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Abstract
2．PredictivcrnzzyControl

Fuzzycontrolmethodcanmakeanalgorithmfrom
controllmow-howofaskilledhumanoperatororcon-
trolengmeerbyfmzzysets・Thedriveofthecaris
operatedbｙｔｈｅｄｒｉｖｅｋｎｏｗｌｅｄｇｅｏｆｔｈｅｄｒｉｖｅｒｗho
knowsthedynamiccharacteristicofthecarwelLTb
achievethecontrolbasedonthisdriveknowIedge，
ａｃaroperationsystemwa8constTuctedoffmzzycon-
trolschemethatconsistedofpredictivefmzzycontroL
Thecomputersimulationoftheparkingcontrolwas
executedbyusingthissystem、Itwasconfirmedthat
theproposedmethodiseHbctive．

２．１．AdvantageoffUzzysettheory
FUzzysettheorycanhandletheimpressionarising
fromhumanjudgment、AsanexampIe,wediscuss
theevaluationofthepositionerrorinthecontroLIn
theconceptoftheconventionalcrispset，thetaking
valueisl(truth)｡ｒＯ(false).FbrexampIe,ifwehave
anacceptablerangeof±５０ｃｍｔｈｅｎａｎｅｒｒｏｒｏｆ５０ｃｍ
ｉｓｊｕｄｇｅｄｔｏｂeacceptable,but51cmisunacceptable
(Figurel(a))．Ibhandlethisminutedividingline
betweengoodandbad,WeneedacomplexBlgorithm・

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，humanbeingsdon，tmakesuch
cIear-cutjudgments・Theboundaryisvague，This
humanvaguenegscanbequantitativelydescribed
rUzzysetsareawayfbrcomputerstohandlethis
vngueness、

Infnzzysettheory,wedeline,,Theerrorisgood.'，by
amembershipfimctionthattakesavaluefromO・Oto
LOasshowninFigurel(b).rbrexample,thedegree
of”Theerrorisgood.”ｂｅｃｏｍｅＯ５ａｔ＋５０ｃｍａｎｄ
0.49ａｔ＋５１ｃｍ・Itispossibletoprocesstheseerrors
equallywithacomputer、TherefbreDthestateofthe
systemcanbehandledintheword(3ymb･Ｉ)witha
ceTtaindegree．

1．Introduction

Fuz?yseti…｡nceptthataUowsmachinestohandle
fhzzine3sthatarisesftomhumansubjectivity[l1A
filzzycontroltechnologycanmakeupanalgorithm
fromcontrolknowledgeofaskUledhumanoperator
bymzzyset・ＩｔｉｓａｎｅＨｂｃｔｉｖｅｍｅｔｈｃｄｔｏｄｅｖｅｌｏｐａ
controlIeroperateasystemasskiUfmUyasahuman
expert[21．Thereareproposedtwoapproachesas
fbUows;(1)Stateevaluatesfilzzycontrol:Acontrol
commandisdecidedfromexperiencesandstatesof
thepresenttime,(2)Predictivefmzzycontrol:Acon-
trolcommandisselectedfromevaluationofpredicted
statesandobjectives．

s0pnX+50口、

１｡

ThepredictivCfixzzycontrolmethodisappliedto
trainsystems，bywhichatraincanbestarted，kept
toalimitedspeedandstoppedatatargetposition
ofastation{31.ThiscontroUeriscurrentlybeingap‐
pliedtoSendai-citysubwaysystem1sautomatictrain
operationsystemsincel987，ａｎｄｔｈｅＴｂｋyosubway
lineNo､１２sincel99LTheserealsystemsareｓｈｏｗ‐
ingthatthefilzzycontrolsystemcanoperatetrains
asskillMIyashumanexpertsdo．

0.0
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Figurel8Crispsetandfmzzyset，

Ontheotherhand,inanobject8ystemtherelation
betweentheamountstates，,Pressure,，ａｎｄ，，Ibmper-
ature,Ohavebeenpreciselyprocessedbyalinearfimc‐
tionoranonlinearfimctionofthefbrmof，，y=f(x).，，
Relatedknowledgeofresult”y”ｏｆinput'１ｘ,，iscIearly

