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F.,.", ,.,-1.110.' ., 14c E.ro1"a Comm ... lI, (EC) "".,,,, • • ,.etl conlrolfor IAe limllollon of 
I",c& ,,.." oa 14. E.ro,... roeU. Toll., " .,..tI I,m,'.rs co ..... 1 of aft .d." ... PID·co,,'roller. 
a •• n.r. 14. ",.alt"" I"," kA, .. oar II .01 "'lIf,ctor, com,.",tllo ,a .rpcne"ccli tln •• r. n.-
",f."" lAc ..... ,a 'zpcn.,," ... 10 k ... tI 10 ,m,ro .. IA. tI.",.. 
So .... / .. II, .... "I .. ,.ellfor I •• IIndo, .... , of a Faz:,-c.o,.c-C"alroll.r (FLC) for limll'", IA. 
lract ,,.ctI ," 1"''''ctI i. IA. ,.per. Sim.I,lIou of. co"lroll.r .. 1A 0 •• •• d lwo ,.,., .,ndl., ,,,, "'0_. II I."" •• , IA" , FLC ... k ,., • ..,,,,,.11 .. , .'fll, ... li •• ar coalroL n. ",nlt,., 
coalrollo. WIl' k tlUCtWctI. 

1 Introduction 

Lqal ~Iuiou by the Europe&ll CommllllllY (5) require tbat Crom the October I. 1994 every Dewly released 
tnack lIu 10 be equipped WIth a device tllat limits tbe nwumum vehicle speed to ~5I:m/ h. Sucb a speed 
IimaIU IIu a aimilat CUDctioa like a cruile coalroi. It is importaDl to DOte boweftr. lhal it does DOl allow lbe 
..JUcIe ,peed 10 be raised above the upper limit oC 85i:m/ h. 
Today" speed limilen are bued OD adaplive PIO coolrol laWi. It sbows, however lba, experienced drivers 
(III aliU outperform l ..... dnices witb respect 10 nde smoothD_ aIId efliaency. Tbe reason Cor lbas is lbal 
!hue are several system properties wllich are quite diflitulllO balldle with convenlioDaI coDlrol stratepes, e.,. 

• wery larle variuioDJ of system par&melen due 10 ch&llpn, truck loads, 

• IUlbly DODlioeat CIIpDe &lid drive lraiD behaviour, 

• lUOoI dislurb&llces due 10 road IOpoIol)' U weU as air resistallce Corces aDd wind ioOuences. 

T1Ie illleDlioo 10 i~corporate driven' experience into lbe conlrollaw leads 10 the idea oC Wiint; a F.::,.L<>9I(. 
C .. ,,.lIcr (FLC) Cor this problem. The Cuny IOCic approach to include human reasonioc aIId experience m 
CCIIllOl systems IIu beeD suc.-lully applied ia a .,de varielY oflecbDical products, _ e.c. Zimmermann 
(4). The baaic theory of Cuny leU &lid Cuuy loci< is preseated by Zadeb (3), Lee (II. 
Ia the CoIlowin, _lioos oC the paper some CUDdarneJllalaspects for tbe development of a Fuzzy-Lacic·Controller 
a coouollill, and limiline truck speed are preseoted. 

2 Speed Control Devices and the Simulation Environment 

TIle dnices lhal are already available iD a truck and can tbal can be ulilized 10 realize a $peed control are 
(1) a coouol uDil, (2) the Cuel injeclioo pamp, &lid (3) a servomotor. The cODtrol unit usually CODSISl3 of a 
IIIIClO coouoller wbich executes the procrama for tbe Anli-Lock.Brakinl·System as well as Cor tbe Traction· 
Cootrol-Syatem. For the Ialter the coatroller II .. &CCCSI 10 a servomotor .b,ch as connected WIth lbe fud 
lljedion pump Cor controilio, the eDpne IOrque. The system can be used 10 dowDload yet anolher prot;ram to 
lbe tDitro coDtraUer, in order 10 awe the IerYomotor alia Cor speed control. Ficure I ,lIustrates lhe funcllonal 
rdalionahip betfteQ the fuel injectioD pump, the accelerator pedal and tbe servomotor. The elont;ated hole 
_res that the 8CfYOmotor will DCYU be able 10 move the external lever oC the Cuel iOJectlon pump further 
IDW&rds Cull load thao tile driver .no.. 10. The 'prine couplinC ellablealbc speed limiter to reduce the driver', 

