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ABSTRACT

l.he automatic oontrolplayed main role in the innovation of science and engitleering' t)C motor is

an importalt cievice in industries used for driving various loads, thus the implerncntation ol'motor

speecl controller is important. The main function of speed controller of a motor is to keep the

rotation of,the lr6tor at preset speed and to drive a systenr at the dernarrded speed. In this thesis'

rve have implemcnted proportional-lntegral (PI) and Integral-Proportional (lP) controller for a DC

motor to control its speed. The proporlional gain (Kp) and lntegral gain (K1) of PI and [P controller

are adjusted using Ziegler-Nicholas (ZN) metho{. Furtlrer, the popular evolutionary cornputing

techniqucs like Simulated Anncaling (SA) and Genetic Algorithrn (GA) havc becn uscd for the

tuning of the pl and Ip controllers. To adjust the gain of Pl and lP controller using ZN ttrning

rnethod, first rve take thc open loop Step response of the systetn and extract the value of delay tirnc

([r) ancl time constant (r) frorn the open loop step response of thc system and calculate the value

of Kp and K;.

For the calculation of gain parameters t'rf a conlroller using soft conlputing techniques like SA and

cA, first forrnulate the fitness function of PI and [P controllers and then choose the Yalue of'Ko

and K; at rvhich the fitness function gives lninirnutn value. Comparisort betrveen thc ZN' (lA and

SA outp,t was done on the basis of the simulation results obtaincd by MA1'LAB (Simulink)' The

sinruratio, resurts demonstrate that the response of GA based PI ancl ll) controller in terrns of

overshoot. settling time and rise time is bctter as compared to ZN. SA bascd PI and lP controller'

The response of, SA based PI and IP controller is better than the ZN based PI and IP controller'

Irurlhermore [he overshoots in Ip controller are less than the PI controller cither tuned by ZN' GA

or SA.
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Chapter I

INTRODUCTION

An electric motor is a devicc which transform clcctrical energy in to mechanical energy' on the

basis of motor input suppty electric motors are divided in to two maitt categories: Alternating

current (A.c) and Direct current (DC) motors. ln Dc motor the input supply is provided by direct

cLlrrent source rvhile in case of A.c ntotor the input supply is provided by an alternating ottrrettt

source.

DC rnotor are highly used in industry where wide specd control range is rcquired' Somc ot'the

significant applications of DC motor drives are paper rnills, textile mills' hoists' printing prcss' l

brakiug, rolling mills. excavators, macltinc tools and crancs' DC nrotor arc simplc in constrtlction '

ancl less expensive than A.c motor. l)c motor clrives are highly' used tbr position and adjustable

speed conrrol system Ill. Now a days in industry to control the speed of motor is very essential"

Ibr examplc if we use a DC motor in radio car controller then it is not possible to get the dcsired

speecl 1br giving a constant power. It rvill run slower above rough way' uphill and quicker on

dorvnhill, which make essential to design a controller for DC tnotor to drivc it in the desired speed

12).

The rnathematical equation describing the speed of a DC motor is given as [3]'

y e4 
V-/oRo (l)

a

Hcre N:specd .[ motor. V=applied voltage in volts. IoRu- voltage across arnlaturc in volts'

<P:flux in weber

Irrom equation (l) we see that speed of a DC lnotor dcpends upon the following tltrce l'actors:

i. Flux

s ii. Voltage across the armature

iii. The voltage aPPlied



Hence the speed of a DC motor can be change by changing any one oflthe above three factors. The

objective of a controller designed for motor to oontrol its speed is to leceive a sigrral that replcsc'ttl

the desired speed and to drive it at that speed [4].'l'here are 1$,o dilferent type of a controller u'lriclr

arc used to control the speed of DC lnotor: one is closcd loop and second is open loop speed

controller. To measure the actual speed of motor we used closed loop controller while open loop

controller cannot measure the actual speed. The response of close loop controller is better as

compared to the open loop controtler but it is more complex and expensive due to feedback

components. Closed loop control system is mostly used for precise speed control of a motor. Figurc

I .l show closed loop block diagram of DC motor to control its speed [5].

Fig l.l: DC Nlotor Closed Loop Block Diagranr

Frorn the block diagram we see that to generalc thc error signal we take thc differencc bctvvcctt thc

ret'erence and actual speed and varythe voltage of a motorto control its spced.

A DC motor give brilliant speed control responsc for both speeding up and down. DC motors are

usually less expensive tbr high power rating. DC motors are highly used for variable speed

machines and a wide range choices for this purpose have been evolved. For these purpose the DC

motor should give the precision control to get the desired result. Different oontroller likc I)1.

Proportional-lntegral-Derivative (PID), Proportional-derivative (PD), Fuzzy logic r:ontrolleL

(Fl,C), Evolutionary computational based PI, PD and PID controllers or combination of these

controllers are used for speed control of DC motor [6].

1.1 Problem statement

Speed controlof a DC motor is the main problenr in industr.v. A lot of work has hecn donc'filr [X-.

Inotor to control its speed, Different controllcrs like I'1, PID. PD. Particle Srvam OptirTlization

(PSO) based Pl, Cenctic Algolithm (CA) based PID, parriclc swanr optirnization (l'}SOl bascd ['Il).

Controller



pSO based Fractional order PlD, FLC etc. has been made for DC rnotor to control its speed.

However lp controller has not been explored very much. Further the combinatiorr of evolutionary

computilg techliques and Ip controller has not been explored.'fhe purpose of this rcsearch is ttr

explore the application of tuning of IP controller using evolutionary computing techniqucs fbr DC

motor to control its speed and comparc the results with evolutionary computatiorral based I'l

controller.

Ip controller is a verl,simple and economical controller: its implementation is also very easy'.

Therefore it is a great lvorth to control the speed of a DC using IP controller' In this research, Pl

ancl lp controllers havc been dcsigned and implcrnented for DC motor speed control. Moreover

evolutionary cornputation has been explored for optimum tuning of the controller'

1.2 Goals and objcctives

This thesis is basically conducted to achievc the following goals and objectives

i. Detail analysis of speed control methods lbr DC motor'

ii. Mathematical modeling of DC motor.

iii. Analysis and modeling of PI and IP controllers'

iv. Cornparative analysis between PI and IP conlrollers'

v. 1'uning of pl and IP controller using c'r,olutionary computing techniques like (jenctlc

Algorithm (GA) and Sinrulated Annealing (SA)'

vi. Investigation oftransient responsc Charactcristics'

1.3 Thesis Outline

chapter I proyides brief introduction of DC rnotor Speed control' chapter 2 give the detailed

literature survey of speed control of DC motor. In Chapter 3 mathematical modeling and tralrslcr

function of DC rnotor are presented. Chapter 4 explain the PI and IP controller used for DC tnotor

speed control. Tuning of PI and IP controller using Ziegler-Nicholas (ZN) tuning rnethod arc also

described. Chapter 5 explain the brief introduction of soft computing techniques, SA and GA

(Genetic Algorithm). The basic working principle of CA and SA for tuning of PI and IP controllers

are discussed, further Fitness function of PI and lP controllers arc fbrmulated' Chapter 6 prcsent

Sim*tink moclet and results of the DC rnotor speed control. Chapler 7 provide tlte conclusion and

recommended frrture rvork.