Inthispaper1thepredictivefmzzycontrolmethodis
appliedfbraparkingcontroloff6ur-wh6j6a適正lＥ
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describedbysomeexpressionsofacomputer,andhas

beenprocessed(Figure2(a)）

However，whenasystemisdescribedbyaprecise
fimction，wegetlittleknowledgeofitscharacteris‐

tics・Thecharacteristicsofasystemareunderstood

bymanyisolatedfragmeｎｔｓｏｆｋｎｏｗｌｅｄｇｅｓｕｃｈａｓ，，Ｉｆ
ｘｉｓａｂｏｕｔｘｌ，ｔｈｅｎｙｉｓａｂｏｕｔｙｌ.,，Theoverallview

canbedescribedusingfmzzyknowIedge・Ｕｓｍga
fmzzyreasoningbasedonthisknowIedge，theresult
of”aboutＹｂ”isobtainedfTominputof，，aboutXi，，

(Figure2(b))．

ThefilzzycontrolsystemassumesthisfUzzysetthe‐
ｏｒｙａｓｉｔｓｂａｓｅ・Thecontroldatalbrthesystem
isfUzzyknowledgefbrjudgingnumericalvaluesde‐
scribedbysubjectivewordswiththeexpressionpro‐
cessingtheoverallsituationAsaresult0itcan
achieveaexibleprocessingsuitablefbrthesituation．

Figure3：controlsequenceofpredicMvefUzzycontroI

3.1．Steeringmechanismfbrfbur-wheelｅｄｖｅ－
ｈｉｃｌｅ

ＷＧｔｈｉｎｋａｂｏｕｔｔｈｅｃａｓｅｔｏｄｏｔｈｅｔｕｒｎｍｏｖｅｍｅｎｔａｔ

ｌｏｗｓｐｅｅｄｔｈatthefbur-wheeledvehicleofthefront

wheelsteercandisregardthegenerationofthecen‐
trifmgalfbrce，Ｔｈｅｃａｒｗｉｌｌｈａｖｅｔｈｅｔｕｒｎｃｅｎｔｅｒｉｎ

ｔhecircletumofthebodyintherotationcenteraxis

eachwheelextension，Thisextension，sintersecting
withtheextensionsoftwofrontvehiclecircleaxesby
onepointbecomesaconditionbecausethewheelaxi8

isononewheelaXisaftertheinsideandoutside・This

intersectionCisaturncenter.(Figure4）
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Figure2：Knowledgedescriptionofnumericalrelatio、

2.2．Predictivefmzzycontrolmethod

ThepredictivefUzzycontrolmethodisappIiedtoreal
roboticsandmechatronicssystemusingadynamical
systemmodｅＬＡｃｏｎｔｒｏｌｒｕｌｅｏｆｔｈｉｓｍｅｔｈｏｄｉｓｄｅ‐

scribedfbrexampleby，，ＩｆｕｉｓＣ１一ｘｉｓＧｏｏｄａｎｄｙ
ｉｓＢｉｇ,ｔｈｅｎｕｉｓＣ１.，，ThisfUzzycontrolgeneratescoL
trolcommanda1tematives,predictscontrolresults，x

andyusingadynamicalsy8temmodelOandfinaUyse‐
lectsthebestcontrolcommandfTomthealternatives

(Figure3).Inthisway,thepredictivefUzzycontroI
decidｅｓｔｈｅｂｅｓｔｃｏｎｔｒｏｌｃｏｍｍａｎｄｂａｓｅｄｏｎthedy-
namicalsystemmodelfromobservedpresentstates
[3,2,51.

