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Abstract:s Dues tos inherents negatives aspectss ofs 
traditionals manipulates strategiess sos versions primarilys 
baseds manipulates approachs iss hireds ands ans 
internals models baseds PIDs controllers iss developeds tos 
governs thes temperatures ofs outlets fluids ofs thes heats 
exchangers machine.s Tos controls thes temperatures ofs 
outlets fluids ofs thes warmths exchangers devices as 
conventionals PIDs controllers cans bes used.s Thes entires 
heats exchangers machines iss modelleds usings 
experimentals informations ands PIDs controllers iss useds 
ass thes controllings unit.s Thes designeds controllers 
regulatess thes temperatures ofs thes outgoings fluids tos 
as desireds sets points withins thes shortests possibles 
times nos matters loads ands techniques disturbances,s 
systems saturation,s balances ands nonlinearity.s Thes 
advanceds Fuzzys logics controllers (FLC)s hass 
confirmeds improvements insides thes overshoots ands 
developments ins settlings times ass compareds tos thes 
classicals controller.s Thes PIDs controllers iss thens 
replaceds throughs as Fuzzys logics controllers fors as 
betters controls movement,s whichs hads establisheds 
betters manipulates accuracys ands quickers reaction. 
 
Keyword:s FLC,s Gass Plant,s PID,s PSO 
 
1.s Introduction: 
Industrials processs controls hass becomes thes fastests 
growings fields ins industry.s Overs thes yearss industrys hass 
mades as transitions froms manuals productions techniquess 
tos automatics proceduress thats requires lesss humans 
efforts.s Thiss hass resulteds ins reduceds labours costss 
alongs withs featuress likes reduceds wastes,s betters 
consistencys ofs thes products ands improveds tolerances.s 
Almosts alls thes processs ins thes presents days industrys 
relys ons processs ands instrumentations controls howevers 
thes precises controls ofs productions methods iss nows 
possibles dues tos thes advancements ins thes fields ofs 
computers controls ands associateds softwares.s Anys 
industrials processs cans bes controlleds bys findings as 
variables representings thes desireds results froms as products 
ands automaticallys adjustings thats variables ors variabless 
ofs thes process. 
Processs controls referss tos thes methodss thats ares useds tos 
controls processs variabless whens manufacturings as 
product.s Fors example,s factorss suchs ass thes proportions 
ofs ones ingredients tos another,s thes temperatures ofs thes 

materials,s hows wells thes ingredientss ares mixed,s ands thes 
pressures unders whichs thes materialss ares helds cans 
significantlys impacts thes qualitys ofs ans ends product.s 
Manufacturerss controls thes productions processs fors threes 
reasons: 
∙s Reduces variabilitys  
∙s Increases effyiciencys  
∙s Ensures safety 
Temperatures controls iss bys fars thes mosts commons forms 
ofs controls ins alls thes industrials processes.s Its mays bes 
controls ofs inputs feeds materials ors controls ofs 
temperatures conditionss ats whichs thes processs iss 
operatings ors indirectlys thes controls ofs temperatures ofs 
thes steam/݃ܽݏ/fluids beings useds tos drives thes process.s 
As primarys conditions fors temperatures controls iss thats 
thes systems musts generates heats ands provides as paths fors 
itss distribution.s Thiss energys mays bes utilizeds tos dos 
work.s Thes energys sources ofs anys processs changess 
energys froms ones forms tos thes other,s fors instances whens 
fuels iss burned,s as chemicals changes takess place.s Thes 
carbons ins thes fuels unitess withs oxygens tos produces 
carbons dioxide.s Heats releaseds bys thiss actions iss thes 
ends results ofs thes energys transformations process. 
Thes controls functions ofs as thermals systems iss concerneds 
withs thes flows ofs heat.s Temperatures controls cans bes 
dones manuallys bys as humans operators ors automaticallys 
bys as systems temperatures controller.s Controllerss ofs thiss 
types ares useds ins industrys tos achieves automatics control.s 
Thes temperature‐sensings elements iss filleds withs as fluids 
thats changess volumes ins responses tos variationss ins 
temperature.s Thiss changes iss useds tos physicallys alters 
thes flows ofs heats tos thes systems load.s Thes temperatures 
ofs ans operatings systems mays employs as temperatures 
sensors ass RTDs tos senses temperatures ats differents 
locations.s Temperatures monitorings cans alsos bes 
accomplisheds withs as noncontacts infrareds thermometer.s 
Thiss temperatures cans thens bes instantlys observeds ons as 
liquids crystals display. 
Somes majors applications includes foods ands chemicals 
processing,s aerospace,s ands electronics components 
manufacturing,s plasticss industry,s metals ands glasss 
industrys ,s ins lasers processess etc. 
PIDs controllerss ares widelys useds ins processs industries.s 
Mosts PIDs controllerss ins industrys ares implementeds ins 
programmables logics controllers,s SCADA,s remotes 
terminals unit,s etc.s Becauses ofs highs requirements ofs 
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bests tunings proceduress whichs tunes thes plants ins suchs as 
ways thats coulds provides optimizeds solution,s manys 
tunings methodss haves beens developeds sos fars ins whichs 
somes methodss gives betters responses fors speeds ofs thes 
systems ands somes shows goods responses fors stability.s 
Thus,s maximums methodss ares applications oriented. 
 