CHAPTER 2

LITERATURE REVIEW

Speed control of rnotor is one of the main problcrn of the industrl'. Speed cotttrol of tnotor mear)s

intentionalchange in speed to drive the rnotor at a specific spced to pcrfornt thc specilic rvork. A

lot of ivork has been done for a DC motor to control its specd.'fo control the speed of,a DC nrol()r'

different controllers are used, from which some o[them are specified as under:

i. P.l controller

ii. P.D controller.

iii. P.l.D controller.

iv. Evolutionary computational bascd PID controller.

v. PWM Techniques.

vi. Armature voltagc control method

vii. Rlreostat cotttrol method'

viii. Fuzz.y logic controller.

ix. Fuzzy adaptive PID controller.

x. Fuzzy logic PI controller.

xi. GA based fuzzY controller.

Atuat Dewangan et at. used ATrnega8L for crrntrolling the speed of DC motor that is fed bv DC

chopper, pulse rvidth modulatiorr (PWM) signal are used to drivc the chopper circuit. Thc spced

ola moror can bc oontrolled by controlling the motor terminal voltage using PWM dutl'cycle [4]'

Sadiq et al. control the speed of DC motor using voltage control method applied to the tleld circuit

and compare the results with the armature voltage control method. Simulation results show that

the transient response of the field circuit vottage control technique is superior than the armatllrc

voltage controlmethod atthe rated speed of 1500 and 2000 rpm and the designed FLC is cfficient

lor wide range of speed (0-2000rpm). also the transient response of the motor at 2000 rptn is bcttcr

than 1750 rptn [7].



Anurag Dwivedi used rheostat control method for controlling the field and armature vohage of a

DC motor to control its speed. The speed of a motor below nortnal speed are controlled trsing

Armature rheostat control method while the specd above the normal speed are controlled using

field rheostat control method. So by using these two methods together' wc can obtain extensive

range of speed control for different applications. The main problem to use this s1'stem is large size

of.rheostat across the armature due to which a large amount of the power are rvasted [8]'

c Mishra et al. do comparative analysis of the performance of DC motor speed control ustrrg

armature vottagc oontrol method with the cornbined artnature vclltage and field current control

nrcthod using PI controller. Simulation results inclicatc that the spced and cfticiency' of Dc llotor

at fuil and hart road torque condition with oombined fiercr current and armaturc vt-rltage oontr.l

method using Pl controllcr is better as colnpared to armature voltage control' Buck convcrter are

used to controlsimultaneously field current and annature voltage of a motor [9]'

A Adday and othman improve the efficiency' of a DC motor using FLC for controlling both the

field current and armature voltage simultaneously. To control the field and armature voltage DC-

DC convorter arc used. Results show that lnotor efficiency is increased in low and medium load

torqtre by using armature luzzy logic speed controller. we cannot use this for high load torque

because at high load motor efficiency dccrease [10]'

S. Singh et.al. Used Pl Controller lor a DC servo lnotor to control its spced' Design of PI controller

for DC servo motor is simplc, economical and powerfiul. Use of Pt controller for DC scrvo nlolor

is an efficicnt nrethod to improve thetransient rcsponse olthe motor' PI controller minimiz-e thc

settlitrg time, risc timc and reduce the overshoot approximate to zero Il l]'

I{ Kanojiya et.al. Usecl pSo based pl conrroller lor a DC nrotor to control its specd' Fufther tlrc

results.f pSO based pl controller werc compared with PID controller tuned by Zicgler-Nicholas

(ZN) and Modified Ziegler-Nicholas (MZN) tunirrg rnethod. Simulation results indicate that the

results oIPSO based PI controlter are much betler than ZN and MZN based PID controller in terms

of settling time, overshoots and risc time. Furthermore PSO based Pl controller are' economical'

efticient and easy in implementation than ZN and MZN based PID controller [12]'

Ch prakash and R Naik used PID controller tuned using Ziegler-Nicholas (ZN) algorithm to

control position of DC motor. Comparison of the result of Ziegler-Nicholas based PID controller



with the conventional plD controller are made. Simulation results indicate that transient response

(i.e. overshoots, settling time and rise time) of ZN based PID controller performance are better as

cornpared to conventional PID controller. Fuffher, the performance of a controller catt be improved

by using genetic algorithm for tuning purpose [13]'

venkateswarlu and chchengaiah compare the performance of PID and FLC for a Dc rnotor to

control its speed. The transient response of DC motor obtained without controller ls not

satisfactor-v.'fhere exit a dead time of one second which is the main drarvback of the system. 1'tr

rcnlove this drawback used PID controller which improve the transient response of the rnotor but

lailed ro remove the dead time of one second. FLC is used to remove this dead tirne. The step

response of Fl,C is smoot and ripple free Il4l'

KusSwah and p. patra comparc the perfiormance comparison of diff'erent tuning tcchniqttcs fl'lr

tunirrg of a plD controller used for specd control ol DC nlotor. Tho-n- cornpare thc rcsults of

conventional plD controller with evolutionary computational based PID controller and fourtd that

thc transient response (i.e. overshoots, settling time and rise time) of computational based

controller are much better than the conventional controller tuned by Ziegler-Nicholas tuning

rnethod [51.

Iv{ Jaisrval and M phadnis used genetic algorithm (GA) for the tuning of a PID controller to control

the speed of a DC motor. The transient response of motor can be enhanced by well tuning of PII)

controller. The5, sornrare the result of PID controller tuned by CA rvith conventional PID

controller and fbund that the GA based PID show superiority over conventional controller in

transient response like rise time. settling time and overshoot [16].

S Dubey and Srivastava analysis the performance of proportional dcrivative (PD) and PID

contr.oller for DC motorto conlrol its speed. From the analysis it is observcd that rnain draw'hack

of pD controller is steady state error as PID controller has zero steady state error thereforc PID

controller can be used to overcome the drawback of PD controller, to make the steady state error

to zero the overshoots are observed. To decrease the overshoot we ltave to increase the derivative

gain but the rise time of the system increases as a consequence. I-lorvever there is a compt'omise

between the speed response ancl overshoot. Overall speed response of PID controller is bettcr than

PD controllers [17].



