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AnAutomotiveEnglneCalibrationSystemUsing

Microcomputer

KENZOWATANABE，MEMBER，IEEE，ANDMEHMETTUMER

AbsLrOCt－AnaLutOmOtiveenginecalibrationSyStemhsbeendeveloped
to■idindeYe）opmentaJldeYaluationofacontrolalgorithmforelectronic

sprkadvance・Itconsistsoftbeprogrammer，COntrOlIerIatLdJneASure・

が血umits・GiYenthesparkadYamCeandthedwelltimeim仙eformof

山川CtionsubroutitLeSWrittenin且ASICItheprogramme”nitmakestbe

ld用mCeamddwelltablesasafmCtionofemglne叩ee山mdload・Referdmg

tothがetables，tbecomtroIlerunitopemteStbeemglmeunderealibraliom．

memeaSurementunitmeasures仙eresdtamtemgimeperformamceamd

dAyZeStbecontrolaIgorithm・TbisprocessisrepeatedtIntiItheoptimum

咄Od仙misreaChed・A蝕ⅣteSteXamplesarealsopresemtedtodemom．

strAtetbesystemcapat，ility・ThiSSyStemfeaturesatLeaSyOPeratioMJldan

lαumteCaIibration．
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U　　　　　　　　Ⅰ．INTRODUCTION

PTOADECADEago，thebasicobiectiveforgasoline

englnemanufacturerswastoproducegooddriveability

andspeCincpoweroutputwithoutmuchregardtofuelcon－

sumptlOn・Thissituationhaschangeddrasticallyinthelastten

years，becauseexhaustemissionlegislationandfueleconomy

regulations have beenintroducedll】．Ironically，emission

COntrOlandfueleconomy opposeeachother・Agoodfuel

economyenglnerequlreSahighoctanefuelandahighcom－

PreSSionratio，butthis resultsintheincreasedemissionof

nitrogenoxidesandlead．

TheenglnePerformanCedependslargelyonthesparktim－

1ng・Therefore，itsprecisecontrolisveryeffbctiveforthe

OPtlmizationofthefueleconomy，theexhaustemission，andthe

driveabilityl2］・Thisapproachhasledtothedevelopmentof

manyelectronicenglneCOntrOIsystemssuchasSCCofChry－

Sler【3］，EECofFordl4】，MISARofGMl5］，ECCSofNissan

l6］，andTCCSofToyotal7］．

ThedevelopmentofthesecontroIsystemsrequlreSaPnOr

establishmentofthecontrolalgorithmforeachenglne．Itis，

however，Verydifnculttode丘netheoptimumsparktiming

theoretical1y becauseitis a complicatedfunction ofmany

englneParameterSSuChasthemechanization，load，SPeed，air／

fuelratio，temperature，andsoon・Therefore，thedetemina－

tionoftheoptlmumSParktiminghasbeenpossibleonlyby

expenmentSWhichmeasuretheenglnePerfomanCeaSafunc－

tionofonlyoneparameterwhilekeeplngtheothersconstant・

Thisprocess，CalledtheenglneCalibration，isthusalaborious，

time－COnSumlng，andtedioustask・Toal1eviatethisdifnculty，a
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developmentsystemthatallowsquickcalibrationwithamimi－

mumdesignefforthasbeenhighlydesired．
The丘rst such system has been reported by Schlax and

