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SeﾘiYasunobu,Mbmber,IEEEandYasuhitoMurai

Ａｂｓｔ７ａｃｔ－Ｔｈｅｄｒｉｖｅｏｆｔｈｅｃａｒｉｓｏｐｅｒ－
ａｔｅｄｂｙｔｈｅｄｒｉｖｅｋｎｏｗｌｅｄｇｅｏｆｔｈｅｄｒｉｖｅｒ
ｗｈｏｋｎｏｗｓｔｈｅｄｙｎａｍｉｃｃｈａｒａcteristicofthe
carwell・Ｔｏａｃｈｉｅｖｅｔｈｅｃｏｎｔｒｏｌｂａｓｅｄｏｎ

ｔｈｉｓdriveknowledge，ａｃａｒｏｐｅｒａｔｉｏｎｓｙｓｔｅｍ
ｗａｓｃｏｎｓｔｒｕｃｔｅｄｏｆｆｉｌｚｚｙｃｏｎｔｒｏｌｓｃｈｅｍｅｔｈａｔ
ｃｏｎｓｉｓｔｅｄｏｆｔｗｏｈｉｅｒａｒｃｈｉｅｓｏｆｓｔａｔｅｅｖａｌｕ－

ａｔｅｆｎｚｚｙｃｏｎｔｒｏｌａｎｄｐｒｅｄｉｃｔｉｖｅｆＵｚｚｙｃｏｎ－
ｔｒｏＬＴｈｅｃｏｍｐｕｔｅｒｓｉｍｕｌａｔｉｏｎｏｆｔｈｅｐａｒｋｉｎｇ
ｃｏｎｔｒｏｌｗａｓｅｘｅｃｕｔｅｄｂｙｕｓｉｎｇｔｈｉｓｓｙｓｔｅｍ・Ｉｔ
ｗａｓｃｏｎｆｉｒｍｅｄｔｈａｔｔｈｅｐｒｏｐｏｓａｌｍethodis
efTCctive．

wheelsteercandisregardthegeneratiolloftllecen-
trifUgalfbrce・Ｔｈｅｃａｒｗｉｌｌｈａｖｅｔｈｅｔｕｒｎｃｅｎｔｅｒｉｎ
ｔhecircleturnofthebodyintherotationcenteraxis

eachwheelextensi０，．Thisextension，sintersecting
withtheextensionsoftwofrontvehiclecircleaxes

byonepointbecomesaconditionbecausethewheel
axisisononewheeｌａ３ｄｓａｆｔｅｒｔｈｅｉｎｓｉｄｅａｎｄｏｕｔ‐

side，ThisintersectionCisaturncenter、Whenthe

vehiclekeepstheabove-mentionedturningreIation，
theequationofmotionisasfbllows．

；三.鰯:；’ⅢLINTRoDucTIoN

ThetryofapplyingfUzzyset[l1whereman，ssubjec‐
tivitycanbedescribedbyusingthenumericalvalue
tovariouscontrolsisactivelydone[21．ThisfUzzy
controlw懇ａｐｐｌｉｅｄｔｏｒｅａｌｓｙｓｔｅｍｓｓｕｃｈａｓａｎａｕto-

maticoperationsystemoftheSendai-citysubway[３１
andhomeelectricproducts・Itwasprovedeflective
Tllecontrolledsysteminhereisafbur-wheeledve‐

hiclethatwemostfrequentlyuse・Ｔｈｅｍｏｖｅｍｅｎｔ

ｏｆｔｈｅｂｏｄｙｉｓｎｏｔｕｎｄｅｒstoodeasily,acarparking
isdiHqcult[41.Ontheotherhand,theskilledperson
understandsthedynamiccharacteristicofthecar

anddriveitwelLBecauseknowledgeandthedrive
operationofthisskillpersonaremadeanalgorithm，
thesystembywhichthebeginnercaneasilyparkthe
carisimportant・Inthispaper，fuzzycontrolsys‐
CembywhichpredictivefUzzycontrolmethodby
whichthecontrolknowledgeconcerningthepark‐
ingcontrolofskillpersｏｎ，sfOur-wheeledvehiclecan