M Telbany used artificial bee's colony (ABC) for PID controller to control the spced <-'l a DC

motor. He compare the result of artificial bees colony (ABC) based PID controller with

conventional plD controtler. The rise time, overshoots and settling tirne of ABC based PII)

controller are bctter than PID controllcr I l8]'

A Gammal and Asamahy use multi-Objective- PSO for tuning of PID controller ftrr separately

excited DC motor to control its speed. Resutts shorv that mr;lti-Objective- Particle Swarm

optirnization (MOpSO) based PID controller minimize overshoot, tracking error, steady state

error, rise tinre and settling tirne ofthe system [19]'

Salim et.al. Compare the result of FLC based on Laboratory virtual Instrumettt Engineering

Workbench (Lab VIEW) rvith Pl ancl PID oontrollers that is tuned trsirrg Ziegler-Nicholas tuning

metlrod. To control the applied voltage of DC moror a controller is designed on lhc basis o1'f,trzz1

rule to change the speed error and spced control of motor. Sirnulation restrlts irrdicatc supcriority'

ot'F-l,c controller over pl and plD controller.'[he transient resporrsc (scttling time' peak timc. rtsc

time, r1ead time) of FLC controller is lorver than the PID controller tuned b1'Zeigler-Nicholas (ZN)

tuning nrethod [20]'

M Faiz et.al. Lise Genetic Algorithm (GA) bascd type2 FLC for DC molor to control its position'

They compare rhe results of GA based type2 FLC rvith GA based typel FLC' The performance ol

these GA basccl type2 FLC rvith GA based typel FLC are analyze on the basis of several

llleasurements like settling time, overshoot, rise time, integral time multiplicd absolute erlor

(rlAE) and Integral absolute error (lAE). In each case the performance of GA based type2 FLC is

better than the cA based typel FLC. GA based type2 FLC has abirity to remove the no.-linearitl'

of the system especially when a un modelled dynamics are introduced [21]'

M Ramesh et.al. Used fuzzy logic (l'-L) PI controllers to control the speed oIbrtrshless direct

current (BI-DC) motor. Three PI and three FLCs arc used. The ru[e base used tbr ]:l'c arc salrle

Ibr these three controllers. The fuzzy logicand PI controllers used for lorv, medium and high specd

are connectecl in parallel and the tuzzy logic. PI cotttrollers used to control the same speed likc

small speed are oonnected in series.'Ihe output oll'-LC goes to the inptrt of PI controllc'r and tlrc

outpul of pl controller goes to the input of ourrenr controller.'l'he sirnulation results indicatc that

the speed responsc of BLDC motor using F.L based Pl controllcr performance is better as

compared to the conventional FLC l22l'



I) Agrawal et.al. Compare the results of Pl controller with Fl-,C f'or brushless DC motor to control

its speed. The performance of traditional controllers likc Pl controllcrs are better under stnall set

of conditiols a1d highly used in industry due to er:onomical and sinrplicity in construction but in

case of high load disturbance and nonlinearity perlormancc oIthese controllers is not satisfaotory.

To overcome these problems a FLC has been introduced. 'the FLC can be implemented easily to

overcomethe load disturbance and nonlinearity problem of the system. The simulation results of

pl and FL controllers are compared for speed controlof BLDC motor and found that the speed and

torque response of FLC is bettcr than conventional Pl controllers. The rcsponse of FLC is bcttcr

than PI controllers in terms of overshoot, rise time and settling time [23]'

K Strjatha et.al. Compare the performance of conventional PI, fuzzy Pl controllers with neural

net,vork for a brushless DC motor (BLDC) to control its speed. Neural network shorv better

performance than the conventional PI and fuzzy PI controllers. 'fhe sitnulation results show that

l.fAE (integral time absolute error) an<J IAE (integral absolr"rte error) are srnall in nettral nettvork

as compared to PI and fuzzy Plcontrollers. The transient response (rise tinre' overshoot and scnling

timc) of ncural network is srnall the convetttional PI and[uzz.7' PI controllers [241.

C Xia et.al, Use GA based FLC lor Brushless DC nTotor to control its speed and compat'c thc rcsLrlt

rvith plD controller. To control the speed of BLDC motor using gcnetic algorithm bascd IrLC tn'o

loops are made. One is the inner current loop which is used to control the motor torque and second

is the FLC r.vhose control rules are adjusted and set the parameters based on genetic algorithln' By

cornparing the result of GA based FLC with PID controller, it is found that the response of GA

based FLC method in terms of robust and dynamic performance of the system is better than the

PID controller [25].

Z,.yachenand H. Yuemipg tgne the PID, increnrent PID and Integral separation PID controllers

using SA algorithrn. Compare the results of these three controllers on the basis of rninimizing the

steady srate error and integral time absolute error (l'fAE). Simulation results show that every

corrtroller has its own advantages and are superior in different control requirentent. Generally

co,r,entionalptD controller is so developed and diffused in to ntany control cases. lPIl) savc ticrni

6-ruch calculation but in some high precision s1,stem. the high overshoot is deva sting- so ISI)lt)

controller is bcst lor the corrblning stratcgy to acoornplish the optimal pcrlirrnrance [261.



y. Soni apd R. Bhatt design a SA based I,lD conlroller for a stablc LTI (Linear time invariant)

continuous system using IAE, MSE, ISE and I'I'AE error criteria' 1'he gainKr.K, and K4 are

acljusted using SA to meet the desired perfornrancc specification. A comparison of PII) controllcr

performarrce is observed on the basis IAE, MSE. ISE and I'fAE crror criteria. Simulatiotr results

shorv thatthe response of SA based PID controller is bettcr fbr IATE which havc}Vo overslroot

and very small settling time 2.26e^-005 seconds [27]'

R soni ct.al. uscd conventional PID and F.L controllers for DC motor speed control' As PID

controller is very simple and economical due to which it is highly rtsed in industry. FI.C are mostly

useclto cgntrol the performanoe of a controllcr. ln this paper PID conlroller has been implenrented

fbr DC motor to control its speed and then improved controller performance using FLC. from thc

Simulation results it is observed that transient response of I]LC is better than the conventional PID

controller [28].

G Fluang and S Lee Used Lab VIEW softrvare for designing of a PID controller for DC motor to

conlrol its speed and to present its speed response in real time. The application of tnotor to nronitor

in real time not only monitor traditional instrument but also nronitor either machinc is working

typicalll,or not. This systern is economical and nrore elljcient than othcr mcthods as it conrbinc

the needed instruction of DC motor and constructed on the asscmbly of thc PC.'lhe itctttal respollsc

ol'PID coltroller by,proper tuning of gain paramcters K.t, Kiand Ka aan be obtain witlr this theory'

lzel.

D Geng et.al. Used fvzzy adaptive PID controller for brushless DC motor to control its position'

According to the control systenl to adjust the gain parameters of PID controller fuzzy adoptive

control theory is used. Simulation results indicate that the fuzzy adaptivc control system has fast

response, robust and strong coupling, and the static and dynamic characteristics are much beffer

than the conventional plD controller. The system robustness can be improved by using fuzzy based

plD controller.'l'he system designed by this method is feasible, elfective and correct [30].