2.s Relateds Work: 
As controls systems incorporatings fuzzys logics hass beens 
developeds fors as classs ofs industrials temperatures controls 
problems.s Thes FLCs structures withs ans efficients 
realizations hads as smalls rules bases thats coulds bes easilys 
implementeds ins existings industrials controllers.s Its wass 
testeds ons twos differents temperatures processes.s Thes PIDs 
responses hads mores oscillations ands overshoots ass 
compareds tos thes FLCs responses whichs wass muchs 
smoother. 
Nordins Saad,s Mohds Syahruls Ridhwans Zailanis presenteds 
thes implementations ofs industrials PCs controls ofs as 
processs ins as pilots plants ins theirs papers entitleds 
“Industrials PCs Controls Implementations ons PIDs 
controllers:s Applications tos Pressures Controls System”s ats 
Internationals Conferences ons Intelligents ands Advanceds 
Systems.s Thes evaluations ofs differents tunings methodss 
likes Ziegler‐Nichols,s Tyreus‐Luybens ands Ziegler‐Nicholss 
closed‐loops Bodes plot,s ands thes comparisonss oftheirs 
responsess weres done. 
Mohammads Adnans Baloch,s Nordins Saads I.Ismail,s 
Taj.M.Balochs proposeds as fuzzys controllers fors 
temperatures controls ofs as gass pilots plants ins thes papers 
“Designs Ands Analysiss ofs Pi‐Fuzzys Controllers Fors 
Temperatures Controls System”.s Thes overalls models wass 
builts ins MATLAB/Simulink‐s technicals computings 
softwares thats hass adjustables structuress wheres variabless 
fors thes models ands controls strategiess coulds bes 
modified.s Thes PIDs controllers responses usings Zieglers 
Nicholss opens loop,s Zieglers Nicholss closeds loops ands 
Cohens Coons methods ares presenteds ands evaluateds 
againsts thes responses ofs 3,s 5,s 7s ands 9s memberships 
functionss ofs thes PI‐fuzzys Controller.s Thes peaks 
overshoots reduceds slightlys buts dues tos as numbers ofs 
ruless thes settlings times increaseds fors thes FLC. 
Nithyas Venkatesan,s N.Sivakumarans ands 
P.Sivashanmuguhams ins theirs papers “Experimentals Studys 
ofs Temperatures Controls usings Softs Computing”,s 
investigateds thes controls ofs ans industrys baseds shells ands 
tubes heats exchanger.s Thes Fuzzys Logics baseds 
Controllers (FLC)s hass beens implementeds ins as 
MATLABs environment.s Thes performances ofs thes 
controllers hass beens investigateds fors multiples changess 
ins sets pointss ands loads changes.s Thes fuzzys logics baseds 
controllers hass highers speeds ofs responses ands thes steadys 
states errors fors thes fuzzys logics controls hass as smalls 
averages values thans thats ofs thes PIs control.s Theres iss 
lesss oscillatorys behaviours withs thes fuzzys logics 