bebuiltｉｎｉｓａｓｓｕｍｅｄｔｏｂｅａｂａｓｅｉｓｐｒｏｐｏｓｅｄ・

ＩＬＰＡＲＫＩＮＧＢＹＨｕＭＡＮＯＰＥＲＡＴＩｏＮ

Ｍａｎｒｏughlyrecognizesthesituationandthemove‐

mentspeedinsurroundingS，Ａｎｄｈｅｃａｎｐａｒｋａｃａｒ
ｔｏｔｈｅｔａｒｇｅｔｐｏｓitionThecomputercandrivea

carbyusingtheman，sdriveknowledgeasaproXy．

Ａ・Stee冗抑gmechq河３８ｍ/b｢ん秘r-ulbeeIedUeAicle

Weｔｈｉｎｋａｂｏｕｔｔｈｅｃａｓｅｔｏｄｏｔｈｅｔｕｍｍｏvementat

lowspeedthatthefbur-wheeledvehicleofthefront

Ｃ

Figurel：Geometricalrelationinmrnoffbur‐
wheeledvehicle．

Ｔｈｅ【ｗｅｒａｇｅｓｐｅｅｄｏｆｔｈｅｆｒｏｎｔｗｈｅｅｌｉｓｖ，The
distanceofChehontandrearwheｅｌｉｓＬ、Ｔｈｅａｚ‐

ｉｍｕｔｈｏｆｂｏｄｙｉｓＯ、Thesteeringwheelangleis4
andのルThecarpositionisに,ｙ)(Hereafter,itis
c型ledthepositionofthebody)mthemiddleoftwo
wheelsintheback．

Ｂ、〃α几皿I0PeTaZio汎Process｡/aCtLrbySkjll
Person

Itispossibletothinkaboutthedriveoperationof
theskillpersonastwohierarchiesshownnext．

且】・Setti7D9がｔａＵｅｚ

Ｈｅｓｅｔｓｓｏｍｅｔｅｍｐｏｒａｒｙｔargettoreachthefinal
targetontheway，WhenthefiIsttargetaboutat‐

tajns，lleswitchesthetargettonextone，Ｆｒｏｍｔｈｅ
ＴｈｅａｕｔｈｏｒｓａｒｅｗｉｔｈｌｎｓＬｉｔｕｔｅｏｆＥngineeringMechanics，Ｕｎｉ－

ｖｅ｢ｓｉｔｙｏｆＴｓｕｋｕｂａｖＴｓｕｋｕｂａ－ｓＭ、３０５ＪＡＰＡＮ．
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IFuzzyControllerpositionandtheazimuthofapresenｔｂｏｄｙ０ｔｈｅｔｅｍ‐
porarytargetpositionandthespeeｄａｒｅｓｅｔｂｙｏｐ‐
eratorsruIeasfbllows;，,Thetargetpositionisinthe

frontoｆｌｅｆｔａｎｄｉｆｔｈｅａｚｉｍｕｔｈｏｆｔｈｅｃａｒｉｓparallel，
thebodyistumedtoalittleleftintbeintermediate

position.'，

Ｂ・２ＳZeerm9tUheelOPemtjO7B

Tbreachesthetargetpositionandazimuth,thesteer‐i
ingwheeloperationisexecuted・TheexperienceL
rulesareshownasfbllows．

●Ifsteeringwheelismaint型nedOitwillapproach
goodtothetargetthenthesteeringwheelis
mzhintained．

●Ifthecargoesstraight，ｉｔｗｉＵａｐｐｒｏａｃｈｇｏｏｄ
ｔｏｔｈｅｔａｒｇｅｔｔｈenitgoesstraight．

●Ifsteeringwheelisturnedright，ｉｔｗｉＵａｐ‐
proachaccuratelytothetarget,thenthesteer‐
ingwheelisturne。right．

・Ifsteeringwheelisturnedleft，iCwillapproach
accuratelytothetarget,thenthesteeringwheel
isturnedleft．

Figure2：Structureofhierarchicalfilzzycontrol．

Ｂ，Ｓｅｔｔｍ９ａｔｅｍｐｏｍｒｙｔｑｍｅｔ６ｙｔｈｅｓｍｔｅｅ”Iuate
/uzzycmt7℃l

Atemporarytargetpositi．、（x､,ynLtargetaz‐
imuth(OnLandtravelingspeed(v､)areobtained
n･wbythefUzzycontrolrules,position(x,ｙ)and
azimuth(8).Thestateevaluatefuzzycontrolmethod
whichMamdanihadproposedw零usedfbrthiscoL