CHAPTER 3

MATHEMATICALMODELINGoFDCMoToR

In orclcr to derive the transfcr functicln of Dc r-rrotr)r, its mathernatical model is di'rded in to ttvr)

main parts. one is the electrical part and second onc is the mcchanical part' we dcrive tlrc

crifterential equation of these two parts separatery and then c,nrbine these trvo dilfercntial

equations to find the resurtant transfer function o{'DC motor. r'he erectricar circuit diagram of the

DC motor is given in figure 3.1 [31]'

SupplY to
gnanatur€
windlng

Fig3.l:Iiquivalentl]lectricalcircuitdiagranroIDCmotor

3.1 Electrical Equation of DC Motor

NowbyapplyingthcKirchhoffvoltagelarvtotheloopinfigure3'lrvehave

U - Vno*V;o* E6
(3. 1)

Here 7*: voltage across the resistor, V1 : voltage across the inductor, Eb: back emf of motot'

As

vr,= Lo#' vP = lRo' Eo = K'#

By putting these values in (3'l) we get

v.
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v = IRo + Lr#a KrYo,

Rearranging (3.2)

L'#-=v-Ro-K'#

at 
-lv-no-x"!9;Adt La

(3 3 )

3.2 Mechanical Equation of DC i\{otor

using newton,s larv the torque equation of a tnotor can be writtert as below

r^(t) = t*# + B^# (3'4)

As torque is proportional to current and flux

'ln, x ql,

T^ = Kllo

By putting the value of torque in (3'a) rve get

Ktro = 1*# + B^# (3'5)

Norv by taking t-aplace transfbnn of (3'3) we get

sr(s)=lrJg?-@r

Itearranging thc atrove equation

L"SI(s) = [7(s) - R,,/('s) - K,SO(s)]

I(s)[SL. + Ro] = [7(s) - K,S0(s)l

lly taking Laplace transform of (3'5) we get

Krl(s) = 1 *Sz 0 (s) + B,r,S0(s)

ltearranging the above equation

(3.2)

(3.6)

11



Krl(s) = 0(s)LI"''S2 + 4"'Sl (3'7)

Dividing (3.6) by (3.7) yietds the transfer tunction # ut lollows

t(s)[st o+nr] - 
Y(s)-I(rso(s)

I{sI (s) A(s) Ums2 +Bmsl

Rearranging tlre above ecluation

.Sg(s)(/,,,.S + lJ,,i)(SLa t- Rn) = Kr7(s) - KrK"S?(s)

S0(s)[U-S + B,,i)(.S1,. + R) + KrK.l = Kr7('s)

ra(s) SO(s) K1

-:l(s) - v(s) (/ms+tsm)(sL n+Ro)+KgK.
(3.tl )

Here

a(s) : angular displacement (radian)

o,(S): angular sPeed

Lo: inductance (henrY)

. I: ctlrrent (amPere)

Vo: volLage (volts) across armature

Kr: back emf constant (volts/ (rad/sec))

K,= torque constant in N'm/amPerc

R,, = armature resistance (ohm)

/r,= tttotnetrt of inertia (kg'm2/rad)

B,n= fractional constant (N'm/ (rad/sec))

Figure3'2showtheblockdiagramofDCmotordescribedby(3.8)'
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l,rS + B^

Fig-3.2: Block diagram of armature voltage controI system of DC molor

The value of motor parametcrs used in the research work arc given in table 3 l'

Table-3.1: parameters value of DC motor [32].

ValuesParametcrs

Armature resistance (Rr) 0.6 ohm

Back EMF constant (Kr) 0.55 (volt/(radlsec))

'l'orque constant (Kr) 0,55 (N-m/ampere)

Momcnt of inertia (/*) 0.0465 (kg-m"2/rad)

Arnrature inductance (Lo) 0 (henr1')

Fractional constant (8,r,) 0.004 N-m/(rad/sec))

-l

Putting the parameters value from Table-3'l
required transfer function as given in (3'9)

in (3.8) and neglecting inductance Lo we obtain the

0.55

(sx 0 + 0.6) (0.0465.S+.004) +0.550'5s

0.55

0.0 2 7 95+ 0 .0024 + 0.302s

0.s 5

0.02795+0.3049

79.7 L (3.e)
v(s) s+10,92

ar(s) _
Y(s)

o(s) _
Y(s)

rr,, (s) 
-7(s)

o(s)
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CHAPTER 4

PROPORTTONAL INTEGRAL (PI) AND INTEGRAL
PROPORTIONAL (IP) CONTROLLERS

4.I Controller

A controller of a rnotor is such a device that helps to run the nrotor at a specific speed to perfcrrm

thc speoific wor.k. The controller of a motor may be automatic or manual fbr starting or stopping

a rnotor, selecting reverse or forward rotation, regulating and selecting the specific specd'

diagnosing the fault, protecting against overloads and controlling the torqtle'

l:vcr;,rnotor has to have sorne sort of controller. type of a cotrtroller clepends upon the rnotor task'

1-he simplest controller ol'a motor is an electric s\vitch that are used to cottttect the rnott-rr vrith

ltotver sultply to turn ou or off thc motor. -flre srvitch may be opcratetl InanuallY or solrlc s()l't ol'

rela1,$,ith sensor to turn on or otf the ntotor automaticalll'.

A closcd loop control systenl is also kno$'n as feedback controlslstelll' A closed loop systcnrs itrc

<lesigned to automatically achieve and maintain the desirecl outptrt b1' cornparing it with thc actrral

virlue. It is done try generating the error signal which is the differettce betrveen dcsiled valttc attd

actual r,alue. pl and Ip controllers are used in a closed loop u'hose description are gii'ett in thc

preceding sectitlns.

4.2 Proportional lntegral (PI) Controller

A closed loop fcedback PI controller is rnostly used in industry for spced control of DC motor'

]'he PI controller consist of proportional gain (Kp) and integral gain (K;)' PI controller ltas its

capability to create the zero steady state error in the step clrangc u'ith respect to refercnce spced

[33]. Proportional lntegralcontroller is defined by (a'l)

u(t) = K, x e(t) + KL x IJ r@at (4.I)

I'{ere

u(r) : Rclerettce signal

e (t): Error signal
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Kr= Proportional gain

K,: lntegral gain

proportional Integral (pl) controlalgorithrn is simple and econonrical algorithm uscd for D(' rllotor

to control its speecl. l.igure 4.1 shorv block diagram of PI controllcr uscd tbr speed cotttrol of D('

lnotor. From figure 4.1 we see that in feed forward path both the proportional and integral gain of

pl controller are placed. Block diagranr indicates that PI controller has two loop, one external

spee<l loop and second internal current loop. E(s) is the speed error which is the change bet'*'een

the real and refercnce speed which is feed to PI controtler. Thc otltput of the PI controller Et(s)

acts as a reference input currcnt of motor to control its speed [34].

rr,r (S )

Fig-4.1: Block Diagram of PI Controllcr

.l.he 
transfcr function of pl controller betrveen the actual speeds al(s) to ret'erence speed R(s) is

given as follorvs:

K1(SKp+K i) (4,2)
r*sz+(t +Kmrp)s+KmKi

Here

Kr=proportional gain

Ki= lntcgral gain

7,r,- motor mechanical constant

K,,,= gain constant oImotor

Nor,, the transfer function obtained betwcett the real spcecJ al(s) and thc- load torque I,.ts) is

.1""

ar (s)

R(s)

cp (s)
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given as follows:

ar (s) s(1+s.l"m) (4 .l)
Tr.(s) T^ KrSz+(x^* T,n Ki+Kp)S+Kl

Figure 4.2 show basic simulink model of Pl corrtroller. The error indication rvhich is change

bctu,een the real and reference speed is set to thc input of PI controllcr, depcnding upon the gairr

value of pl controller. The PI controllcr tries to rninimize thc error. outptrt oIthe colttroller is given

to the inprrt of motor.