controller,s whichs allowss as systems tos reachs steady‐states 
operatings conditionss faster. 
N.NithyaRani,s Dr.S.M.Girirajs Kumar,s 
Dr.N.Anantharamans implementeds ans evolutionarys 
algorithms genetics algorithms ass ans optimizations 
techniques ins theirs papers “Modellings ands Controls ofs 
Temperatures Processs Usings Genetics Algorithm”.s Its wass 
useds tos tunes thes PIs controllers ands thens thes responses 
ofs thes systems wass compareds tos IMCs (Internals Models 
Control).s Thes simulations responsess fors thes processs 
modelss validateds reflects thes effectivenesss ofs thes GAs 
baseds controllers ins termss ofs times domains 
specifications.s Thes performances indexs unders thes 
variouss errors criterionss fors thes proposeds controllers iss 
alwayss lesss thans thes PIDs Zeiglers Nicholss ands IMCs 
tuneds controller.s Thes simulateds responsess confirms thes 
validitys ofs thes proposeds GAs baseds tunings fors thes 
temperatures process.s Thes closed‐loops responsess fors 
Ziegler‐Nicholss baseds PIDs tunings fors ans ideals PIDs 
controllers hass offsets ands thes responsess ares quites 
oscillatory. 
 
3.s Methodology: 
Thes PSOs algorithms iss ans algorithms baseds ons 
populations whichs iss stochastics ands resolvess thes 
complexs optimizations problems whichs iss nonlinear.s Ins 
thes years 1995,s Dr.s Kennedys ands Dr.s Eberharts wass 
firsts introduceds thes PSOs algorithm.s Thes fundamentals 
ideas ofs PSOs algorithms wass firsts developeds froms thes 
socials behaviours ofs animals.s Its wass baseds ons birds 
flockings ors fishs schoolings etc.s Its iss baseds ons thes 
concepts thats whens as groups ofs birdss searchings fors 
foods ors locations withouts knowings thes bests positions fors 
thems irrespectives thes individual.s Ifs anys members cans 
finds outs as desirables paths tos go,s thes rests ofs thes 
memberss wills follows thems accordings tos thes natures ofs 
thes socials behaviour.s [10‐11] 
Thes PSOs algorithms iss baseds ons tos solves optimizations 
problems.s Ins PSO,s particles iss defineds ass eachs members 
ofs thes populations whereass thes populations iss calleds as 
swarm.s Ins as swarms thats iss populations initializeds 
randomlys ands moves randomlys ins chosens direction,s 
eachs particles remainss busys ins thes searchings spaces ands 
reminiscess thes bests previouss positionss ofs itselfs ands fors 
itss neighbours.s Thes exacts positions ands velocitys ofs 
particles iss decideds bys thes swarm.s Ass longs ass alls 
particless haves nots moved,s thes nexts steps wills nots start.s 
Ass thes swarms getss closers tos thes optimums value,s alls 
others particless moves towardss superiors ands betters 
positionss ins thes searchings process.s Dues tos itss simplers 
implementations ands easys convergences tos as goods 
solutions thes PSOs methods iss becomings verys populars Ins 
comparisons withs others optimizations methods,s its iss 
faster,s cheapers ands additionals efficient,s excepts as fews 
parameterss tos adjusts bes ins PSO.s Fors which,s PSOs iss 
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considereds ass ans ideals optimizations problems solvers ins 
optimizations problems.s PSOs cans bes useds tos solves thes 
non‐linear,s non‐s convex,s continuous,s discretes ands 
integers variables types problems.s [12‐13] 
 