401 



'-=::::;ct---1---~' 7,' .~ •• I ~ ,_ ... f------
"'IN.-

Sprlne couphnC I ---

f"u •• I functional •• lalloMIIII' t..IWffn lu.1 ,njftl"'" I'Ulllp. ac .. lnaID. ~ .... and w .. OIIIOIOt 

w'I"'",1 .heD the nh,cle .J'ftd .... ~da tbe _red Ot muunun, pumtlwd ep«d The IimulallOll at lhe tnod 
hebav"",. IS "-d on a mockl Ihal c ... be .. KIIW 'ft ..... ·lIrrw OIl a IID,1e M~a 68040 proc_ n. 
fLC call be hnh'" to an "lSlIn, llmulallon p"",am 'mpkrrwnl .... 'D C ID lhe f'LC IIIbroutll'. oolYlll1tpf 
.al .... at ........ ,n ord •• to lac,hla'e ... ,mpkmeDlalKWI OD a nuClO CODlroIln '0 lh ....... tblCle 0 ... 10 u.. 
.tal IIIne upab.htlH 01 lhe IImulaloon .1 ... r..-,LIe 10 run tbe "PC" .... 1I1a '0 a batdwatc-.n.Lhr-1oop Ittup. 
'D wb,ch tbe ... 1 wrvomolot IS eODuol ..... by We fLC lub.oulln. darcclly . 

3 Definition of the Design Parameters 

A rL(, COIISIS'" or the lollowan, luneloonal bIMk. lor .Imb dH.,a paramel ... ba~ to be choaea accordlllC 10 

lbe apl'laullOll 

I. fUuificatioo Inlen.e,", Th. IUII.lieallOll .1I,e.la .. rrw&&ll.tS tbe •• pul >a"ables. t.anslormt Ibr ilia> 

nuDe .&l1Ift 'D'O d_.e'~ num"'''. and p."".des tl", IUlJ.licatlOft or tbe ulSr 'lipul data .nlo IIIICulSIIt 
'''IIY data 

.. K_\8dp Due: The knowled,;. bate DOl ooly cOftWn •• nlurmalloa abovt lbe syu.m lbat b .. 10 br 
cODtrolled bul atao .alormallon about Ih~ w,.ttd beha.lOur at lbe complett .,.un •. It COftSUU ol a 
~at. kJ. and a ",. kt • 

• Tht dala bue provIde tt.. dtli.IIIIOCIS ntcHlar. to roahlt the lan",.lIc control rul .. and the fm! 
data man'pulAllon 

• The ruk "- d .... "bes Ib~ cOD"ol Olojftll .. ,. h~ a Itl or lall,U'''1C cootrol rules 

3. Oec:i.ioa M.kin,; Loltic: Th .. ruaulOn .. II ... kt,Del at a rLC' It .mulAl ....... ,t ••• dcclSlOD maklA, b~ 
_ftC runy locI< 

4. Del"uificalioa Intari..,a: ThIS .att,lau accompluhellhe dtl.u.lactlOl1 b~ lornun, a nt" ... , .. 1 u· 
II ...... 1 or ,.::, c •• ,m .clr... F urtlotttnc>H It rtttaallOt .... the dllC"," .... tpul daLa 'II'" COIIIID_ 

val .. 

ror tbe ""'cn 01 a FLC " II rttommtnd.bk 10 tOtlStrurl a IImplr coetro! aI,or'lbm ,. liw ~IDft'D' As .... 
as the 1I"",lAllOII II luncllorlln, .1 II fa.,ly IImrlr to rnlaahtr and 1.0 n .... ,f, Ib~ Luor tontrolkr coasuu(\ 

3.1 F\Jzzification Interrace 

A •• llIIIifier (rldlificatlOD ~alot). a ,"" ~.,. - /wll, ... ,ltI .. I ..... ' ............ (~ Tit" I.uili-
callOO 1IIdha>d ia euy to .mritnw.l and " fhowt to be ,",lIio.nl lor tbe applaCalQa IIndtr .n_tl,atroa 

T1Ie 11m coatrolkt ftlSlOfI haa btca "-, ....... ,th 

• tlw dtrialion (4,,/, •• ) or the wltlCk .r-/ lrom lbe cIai ...... apctd '.,tI) AI .apul nt.abk . 