Fig'4.2: Basic Simulink rnodel of PI controller

4.3 Integral Proportional (IP) Controllcr

rntegerar proportionar (Ip) controiler is an modified form of the proporlional Integral (PI). tr4ost

of the properties of Ip controller are similar to PI controller. TIle clisadvantgae of PI controller like

sluggish response due to abrupt variation in disturbance, controller gain sensitivity ancl high

overshoot can be reduoed by using comparatively new integral proportional (IP) controller'

Integral Proportional(lP) controller was introduccd first timc in 1978 [35]' Figure 4'3 Show block

diagram of IP controller.

16



Fig-4.3: Block diagranr ol' lP controller

Irrom tigure 4.3 we seethat in IP controller proportional gair.r (Kp) are ptrt in feedback path, while

inregral gain (K;) are put in feed fbrward path. The block diagram shorvs three loops of the IP

controllcr, one internal current loop, sccond speed feedback loop and third proportional gain Ko

l'eedback loop. The specd error E(s) is set to an integrat<lr rvith gain It,and the speed is fccdback

tlrrough a proportional gain Kp[36).

The transfler function obtained for IP controller between the real speed a-r(s) and reference speed

R(s)is given as follows:

KmKt

r;sz+(r +KmKp)s+KnK t

FIere

Kr:proportional gain

K;: Integral gain

f,r= motor mechanical constant

Knr= gain constant of motor

Norv tlre transfer hrnction obtaincd between the actual speed at(s) and the torque disturbance Tr(s)

is givcn as follorvs:

s(1+srm)

(4.,+)ar (s)

R(s)

ar (s)

Tr,(s)
(4.s)

i^ x o sz + (xm* Tm Ki + Kp)s+ Ki

Fronr the (4.2) and (4.4) we observe that the zero which are preserlt in (4.2) is renroved in (4'4)
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which indicates that the Ip controller overshoots rvill be rninimium than PI controller. (1.3) and

(a.5) of pI and IP controlter are same, therefor the load disturbance response of PI and IP controller

is likely to be similar to each other. The basic Sirnulink model of IP controller are sholvn in figurc

4.4.

Fig-4.4: Basic Simulirrk model of IP controller

4.4 Tuning of PI and IP Controllers using Zicgler-Nicholas Method

4.4.1 Tuning

The methocl of selecting the gain parameters proportional gain (Kp) and integral gain (K,) of Pl

ancl lp controller to get the desired system response called tuning of a controller. Diff'erent tuning

methods are used for tuning of a controller, rvhich are divided in to trvo main classes:

i. Close looP methods

ii. Open looP methods

In close loop rnethod a controller is tuned automaticalll'rvhile in an open loop rlethod the tuning

of a controller is done manually'. The closed loop tuning mcthocls which arc mostll" used lbr

simulatiott are as foIlows:

i. Ziegler Nicholas (ZN) method

ii. Modificd Ziegler-Nicholas (MZN) rnethod

iii. Tyreus LuYben method

iv. DamPed oscillation rnethod
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Open loop tuning methods:

Open loop Ziegler Nicholas method

CHR method

Fcrtik mcthod

Cohen atrd coon method

IMC method

Ciartcone Marline method [37].

4.4.2 Ziegler-Nicholas Method

Zicglcr-Nicholas tuning method is a trial and crror method rvhiclt tvas introduccd by' Zicgler

Niclrolas \n 1942. Ziegler-Nicholas tuning method is a typical method which arc used for tunirrg

of all order system. For the tuning of a frrst order systetn using l.ieglcr Nicholas tuning metltod'

first rve take the open loop response of the system. lrrom the open loop rcsponsc ol thc systeln

which is shown in the figure 4,6. we note the time constant ('l) which is the timc to reach 63'2"1t

of final value of the system and delay time (L) which is the time to reach half of thc final value'

'fhcse parametcrs value can be found by drawing a tangent linc at the inflection point of thc open

loop step responsc system as shown in figure 4.5 [38]'

Y(t)
K

l'angent I-ine at inflection Poin

Fig-4.5: Response curve of system for Zieglcr-Nichols N4ethod

Irigure 4.6 shorv open loop response of the systeln" lrom this rosponse \'ve extract the valtre ol'

delay time (lr) and tirne conslant (T) to calculate the gain o{'a controller'
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E
tr{d
c
t
{J
dJ
o(f)

Fig-4.6: open loop rcsponse of systcm

From (3.9) the transfer function of DC motor is given as follows:

ro(s) _ )2L_
r(s) S-r 10.e2

comparing (3.9) with the standard equation of transfer function

,(E_ I

7@-s-,o

We obtained

a:10.92

Timeconstant: t=1
a

By putting the valuc ota in (4.6)

Timeconstant:r - + :0.0915 s
10.92

Using figure 4.6 we find

Delay time: lr:0'068

20
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By using Ziegler Nicholas formula [38] for tuning of first order systenr

0.9xt (4 7)

(4 8)

(4.e)

Kp=

Ti-

Kt=

L2

Lt

0.39

Kp

T;

Putting value of T and L, in (4.7) we get

v _0.9x0.0915 :1)
"P - o.o3

Pr"rtting value of t6 in (4.8) yields

4:ffi:o r

lly substituting 11 in (4'9) gives us

K,-!:12' 0.1

The gain values Proportional gain ( K, ) and Integral gain (K;

tuning are given in table-4'1.

