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l．IntrodllC【iom  

lnJapan，farmworkersaT巳呂ettlngOldandretlrlnEfromfarmlngL）・Ontheotherhand，rl亡W  
genemtiondoesnr｝tliketoworkinagricultura）farms．Therefore，theautDmationDffarmwork由a  

hurningissuefbrthestabilityofagTicu）turalf山uTeOfJapan．Numerousresearchworkhavebeendone  

f加thispurpose・Sllbsequently，atPreSentalmostalltheagriculturalfarmworkareTTl巳ChaI）izedhut  

Onlyaf巳Warefu11ya山一omaled・Ontheviewpojn（Oftimeandlaborconsumpt10n，W巳edingonrid呂e  

（）ev巳e）ofpaddyfieldisanimportanttasktoconsiderforautomatjon，Tilltodate，therearetwotypes  

Ofrid酢Weedingma亡hineavailab）einJapan：a）handoperatedmowerandb）self－Pr叩e11edridge．  

mower・Forsmall－SCa）巳farm，thesemayb巳Su伍cient，butfurlarge－SCalefarm，uS巳Ofthesemowers  

ar巳StillinsufficientlSinc仁theridgeisbi苫；therebyitconsum巳SIDtOftimeaTldphysicaZlabor・Vcry  

littleresearchwork，aSfaraswecouldascertaiT），hasbeendoneforthetotalautomationofTidge  

WeedingTThcrcfore）thefinalgoalofthi＄reSearChworki島tOdcvelopanautomaticridge－Weedin呂  

robotfbrlargehrm，Whichcanr仁JiefhlmanOPeTatOr．Theautomatjeridge－Weederwi】1havetwo  

distjnctfunctions＝autOmaticcontroIofthevehicle，andweedingDPerationby themoweLInthe  

PrCSent P叩er，W已Only銃）CuSSed on thecontrolofv巳hicIc，Which caI）mOVe arOund on the rid呂e  

automatically．  

Th巳ridgewidthvariesdependingonfhrmsizc．Afour－WheeltractorTTlaynOtheappropriate  

fbrworkingonridg已aSanautOnOmtluSVehicle，Sinceanywheelcanmoveout加mth巳horizontal  

Surhcl已OfTheridg巳，du巳tOthedisturbance・Crawler－tyP巳Vehicle，however，maybemDreSui（abl仁in  

thisca罷払ritsstability．  

Th巳autOmationtaskfbrth巳Vehicle，atnrS（Sight，apPearStObethedesi評Ofacontroller  

Whichsteers th仁Vehicle along agIVenre触・enCePath Dn tJlefarm．MilIions ofhuman opcrators  

PerformthistaskquitewelluslngVisualp亡rCePt10nSforlaJICkeeplngCO11tfOl・Theyusじ＝1ookahead‖  

i一血rmationbym巳aSurLngthclateraland angtlhrdisplac印一entS at Certain distam＝e，ahead ofthe  

VChicle・Asimi靂areffectcanbeachiev巳dbyknc．wlngth巳POSitionofthev巳hic］e，uSlngradarrenective  

Strips2】oruslngmagn巳ticfield，DPS，tO（且l・Station，etC3〕Llndesignlngtheeontroll巳r，thecon叩（Of  
“lookahcad”methodisverylmpOrtant．An・autOmaticst据Ⅰ・lnBISeXPeCtedtoachievetighttrackin占  

p亡rformance4）．TheCOntrOller，therefore，Shouldb巳SuffieientenoughtocorTeCtthedisturbancesin  
hteraland且ngulardeviations，andshou］dbestablehrallgrmnd－PathccInditions・   

Th巳0［車Ctive島Ofthisstudyarc：  

（1）todeve］opamathematicalmode）forthecr蹟Wiertractor，  

（2）todev巳】t】P且COntrOll巳rWhichcan巳nablethev巳hiclet【1runalonBthedesiredstraightpathagainst   

anylateralandangulardeviationscausedbythedisturbance烏，  

（3）todevelopnaviBationsystemand  

（4）t（1t巳StautOPiiotingbyaprotot）rPeerau11elr．   

ユ・Th印叩且ndE叩erim亡nt  
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ユ．1．Prot叫pモⅤ亡血i亡】e  

TestYeh王cJc＝AprDtOtyPeCraWler－tyPeV巳hicleisusedinth巳eXPerim巳nt，aSShowninFig・1L  

Th巳CraWJer ch口Senha占tWOStCCrlngC】utchmechanisms that contrulits叩eration・Th巳bourLdary  

WidthtJfthctractorisO・85m．andleTIBthisl．57m（Fig．1）．Tomeasurethelateraldisplacementofthe  