troLThiscontrolrulesarethefbllowingfbrms．

●IfxisOmandyisOmandOis90degthen(x､＝
０ｍ,ｙ、＝０ｍ),8,=90deg.,vn＝0.0ｍ/s(Stop）

●Ｉｆｘｉｓ＋4ｍａｎｄｙｉｓ－１２ｍａｎｄＯｉｓ９０ｄｅｇ・
ｔｈｅｎ(ｘｎ＝＋2ｍ,ｙｎ－８ｍ),０，＝l10dig.,vn＝
0.4m/ｓ

●Ｉｆｘｉｓ＋2ｍａｎｄｙｉｓ‐8ｍａｎｄＯｉｓｌｌＯｄｅｇ・
ｔｈｅｎ(x、＝＋1ｍ,ｙｎ＝-4ｍ),０，=90.e9.,v､＝
0.4m/s、

．ＩfxisOmandyis-4mandOis90degthen(ｘｎ
＝0ｍ,ｙ、＝０ｍ),0,=90.e9.,vn＝0.4ｍ/s・

・Ifxis＋4mandyisOmandOis90deg・then(ｘｎ
＝＋2ｍ,ｙ、＝＋4ｍ),０，＝l35deg.,v､＝0.4ｍ/s、

●Ｉｆｘｉｓ＋2ｍａｎｄｙｉｓ＋4mandOisl35deg，ｔｈｅｎ
（x､＝0m,yn＝＋10ｍ),0,=9ode9.,vn＝0.4ｍ/s、

●ＩｆｘｉｓＯｍａｎｄｙｉｓ＋l0mand0is90deg・ｔｈｅｎ
（ｘｎ＝0m,ｙｎ＝０ｍ),0,=90.e9.,Ｖ１１＝-0.4ｍ/s、

０.SzeeTi几９⑫heelOpemtjO〃byP7edjctjUe九zzy
co7ztrol

Thepredictivefuzzycontrolmethod[31isappliedto
realroboticsandmechatronicssystemusingady‐
namicalsystemmodeLAcontrolruleofthismethod

isdescribedfbrexaｍｐｌｅｂｙ'，ＩｆｕｉｓＣ１－ｘｉｓＧｏｏｄ

ａｎｄｙｉｓＢｉｇ,ｔｈｅｎｕｉＳＣＬ，，ThisfUzzycontrolgener‐
atescontrolcommandaltematives,predictscontrol
results，xandyusmgadynamicalsystemmodel，
and6naUyselectsthebestcontrolcommandfrom

thealteTnatives・Ｔｈｅcontrolrulesofageneralpre
dictivefuzzycontroIareshownasfbUows、

If（uisCi-xisAiandyisBi）ｔｈｅｎｕｉｓＣｉ．
(i＝1,Ｎ）

Theseexpenencerulesassumethatthesteering
S

wheeloperationtodostrajghtadvancement，right
turn,andleftturn,evaluatethoseexecutionresults，
andexecutethemostappropriateOperation．

ＩＩＩＰＡＲＫＩＮＧＣｏＮＴＲｏＬＬＥＲＡＮＤＳＴＥＥＲＩＮＧ

ＷＨＥＥＬＣｏＮＴＲｏＬＢＹＰＲＥＤＩｃＴＩｖＥＦｕｚｚＹ
ＣｏＩｖＴＲｏＬ

Ａ、砿ｅ７ａ死hjcal鯵ｚｙｃｏ汎Zmlqj90rjthm

ThecontrollerthatmakesanintelIectualactivity
concerningtheman，sknowledge【brparkingthatis
describedinChapterlIanalgorithmisregalPded，
Atdecisionpart，thetravelingspeedandatempo‐
ｒａｒｙｔａｒｇｅｔｏｎｔｈｅｗａｙａｒｅｓｅｔａｎｄｔｈｅpassageis
decided、Ａｔｐｒａcticepart，thesteeringwheelopera‐
tiontoreachthetemporarytargetisdecidedThe
fuzzycontrolcontrollerwhoconsistsoftheSetwo

hierarchiesisregardedTheideasofthehierarchi‐
Ｃａ」fUzzycontrolthatconsistsofthestateevaluate

fUzzycontrolandthepredictivefuzzycontrolisap‐
plieｄｔｏｉｔ．

Decisionpart：Fromthenumericalvalueb[Lsedon

theexperienceofthepastｎｏｗ，presentstates
andsystemparameters，thebestcontroltarget
isdecided・

Practiceｐａｒｔ：Theexecutionpartoutputsthecon‐
trolcommandinconsiderationofthecontrol

strategy(target)decidedinthisdecisionpart．
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向同
Pmdjct

Thispredictivefuzzycontrolrulesarethesamefbrm
astheexperiencerulesofthecaroperationofthe
skilIperson，Then，thiscontrolmethodisusedto

operatethesteeringwheeLFigure3showsfuzzy
setsofdistanceandazimuthfbrsteeringwheeIop‐
eration．