illl
Ｃ

Ｆｉｇｕｒｅ４：GeometricalreIationinturnoffbur-wheeled
vehicL

Whenthevehiclekeepstheabove-mentionedturning
relation，theequationsofmotionareasfbUoＷＳ．
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３．ParkingbyHumanOperation Theaveragespeedofthefrontwheelｉｓｖ，Ｔｈｅｄｉｓ・

tanceofthefrontandrearwheel(wheeI-base)i3L・
ＴｈｅａｚｉｍｕｔｈｏｆｂｏｄｙｉｓａＴｈｅｆｏｎｔwheel,sangIeg

aredrand｡Ｌ○istheaverageof向ａｎｄ‘1.Thecar
positionis(x,y)(Hereafter,itiscalledthepositiOi
ofthebody)ｉｎthemiddleoftwowheelsintheback．

Manroughlyrecognizesthesituatiｏｎａｎｄｔｈｅｍｏｖｅ‐

mentspeedinsurroundings・Ｔｈｅｎｈｅｃａｎｐａｒｋａｃａｒ
ｔｏｔｈｅｔａｒｇｅｔposition・Ｔｈｅcomputer・candriveacar
byusingtheman'sdriveknowledgeasaproxy．

十
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FuzzyCont｢oIRules
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3.2．Manualoperationprocessofacarby
ｓｋｉＵｅｄｐｅｒｓｏｎ

ｌｔｉｓｐｏｓｓｉｂｌｅｔｏｔｈｍｋaboutthedriveoperationof
theskiUpersonasthreehierarchiesshownnext．

Decisionpart：Thetemporarytargetinconsider‐
ationofthecontrolstrategydecidedinthis
decisionpartisoutputted、ｒｒｏｍｔｈｅｎｕｍｅｒｉ－
ｃａｌｖａＩｕｅｂａｓｅｄｏｎｔheexperienceofthepast
now,presentstatesandsystemparameters,the
bestcontroltargetisdecided・Atemporary
target(position(x､,yn),targetazimuth(8,)，
andtravelingspeed(v､))isobtainednowby
thecharacteristicofcar,positi。ｎ(x,y)andaz‐
imuth(8)．

Practicepart：ThesepredictivefUzzycontrolrules
arethesamefbrmastheexperlenceruIesofthe
caroperationoftheskUlperson、Then，this
controlmethodisusedtooperatethedriving
wheeLFigure6showsperfbrmance(fUzzysets）
ofdistanceandazimuthfbrdrivingwheeloper‐
ation．

3.2.1Ｗａｔｃｈｆｂｒｓｔａｔｅｏｆｃａｒ：Hewatches
thatthecararrivedalreadyordidn，tarriveatthe
targetposition・Whenthecarattainsit，heswitches
thetargettonextone．

3.2.2Settingoftarget：Ｈｅｓｅｔｓａｔｅｍｐｏ‐
rarytargettoreachthefinaltargeｔｏｎｔｈｅｗａＪ八Ｈｏｍ
ｔｈｅｐｏｓｉｔｉｏｎａｎｄｔｈｅａｚｉｍｕｔｈｏｆａpresentbody,the
temporarytargetisdecidedbyoperator,sknow-how
asfbllows；，，Atargetpositionismtheftontofle⑪

ａｎｄｉｆｔｈｅａｚｉｍｕｔｈｏｆｔｈｅｃａｒｉｓｐａｒａＵel1thebody
shouldbetumedtoa1ittleleffintheintermedi風座
position.，，

台－１■ｂ■￣巳●◆●●の●￣￣●■￣■■■■印■●●●C●●●■白■■■■￣■■｡●●●●●●●●■■■'■■■-■も●

３．２．３Drivingwheeloperation8Ibreaches
tothetarget,ｔｈｅdrivmgwheeloperationisexecuted、
TheexperiencerulesareshownasfbUows．

iFUzzyContrDIIer●

WatchPa｢Ｉ夕aｎ
－

Ｒｅｓｅｔ

●Ifdrivingwheelismaintained,itwillapproach
weUtothetarget,thenthedrivingwheelshould
bemaintained．

DedsicnPalt

「ＴａＵｅｔ
－

Ｐａｒｔ

ｖｅＦｕｚェ

Syslem
f目、○ｓ

Ｐ｢acticePart

(Pn3dIctIveFuzzy
ContmI）

●Ifthecargoesstraight,itwi1lapproachwellto
thetarget,thenitshouldgostraight．

・Ifdrivingwheelisrightturn,itwillapproach
accuratelytothetarget1thenthedrivingwheel
shouldberightturn．