.l.able-4. 1: Zeigler Nichole based PI ancJ I-P controllers gain values

) obtained using Zeigler-Nichols

Gain Parameters
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CHAPTER 5

EVOLUTIONARY COMPUTING TECHNIQUES

Evotutionary computing (E.C) techniques is a heuristic computing technique used for optirnization

of different problems. E.C techniques are generally executed on computer and pretends evolution'

'fhe main advantages of E,C techniques are flexibility, simplicity, robustness and good gain

parameter optimization of a controller [39]. In the process of E.C techniques initially a random

population is created, which is composed of a hugc ntrmber of chromosomes' while individual

chromosomes represents the solution of problem. A fittest is selected during the basic steps of

selection, cross over and mutation. The main drawback of this techniques is that there is no

guarantee of dcsired solution within the define limit of time t10]. A large number of E'C techniqtres

algorithm are used for optirnization of a problems' Sorne of therll are as follows:

i. Genetic Algorithm (GA)

ii. Particle Swarm Optirnization (PSO)

iii. Simulated annealing (SA) algorithm'

iv. Evolutionary StrategY.

v. DifferentialEvolution (D.E)'

vi. Ant ColonY OPtimization.

vii. Parallel Simulated Annealing

viii. FireflYAlgorithrn

ix. Self-organization migratingGeneticAlgorithm'

x. HannonY Search (l1S)'

Though, the distinct study is partial to GA and SA whose partictrlars are given as:

5.1 Genetic Algorithm (GA)

GA is a one of the subclass of Evolutionary computing (E'C)'l'echniques' GA is an optimization

techniques based on the random selection, which was first tirne introduce by John IJolland in 1962

[40-41].GA is a computer search optimization techniques that are used to find the local minima

or maxima of any problem. In the process of GA initially a random population consisting a large

nurnber of chromosomes are selectcd rvhere each chromosomes represent the solution of the

problem. Fitness of each chromosomes is computed using fitness function. Parents are selected
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frorn initial population on the basis

selected parents to find the optimal

desired result [42].

GA has three tnairr evolution operator:

of their fitness level and then take the crossover of randomly

solution. This process continue until rve cannot achieve the

L

ii.

iii.

Selection

Cross over

Mutation

5.1.1 Selection

ln this operator fittest chromosomes from old population are nominated to create the fresh

population. The fitness of a chromosomes depends upon evaluation of objective or t'itness function'

The chromosomes having fittest solution has maximum chances to survive. There are many other

sclcction process which are used for the selection of chromosomes lor nerv population but the basic

prinoiple of selection of allthe process are same i.e. a chromosomes hal'ing fitlest value have large

selcction probability, Selection is a random method, the most common methods which arc used

tbr selection are [43]:

i. Normalized geometric selection

ii. Roulette wheel selection

iii, Tottrnament selection

iv. Stochasticuniversalsampling'

In this work stochastio universal sampling was used as it gave us best results'

5.1.2 Crossover

After completing the selection stage, cross over operation is applied. In this operation take a cross

over behveen two parent's chromosomes to produce new chronlosomes called offspring which

have property of both the parent chromosomes. ln crossover operation mostly ht'o chromosomes

are randomly selected and interchange their some part to form a new chromosomes' Crossover

operalors have three basic types such as single point crossover, two point crossover and rnulti point

crossover.
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5.1.3 Mutation

Alter the completion of crossover operator. mutation opcrator started. Mutalion are used to sustain

thc genetic range of chromosomes from one generation to other, IV1ulation ohangc a srnall value of

chromosomes gene from its initial state to nrakc better solution. ln mutation a chronrosonlcs ma)'

change completely from the previous chromosomes. Mutation occur rvithin the dellne nttttatiott

probability, usually this value set to low valuc like o.l%.lf rve set the rnutation probability too

high valuc thcn the search rvill turn to a primitive arbitrary search. Mutation can be perfonncd for

all types of cncoding techniques like:

i. BinarY encoding mutation

ii. Permutation encoding mutation

iii. Value encoding mutation

iv. Tree encoding mutation.

5.1.4 Algorithm for GA and SA

Stcp I : (Population Initialization)

A population of P chromosornes are randomly produced. where each chromosomes denotes thc

solution of the Problem.

Step 2: (Evaluation of fitness)

Using the objective function/fitness function compute the fitness value of each chromosomes from

current population. According to their fitness values each chromosolnes assign rank individually'

Step 3(Stoppage Criteria)

If the maximum number of cycles has been exceecled or predefincd fitness value is achieved tlterl

the algorithm terminates else repeat steps 2to 5'

Step 4: (ReProduction)

Using cross over operation a new population containing best fitness value called parents is created

which yield offspring to act as parentages for next generation'

Stcp 5. Mutation
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Mutation operation is executed rvhen there is no enhancement in the fitness in a gcneration'

The rvorking principle of GA used tbr tuning of a Pl and IP controller can be describcd by'a l'lou'

chart which are shown in the figure 5.1.

Cross over

Fig 5.1: Flow chart of Genetic Algorithm

Initialize population

Evaluate fitness

Selection
(Reproduction)
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5.2 Sinrutated Annealing (SA)

SA is an optimization techniques rvhich was introduced by kirk-Patrick in 1982. This techniques

is used to find the global minima of a function containing multiple variables [44]. Different

mcthods like Qusai Newton, golden search, conjugate-gradient. davidon-fletcher-powell, steepest

descent [45] etc. are considered the aggressive methods used to tlnd the minima of the objeotivc

flnctiop. 'fhe minirna found by these techniques is a local mitrima, we cannot get the global

nrinirna by these techniques. To find the global minitna of objcctive function we have to repcat the

optimization several time, starting from the differcnt initial guess.'t'he local minima founcl b1'this

is consiclered as global minima. tn this regald, SA algorithm is a sinrple arrd etllcicnt nrethod tr-r

t-incl the global ntittima of an objective lunction [46]'

Simulating Anneating (SA) is a general probabilistic metaheuristic techniques used to find the

global optimization of applied mathematics problem. 'fhe convergence abilities of SA arc

extraordinary in intelligent system designs and pattern analysis 1471. SA has a robust capability to

find desired resulrs. Different type of simulating annealing like hybrid simulated annealing (HSA).

parallel SA, clustering algorithm, division algorithm etc. are applied for optimization problems'

Other than to find global minima SA can also be used in primary distributor feeders to find the

optimal allocation of capaoitors, phase balancing, distribution networks configurations aud

reactive planning [48].

The nrain advantages of SA is that it can be used to find the both tocal and global optinriz-er arrd

also it is simple, robust and efficient than other mathematical methods [49]. Flowever' SA divel gcs

in the optimization of singular. highly convex and stiff situation. This drarvbaok can be rentovcd

by hybrid approaches with SA which provide stability and robustness in the solutttrn. In SA the

initial population of solution space is created on the basis of distributed neighborhood points"l'he

size of the population depends upon the nature of problem whioh is to be optimized, Figure 5'2

indicate the flow diagranl of SA process'
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lnitial solution

Update solution

Change

Temperature
Generate a new

solution

Tcrminate
the search

--l
I

I

Fig-5.2. Flow Diagranr of Simulating Annealing
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5.3 Tuning of PI and IP controller using Genetic Algorithm and Simulated

Annealing

GA and sA are optimization tcchniques which are uscd to find the gain parameters of a controller'

For this purpose first we find the fitness function of a controller then find the value of those gain

parameters which mininrize the error [50]'

5.3.1 Formulation of objective function /Fitness Function for PI controller

Fitness fi,rnction are catculated to minimize the error of a controller lvhich is the difference between

the actual speed and desired speed. Norv by using tigure 5.3 we calculate the error funclion rvhich

is defined as:

E(s)=R(s)-Y(s) (5. r)

Hcre

E (s)= error

/l(s)= desired sPecd

Y(s)= actual sPeed

Fig-5.3: Closed loop transfer lunction for PI controller

From the figure 5.3 we calculate the value of l'(s) rvhioh is given as:

Y(s) = [rc'; (r, * ?) * L] (,-,#) (s.2)

Putting (5.2) in (5.1) we have

E'(s)

s + 10.92
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E(s) = R(s) - *?) *,rl (#) (-s.3)

Rearranging (5.3) and putting the value of R(s) and T1(s) we get

E(s) - -8355 x.S+16380

s2 +10.92 xs+(r, xs+r;)x rs.zr

By taking the inverse Laplace of equation (5.4) using mat lab we obtained E(t) which are

derived in Appendix A and put these value of E(t) in (5.5).