四四
FmzyO割ocmr0EYalua50n

ｕ－Ｃ１

ｕ■Ｃ２

△=、（
０．１００１ｍ０，１００．１m

Distancomor、is②nceqrror

(a)DisIancBorrori3Gcod（b)DistaUroorrcrisVe｢yＧｏｏｄ
ｕｍＣ３

…………10.5…･･･ ｡̄

1．００．１００．１１．Ｏ感d
AzirTlutlu⑧ｒＩＤｒ

(c)AZhnuthOnDriSGood

１．００１.Ｏｎａｄ
ＡＺｉｍｕＩｈ０ｒＴｏ「

(｡)AzimutherIDrisVGIyGood Figure4：Inferenceprocessofsteeringwheelopera‐
tion．

Figure3：MembershipfUnctionsoffuzzyevaluation
indices．

whichthesystemsituationofthecontrolobjectwas
showninvalueandassumptionexpression(1)now・
ThepredictivevalueofacertaincontroIpurposed
(fbrinstance,thefnturepositionlOsecondsafter)is
obtainedThefuzzysetsbywhichdiscalledGood

(itisintherangeoftheallowance),ｏｒＶｅｒｙＧｏｏｄ
(itisaccurate),aredefinedMoreover,itissimilar，
anothercontrolpurposedOiseva｣uatedTheseeval‐

uatedvaluesareintegratedbythelogicalproduct・
Andtheinfcrenceresultofthecontrolinstruction

(fUzzyset)isobtainedThecontrolinstructionis

selectedbygivingtheoperatioｎｏｆｍａｋｉｎｇｔｏｏｎｏＬ
ｆＵｚｚｙｔothismferenceresult、

１Ｖ・SIMuLATIoNREsuLTsANDDIscuss

TheobjectsystemmodelbywhichthefUzzycontroI
methodproposedliketheabove-mentioned、The

movementsofthevehicleweresimulatedintheper‐

sonal-computer・Thecontrolperfbrmancewaseval‐

uatedTheresultofsimulatingtwopatternsofa
fileparkingandahorizontalmovemelltisshown
hereAsfbrthevehicle,linaltargetposition(Ｘｅ,ye）
andfinaltargetazimuth(0e)麺eopemtedfromini‐
Cialposition（xO,yO)andinitialangle(00)aiming
shownasfbUows・Itwasassumedthattraveling

speedVofChecarisOm/ｓ（Stop)，02ｍ/ｓ（Ad‐
vance),and-0.2ｍ/s(Back),wheeIbase(L)＝2.6ｍ，
treadwidth(B)＝1.5ｍ,andmaximumruddercor‐
ner(のmax)=35.e9..

Ａ、碗、皿1Ｇt…｡/βleporjbin9

Thissimulationparksacaralongthesideofastreet・
Initia｣positi。n:(xO,yO)＝(4.0,,-12.0m）Finaltar-
getposition:(xe,ye)＝(0.0,,0.0ｍ）Initia1azimuth：
80＝90.e9.．Finaltargetazimuth:00＝90.e9.．Figure
５ｓｈｏｗｓａｔｒａｃｋｓｏｆｔｈｅｃａｒａｔｅｖｅｒｙｔｈｒeesecondsin

Ｃ」．Co7ztrol7Ⅶles

Tencontrolrulesaredescribedfromtheexperience
oftheskillpersonasfbllows．

．Ⅱ(｡＝ode9.→ｄ=Good,ｄ８＝Good)thenの＝
ode９．

．１f(①＝l5deg.-．=veryGood,ｄ８=vewGood）
ｔｈｅｎの＝15.e９．

．１f(の=-15.e9.-.=veryGood,｡β=veryGood）
thend-15deg．

．’f(ｳｰ30.e9.-．=venyGood,ｄｏ=veryGood）
ｔｈe、｡＝３０deg

・Ｉｆ(○－30.e9.→｡=veryGood,do=veryGood）
thenj-30deg．

．’f(の=の+Odeg-d=Good,ｄｏ=Good）ｔｈｅｎ
｡＝①＋Odeg

．’f(｡=｡+5.e9.→｡=veryGood,｡O=venyGood）
ｔｈｅｎの＝の＋5.e９．

．１f(`=の-5.e9.→｡=veryGood,do=veryGood）
ｔｈｅｎの＝の-5.e９．

．１f(の=｡+l0deg．_。=veryG。｡｡,。O=very
G。。d)thenの=の＋l0deg．

●Ｉｆ(｡=j-10deg-d=veryGood,do=veryGood）
ｔｈｅｎの＝の-10ｄｅｇ

Ｔｈｅの＋5.e9．meansaddistheleftof5deg、in
herefromapresentsteeringwheeLThedisdifTer‐

enceofthetargetpositionandpredictedposition
ThedOisdifTerenceofthetargetazimuthandthe
predictedazimuth・