●Ｉｆｄｒｉｖｉｎｇｗｈｅｅｌｉｓｌｅｆｔｔｕｍ，itwiUappToach
accuratelytothetarget,thenthedrivingwheel
shouldbeleftturn．

●

Car

し ｡｡!｡t型

．｡…･･･････CCmn四ｎｄＵ(t）
G￣■■￣●二●◆●●●●●■●---■■■■●●●●●■■白■■■■■⑥■●

Figure5：Structureofhierarchicalfilzzycontrol．

Theseexpenencerulesassumethatthedrivingwheel
operationtodostraightadvancement,rightturnoand
leftturn，evaluatethoseexecutionresults，ａｎｄｅｘｅ‐
cutethemostappropriateoperatio､．

０．１ｏ０ｂｌｍＯ､１００．１m

Dista雌oomor(qﾛリDismnceonu｢ＩｄｐＩ

(a)DistancBenOrisGood（b)Distancee｢TorisVe｢yＧｏｏｄ

4．ParkingControllerbyHierarchical
PredictivelnzzyControl

1.00.10０．１

“,muihomom鯛洗
(c)AzimutherIDrisGood

１．００

…h･…lfh｡
(｡)AzimuthenCrisVelyGood

４．１．Hierarchicalfnzzycontrolalgorithm
ThecontrollerthatmakesaninteUectualactivitycon-
cemingtheman,sknowledgefbrparkingthatisde‐
scribedinChapter3isregarded、WeproposeafUzzy
controlcontrollerthatconsistsofthesethreehieraT-
chiesisregarded(Figure5)．

Watchpart：Thetargetandpresentsystemst鋤es
arecompared・Ｉｆｔｈｅｃａｒｄｏｅｓｎｏｔａｔｔａｉｎｔｏ

ａｔｅｍｐｏｒarytarget，thetargetismaintained、

Ｗｈｅｎｔｈｅｃａｒａｔｔａｉｎｅｄｔｏｔａｒｇｅｔｏｒｉｔstopped，
atargetresetcommandisoutputted．

Figure68Membershipfimctionsoffilzzyevaluationin‐
dic2ﾆニ

4.2．PredictivefUzzycontrolrules

Wedescribed8controlrulesftomtheexperienceof
theskiUpersonasfbllows．

●If(‘＝0゜_dpisGood,ｄＯｉｓＧｏｏｄ)ｔｈｅｎ
｡＝０．．
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５．SiTnmIntionResultsandDiscuss●Ｉｆ(｡＝１０゜－ｄｐｉｓＶｅｒｙＧｏｏｄ,ｄＯｉｓＶｅｒｙ
Ｇｏｏｄ)then‘＝10゜．

●Ｉｆ(‘＝-10゜－ｄｐｉｓＶｅｒｙＧｏｏｄ,dOisVery
Good)then‘＝-10゜．

●If(‘＝20.-ｄｐｉｓＶｅｒｙＧｏｏｄ,ｄＯｉｓＶｅｒｙ
Ｇｏｏｄ)thenの＝20..

.1f(の＝-20゜一ｄｐｉｓＶＣｒｙＧｏｏｄ,d8isVGry
Good)then中＝-20゜．

●If(｡＝‘＋0゜_dPisGood,dOisGood)then
‘＝①＋０゜．

●Ｉｆ(②＝‘＋5°－dPisVeryGood,ｄｏisVery
Good)thenの＝の＋５．．

・If(‘＝○－5．→dPi3VCEyGood,dOisVGry
Good)thenｐ＝‘－５゜・

Where,‘＋５．ｍｅａｎｓｔｏａｄｄｔｈｅｌｅｆｔｏｆ５ｏｉｎｈｅｒｅ

fromapresentfrontwheelangleThedpisdifTbrence
ofthetargetpositionandpredictedpositionThedO
isdilTbrenceofthetargetazimuthandthepredicted
azimuth．