• tile .. I~'peed ...... Ip.t. 



II lilt _d coa'ro'ln ~ ,he "hicle uceleracion b., beea added aa MCOnd input variable. Thia Icadt to 
,_&foIlcr ."b a ,_ di_aI iDPUt .pace uad a oae di/Delllioaal output .pace. 

Output = /(/n,..,I,ln,..,2) 

Th. diKrelilallOD .U doac accOt~ill' to the po.ab~ r~,e .ol all Yariablc:a. Tbia can be <lone in a Y",), 
atbiltat)' faabioa. Uowe<ow •• beII I' cornel Co aD apphc&llOll III a real ,,.."'m tbe illdiYlduai ran,cs of .,ad> 
'III&bIe abould he rcaoIuted .. bi,bJy AI poMihle w"h Ibe aucro procCSlOr belli, used in order to minimize 
IOddiD, etron durin, djyiIioll operalions. 

3.2 The Knowledge Base 

""'"' memMnbip (UIlc&1OIlI are ,he mc»1 ,ui table Iypc o( membe,.bip (ullcliona (or l.edinlcal applicalions. 
0mIca (6). Bellc_. ,"u",lat abaped memben'up (unclioal b.ve beell cbo.en unlCormly. As = ,""ample, Ibe 
fff'/ tOatICl)' pmlllODed lill",..uc vanable rklla. ol the Ii,., controller II depicted III Ii,ure :!a. The plol 
Ullhe l'trr' ,,' m,mkn4., (DOJl) of ,be speed de'fialion ddt". 10 Ibe Iinsu .... c vat/abies </v.NI (or 
It(aUft. d .. .oK (M adm_ble ... d dv'pl (or paelI.ve dni&1lOD. rcspcc\ivrly 
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FiPN 2: ParlltIoG1A, olull"" (a) .. d HMIOrMtor .ptI.d (b) ill ,he firsl SiliCic IIlPUI connaller. 

hiliple roaM I)'pe .. hicb iolcn (rom lhe proc_ .Ute 10 a O4IIPUI dcaaioa haa beell applied.. Mote SOphulicaled 
I1Ie IJpa like pnclicti .... ruIa Uft ~ lieell UICd la th .. enm\Qatioa. la the aim pie CAlC of the fjru COllltolter 

~ _ lia",iI&K illpGI YWiabIc .".,ulaoDed laCo ,b .. lill",itl;c wal_ • compl"", rule base ia ,Ivell by: 

"'" #1: IF rkll""::d,, _'II TIIEN HMHmI"or lptI.d=-.Pl 

laJe #:1: IF ult""::d,,.OK THEN urtHWrJOlor Ip",d=-m.DK 

laJe #3: IF rkllu:d .. .P1 THEN uNlOtfll1f",. .ptlcd=-nJi I 

'lm l1li..'(1, -.oK, uad IID...PI are I;D~ ..at_ 1M MCW ..... uro, &lJd pos.Ili .. e scr .. omotor speed. 
1IIpcCli.a)' (_ 6"," 2b). 

U The Decision Making Logic 

t\t Lust_ PrH.d Op.ral.r baa been chc.ctI .. tbe (IIDY ill(creace mechantsm. lIellce. the output of the 
11.,.,t III a liapialic nalc ia tUDpiy _Iuplied .. ilb tile ~p fUllcUoa of the addressed lillSUlStic value 
i Q, 0II1p11& ....nable ol tb naJ.. 

Lt The FUzzification Interface 

~ Co raaltl obt&iDed by Onuoo (5/ i& is .ufticial& rot techaical applimiollll 10 ..,p~nl Ihe linCUisl/c 
lI.sollIIt liapiatic O&Ilplll vari&bIa by (uu)' IliAsIctoa.a. TbIlS. tbe manbcnhip (uncllOM or theac liasuislic 
.... .,. JiqJc polo", mpiD, a cIcpee ol mcmbenbip ol ooc Co the ~Il crup values. ThU., illUlu.ted 
I !pre 211. 