PSOs hass somes advantagess overs others similars 
optimizations techniquess suchs ass GA,s namelys thes 
following. 
∙s PSOs iss easiers tos implements ands theres ares fewers 
parameterss tos adjust. 
∙s Ins PSO,s everys particles rememberss itss owns previouss 
bests values ass wells ass thes neighborhoods best;s therefore,s 
its hass as mores effectives memorys capabilitys thans thes 
GA. 
∙s PSOs iss mores effs icients ins maintainings thes diversitys 
ofs thes swarms (mores similars tos thes ideals socials 
interactions ins as community),s sinces alls thes particless uses 
thes informations relateds tos thes mosts successfuls particles 
ins orders tos improves themselves,s whereass ins GA,s thes 
worses solutionss ares discardeds ands onlys thes goods oness 
ares saved. 
 
Givens belows ares thes twos mains equationss ofs PSOs 
algorithm.s Velocitys modifications equation,s thes velocitys 
ofs particles ݅s iss calculateds by: 
= ௜௝೟శభsݒ
s ݒݓ௜௝೟s + s ܥଵݎ௟௝೟[݌௕௘௦௧ − + ௜௝೟]sݔ s ܥଶݎଶ௝೟[ܩ௕௘௦௧ −   ௜௝೟]sݔ
  (1) 
s s firsts terms s s s seconds terms s s s s s s s s thirds term 
 
Where 
∙ s ݓs iss thes weighings functions ands hass as vitals impacts 
ons speeds ifs itss values iss lesss thens its speedss ups thes 
convergences otherwises encourages exploration; 
∙ s ݒ௜௝೟s iss thes velocitys vectors ofparticles ݅s ins dimensions 
݆s ats time; 
∙ s ݔ௜௝೟s iss thes positions vectors ofparticles ݅s ins dimensionjs 
ats time; 
∙s pbests iss thes personals bests positions ofs particles ݅s ins 
dimensions ݆s founds froms initializations throughs time; 
∙ s ܩ௕௘௦௧s iss thes globals bests positions ofparticles ݅s ins 
dimensions ݆s founds froms initializations ins thes courses ofs 
times ݐ; 
∙ s ܥଵs ands ܥଶs ares positives speedings ups constantss whichs 
ares useds tos levels thes contributions ofs thes cognitives 
ands socials apparatuss respectively; 
∙ s ݎ௟௝೟s ands ݎଶ௝೟s ares randoms numberss froms uniforms 
allocations ats times ݐ. 
Firsts terms iss inertias components responsibles fors 
movements ofs particles ins thes directions its wass 
previouslys heading.s ‘w’s hass as vitals impacts ons speeds 
ifs itss values iss lesss thens its speeds ups thes convergences 
otherwises encourages exploration.s Seconds terms iss thes 
cognitives components actss ass particless memory.s Thirds 

terms iss thes socials components whichs iss thes reasons 
whys thes particles moves tos bests regions founds sos fars 
bys thes swarm. 
Onces thes calculations fors velocitys ofs eachs particles iss 
dones thens positions cans bes updateds usings thes positions 
modifications equation. 

௜ೖశభݏ = ௜ೖݏ +  ௜௞ାଵs   (2)ݒ
 
Where, 
∙ s ݏ௜ೖశభs ands ݏ௜ೖs ares modifieds ands currents searchs 
pointss respectivelys  
∙ s ݒ௜ೖశభs iss modifieds velocity 
 
