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Abstract % This article presents a proposal of how the graphical user interface composed of
MATLAB, SIMULINK and the Fuzzy Logic and Real-Time Toolboxes could be used to
develop an easy and integrated environment to design and simulate fuzzy logic controllers.
Some approaches regarding fuzzy logic controllers are shown and tested in a real laboratory,
by means of non-linear and minimal phase process, as a fan-and-plate model. It is suggested
that these experiments could be used to inspire real-life implementations of fuzzy logic
controllers, thereby motivating graduate and undergraduate students, to employ that
technique, which is becoming increasingly popular and important in a great range of
applications.
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1. Introduction

The avaldhlity of pradicd contrd adivities in teeching contral tedhniquees hes been congdered as an importart
reuiste to provide dudents with red-life implementations (Kher & d., 1996). The pradticdl enginesring education
mug be besed nat oy on Smulated expaimants but d<o on redidic laboratary triding (Zilouchian, 1992). As
indudrid processes are becoming mare complex and damanding, a highe flexiblity conoaming the vaiaion of
perameter Yoedificaions combined with low cogt-bendit ratios is nesded. In this way, courses in contral processes
mugt congder nat only conventiond tedhniquees but dso advanoad procedures Such as Hf-tuning, adgptive, predicive
and soft computing (Asrdm and Lunch, 1991, Smes et d., 1998). Among ather conventiondl contrdl methods, the



Ropationd-Integrd-Deaivaive (PID) contrdlers have found wide acogatance and goplicationsin theindudtry for the
pext few dacades (A drom and Wittenmerk, 1989), mainly bacause of itssmplicity and robusiness Among reoent soft
computing tedniques the fuzzy contrd hes been the mogt widdy used in indudirid processes particulaly where
conventiond contrd desgn tedhniquesaredifficult to goply (Codho e d., 19983). Expaimentsin contrd enginesing,
besed on computationd todls and laboratory protatyping provide a good bed's for undardanding the theordticl
contets of that tedniques (Almdda @ d, 19995 Ziloudhan, 1992). Software peckeges such as
MATLAB/SMULINK with Contrd, Fuzzy and Red-Time todboxes have bean used as good options to
conventiond and non conventiond contrd teeching (Wilkinson, 1997, Al-Sumi, 1997). Patinent design issues mudt
be organized syndronoudy regarding lecturing and theordlicdl exerdses

Inthispgper, the AID contrdler design and the fuzzy AID contrdller gpproech combained inanonlinear pradticl
laboratory scde processcdled fanrandHdlate (Almadaet d., 1999h). Contrd design methoddlogiesare PID contraller
asaconvertiond tedniqueand Fuzzy FAID contrdler asanon conventiond technique Thefuzzy AID goprcechesare
fuzzy Rplusconventiond D contrdller (FR+D0), fuzzy PD-plus-convertiond | contrdler (FDH ©), fuzzy PD-plus
fuzzy | conrdler (FPD+A) and fuzzy R-plusfuzzy PD contraller (FA+PD), (Galub, 1998, Liu, 1997, Qin, 194,
Yeay, 1994, Ying, 1993, Kowk, 1990, Mdk, 1997, Li, 1995, Li, 1997, Codho, 19983). The man resson for
judifying thisissueisthet thevest mgarity of indudtrid contrdlersaredf the PID type Thefuzzy PID contrdller canbe
tuned besed on PID settling. The design of fuzzy contrdllersfor teeching isimpartant as an emargant tedhnology for
godlicationininaudry, to balancetheorelicd and predticdl exardses

This pgper is orgenized asfdlows The desription of fankandHplate process and the detedtion of the nonlineer
charadgidic of the process are presented in section 2, fdllowed in section 3 by the fuzzy contrdl gpproeches Sadtions
4and 5 contan someexpaimantd resultsand condusons regpectivey .

