. MATHEMATICAL MODELLING OF SYSTEMS

Hard disk drive control and armature controlled rdotor
control systems are used to depict the efficadh®iGA anc
PSO based PID controllers.

A.Hard Disk Drive system

The objectiveof the disk drive reader device is to position
reader head accurately at the desired track antbte from

one track to another within minimum time possil#lebasic
diagram of disk dxie control is shown in Fig. 4].
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Fig. 1 ClosedLoop Control Systemfor Hard Disk Drive

The variable to accurately control is the positiéthe reade
head througtactuator motor. The block diagram indicat
the individual sections of the system with tranéfigictions is
shown in Fig. 2. The typicglarameters depicted in the figt
along with their assumedhlues are listed in Table 4]. It
can be seen that the overall transfer functiomefhtard disl
drive as [4]
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Fig. 2 BlockDiagram Model of Hard Disk Drive System
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Table 1: Typical Parameters of Disk Drive Reader

Parameter Value
Armature resistance (R) 1Q

Motor constant (K| ) 5 N-m/A
Armature inductance (L) 1 mH
Inertia of arm and read head (J) 1 N-m.$/rad
Friction (b) 20 kg/m/s
Amplifier (K ) 10 - 1000

A.Modelling of DC Motor

In armature controlled motor, the field currehtjs held
constant, and the armature current is controlleduih the
armature voltage, V. In this case, the motor torigaecases
linearly with the armature current [4]. The dynar&havior
of the DC motor is well described by the followieguations;

. di
V= L—2
RiL+ dt+q’

T, =J dzggt) %Y ©)
dt dt
T, =Kii(t) 4)
dé
&(1)= Kb—dgt)

Where ia is the armature current, eb is the batkfeTm is

@)

tuning method used in industries

technique.
A. Ziegler-Nichols Tuning Rule

Ziegler and Nichols proposed rules for determinithg

values of proportional gain Kp, integral time Tidan
derivative time Td are based on the transient aesp
characteristics of a given plant [5]. Ziegler—Nithtuning

method is a heuristic method of tuning a PID cdhero

These procedures are accepted as standard in lceygtems
practice.

B. Genetic Algorithm based Tuning

Genetic Algorithms (GAs) are adaptive methods whicky
be used to solve search and optimization probl@yg][ It is
one of the modern heuristic algorithms based oririple
of Darwinian theory of evolution. Genetic algonth use
biologically inspired mechanisms and survival of fittest
theory in order to refine a set of solution iteraly. GAs
belongs to the class of probabilistic algorithmst, they are
very different from random algorithms as they comebi
elements of directed and stochastic search. Beazuthes,

is Ziegler-Nichols

GAs is also more robust than directed search msthod

Another important property of such genetic basearce
methods is that they maintain a population of pidén
solutions. A block diagram showing the differenepst
involved in the optimization process using GA isegi in

Fig. 4. Main steps involved are selection, crossaweitation

and evaluation.

C. Particle Swarm Optimization based Tuning

(5) Particle swarm optimization (PSO) is a populaticasdn

search optimization technique inspired by the $dhavior
of bird flocking or fish schooling. The PSO algarit works

the motor torque, an@lis the angular displacement. Typicalby simultaneously maintaining several candidatatgmis in

parameters of the DC motor under consideration tiir
assumed values are listed in Table 2. The trarigfation
from the input armature voltage to the resultingydar
position change can be obtained as [4]

6(s) _ K, (6)
V(s) (LS +(R J+ BL) 8+( K+ RB
The overall transfer function of the DC motor systs
a(s) 1.2 (7)

V(s) (0.00077S + 0.053F + 1.44%

Table 2: Typical Parameters of DC Motor

Parameters Values
Armature resistance (R 2.45Q
Armature inductance ¢} 0.035H

Inertia of rotor (J) 0.022 Kg—m2 Jrad

0.5*10° N-m/(rad/sec)

Viscous friction coefficient

(B)

Back emf constant (&

1.2 volt/(rad/sec)

lll. TUNING PID CONTROLLER

It is a challenging task to obtain the optimum ealwf PID
controller, suited for each plant. Of the varioypets of
tuning rules reported in literature, one of the heferred
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the search space [3, 7-8]. During each iteratioecandidate
solution is evaluated by the objective functiondtermine
the fitness of that solution. It uses the fitnesaction to
evaluate its candidate solutions.
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Mutate Select
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Fig. 4 Optimization using GA
The PSO algorithm mainly consists of three steps:
1. Evaluating the fitness of each particle.
2. Updating individual and global best fitness aoditions.
3. Updating velocity and position of each particle.
These steps are repeated until some stopping camsliare
met such as maximum number of iterations or a (fireekd
fitness value. The optimization ability of the P&f@orithm
is caused by the velocity and position update stre
velocity of each particle in the swarm is updatgdising the
following equation;
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v(t+)=wy(9+ e x(9-x() |+ e 43— }]
_ (8)
The index of the particle is representad| . Thusy, (t) is
the velocity of particlei, at timet and X (t) is the position of
particlei at time t. The parametens C;, andC, (0< W <
1.2,0< C,,C, <2) are usesupplied coefficients. The valu