Aumanl8］．They have used two computers，Onefor the

OperatOrinterfaceandtheotherfortheautomobilecontrol．

Interfacingwiththesensorsinstal1edonavehicleandthen

re飴mngtothecontrolalgorithmstoredinprogrammableread－

0nlymemory（PROM），theautomobilecontroIcomputerdeter－

minedthesparktimingoftheenglneundertest・Thissystem

WaS uSefu1forthe on－Vehicle calibration，butits operation

requireddetailedknowledgeofelectromicandcomputertech－

nologies．Power，Winterbone，andRichardshaveproposeda

SimplersystemusingInte18080Amicroprocessorl9］．Their

SyStemhasbeenusefu1forparameterOPtimization，butitcould

notemulatealltheenglneStateS．

Thedominantparametersfordetermlnlngthesparktiming

aretheenginespeedandload（manifoldpressure）［10】．The

OPtimumsparktimingcanthenbeapproximatedbyapleCeWise

linearorquadraticfunctionoftheenglneSpeed．Basedonthis

COnCept，anautOmOtive englne Calibration systemhas been

developedpemittingeasyoperationandaccuratecalibration．

ThispaperdescribesitsprlnCiplesofoperationanddemon－

StrateSitscapabilitybypresentingaftwtestexamples．

II．DESIGNSTRATEGY

ThesparktimingisdescribedintermSOfthecrank－angle

（CA）withrefbrencetothetopdeadcenter（TDC）ofacompres－

Sionstroke．ThistiminglSuSuallywithinaftwtensofdegree

beforeTDCand，hence，itisreferredtoastheadvanceangle

Or，for short，advance．The englne Calibrationisthenthe

PrOCeSStOBndtheoptimumadvanceasafunctionoftheenglne

Speedandload．Thedesignstrategyofthepresentsystemisto

makeitpossibletocalibratetheenglneundernotonlyconstant

butalso variable englne Speed andthereby toallow rapid

Calibration．ThisrequlreSmOnitoringboththeenglneSpeedand

theadvancecontrolforeveryenglnereVOlution．Hence，3／4

periodofonerevolutionisdevotedtotheenglneSpeeddetec－

tion andl／4period remained tothe advance control．The

maximumadvanceisthenlimitedto900cAbeforeTDC，but

thisissufncientformostautomobileenglneS．

The dwellis anotherimportantparameter，indicatingthe

energizedperiodoftheignltlOnCOil．Inafu11ytransistorized

lgnitionsystem，dwellshouldalsobecontrolledasafunctionof

theenglneSpeedtoassurethesparkignitionwithoutdestroylng

anlgnitortransistor．Hence，ahalf－PeriOdofarevolutionis

devotedtothespeeddetectionandtheotherhalftothedwell
control．

Thetimingdiagramoftheadvanceanddwe11controlisthen
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glVenaSShowninFig・1・Thecrank－angleinvoIvedinthis

diagramisdeterminedbymeansofthecrankshaftposition
SenSOr・RefbrringtoFig・1，theadvanceanddwellcontrol

algorithmcanbeestablishedinthefbllowlngSequence：

1）detectenginespeed；

2）loadtheappropriateadvanceanddwelldatafromthe

tablesstoredinrandomaccessmemory（RAM）intothe
down－COunterS；

3）q）Plytheadvanceanddwellcontrolbydecrementing

thedown－COunterSuSlngthepositionslgnalwhichin－

dexesthecrankshaftposition・

ModemVehiclesrequiretheadvancetobecontrolledwithan

accuracybetterthanlOcA・Thus，theaccuracyoftheadvance

COntrOlinthissystemisspeCinedasO・10cA，Whilethatofthe

dwellcontrolis O・2ms・These specincationsimposethe

followlngaCCuraCyOnthespeeddetection・Assumlngthatthe

advanCeisacontinuousandpiecewiselinearfunctionofthe

englneSpeed，theerrorinthespeeddetectionshouldbeless

thanlperCentinordertomeetthespeCinedadvanceaccuracy・

Inthedwellcontrol，itshouldbelessthanlOpercent・These

requirementsthenspeCifythefrequencyjとoftheclocksignal

andthebitcapacityNofthecounterwhentheenginespeedis

detectedbycountingtheclocksignaluslngthecounter；

亡≦右転・2〃≧盲二・　　　　　（1）

Here，∈istheerrorandk，thefractionofaperiodwherethe
Speeddetectionismade，is3／4fortheadvancecontrolandl／2

forthedwellcontrol・RmaxandRminarethehighestandthe

lowestenglneSpeedsinr／min，reSpeCtively・RmaxISaSSumed
heretobelO（朕）r／min・Forthespeeddetectionintheadvance

COntrOl，jlandNarechosento31・25kHzand12，reSpeCtively．
Then，theerrorislessthanO・71percentandtheRmindetectable

Withoutcausingthecounteroverflowis343r／min．Thejland

Nforthedwellcontrolarechosento3・9kHzand8，reSpeC－

tively・Theerroristhenlessthan8・5perCentandtheRminis460

r／min・Theoverallsystemhasbeendesignedtoaccommodate
thesevalues．

III．SYSTEMDESCRIPTION

TheblockdiagramoftheautomotiveenglneCalibration

SyStemisshowninFig・2・Itconsistsoftheprogrammer，

COntrOller，andmeasurementunits．Thedetailsofeachunitwill

beglVenneXt．

」．fケogn〝〝椚er【血fJ

Ageneralpurposemicrocomputerhasbeenusedforthe
PrOgrammerunitpemittingeasyoperation・First，atentative