Theparkingcont｢olsystembasedonthepredic-
tivefUzzycontrolmethodwithcardynamicssystem
modelwasproposed、Themovementsofthevehicle
weresimulatedinthecomputer・Thecontrolperfbr-
mancewaseva』uatedbyfnzzysets、Theresultsof

simulationofamovetothenextlotandagarage
parkinｇａｒｅｓｈｏｗｎｈｅｒｅ，Asfbrthevehicle，linaltar-
getposition(Ｘｅ,ye)andlinaltargetazimuth(0e)are
operatedfrominitialposition(xO,yO)andinitialaz-
imuth(00)aimingsh･wnaslbllows・Itwasassumed
thattravelingspeedＶｏｆｔｈｅｃａｒｉｓＯｍ/ｓ(Stop)，
0.4ｍ/‘(rbrward),。ｒ-0.4ｍ/ｓ(Back),wheel-base
(L)is2.6m,treadwidtb(B)is1.7ｍ,maximumfront
wheelangle(のmax)is25゜andnominalminimumturn
radius(Rmin)is6.0ｍ．

5.1．Ｍｏｖｅｔｏｔｈｅｎｅｘｔｐａｒｋｉｎｇｌｏｔ

ｌｎｔｈｉｓｓimulation，acaTmovestothenextparking
Iot・Thefinaltargetpositionistrueside・Initialpo‐
sitionis(xO,yO)＝(4.0,,0.0m)andinitialazimuth
isOO=90゜、Finaltargetpositionis(xe,ye)＝(0.0,,
0.0ｍ)andfinalazimuthisOe=90.．Figure8shows
atrackofthecarateverythreesecondintraveling，

Thestoppositionis(x,y)=(0.1,,0.0m),8=85.9゜､In
thiscase,ｔｏｔａｋｅｔｈｅｐｏｓｉｔｉｏｎｗｈｅｒｅｔｈｅｃａｒcanpark
easilytobackinthelinaltarget,thedecisionpartput
atemporarytarget（xt=0m,yt=9.2,,0t=90゜）fbr‐
wardofthat・ThecontroUergotthefinaltargetafter
reachingthetemporarytarget．

Ｏ＝０

ＺｒｎｑＩＶＯｒＶ巴ハザッ

９口
◆2０

･■

・2０

△
■
■
■
『ｉ

Figure7：Ｉ､企renceprocessofdrivingwheelOperation．

Figure7showsareasoningprocessofdrivingwheel
operationbypredictivefmzzycontroLThreecandi‐

ｄａｔｅcontrolinstructionsofOdegreeo＋２０degree,‐２０
．egreecanbetakenTbepredictivecalculationof

thestateinthefmtureisdonebyusingequationof
motionbywhichthesystemsituationofthecontrol

objectwasshowninvalueandassumptionexpres‐

sion(1)now､Thepredictivevalueofacertamcon‐
trolpurpose(王,y)(fbrinstance,thefUturepo3ition
lOsecondsafter)isobtained・ThefUzzysetbywhich
distanceerror(｡p)iscaUed，，Good'，(itisintherange
oftheaUowance)｡r，，VCryGood''(itisaccurate),is
delinedbyFigure6、MoreoverDitissimilar0another

controlpurposeazimutherror(do)isevn1uated．

篭
Figure8：Simulationresultofmovetothenextlot．

Inthewatchingpart，theIirsttemporarytargetls
watchedandchanged，Inthedecisionpart，ａｔｅ、‐
porarytargetcanbeskiIlfUllysetｂｙｕｓｉｎｇａｃａｒｄｙ．
､amicsmodeLInthepracticepart，predictivefUzzy
controloutputsthedrivingwheelcommandtoreach
thetargetwelLThiscontrolsystemwasapplieｄｔｏａ
ｌ/l0scalemodelcar・The6eldtestofthismodeIcar
showedthatitcanoperateacarwell.[6１