2. Description of the process

A farandpae prootypicd process desgned @ the Degpatmat of Automdtion ad  Sygears
(DASCTCUFC) wes used to implemant the fuzzy PID contrd dgarithms Further informetion of the processiis
avalddein Smeset d. (1998) and in hitp/vwwwylami ufschrlqol. Thefanrand-plate contral sysem rgresented infigure
1 iscompossd of afen diiven by aDC matar, a50 am lang ar duat with funnding draradridics having onitsleft
extramity agmdl redangular plate The 24 valts DC mator is driven by an adtugtor arauit whoseinput iscompatible
with the D/A converter output. The angular defletion of the plate is meeaLred by a phatocondudive odll (light from
led thet pesses through adisk painted with varying shedes, from white to black, whoseinddence on aphato dement
will causeit to chengeits condudiive proparties) and connected to the messLramant drauit. The contrd problemisto
regulate the angular defledtion of the plate (contrdlled vaiade) adugting on the input valtage of the DC mator
(menipulated vaiade). The ddance betwean fanrand-plate can be changed and ddfines an important parameter of the
g/dem. The pratatype, containing nonHminimum phese, deed time, resonant and turbulent disurbence behaviar, can
Fveastanghbeevidenced theussfunessof Hf-tuning, predidiveand fuzzy contrd tedhniquesin difficult stugtions
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Foure 1 Fanrand-plate processin laboratory



3 Fuzzy Control Toolbox

The MATLAB Fuzzy logic todbox and SMULINK were ussd to implemeant the fuzzy FID goproaches The
MATLAB Fuzzy logc todbox isapowefu interaciveevironman thet dlowsthe usarsaregte and pratotype fuzzy
inference sygams by hand, usng ather grigphicd interface tods or commeandHine fundions SMULINK is a
smuaion tod thet runs dongsde MATLAB. By usng the SMULINK todbox the fuzzy sysem cenberunina
bock dagram smuaion emviroomat. Usng DLL files and Sfundions devedopad besad on taget hardware,
MATLAB, SMULINK and Fuzzy Logic Todbox wereendded to pafam red imesmulaions

Foure 2 shows the MATLAB inteyaed evironman, where the user can aregte his or her own tods to
audomizethefuzzy toalbox or connect it with anather todlbox inred time:
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Foure2 Computaiond framewark used with thefanrand-plate process

Thered time DLL was devdoped with Boland G+ 4.0 compiler and CMEX-files The SMULINK CAD
and CDA bockswerehuilt usng red ime DLL, mHilesand Sfundions Thesydem datained iscompledy openand
with minimd dnanges can be adgated to ay ather target hardware The MATLAB evironment configured with
theseutiliiesproveitsdf apowerful tod for teeching fuzzy logic contrdl, bathintheory and pradtice

4 Fuzzy PID Control Approaches

Thefuzzy AID contrd gpproechesareimplemanted asssopantid expaiments
4.1 Conventional PID Controller

The am o convetiond AID contrdler design s to provide some indght in the problems of fuzzy scde
detemintion. Ziegler and Nidhas(Codho et dl., 1998b) have devd oped smpletuning ruesto find the AID contraller
perametersbessd on the Step response of the oparH oop (reedtion method) or dosacHoop (osallation method) sysems
(convertiondl methodologyy). In order to implement aPID contrdl, three parametars (K, Ti and Tg) must besst for a
gven process Nammly, the gains need arHine retuning if the process presants a poar paformeance due to plat
perameter vaidions or norHineatties Someimes it is difficult to find an gppropriate &t of contrd perameters thet
endres dahilization when there are spoint and/or loed chenge (Codho et d., 19980). Autotuning methods have
been proposad to overcome these pradlems For example, in the method given by Adrdm and Wittenmark (1989), a
limit cyde osaillation isimposad on the prooessito be contrdlled by arday with suitaleamlitude vauesand hyderess
Thus angular frequency and aiticd vaues of gain can be found from the amlitude and frequency autputs of the
resuiting processwith contrdlled osdllation. Thedisorete PID contrdl Law isgiven by



(k) = K () + K ie(k) + K de(k) )

where e(K) is the arar, de(k)=(e(k)-ek-L)T is the change of arar ad ie(K)=ie(k-1)+Te(k-1) is the numaicdly
gooraximated integrd of aror.
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Foure3. Autotuning PID conrdller.

The AID tuning parameters (K, Ki and Ky) can be detemined by automeic rules thet aooourt for phese and
amplitude margins edifications (Almedaiand Codho, 1999b) and using the rday fesdhedk expaiman, figure 3. The
contrd schameissmplefrom a computationd viewpaint, is essy to be undersood by process operators and can be
pavisd by theuss:.