advanCeisdefinedasafunctionoftheenglneSpeedandload．

UsingthefunctionsubroutinesofBASIC，thesefunctionsare

lnPuttedtothemicrocomputerthroughakeyboard・According
tothesefunctions，themicrocomputerconstruCtStheadvance

dwelltablesinthememory・

TheflowchartformakingtheadvancetableisshowninFig・

3（a）・Inthisflowchart，Listheengineloaddennedbythe

OperatOrand Cisthe address ofmemorylntO Whichthe

advanceis stored・First，uSlng thefunction subroutine

「
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Fig・l・Thetimingdiagramoftheadvanceanddwellcontrol
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Fig・2・TheblockdiagramOftheautomotiveenglneCalibration
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FNLOAD（⊥）・theprogramcalculatestheadvanceA2asafunc－

tionOftheenglneload・Theadvancetableisindexedbythe

englneSPeed・Therefore，theaddressCshouldbecompatible

withtheenglne Speed detection・Asdescribedinthelast

sectlOn，theenglneSPeedfortheadvanCeCOntrOlisdetectedby

the12－bitaddresscounterwhichcounts31・25kHz（32FLS

perid）clocksignalduring3／4periodofrevolution・The
engineSpeedR（r／min）isthusrelatedtotheaddressCas

180

128×10－6C
（2）

Afterconvertingthememoryaddressintotheenginespeed，

l theprOgramCalculatestheadvanCeAlasafunctionofthe

enginespeedRusingthefunctionsubroutineFNSPEED（R）・The

sumofAlandA2istheoveral1advanCeWhentheenglneis

runnlngatthespeedRwiththeloadL．Sincethereal－time

advancecOntrOIstartsat900beforeTDC，aS Showninthe

timingdiagramOfFig・1，theadvanceshouldbeobtainedbythe

down－COuntStartingfrom90．Thecrank－angletobedown－

countedisthen900－∽1＋A2）．TheO．10CAaccuracyin

advancecontrolrequlreStheangletobedecrementedforevery

O．10．ThecountYtobedecrementedtozeroisthus

y＝FⅨ【10（90－月1－A2）1．　　　　　　　　　　　（3）

Thehardwareusedforthedown－COuntCOnSistsofbinarycoded

decimal（ちCD）counters，aS Willbe describedinthe next

section・Therefore，COnVerting Yintoathree－digitBCDform，

inwhichthefirst two digits areinteger partandthelast

signincantdigit（LSD）isthedecimalpartoftheadvance，the

programStOreSitinthememoryofaddressC・Thisprocessis

repeated212（＝4096）times，untiltheadvanCetableiscom－

pleted．

TheflowchartformakingthedwelltableisshowninFig・

3（b）・ThedwelltimeDdependsontheignitorusedforthe

Calibration．Therefore，theopeFatOrShould丘rstspeCifyit．The

programconvertsittothedwcllangleandstoresitintothe

memoryofaddressB．Sincethedwellangleisalsoafunctionof

theenglneSpeed，thedwelltableisindexedbytheenglneSpeed

I either・In the dwellcontrol，the eight－bit address counter

■　detectstheenginespeedbycounting3．9kHz（256FtSperiod）

Cl∝ksignalduringahalf－per丘odofarevolution・Thus，the

periodTofanenglnereVOlutio■nisrelatedtotheaddressBas

（1／2）r＝256×10‾6且　　　　　　　　　　　　　（4）

Thedwellangleis360D／T・Thereal－timedwellcontroIstarts

at2700beforeTDC，aSShowninFig・1，bydown－COuntingthe

Crank angle．The angle to be down－COuntedisthen270－

3600D／rTheO・2msaccuracyindwellcontroIcanbeattained

bydecrementingtheangleforeverylOcA・ThecountFtobe
decrementedtozeroisthus

F＝取【90（3－4か／れ】．　　　　　　　　　　　（5）

Themaximumpemissibleco－untis180，becausethedwell
COntrolterminatesat900beforeTDC・Therefore，ifFislarger

than180，thentheprogram丘xesitto180・

Thehardwareusedforthedown－COuntisaneight－bitbinary

Counter・HenceFisstoredintothememoryofaddressBina
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binaryform・TheprogramrepeatStheaboveprocess28（＝256）