I andr, (0O<r,r,< 1) are random values regenerated

each velocity update. The vaIuTie(t) is the individual bes

candidate solution andy(t) is the swarm’s global be

candidate solution. Once the velocity for each iplartis
updated, position of each particle is updated Ipjyépg the
new velocity to the particle’s previous positi

X (t+D)=x(t)+vy(t+9 (9)

IV. RESULTS

In this paper, GA and PSO have been used to olbhe
optimized P, |, D values for effective controltwo plants, as
shown in Fig. 5. An objective function or fitnesmétion is
required to galuate the best PID controller for the syst
Any function that would be a measure of proper i mf the
system can be used as alnjective function. In this pape
mean of the squared error (MSE), as given in [(&electec
as the objective function.

17 2
MSE:d(e( )" dt (10)
wheree(t)is the error signal in time domai
GA /PSSO
] e
iy —3 =0 PID e )

Fig. 5 Optimization of PID Controller based on GA/PS(

Genetic algorithm and particle swarm optimizatio
techniques were appliedrfoptimisation of PID valuewith
parameters shown in Tables 2 and 3 respectivelgsé
parameters are observed to give the best restltaias
observed that botlthe optimisation procedis converge
within reasonable time and yield good rest

Table 3: GA Parameters used irSimulation
Value/methoc

GA property
Fitness function Mean squared err
Population size 50
Maximum no. of generations 30C

Selection Roulette whet
Crossover Multipoint
Mutation Uniform
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Table 4: PSO Parameters used iSimulation

PSO property

Value/method

Objective function

Mean squared error

Population size

50

Maximum no. of generationg 100
Cognitive Attraction 4
Social Attraction 1.2

Optimum PID values ra computed manually wit
Ziegler-Nichols (Z-N) methodJnit step response of thard
disk drive read system using the PID controlleretinvith
Z-N method is shown in Fig. 6. Unit step respcs of the
same systerwith GA and PSO tuned PID controls [9 — 10]
is shown in Fig. 7 and Fig. 8 respectiveThe unit step
responses of thdc motor system using the PID contrcs
tuned with ZN, GA and PSO methcare compared in Fig. 9.
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Fig. 6 Unit Step Responswith Z-N Tuned PID
Controller for Hard Disk Drive Control
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Fig. 7 Unit Step Responswith GA based PID Controller
for Hard Disk Drive Control
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Fig. 8 Unit Step Responswith PSO based PICController
for Hard Disk Drive Control
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From he comparison of the step responses of both tmsp
it is observed that GA baseshd PSO based PID contros

yields much better results in comparison wi-N based PID
controller. Performances of these three methodsepetec
using performance masures such as rise time, settling ti

and maximum overshoot in Table 5. Although GA asDI
based method has deteriorated in terms of rise, finmas ¢
much better performance considering settling tinmel

maximum overshoot.
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Fig. 9 Comparative Unit Step Responsewith Z-N, GA
and PSO based PID Controlleifor a DC Motor

Table 5: Comparison of PIDController Response
Maximum

Tuning Rise Settling

(6l

(7]
(8]

(9]

[10]

N. Thomas and P. Poordjp“Position Control of DC Motor usin
Genetic Algorithm Based PID ControlleProc. World Congress on
Eng, vol Il, WCE 2009, London, U.I

J. Kennedy and R. C. Eberhart, “Particle Swarm @igttion”, IEEE
International Conf. on Neural Netwoi, 1995, pp.1942-1948.

Z. Gaing, ‘A particle swarm optimization approe for optimum
design of PID controller in AVR syst¢,” IEEE trans. energy
conversion Nov. 2002

GAOT - A Geneticalgorithm Optimization Tooltx for use with
MATLAB, http://www.daimi.au.dk/~pmn/Matlab/dochome/toolt
GAOT/gaotindex.html

PSOT - a Particle Swarm Optimization Toolbox for use v
MATLAB,
http://iwww.mathworks.com/matlabcentral/fileexchdi@§8¢-particle
-swarm-optimization-toolbox
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PLANT | method | time(s) | time(s)

Z-N 0.076 0.242° 4.8

HDD GA 0.075 0.097¢ 0.5

PSO 0.08 0.098: 0.0063

0.0329 | 0.860: 56

DC
MOTOR

GA 0.085 | 0.138¢ 0.46

PSO 0.0935| 0.224: 0.011

V. CONCLUSIONS

Effectiveness of nature inspired algorithms,genetic
algorithm and particle swarm optimizatiin tuning PID
controllers is demonstrated. GA basatd PSO based Pl
controllers are designed ftward disk driveand DC motor
systems. As per performance critertanputed from unit ste
responses the proposed controllers show be
characteristics than the most popular classicahtumethod
of Ziegler-Nichols rule.
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