Vehicl已，abeam－tyPeS巳TISOr句rStemwaSmadeandinstall仁dtoit．ThescnsorhassixsensLngelements  

Placedonafhtbarspacedatfivccmapartfrom巳aChoth巳r，Agyrosco匹isalsoinstalledtothe  

Vehicl巳tOget thevehicleTheaditl昌angl巳CO血inuously・ADCmotorisinstalleda呂atlaCtuatOr・A  

COmPuterSyStemisalsoinsta11巳dfurthecalcu］ationandprocesslng（7finputdatafrE］rnSenSOrand  
gyroscope，andalsofDrOperatioTlalcommandtocontroltheclutchactuator（Fig．1）．  
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Ridge＝Th巳ridgepathofpaddyfieJdisan臨r［hentrapezoidalshap巳dstruCture・Thewidthof  

its’（OPflatsurhccvari已SWithfi已1dsize．AfarrnDf40awaschDSenforth巳e叩巳rim巳nt，theridgeof  

Whiehhaslmintophorizontalsur王加e，0．7mininnerinclinedsurhceandO．4minout巳rincljned  

Surねc亡（Fjg．ユ）．  
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ヱ・ユ．M血hematic且Imo血1乱ndits印ntr（11  

V亡hi血modeL：Indevelopingakinematicmo血1Dfacrawler，th巳followlnBaSSumPt10nS  

Weremade＝a）theeffeetofall巳XternalfbrcesarencB）ected；h）th巳Vehicleismovin呂DVeraSmOOth，  

hardandflatsurfaee；C）bounc巳，Pitchandro］1motionsareignDred．Hence，thevehielchastwo  

degreesof如edom，COrreSPOndingtothelatera）displacement・y｝amih巳ading（yaw）angJe甘（Fig，3），  

Y  

D郎iredpa仙ainngx・且Ⅹi5  
Fig・3・A占亡hemati〔dia苫ram¢rYehi亡I亡  

Themodel巳quationofthevehicl巳isas鮎11ows：  
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Th巳Jayou10fth巳ridg巳Ofpaddyfie］disarectan呂uhrtypefield，Whichhasfwodistinctpath：  

抽‾aightandcornerlThemodelequations，thureforc，CaIlbelinearized丘】rth巳Straigh（POrtionufthe  

Path，aSthcvehiclじhe且din呂angleremainsalmostwithir120degreeduringjt，srun・Withth仁ChanBerOf  

Pathdir巳Ctionthe‘sign，oftheeq．uafjonsalsochang已S・  

Th亡Iin亡armD血1isasfo1lows：  
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ConLro11aw‥WhiledrivingavehicIc，thehumanoperarorusua】1ylooksatapolntaheadof  

thev巳hicl巳and coTllPareSth巳deviationl〕ftha‡polnlwiththe desired path・Thereby，hemakes  

necessarycorrectioninsleerlnB4Thiscont＝eP（WaSaPPliedwhiled已VeloplngaCOntrOller；i・eL，at＝IJH  

distanccah巳adof（h已Vehicle，afictivepolnt山Pりiscons庇redrOnlra亡kingnfthevehicl巳isattairLed  

3   



hyminimlZlngthed帥iatiロn‖epH，b巳tWeenthedesiredl）athandfictivepolnt＝P，ナandthedeviation  

“cp”isd巳fincdasfbllDWS：  

甲（ul，u2）＝y＋LO．  

Fromtheminimization，theoptimalinputfunction（ul，u2）isd巳rivedandlist巳dinTablel・   

Tablel．Listufir］Putfuncti【In  
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TheblockdiagramcrfthevehiclesystemwasshowninFig・4・  
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1Re吉山臨：  

3．l．Siml11atjonresulls：  

Acomputersimulationismad巳On（heOn－tra亡ki71gandturnlngCOntrOlofthevchiele・FDrthe  
un－traCkingcontmt，randomexteTnaldisturbancesareadded to thelateraJdisplac巳ment Ly（t）1and  

VChicleattitudc‘0（t）’．Th巳tyPicaltimehistoryoflat巳raldevjationsofthevehi亡1einstraightpaLh  

moEionisshowTliEIFjB・5L Theresultshows thattheJateraIdcviatioJl由d巳CreaSlngunderexternal  
di＄turbances・Figure6showsthetimehisturyofheadingang］eofthevehicleinthestfaightpath  
motion，Th已SereSultsindicatethevalidityDfthecontro11aw．  
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Fig・5LTim亡histor）rOflateraldisplaeementi7”trajghtpathrumlng  