Controller With One Input Variable 

r aU 1M rou-ia, Rmql·!iont a parameIct I« tJw dacriba a fthicle .. ith a mass of 11 .5 IOns and an 
~ ..... ol170 lap bu beat.-d. For tbe uami"'ioa of the rohuaeo- of the /jllal conI roller. parameler 
IIIIiou u .. beat coodracced. 11M IialIlIa&iou lUNd -.J1y from 801m!" and Vliet _ .. d"tilled _t SSl:m/ h 
ariD, Co tile Cullin EC repl.,ioM. 

Zielke
Schreibmaschinentext
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Ficur.: 3 Jhoon lbe raulL or lh. lim limulalion. Tbe LlUck speed approaclla YKI from below bUL IL ovmbool.s 
and OSClllaltS continuoualy around YKL due to a bd"ty control aclion or tbe FLC. Anotber pouibilily to depici 
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Ficur.: 3' Oscillatin, t)'Ilem beha .. lour ca..-l by Lb. conlrol actions o( Lbe lint FLC 

Lhe oyalem beha .. iou, is to plot Lhe .. hick .peed &lainol th. (uel injeClion pump le .. e, poaillOD Th. plot ill 
licu,e 4 Jhoon a Iimil cycle beb ... iour which Indicales Lhe nonline.r cb.racur or Lhe lyaurn. Tht (ollowiD, 

21.0 

...... 
1 ... /·1 

) 

12.o~ __ ~ ____________________________________ _ 

· 10 10 

Fi,Ur.: 4 Plot or the veblcle epeed &lalnol Lh. (uel InJ<CtlOD pump k _ 

_ Lbods h ... bftn .pphed III orde, to oblaln IIlOn "L1stYlne results (I). line, partitlOlllnc of the IDptll 
and DUlpUI y .. i.ble:a In Ofoler In allow more lubtl. conuol ,CLloGS around _I, (~) tbe Introduction oIaoaes 
o( liknc. in lh. linCUlStlc values arouad cldla,' = 0 II ......... t~ _res did noL y.eld • moro .labl. 
behavIOUr al Lbe .. hicl. &peed. Oaly Lhe frequency althe OKilI&IlOD wu reduced but Lhe ampiliude I'tmllll<1! 
&lan laadnuaible value. Since lIO .. tllfacto,y ""ulla could he obwoed .,th a .. ncle InpUI (01111011.: . &nOt .... 

IOput .. ariah" .iII be .d<kd La the aI,otlthn. (or the followinc ... mlnallOllO 

5 Controller With Two Input Variables 

A. a _d iaput .... ,.ble Lhe derivaLion of Lhe .. ehicl. Ipeed baa been <bo.n By utendinl Ih. inPUI .pace 
La a lwo dimmaioftal lpaee il ia _ poaaible La de,i ... mote aophlSucated liall'lIlic COlluoi rules NOtI', DOl 
only one proc_ .. ari.b~ .iII be examined in the IF pari of a ruk bUI mor ..... , a <omblnahon or 'ItO proc .. 
variables ia ..-I La <orne La mnre appropriate clcciaiona Thia aha Inc,. .... Lhe Dumber of rules ~uirtd to 
ohtain a compkte rule Itl ,"111$, il IS aha feuibl" La Introduce a line, parlll_lo,; of Lhe OUlpul ".flab ... ,Ib 
hneuiaLic .. &1_. 
Thr liraL rlperimeallilowl a .... 7 promiliae rtaulL. Fieur.: 5 exllibila bow the Iruck lpeed ia approaduo,; ¥Itt 
rrom below. As 100II u the truck apeed comes into Lhe sealiti ... raac" of the cOIIlroiler the &moual oIlRJtCLcd 
fuel is heine reduced aad the ... bicle .peed reachea net .ithoal o..nlloot The prohkmo, howe .. ." lhu ... 
arisinl witb this conLroIler are euy In d"I",I. 0.... to ill radlcallltaLqr to bold .. wt al "7 CIfCUIllllaaC .. 
hea .. y conlrol aclion will be hillered by any lind o( dlllu,baace auch u l\OIIy IiCn'" (rom lhe.peed oborf'llaS 
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Filun 5: Plclure perfecl speed CODtrol of tbe linl FLC witb lWO inpul v&liables. 