times，untilitcompletesthedwelltable．

UponconstruCtlngtheadvanceanddwelltables，themicro－

COmPuterSendsthemtothecontrollerunitthroughtheinterface

Circuit．This approachallowsfor an operatOrto rennethe

COntrOlalgoritlmeas止y・Therequiredoperationisonlyto
Changethefunctionsubroutines．

月．C如け0〃erUわfJ

Thebl∝kdiagramOfthecontrollerunitisshowninFig・4・It

iscomposedoftwoparts；thelefthalfforcontrollingthe

advanCeandtherighthalfforcontrollingthedwell・Eachpart

COnSistsofhard－Wiredlogiccircuits，includingthemultiplexer

forselectingtheclocksignal，theaddresscounter（12－bitforthe

advanCetableandeight－bitforthedwelltable），theRAMfbr

StPringthetable（4kWwith1Wof12bitsfortheadvanceand

256bytesforthedwell），andthedown－COunterforgenerating

theigmitionsignal．
PriortotheenglneOperation，theadvanceanddwelltables

aretranSferredfromthememoryinthemicrocomputertothe
RAM，sinthecontrol1erunit．Theadvancetableistransftrred

whenthetransftr｛nablesignalspROGRAMistrue．Themulti－

PlexerMUXthenselectstheclocksignalscLK・Countlngthe

SCLK，the12－bitaddresscountergeneratestheaddresssignalto

RAM・TheadvancedataYsentffomthemicrocomputervia
three－StatebufftrsarethenwrittenintotheaddressedRAM．

Thisloading operationis repeated byincrementingthe

address，untilthetabletransftriscompleted・Then，thecsRST

Signalresetsthe address counter・The dwelltableisalso

transfbrredbythesamePrOCedurewhentheDPROGRAMistrue・

Inthetrans飴roperation，theRAMisaccessedonlybythe

microcomputerandal1thesignalsinvoIvedaregeneratedby
thesoftWare．

ThecontrollerumitundertheenglneOperationiscontrolled

bythesignalsshowninFig・5・ThepositionsignalinformSthe

unitofthecrankshaftpositionforeverylOcA・Thereftrence

SignalindexestheTDCofthecranshaft・Thesetwosignalsare

Obtainedbythecrankshaftpositionsensorconsistingoftwo

Opticalcouplersandadiskhaving180holesonitscircumfbr－

ence．TheS－andD－LOADSignalsindicatetheinstantswhenthe

advanCedataandthedwelldatashouldbeloadedintothedown－

COunterS，reSpeCtively．TheS－andD－HOLDSignalsenablethe

COntrO11erunittodiscriminatebetweenthespeeddetectionand

COntrOlperiods・Thesefoursignalsaregeneratedbydividing

thepositionsignaluslnghardwarecounters・

BesidesthesesignalS，theanglesignalisusedtoobtainO．10

CAaccuracyintheadvancecontrol・Itisgeneratedbythe

digitalffequencymultipliershowninFig・6・Themodul0－2700

COunterinthecircuitdivideslOMHzclocksignalduring3Ty4，

WhereTistheperiodofanenglnereVOlution・Theratiostored

intheup－COunteramOuntStO107773600・Thisvalueisloaded

intothepresettabledown－COunterandusedforthedivisorto

dividethesameClocksignalduringthefollowlngTY4・The

ratioisthentheanglesignalwhichhastheperiod7γ3600（＝

0．10cA）．

Thereal－timecontrolofadvanceanddwellisaccomplished

asfollows：Theeight－bitaddresscounterinFig・4counts3・9

kHz clocksignalwhilethe DHOLDistrue・Thisdetectsthe

englneSpeedforthedwellcontrolandproducestheaddressB

ofthedwelltable．ThedwelldataFintheaddressedRAMare
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Fig・6・Thedigitalfrequencymuldplierforgeneratingtheanglesignal・

loadedintotheeight－bitdown－COunterWhentheDLOADistrue

anddecrementedbythepositionsignaltozerowhiletheDHOLD

isfhlse・Thezero－COuntZCsignalthensetstheignitionflip－
flopIG・FFtotumtheignltOrOn．