42 Fuzzy Controller

The Fuzzy Logc Contrdller (H-C) is besed on heunidic rues thet mekes use of Zadeh's fuzzy st theory to
trandaethelinguidic contrd ruesinto acoherant contrd drategy. A block dagram of aH-Cisshowninfigure4.
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FHoure4. Fuzzy logic contraller.

A fuzzy logic contrd law isdestribed by aknomedgebesed sytem congdting of IFTHEN rdeswithimpredise
predicatesand afuzzy logcinference mecheniam, (Codho et d., 19989). Therudebeeisthemanpat of aHLC. Itis
formed by afamily of logicd rulesthet desaribethe rdationships betwean theinput e and the output u of the contraller.
Ingenerd, theconventiond A_C contrd law can bergaresanted by:

u® =A{e(), de), ie(k) } @

wharethefundion A{ } isnon lineer and destribed by aruebeseand by fuzzy parameters Eachruebesedf aALCis

charadeizad by an IF pat, caled the anteoedant, and a THEN part, cdled consequent. An example of aruebeseis
presatedintadel



Tadel Exanped afuzzy uebese

dek)

oinlzZE
o|N|Z[NB

NZZ|Z

TU|TO|N|T

The linguidic labds of the antecedats and conssquats ae rgresanted by mambardhip fundions ad
implementad asshowninfigure5, Tadle 1 fonstreimpemantad ruies

Theinput of theinferenceengne of aALC isthe output of the fuzafication process of aigp input vaues which
aregparated ancording to arue bese and gengrate fuzzy autputs These outputs arethen sUbmitted to addfuzafication
process produang find agp output vaues (Y ager and Hlev, 1994).
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Foure5. Mambaship fundionfar gt) and, dg(t) and ut).

Theoutput of aganerd fuzzy contrdler u(K) isgven by eg. (2) and the contrd dgorithm of agenerd fuzzy PID
contrdlerisgvenhby

u(k) = defuzz{ R ofuzz(e(k)) o fuzz(de(k)) o fuzz(ie(k))} %)

wherefuzz(¥} isthefuzafication gperator, defuzz(} isthe defuzzfication gperdar, © isthe compastion operdar of fuzzy
rdaionsand R thefuzzy rdation of thefuzzy contrdler rue-bese (Gadb and Tovamik, 1999, Y ager and Flev, 1994).

5 Experiments Issue

FHve ssouentid red time expaimants ae sown bdow. This expaimeants ae aranged in inaeedng grade of
complexity.

51 Firstexperiment: Tuning P1D controller

The PID contraller proposad by (Adrém and Wittemark, 1989) with tuning perametars srategy by (Almeida,
1999) isimplemented asafirg expaimant. Itisaninitid and ussful procedureto hdp tuning the A-C parametershesed
on adugted PID parametersingeed of thetrid-and-aror goproech. The output, the sepoint and theinput Sgnd of the
fanrand-plate contrdlled by adigtd FAID are showninfigure 6. This FID was adjusted using the method presanted in
sdion 4.1 (figured).
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5.2. Second experiment: Fuzzy PI-plus- D conventional (FPI+Dc)

One could begintoimplement Fuzzy-RAID contrdlersby aFuzzy-A plus Conventiond Derivative drudure To
achieve daivative adion in the Fuzzy-A contrd drudiure, a Sngle darivative implementation could be ussd, but to
avad daivative kicks aigneted by this conventiond implemantation, an dtemdtive drudure (Qin, 1934) was

implemented. The autométic setup of the fuzzy scleswias proposad by (Almada, 1999b). The besic contrd dagram
and Imulaing resitsareshowninfigure 7. The FR+Dc contrd law isgiven by

u(K)=u(k- 1) + Tdefuzz{ K, ofuzz(e(k)) UK ,o fuzz(de(k)) } + u, (k) &)
whereT isthesamplepaiadtimead
Up =kt (k- D +K,[y(k) - y(k - D]

ky Eke arerdativetothecondantsof thederivativefilter (Adrdm and Wittenmerk, 1989).
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FHoure7. Fuzzy P-plusD conventiond contrdller