_, road bumpa or wind forca. TbenCore, the contrOller bu to be made more capable DC <lealinl with 
Ita.! _Id conditioDi. 

6 Improving Disturbance Behaviour 

Tha ICCtion .. 111 be restricted to treaUnl witb disturbances from tbe external environment onlt. nle distllr· 
Maca an represeated by allmI&1iIIe IIopa with 20m Iea"b and &II inclination DC ±O.5<k,reu wbich tbe 
iWcIe bu to paD after reacbinC 'nCI. 

Fieur. S depicte a Cairly rouch ride oC the truck dunn, the simulation caused by tbe Itrool reactlollS oC the 
IIltiai coauollu to tbe unCftD road. 
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Fipre 6: Aur-ive beb ... iour of the FLC durin, disturbances impacliol 00 the vebicle. 

Pnocipally, there an _vera! JlC*ibilities to nduce tbe ansitirily of a FLC in a cerlain ana or &lound lhe 
.... red I)'ttem~: (1) Aaotbu U.pul variable, pven by the io&ecralioo of lbe vebicle Ipeed, can be ...... , 
(2) the IiDCUistic Input variabla u wdI u the OIItpul variables can be partitioned in a finer fashion around 
~ desired .tate in order to obtain IDOR .ubtle conlrol acliou in this area, (3) tbe lin",islic rules &lound lhe 
4aired l)'ltem .tate can be Cormulated more "softI)'· wbich meam that even iC Cor example a devialion Cram 
tlet OCCUft, lbe conlroUer should oal)' react very sIowl)" (4) tbe firin, stren,lb oC lhe rules lbal are dealint; 
";111 all smaU deviatieu Crom _t can be reduced, thereby deausine lbe control action. 

Ulial a trial and error Itralq)' a controller .. u developed lbat shows a much smoolher bebavlour, lit;ure 7. of 
1M webicle duriDe lbe disturbances compated to lbe ride illustrated in lipre 6. The trad~ff for less .. "resslve 
(I)ItroI behaviour is a Ilichtly dower approacb of the wct speed toward VIet in lhe becinnlnc. However, as 
it will be sbowu later, Ibis behariour ilati11aupuior to a conYelltionai PID conlroller. 

1 Comparison: FLC - Conventional PID Controller 

TIle PID C01Ilroikr ued rot compan- correspoods to commercial.peed limiter conlrollen used by many lruck 
lIWIa(aclum1. Durio, the compariaon, (oar ditreraat parameter sels, representin, Cour ditre~nl vehicles, have 
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Foeur. 7 Smootb rid. or tb ... bide despu. ext.rnal disturbaoc .. 

~n loaded without modificatlOO or the cOCItrolk~ Two or tb. rour IItuatlons aba/I he pruented Yl(anously 
As It IS the mast difficult taak ror a truck Ip«d COCItroll.r to react ill an appropriate r&&boon to a rut chall,' 
10 the Ilichnation or the road. a situation will be &bown where tb~ .ehlde. arter r.acb,ol .ltl .• i11 lint Co up 
a "ope .,tb +3Jt,rtU 10dinallOn. thea 10 dowll a dope .,tb tb. aame lteepneu .b,ch .. rollowed by a pilln 
road. 

Th. first parameter .. I describes a truck .,th the masa of 3S 10M and an encino y.rllOO .,tb 490 hp. FIp,1t 
8 IhoWI the performance of the FLC •• here .. the behavIOur or the con .. ntlOoal J>ID colilroll.r II lhowo ill 
Ii,ure 9 The luperior performance or the FLC it aa/~at ia tb .. IItuatoon The J>ID COIIlloIl.r IS •• r rnor. 
IIU,,'Sh 10 IU rtf>ORIe to de.iallOM 1ft the truck l,tHil fronl .KI 

:--,-----­
_1Uw'1 :110 

TS~----------------------_r----------~-----------LO 
o IS ".1 J(J 

F'eure 8 Performance or the FLC. truck wllb 3S ton •. 490 bp 
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TS~--------------------~--------~~--------~U o U I (_I )0 