Theseevaluatedvaluesareintegratedbythelogical
product、Ａｎｄｔｈｅｉｎ化renceresultofthecontrolin‐
structionisobtained・ＴｈｅｃｏｎｔｒｏｌｃＤｍｍｎｎｄｉｓｓｅ‐

lectedbythehighestgradeofthisinfCrenceresult．
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5.2．Simulationofgarageparking
lnthisgimulation,ｔｈｅｃａｒｐａｒｋｓｔｏａｇａｒａｇｅｆｒｏｎｔｏｎ
ａｎａrrowroad(roadwidthis7m)．Initialposition
i3(XO,yO)=(10.0,,8.0m)andinitialazimuthisOO＝
180゜・Finaltargetp･sitionis(Ｘｅ,ye)=(0.0,,0.0m）
andIinaltargetazimuthisOe＝90.．Ｆｉｇｕｒｅ９ｓｈｏｗ８
ａｔｒａｃｋｏｆｔｈｅｃａｒａｔｅｖerythreesecondinthiscase・
Thestoppedpositionis(0.2,,0.0m),andazimuth
isO＝84.6.．Thecontrollersetatemporarytar‐
getｏｎ(0.0,,2.3m)ａｎｄＯ＝９０゜,afterthatseton
(-5.0,,8.4ｍ)ａｎｄＯ＝180゜,ｂａｓｅｄｏｎｍａｎ'ｓpark‐
ingstrategyltisunderstoodtoreachtheHnaltar‐
getsmoothlybyoperatingdrivingwheelthatiggood
throughthetargetｏｎｔｈｅｗａｙｏｆｔｈｉｓ．

霞(iii雪iiii鷺三Ｉ
３ｍ

FigurelO8Simulationresultofgarage
widthofaroadis6m)．

parking(the

Ｊ０ｏＯＯＯＯＯｏＯＯＯＯＯＯＣ

Ⅷ鷺蕊'三三：
ｂｙｔｈｅｐｒｏｐｏｓｅｄｍｅｔｈｏｄｅｖｅｎｉｎａｃｏｍｐlexcontrol
UkethegaTageparkingwithnarrowroadwidthThe
carwasablｅｔｏｂｅｍｏｖｅｄｗｅＵｔｏｔｈｅｔａｒｇｅｔｐｏｓｉｔｉon
byoperatingthedrivingwheeLThepredictivefilzzy
controlmethodwasusedfbrthepracticepartofthis
controUer・ＴｈｉｓpredictivefUzzycontrolmethodcan
achieveagentlecontrolfbrhumaｎＩｎｔｈｉｓｐａｐｅｒ，
thethingtowhichtheproposedmethｏｄｗａｓｅ鮭ctive
wasshownbythecomputersimulation・Thismethod
willcomposeadrivesystembywhichthecomputer
cooperateｄｗｉｔｈｈｕｍａｎ

３m

Figure9:Simu1ationresultofgaragcparking(thewidth
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Thi8simulationparksacartoagaragefrontona
narrowroad(roadwidth血６ｍ).FigurelOshowsa
trackofthecarateveIythreesecond・The8topped
positionis(0.2,,-0.3m),andazimuthisO＝90.6.．
Thecontrollersetatemporarytargeton(0.0,,2.3m）
andＯ＝90゜,afferthatseton(-5.0,,8.4m)andＯ＝
180.．Ｉｎｔｈｉｓｃａｓｅ,praCticepartcan1tselectfilllturn
back，becauseｆｒｏｎｔｂｕｍｐｅｒｉｓｎｅａｒｔｏｔｈｅｗａｌＬＳｏ，
thecontrollersetanewtargeton(00,,6.7m)ａｎｄ
Ｏ＝90.,andsetthefinaltarget．

ThesesimuIationresultsshowthattheparkingcon-
troIisexecutablefbrvanoussituationsbythepro‐

巾

PosedhierarchicaMmzzycontrolsystem．

6．ＣｃｍＵｎｎ＆ion

Inthi8paper,thecontrollerconsist8ofthreehierar-
chiesofpredictivefmzzycontroImethodisproposed
andit，sappUedfbrparkingcontrol・Ａｓａｒｅｓｕｌｔｏｉｔ
Ｗａ８ｃｏｎｌｉｒｍｅｄｔｏｂｅａｂletoexecuteagoodoperation
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