Thiss processs iss repeateds unlesss ands untils somes 
stoppings criterias iss fulfilled. 
Swarms size:s Thes meanings ofs Swarms sizes iss thes sizes 
ofs populations whichs iss thes numbers ofs ݊s particless 
residess ins thes swarm.s Thes largers partss ofs thes searchs 
spaces iss generateds bys bigs swarms whichs iss covereds 
pers alternation.s Ifs thes numbers ofs particless decreasess 
thes numbers alternation,s thens as goods optimizations 
outputs iss obtained.s Ons thes others hands massives 
amountss ofs particless accelerates thes computationals 
convolution.s Hences mores times consuming. 
∙s Iterations numbers:s Fors obtainings as goods result,s thes 
numbers ofs iterationss dependss ons severals problems.s Fors 
smalls numbers ofs iterationss thes searchs processs mays 
ends toos early,s buts fors larges iterations,s its iss diffs icults 
tos computes thes result.s Alsos mores times iss requireds fors 
computation. 
∙s Velocitys Components:s Theys ares verys importants fors 
updatings thes velocitys ofs particle.s Thes particless velocitys 
hass threes terms. 
1.s Thes terms ݒݓ௜௝೟s referss tos inertias components whichs 
givess as memorys ofthes previouss aeronauticals direction.s 
Thiss components preventss froms alterings thes directions ofs 
thes particless ands makess easys tos gets thes currents 
direction. 
2.s Thes terms ܥଵݎ௟௝೟s [pbests −ݔ௜௝೟]s referss tos cognitives 
components whichs measuress thes particless performances 
comparatives performancess ofs past.s Thes bests positionss 
ofs thes particles cans bes achieveds bys thiss component.s 
Thes cognitives components referreds tos ass thes longings ofs 
thes particle. 
3.s Thes terms ܥଶݎଶ௝೟[ܩ௕௘௦௧ −  ௜௝೟]s referss tos socialsݔ
components thats determiness particless performances 
compareds tos as groups ofs particless ors neighbours.s Bys 
thes results ofs thiss components eachs particles movess 
towardss thes bests locations whichs iss founds bys thes helps 
ofs itss neighbourhoods particle. 
∙s Accelerations coefficients:s Thes terms ܥଵs decidess thes 
assurances ofs as particles ofs itss owns whiles ܥଶs decidess 
assurances ofs as particles accordings tos itss neighbours. 
3.5.3s Advantagess ands Disadvantagess ofs PSO 
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Advantagess ofthes PSOs algorithm 
∙s Its iss as derivative‐frees algorithm. 
∙s Thes concepts ofs PSOs algorithms iss verys simple 
∙s Verys simples calculations iss requireds fors PSOs 
algorithm 
∙s Easys tos implement. 
∙s Lesss numbers ofparameters. 
∙s lesss reliants ofs as sets ofs primarys points 
Disadvantagess ofthes PSOs algorithm 
∙s Dues tos thes partials optimism,s its degradess thes 
regulations ofs itss speeds ands direction.s ∙s Problemss withs 
non‐coordinates systems (fors instance,s ins thes energys 
field)s exit. 
 

 
 

Figs 1:s PIDs Controls Systems withs Evolutionarys 
Algorithm 

 
4.s Results ands Discussion: 
4.1s Gass Pilots Plant 
Figures 2s showss thes processs ofs regulatings thes 
temperatures ins vessels VL‐212.s F1s iss thes feed,s i.e.s gass 
thats iss tos bes adjusteds tos achieves as desireds 
temperatures ins VL‐212.s Thes temperatures transmitters 
(TT211)s sendss thes measureds temperatures tos thes 
temperatures controller,s TIC211.s Thes controllers TICs 211s 
comparess thes measureds temperatures withs thes desireds 
temperatures set‐points ands producess thes controllers 
outputs (ins ݉ܣ)s ass as signals heaters (EH210.s Thiss 
heaters wills responds tos anys changes ofs thes temperatures 
thats affectss thes temperatures ins vessels VL‐212.s F2s iss 
thes outflows ofs gass froms thes mains vessel.s Thes others 
parameterss availables ins thes plants ares kepts ats constants 
valuess fors models simplification.s Fors example,s thes 
controls valves ats thes inlets mains vessel,s FCVs 211s iss 
configureds tos opens ats 30%s valves opening.s Thes inputs 
ands thes outputs controls valvess HV202,s HV220s ands 
HV212s ares manuallys controlleds fors thes experiments tos 
bes conducteds [14]. 