Fieur.9: Performance of the PIO COQlloiler. truck ."h: 3S toM, 490 hp 

The _d patanWter Nt defines a .. bid. with lbe mua of 15 tona, equirred .. ilb a 170 br enl'ne TIlt 
FLC COCIlroIled ride ia d.picted in lieu.e 10. tbe PIO conlrolled "d. CUI he MftI ID licure II AClln. the PID 
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coallOlln ;. DO matcb Cor tbe FLC dIM 10 tbe slu"iahnae oC tbe PID coalrOl. 
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FiSU~ 10: PerCormaocc or tbe FLC; truck with: 6 lOllS, I,D bp . 
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Fipre 11: Pcnomluacc oC tbe PID coDtroller; truck witb: 6 lOlli, liD hp. 

Ala result it au be DOted tbat altboueb tbe PID coDtroller bas baeD developed to matcb a variety oC different 
..akla. the FLC shows a much better pnformaoce, albeit iu deve!opmeDI Cor a siDele parameter set only. 

& The Nonlinear Characteristic of a FLC 

tile Cuuy Josie COQtrol I •• that was dneloped rcpraenu a ltatiC rdatiollSbip between tbe output variable 
&Ad the two input variabla, 11.1 bcbaYiour au thereCore be visualiJcd by plottine the Donlinear characteristic, 
Ipte 12. TIIia YiJuali1uiaa mula tba1 ClIDy Iocic an be uaecI as a COol Cor desipiDe complicated DonliDur 

• -I ........ 

., -l • l 
...... 1 .... 

Fipn 12: Nonlinear characterIStic or tbe FLC. 

coatroll&wa without USiDe matbematical system models. Tbe control law Col lows Crom decISion rilles that can 

407 



t,., Cormulaled in a more or lea inluilift .a". FUll" IoCIC thudore p ..... id .. a promiainc approach to tbe 
dts"n oC controllen Cor lechalcal .",tems .ith comphcaled Ilructure 

9 Conclusion 

A FUlly.l.o&ic.Conlroller Cor ,peed limilen IIIed ia !ruch .u d~1oped and ill performance was compared 
10 con~enuonal PID conuollen The mult. ha" *a prnen~d in Iht predeces,ml: Itdlonl. In summary 
lb. r"Ik> .. ml: advanla,es of fuu" 1o"C can t,., enumeraled. Thurm (2) 

• The controller can b .. d"'Cned .,thoul a malhemaueal model or the 'Ylltm Ifl a quui inlu,u~e proc ... 

• II II poaaible to 'peclf), the control t,.,havlOUr v,. the linculilic control rules 

• The FLC .ho •• a IIcnificaall), hicher robualneM tban a PID controlkr 

• The developmenl process can t,., conduc~d In a "r), shorl lime .p ... 

• Additional input or outpul yariabla can t,., added I" the alcorltbm wilboul bolherlDC aboul malhem.· 
llcal complexil)'. 

• Fuzz), Iocic ia a promillnc tool to derive nonhnear control I ... for complu syllffllS 

1I0wever. there are alan lOme diaadvanlaC" to t,., polnled OUI' 

• A. larce Dumber or deaI,n pararnc~ bu 10 t,., apecil'ied w,thoul a formal methodol"". 

• TMre ia DO malhematical proof for the IlabililY or a FLC cOOlroIkd .yatem available ),el 

• IC the rules cannot be cenerated tbeorcucally th.,. hav. 10 bt denved from t:lperl knowled,e ThIS 
knowledCe h .. to be quantifiabk for aucc_fullmpl.~atation 

ID th" VieW of tbe promliiDC results il would t,., or iale,esl 10 'DV .. tl,.1< furlbe, IDIO Ibe follo .. ,n, pro .... ms 

• Tbe ..... of more inpul variables. u fot illSUllce the <urr.nl "bick load. In o,d.r 10 d ... ve mO'e IOpb,· 
sucaltd con!rol ,ul .. 

• liard • .,., aoIullOfll like fun,. Josic procaoon tba, .,., capable of proctsSln, lar,. rule acts 

• Impl_tion of & paralkl funy procas as an adarU" (oouoll., whICh opumll.,. the Iniu" fUllY 1'""'_ ac(o,dinC 10 Its curreal perform ... ce. 
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