[rr'l (r,

Inregral Square Error:/sE -- fifnfq')dr t48l

(5.4)

(s.s )

(s.6)

&\o
:9

(

,L
b-

E(f) Given in appendix (A-4) contains constant K, and K1,'l'he valttes of these constants are

obtained using SA and GA.

5.3.2 Formulation of Fitness Function for IP controller

Ily,using figure -5,4 we calculate the fitness fttnction lor lP controllel to minimize the crror which

is givcn as:

E(s)=R(s)-Y(s)

Fig-5.4: Closed loop transfer functiott lor lP controller

[rr,i (!) *rt- K,r(s)l (jffi)

29

s + 10.92

Calculatc the value of f(s) using figure 5.4 is given as:

I(s) =



Simplifying (5.6) for Y(s)

v/-\ _ E(s)K i79.77+sri9.7tI \J'/ - sx(.t+ to.gz+KpLg.71')

Putting value of Y(s) from (5.7) to (5.1) wc get

(s.7)

E(.s) - -83 55 xS+ 1 6380 + K p29565 (s.8)
sz + 10.92 xs+ (r, + r;) xs x19,7 1'

Norv by taking the inverse Laplace of (5.8) using mat lab we get f (r) which are given in Appendix

(B-5) and pur the value of these E(r) in (5.5) to find the value of constants using SA and GA' To

obtain the optimal value of K, and K1 gains SA and GA are cxecutcd'

5.6 Tuning of PI and IP using GA

paramcters value which are used for optimization ol'PI and IP controller are given in tablc 5' I '

1'able-5.1: Parameter Setting of GA

I

I

Parante tcrs

i

Settings

PI

, r'opt,iatio" Sir. --- --*t 
-*' 

50

I -"--- -"1-- -'--- __ 
roo- - 

** --I 0 -
I Nr,rmber of Generations
rl

-cror, ""* fu*ii"" :- 
-_--'_.- 

stuttttttr 
.- _---]---.--siattered

i 
-- ----l- l---Tnliso sol ' l2'5 2s)'L2o2ol

1 Bounds
; 

- ----!-- -: - - ---

i S.i.ai; f"ritior--- - ', Gio-.t uiii. 0nifonn) I (Stochastic Uniform)

)

CA

IP

. Chromosomes

Mutation function Constraint dePendcnt

To achieve proportional(Kp ) and integral (K;) gains, GA is irnplemented according to the giYcn

setting i' table 5.1. It was saw by several simulations that these setting deliver best fitness l-hc

optimum values of Krand K1 attained using GA are providing in table 5.2,



Table-5.2: GA based PI and IP Controller Gain values

Gain Parameters KP Kt

GA-PI 13.8 8.92

nGA-IP 2.5

5.7 Tuning of PI and IP Controller using SA

SA pararneters value used for minimizing thc fitness function of Pi and lP are given in table 5'3'

Table-5.3: Parameter Setting of SA

SA is perfbrmed for obtaining optirnum vatrte of K, and K; for PI and IP controllers' The

parameters values of SA used to find optimum values of K, and Kiare given in table 5'3' From

simulation results it was observed that these settings provide best fitness' The optimum values of

K, and K; achieved using SA are given in table 5'4'

---l
I

I

__l
I

I_--l
i_---i

Parameters

SA

Settings

PI IP

Ivlaximum iteration I 000 I 000

Function tolerance e-2 e

lnitial temperature 50 50

Bounds [0 0]-[100 loo] l.) l.)l-Llv zv
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Table-5.4: SA based PI and lP Controller Gain values

Gain Paranteters KP Kt

SA-PI l3.93 '23.6

l5SA-IP 2
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CHAPTER 6

SIMULATTONS AND RESULTS

Simulation resutts for speed control of a DC motor using proportional integral (PI) and integral

proporlional (IP) controller are presented in this chapter. Mat lab simulation of Pl and lP

conlrollers using Ziegler-Nicholas (ZN) tuning method and evolutionary computing techniques

like CA and simulated anncaling (SA) used for tuning of controller are also presented. Ir4at lah

R20l2b vcrsion are used for simulation'

6.1 System Open LooP ResPonse

open loop simulink model of DC rnotor speed control is shorvn in figure 6.1. In opcn [oo1l

response of the system there is no feedback. DC motor rvith parameter given in table-3.1 has bcelt

rused, 1500 r.p.rn specd rvas set to reference speed of motor. The system transfer function rvas

given a step input and observe its output response which is shorvn in figure 6'2. Fronr figure 6'2

we sce that systenr response set at the value of 2700RPM instead of 1500 RPM. The systern does

not come to the desired value until at infinity tirne. Therefore to set the system response at desired

value, we need to dcsign a controller.

Trsr€fEr Fcn

Fig-6.1 : Open loop Simulink model of DC motor'
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Fig-6.4: Response of System with ZN based Pl controller

6.3 Ziegler Nicholas Based IP controller

Figure 6.5 and 6.6 shows Simulink modeland result of IP controller. figure 6.6 show that system

response with lP controller have very small value of overshoots I I .8%0, which are 28.4%o less as

compared to the Pl controller. Thus the response of any system can be improved by using IP

controller.

Fig-6.5: Simulink model of ZN based lP controller
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Fig-6.6: Response of System with ZN based IP controller

6.4 Comparatiyely System Response Analysis

The speed and speed error response of DC motor with and without controller are shown in the

figure 6.7 and 6.8. In Figure 6.7 light blue and green color indicates the reference speed and open

loop system response. Green color indicates that system response does not set to desire value at

1500 RPM but it set to2700 RPM which is not desirable response. Red dotted line indicate the

response of system with Pl controller which shows that system has some overshoot but after some

time set to the desire value. Blue line indicate the system response with IP controller which shows

that the system response with IP conffoller has small overshoot as compared to P[ controller. Thus

the system performance can be improved using IP controller.
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Fig-6.7: ZN Based speed response Analysis

Fig-6.8: ZN based comparatively speed Error analysis of the system



6.5 System Transient Response with Ziegler Nicholas Based PI and IP

Controller

Table 6.1 show the gain value and Transient response of speed control of DC motor in terms of

overshoot, rise time and settling time using Ziegler Nicholas based PI and IP controllers.