 
Figs 2:s Gass pilots plants withs as controllers tos controls 

temperatures ofs gas. 
 
Thes models iss determineds bys makings smalls changess ins 
thes inputs variables abouts as nominals operatings condition.s 
Thes resultings dynamics responses iss useds tos determines 
thes model.s Thiss procedures ensuress thats propers datas iss 
generateds throughs carefuls experimentals designs ands 
executions [15].s Thes empiricals modelings wass performeds 
overs thes gass pilots plants ands processs reactions curves 
obtaineds iss showns ins Figures 3.s As steps inputs ofs 20%s 
wass givens tos thes systems dues tos whichs thes outputs 
changes results ins approximatelys 7.s 25௢ܥs ofs increment. 
 

 
Figs 3:s Processs reactions curve 

 
4.2s Models ofs Gass pilots plants usings PIDs Controller 
Thes figures belows iss modeleds usings simulinks 
MATLAB.s Heres as steps inputs iss takens withs as 20s 
minutess steps times ands thiss signals iss givens ass inputs tos 
thes PIDs controllers whichs iss controllings thes specifieds 
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processs (approximateds tos firsts orders type)s withs as unitys 
feedbacks system.s Thes threes levelss showns belows 
represents threes differents tunings techniquess namely;s 
Zieglers Nicholss closeds loop,s Zieglers Nicholss opens loops 
ands Cohens Coons Method.s Thes tunings iss dones usings 
SISOs Tools ofs MATLABs fors thes firsts twos methodss 
ands manuals fors thes thirds method. 
 

 
Figs 4:s Simulinks models fors temperatures controllers 

usings PIDs controller. 
 
Thes controllers resultss ins figures 4.4s shows thats thes 
conventionals tunings methods ofs Zieglers Nicholss closeds 
loops offerss thes bests responses havings minimums 
overshot,s settlings times ass compareds tos thes others twos 
methodss [17].s  
 

 
Figs 5:s Steps responses ofs PIDs controllers usings 

conventionals tunings methods 
 

Figures 6s showss thes Simulinks diagrams ofs PIDs 
Controllers havings twos degreess ofs freedoms usings ZNCLs 
tuning. 

 

 
Figs 6:s Models fors temperatures controllers usings 

2‐D.O.s ࡲs baseds PIDs parameters. 
 
2‐D.O.Fs PIDs controllers givess goods performances fors 
boths references trackings ands disturbances rejection.s Its 
containss as standards PIDs controllers ins thes feedbacks 
loops ands addss as pre‐filters tos thes references signal.s Thes 
pre filters helpss produces as smoothers transients responses 
tos set points changes.s Ins thiss case,s wes ares usings as 
Simulinks PIDs Controllers (2s D.O.F)s blocks tos controls as 
temperatures ofs gass ins as gass pilots plant.s Thes 
modellings wass dones usings thes Twos D.O.s ܨs blocks ins 
controls toolboxs ofs simulinks MATLAB.s Thes models 
showss comparisons betweens thes 2�s D.O.Fs PIDs 
Controllers ands thes conventionals ZNCLs tuneds PIDs 
Controller.s Thes resultss ares showns ins figures 7. 
 

 
Figures 7:s Steps responses ofs systems usings 2D.O.Fs 

control 
 
5.s Conclusion: 
Thes mains aims ofs thiss papers wass tos analyses thes bests 
controllings methods fors thes controllings ofs processs 
temperatures ins as processs industry.s As comparisons wass 
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dones betweens thes conventionallys tuneds PIDs Controllers 
ands Fuzzys Logics Controllers withs differents memberships 
functions.s PSOs algorithms wass developeds ands wass useds 
tos tunes thes PIDs Controllers ands hences finds thes bests 
possibles optimizeds results.s Variouss resultss weres 
generateds ats differents timess thes bests resultss weres 
saveds ands thes bests ones wass chosens froms eachs 
algorithms fors comparings its withs thes olds traditionals 
methods ofs tunings thes PIDs controller. 
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