Figure4showsareasoningprocessofsteering
wheeloperationbypredictivefUzzycontroLThree
candidatecontrolinstructionsofC1,Ｃ2,Ｃ３ｃａｎｂｅ
ｔａken・Thepredictivecalculationoftheｓｔａｔｅｉｎ

ｔｈｅｆＵｔｕｒｅｉｓｄｏｎｅｂｙｕｓｉｎｇｅquationofmotionby
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fileparking・Thestoppositionis(x,y)=(002,,0.0m)，
０＝94.90.e9.．Thecontrollersetatemporarytarget

basedonman，sparkingstrategyon（2.0,,-8.0m）
andＯ＝l25deg・Itisunderstoodtoreachthefinal

targetatlastbyoperatingsteeringwheelwhichis

goodthroughthetarｇｅｔｏｎｔｈｅｗａｙｏｆｔｈｉｓ．

！
F1

F1

L｣

ロ
■
Ｐ
一
■
■
。
Ⅱ

Figure6：Sampletracksofhorizontalmovement．

controllerconsistsoftwohierarchiesofstateevalu‐

atefuzzycontrolmethodandpredictivefuzzycon‐
trolmethodAsaresult，ｉｔｗａｓｃｏｎｆｉｒｍｅｄｔｏｂｅ

ａｂｌｅｔｏｅｘｅｃｕｔeagoodoperationbytheproposa」
methodeveninacomplexcontroIliketheparking
controLThecarwasablｅｔｏｂｅｍｏｖｅｄｔｏｔｈｅｔａｒｇｅｔ

ｐｏｓｉｔionbyoperatingthesteeringwheelthatwas
goodinpredictivefuzzycontrolmethodusedfOrthe

Figure5：Sampletracksoffileparking．

aSimul0tio几ｑ/Aorizo几tMmoueme"！

ltistimewhenthissimulationmoveｓａｃａｒｔｏｔｈｅｐｒａｃｔｉｃｅｐａｒｔ・Thispredictivefuzzycontrolmethod

targetpositionoftrueside､Initialposition:(xO,yO）canachieveagentlecontroltoman・Inthispaper，
＝（4.0,,00ｍ)．Finaltargetposition：（Ｘｅ,ye)＝thethingtowhichtheproposalmethodwase碇c‐
(00,,0.0ｍ)．Initialazimuth：００=9ode５．Fimltivewasshownbythecomputersimulation・This
azimuth：８e＝90deg.、Ｆｉｇｕｒｅ６ｓｈｏｗｓａｔｒａｃｋｓｏｆｔｈｅｍｅｔｈｏｄwillcomposeadrivesystembywhichｔｈｅ
ｃａｒａｔｅｖｅｒｙｔｈｒｅｅｓｅｃｏｎｄｓｉｎｈｏｒizontalmovement，comPutercooPeratedwithman、
ThestoPPositionis(x,y)＝(-0.08,,022ｍ)β=84.85deg．REFERENcEs
lnthiscase，ｔｏｔａｋｅｔｈｅｐｏｓｉｔｉｏｎｗｈｅｒｅｔｈｅｃａｒｃａn

parkeasilytobackinthefinaltarget,thecontrolIer［11Ｌ､Ａ､Zadeh，“FuzzysetsW'，、/、"m0nand
CoT8tTol,vol､８，ｐｐ､338-353,1965．putatemporarytargeCfb｢ｗａｒｄｏｆｔｈａＬＴｈｅｃｏｎ‐

troIlergotthelinaltargetafterreachingthetempo＿［21sYasunobu､“FuzzyEngineering"，Syokodo，
199L

rarytargeL

Thesesimulationresul[sshowthattheparking（31ｓ､YasunobuandS・Miyamoto，“Automatic
TrainOperationSystembyPredictiveFuzzycontrolisexecutablefOrvarioussituationsbythe
Control'，,hzdust両aIAppljcGZio汎`q/凡刻ＣＯかproposedhierarchica1fuzzycontｒｏＬＩｎｔｈｅｊｕｄｇ‐
troI(MSu9e刀００.ﾉ,North-Holland,ppL18，ｍｅｎｔpart，atemporarytargetcanbeskiUfUllyｓｅｔ
1985．

byusingstateevaluationfUzzycontrol、ＩｎＣｈｅｅＸ‐

ecutionpart,Predictivefuzzycontroloutputstｈｅ［41Ｍ．SugenoandKMurakami，“AnExPeri-
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