Timc〔可  

Fig・6・TimehistnryDfheadingangleillStraightpathrunnlng  

Figur巳7＆8showthetitnehistory一〕fleftandrightinputfunctjons［ul（t），u2（t）］re叩eCtivdy．  
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Fi呂ure9showsthesimt11ationrcstlltsontheon－traCkingcon（rolandturnlngCOntrOltraJeCtOry  
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Fig・9・On，traCkingtraJeCtL）ryOfvehicleinridg叩athrunnln呂   

3．ユ．Experime11la】rcsuIts：  

Theresultsoftheexp已rimentthatperfurmedwithth叩rDtOtyPeVehicIc，ar亡ShowninFigLlO  

＆11as time history oflateral血viations and that nf vehicle attitudein straight path runnJng  

r亡SP巳Ctiv巳Iy，Theflguresindicatethathothoflateraldeviatiollandheadingangledecreaseswithtim巳，  

Valjdatingthccontroloftheproto（yp巳Ⅴ巳hicl已L  

、
 
↓
∃
「
≡
↓
．
」
 
 
 

ヨ
 
5
 
n
‘
 
与
 
1
・
5
 
0
 
5
 
 

ワ
ー
 
 
 
1
 
 
 
 
｛
U
 
 
 
 
（
U
 
 

言
豆
ト
．
【
ロ
コ
王
’
＿
勺
苛
L
旦
【
コ
 
 

．】・ミ  
l  

・1．5 ヒ ．－一丁－ ド丁－－・－「－  

0  ら1  10   15ヰ   28．丁   25．ロ   コ1．3   ユ占与  
丁巳m■一義  

Fig．10，Timehistoryoflateraldisplacementinstraightpathrurinlng  

6   



5
 
 
0
 
 
5
 
 
∩
）
 
 
【
b
 
n
）
 
 

（
m
O
P
）
旦
℡
－
吋
m
u
苛
冨
〓
 
 

0  5，1   10  15．4  20．7  25．9  31．3  36．8  

T加断固  

Fig・11・Timehistoryofvehicleattitude（theta）   

4．Dis亡Ⅶ舶ion：  

Insimulation，th已1ength（L）offictivepL）intiscoTISid已red2maheadofthevehicle・Inthe  

exp巳riment，the餌ctiv巳distance（1）isalm口SlhalfofL．FL）rSfraightpath，theon－traCkingperformar）Ce  

isbetterfDrlDngerdistarLCCOfthefictivepojntthanthatofforshort巳rdistance・Withth巳decreasejn  

lengthofthefictivcpoint，theunstabilifyL7fthevehicl巳incTeaSeS．Forthisr巳aS（］n，th巳Stability【）f  

V巳hieJeattitudeinsiml11atioTlapPCarSmOreStab］ethanthatofexperim巳Tlt・   

C心n亡lⅥ5ion：  

Mainresu】（SOfautDPilotinBth巳CraW】erontheridepalharesummaris巳dasf（｝Jl（｝WS＝  

1，Akin巳maticmodelofthelateraldi坤1acementandheadingangleofaerawlertract＝rrunnlngma   

Straigh（andturnlngPathwasfcLrmulated．ThesimuJati【〕nreSultsobEain已dshowedgoodresuJtsin   

theon－traCkinBC（｝ntrOlandturnlngCOnlrolability．  

2r ThecontTO11erwasrnadebyusln呂thecon仁ePtOf“王ookahead”or茄ctiv叩Olntm巳thod・Re＄u）ts   

indicategreat巳rStabilityofth已CTaW）ertTaCtOrWhenth巳fictivepolntisfurtherahead，  

3r Thecrawlerwasequ）PP巳dwithanavlgationsys暮emsuch舶Photosensorandgyro5COPe・Testsof   
theaetualau一口PilotcTaWerWeredone・R餌ultsshowedthec叩ahility払rtheappticationofthe   

t：OntrOllaw・Forth巳betlerautopilotingsysfem，SOmePrOblemsarcidentificdwithreEardstothe   

locatic・nOfthesetlSOfSandadjustmenlDfthefictivepoLnt．   

Nom亡n亡】如ure：  

C＝CerIte．rOfwh已elaxIcofthevehicl巳  

d＝distanceb巳壬We巳nWheels  

ep＝1ateral巳rrOr／displacementfrumthedesiredcour紀  

L＝distanceb已tWeenPnirltCandpointP  

P＝a抗ctiv叩01叫ah巳adoft血vehicle  

臼＝Ⅴ巳hicl仁山eading（yaw）a喝1e  

ul＝mOdeufclutehforrightwh巳el  

u2＝mOdeofclutchforlef［wheel  

Vr＝rightwheelv巳10City  

Vl＝1班whe巳1velnclty  

Vu＝Whc亡1v巳loclty  

X＝longitudinaldisplac亡In已ntOfpointC  

y三1atera帖splac亡mentOfpointC  

R亡鮎rモロ亡七島  
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