Table 6.1: Gain value and Transient Response of Motor

From the comparison it is observed that ZN based IP controller gives28.4oh less overshoots as

compared to PI. However it's settling and rise time are slightly higher than PI.

6.6 Genetic Algorithm Based PI Controller

Figure 6.9 and 6.10 show Simulink model and result of GA based PI controller. Figure 6.10

indicate that the GA based PI controller has negligible overshoots as compared to the Ziegler-

Nicholas based PI controller.

Method KP Kt Over shoot

(%)

Settling time

(Sec)

Rise time

(Sec)

System

Response

without

controller

84.48 Infinity 0.057

ZN-PI t.2 t2 40.2% 0.373 0.0515

ZN-IP 1.2 12 rt.8% 0.404 0.13
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Fig-6.9: GA based PI Controller Simulink model

Fig-6.10: GA based PI Controller Simulation Result

6.7 Genetic Algorithm Based IP Controller

Figure 6.1 I and 6.12 show Simulink model and result of CA based IP controller. Figure 6.12 show

that the GA based IP controller provides zero overshoot as compared to the GA based PI controller.



Fig-6.11: GA based IP Controller Simulink model

Fig-6.12: GA based lP Controller Simulation Result

6.6 Comparative Analysis of System Response using Genetic- Algorithm (GA)

Comparative analysis of speed control and speed error response of the system using GA based Pl

and tP controller are shown in the figures 6.13 and 6.14. In figure 6.13 light blue indicate the
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reference speed, green line indicate the system response without controller, red dotted line indicate

the GA based PI controller and green line indicate the GA based IP controller response. From this

comparative analysis it is concluded that for any system a controller is necessary to get the desired

response. The system response can be improved by using the advance controller like IP controller.

The response of the controller can also be improved by proper tuning. Figure 6.13 indicate that the

response of the system using GA based PI and IP controller is much better that the response of the

system using Ziegler-Nicholas based PI and lP conffoller which are shown in figure 6.7. The GA

based PI has 38% less overshoot than the Ziegler-Nicholas based PI controller, also GA based IP

controller has ll.8o% less overshoots than the ZN based IP controller. The overshoots of [P

controller either tuned by ZN or GA is smaller than the PI controller, however there is slightly

high rise time and settling time in IP than PI controllers which can be ignore with respect to

overshoots because overshoots are dangerous due to which our mechanical system may be damage.

Figure 6.13 also show superiority of IP controller over PI controller.

Fig-6.13: GA Based Speed Response Analysrs
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Fig-6.14: GA Based Speed Error Analysis

6.7 Transient Response of the System and Gain Value of Controller Using

Genetic Algorithm

Table-6.2: GA based PI and IP Controller Gain values and system response

Method KP KI Over shoot

(%)

Settling time

(Sec)

Rise time

(Sec)

GA-PI l3.8 8.92 3.91 0.0156 0.0125

GA-IP 2.5 20 0 0.26 0.196
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6.8 Simulated Annealing Based PI Controller

Figure 6.15 show the response of SA based PI conffoller which clearly indicate that system

response with SA based PI controller is better than the Ziegler-Nicholas based PI controller which

are shown in figure 6.4.

Fig-6.15: Simulated Annealing based PI controller result.

6.9 Simulated Annealing Based IP Controller

Figure 6.16 show response of the system with SA based IP controller which indicate that the

overshoots which are present in the SA based PI controller can be removed in SA based IP

controller.
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Fig-6.16: Simulated Annealing based IP controller result.

6.10 Comparative Analysis of System Response using Simulated Annealing

(SA) algorithm

Figure 6.17 and 6.l8 shows Comparative analysis of system speed response and speed error using

SA based PI and IP controllers. [n figure 6.17light blue line indicate the reference speed, green

line indicate the system response without controller, red line indicate the SA based PI controller

and green line indicate the SA based IP conffoller response. From the analysis we observe that the

small overshoot which are present in PI controller can be removed in IP controller, which indicate

that the system response can be improved using IP controller. The system response of the system

can be improved by proper tuning of a controller. Figure 6.17 and 6.7 show that the response of

the system using SA based PI and IP controllers are better than the Ziegler-Nicholas based PI and

IP controlters, the SA based PI controller has 37.7%, less overshoots than the ZN based PI

controller and the SA based IP controller has ll.8% less overshoots than the ZN based IP

controller. The speed error response of SA based PI and IP controllers are also smaller than ZN

based PI and IP controller. The speed error of IP controller is less as compared to PI controller.

The overall response of the system using lP controller is better than the Pl controllers.
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Fig-6.17: SA Based Speed Response Analysis

Fig-6.18: SA Based Speed Error Analysis



6.11 Transient Response of the System and Gain Value of Controller Using

Simulated Annealing

- Table-6.3: Simutated Annealing based PI and IP Controller Gain value and system response

Method KP KI Over shoot

(%\

Settling time

(Sec)

Rise time

(Sec)

SA-PI 13.93 23.8 4.4 0.01s8 0.0128

SA-IP 2 l5 0 0.27 0.1 98

6.12 Comparative Analysis of System Response using ZN, SA and GA

algorithm

Figure 6.19 show the speed response analysis of PI and IP controller using ZN, SA and GA for

tuning of controllers. From figure 6.19 we see that the transient response of the lP controller is

better than the transient response of the PI controller either tuned by ZN, SA and GA. Also the

transient response of the system with PI and tP controller using soft computing techniques like GA

and SA for tuning of controllers is better than the ZN tuning method.
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Fig-6.19: ZN, SA and GA Based Speed Response Analysis

6.12 Transient Response Analysis of the System

The transient response of the speed control of DC motor using PI and IP controller tuned by ZN,

GA and SA are shown in the table 6.4. From the table 6.4 we can analyze that system response by

using GA optimization techniques is better than the SA and Ziegler-Nicholas tuning method, the

response of the system using SA algorithm is better thanZiegler-Nicholas tuning method. The GA

based PI has 38% Iess overshoot than the Ziegler-Nicholas based Pl controller, also GA based IP

controller has 1 1.8% less overshoots than the ZN based IP controller. The SA based PI conffoller

has 37 .7%o less overshoots than the ZN based Pl controller and the SA based [P controller has

11.8%less overshoots than the ZN based IP controller. The overshoots of IP controller either tuned

by ZN, GA or SA are smaller than the PI controller, however there is slightly high rise time and

settling time in IP than PI controllers which can be ignore with respect to overshoots because

overshoots are more dangerous due to which our mechanical system may be damage. From table

6.4 we see that the transient response of DC motor using ZN, SA and GA based PI and IP controller

is much better than the response of | 32,34 ).

Trcb D.5u9 Dattop Window IUP

rqPO{3r('le oEi or
Er- \\\\TElOr+t

Sysl.m Rolponse wrh ZiN bsaod Pl controlr.t
Sval€m R.ipona. ulh An barad lP conlEllat
Sicrcm Rrepontc fllh S+1 basad Pl conlroll.l
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