Asooud besaninfigure 7, this deivative adtion exhibitsagoad initid behaviar but poor parformeance outdde
theprgjected range- for initid reoonsg, thefirg 50 ssoonds

5.3. Third experiment: fuzzy PD-plus-1 conventional (FPD+1Ic)

Andtamndive to fuzzyfy the daivative adion in aHPD+c drudure conggs of afuzzy PD gparding in pardld
withaconventiond | contrdler. Thebesc contrd dagramisshoaninfigure8.
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Thelnteyd adionisdill necessary to prevant deedy datearars TheFPD+Hcoonrd law isgiven by

u(K)=u(k - 1) +ge(k) +defuzz{ K, ofuzz(e(k)) U K, o fuzz(de(k)) } @
whereK and T; correspond to the proportiond gainand totheintegrd time, repectivey.

Asillugraed infigure 8, the fuzzy danvative exhibits afester reoonse then aconventiond darivative adion, but
thiscontraller hes difficuity in achieving abetter parformance (see the osallatory regponse when the setipoint dnenges)
because of the nonlinear charadtidic of the plant baing contrdlled. So, in the next expaiment, acomplete nonlinesr
contraller will betested (Fuzzy-P + Fuzzy-D adions).

54 Fourth Fuzzy PD-plus-fuzzy | controller (FPD+FI)

The FPD+H was propossd by (Li and Ng, 1997). The contrd law of this contrdler is formed by aum of the

fuzzy PD adion and thefuzzy | adtion. Two rue besesare necessary for eech part of thiscontraller. The FD rulebese
istwo-dmendond and thel ruebeseisonedmansond. Theoutput of the FPD+R contrdller isgiven by

u(K)=u(k - 1) + Tdefuzz[K o fuzz(e(k))] + defuzz[K , o fuzz(e(k))UK ., o fuzz(de(k))] (5)

Thebedc contrd diagram, autput, setpaint and input Sgnd of thefanrand-plate under theadtion of thiscontrdller
aedoaninfigurel.

As ocould be expected, this drudiure reved's better paformance then the athers thet were investigated. Another
dhaicedf acompedy nonlinear implementation comprises of accommodating aFuzzy-A plusaFuzzy-PD adtion.
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Foure9. Fuzzy-PD plusFuzzy-l contrdller



55. Fifth experiment: Fuzzy-PI plus fuzzy-PD controller (FP1+PD)

The FA+PD desgnispresanted by (Kwok e d., 1990). It condgtsof afuzzy Fl inpardld with afuzzy PD. This
contrdller ismede up by two ruie besss Notetha the rule bese rdated with the fuzzy PD contrdlesand thefuzzy B
aeboth two-dmasond. Thecontrd degramisshowninfigure 10.
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Foure 10. Fuzzy-A plusFuzzy-PD contraller

The FA+HAD contrdl law isgvenby

u(K)=u(k -1 +Tdefuzz{ K, ofuzz(e(k))UK o fuzz(de(k)) } + ©
+ defuzz{K, ofuzz(e(k))UK , o fuzz(de(k))}

Thelag two contrdles(FPD+R and FR+HPD) exhibit abetter paformance then the athersbecause of amore
complete prgject. Nate thet the charadteridtic reponse of aHPD + (H o FR) contrdller ismore rdigdle over the full
range of the plant oparation then a.conventiond AID o some fuzzy frudiure combained with a.convertiond (lineer)
blodk, ssseminfigure8 (osdllatory behavior for sstpaintsout of 3Valts).

6 Conclusion

A ssuence o red timefuzzy contrd expaimantsfar laboratory dasses of intdligant contrdllers wes propossd.
MATLAB/SMULINK isawiddy acogated softwarefar andyds desgn and smulation of contrd sygens Inthe
leboratary, it hesdreedy been Successully employed asanintafecewith agenerd and Sngle contrdller board intemdly
devdoped. For those reesons, we encourage our dudeants to meke thar initid contedt with fuzzy logic using the
todbox supplied by MATLAB. This framewark dlows a desgn evironmant thet mativates its gpplication in
gradugte and undergradute courses Any extraprogramming skills are nat necessary to develop dfident fuzzy logic
contrallers congdaring thet dmodt no timeisdigoended with programming tasks
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