Concurrently withthe dwellcontrol，the12－bit address

COunterCOuntS31・25kHzclocksignalwhilethesHOLDistrue，

PrOducingtheaddressCoftheadvanCetable・Theadvancedata
Ystoredinthethree－digitBCDformintheaddressedRAMare

loadedintotheBCDdown－COunter，thefirsttwodigitsintothe

most sigmincant digit（MSD）andthe LSDintothe LSD

COunterS，WhenthesLOADistrue．TheMSDcounteristhen

decrementedbythepositionsignaltozerowhilethesHOLDis

hlse・Thezero－COuntSignalsetstheZC・FF，enablingtheLSD

COuntertObedecrementedbytheanglesignal．TheZCsignal

fromtheLSDcounterresetStheIG・FFtotumtheigmitoroff，

CauSlngthesparkignition・Thismethodofdetermlnlngthe
SParktimingpreventsthecumulativeerrorwhichwouldbe

OtherwisecausedbyuslngOnlytheanglesignalfordown－

COunting，therebyallowlngtheprecisecontroloftheadvance．

TheDRSTandsRSTSignalsresettheaddresscounterstostarta
newcycleofoperation．

C肋が〟作例e〝日加fJ

ThisumitconsistsoftheperformanCemeasurementand

lgnltOrdiagnosissubumits・Theformermeasuresandrecords

theenglneperformanCeSuChastheoutputpower，thefuel

COnSumPtion，andtheexhaustemission，uSlngtheconventional

instrumentS・Theseresultsareusedtoanalyzetheenglne

COntrOlalgorithm・Iftherevisionisrequired，thentherevised

algorithmisagalnlnPuttedtotheprograrrunerunitintheform

Offunctionsubroutines・Thisprocessisrepeated，untilthe
OPtimumalgorithmcanbeobtained．

Theignitordiagnosisunitmeasurestheadvanceandthe

dwelloftheigmitortomonitortheoperationofcontrollerunit．

Developedasastand－aloneinstrument，thisunithasbeen

describedindetailinlll］andl12］．

Ⅳ．TESTEXAMPLES

TheadvancesoftypicalmotorcycleenglneShavebeen

emulatedtodemonstratethesystemc叩ability・Afullytransis－
torizedignltOrWaSuSedforthisexperiment．Thedwelltime

WaSSpeCinedas3・5ms・Fig・7showstheadvanceofafour－

CyCleenglneaSafunctionoftheenglneSpeedandload．The

functionsubroutinesdescribingthesecharacteristicsareglVen

inFig・9・ThesearelnPuttedtotheprogrammerunitto
COnStruCttheadvancetableintheRAMofthecontrollerunit．

Theactual1ycontrolledadvanceisthenmeasuredbythe
lgmitordiagnosis unit・The data obtained underO．8load／

loadmaxconditionareshownbycirclesinFig・7．Thedeviation

betweentheprograrrmedandmeasuredadvancesislessthan

O・2〇・TheaccuracyoftheignitordiagnosisunitintheadvanCe

measurementisO・10【12］．Therefore，thecontr。llerunitis

deducedtocontroltheadvancewith0・1。CAaccuracy・

TheadvanCeOfatw0－CyCleenglnetakesingeneralamore

COmPlexformthanthatofafour－CyCleenglne．Atypical

advanceisshowninFig・8・ThisadvancecurveWaSaPPrOXi一
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Fig．7．Theadvanceofafbur－CyCleenglne・

12　5　q　5　6　7　8　910

×105RFM

xO．l LOAD／LOADMAX

Fig・8・TheadvanCeOfatwo－CyCleenglne・

1¢¢　DEF FNA2（L）
110　IF L t　功．2　THEN　60　TO180

120　IF　し　く　0．3　THEN GD TO　20¢

lSO IF L（¢，35　THEト160　T0　22¢

140　IF L（0．も　THEN GO T0　24¢

150　IF L（0．75　THE卜d GO TO　2占0

1占O LET A2　＝　0

170　　GO TO　270

180　LET A2　＝　－5

19¢　　GO TO　270

200　LET A2　＝100★L－25

210　60　TO　270

22や　　LET A2　＝　2¢¢★L－55

230　GO TO　270

240　　LET A2　＝　15

250　　60　TO　270

2占O LET A2　＝　－100＊L椒75

270　　FNEND

280　　DEF FN‘11くR）

29¢　IF R　＜　14¢O THEN　60　TO　35¢

300　IF R　く　400¢　THEN GD TO　33や

310　　LET‘11＝　25

320　　60　Tロ　コこも¢

33¢　LET Al　＝（R－14や◎〉′104

34¢　GD T0　3も0

350　　LET Al　＝　¢

3占O FNEND

g・9・ThefunctionsubroutinedescribingtheadvanCeShowninFig・7・
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LET‘11＝lO

GO TO　占占¢

LET‘11＝　¢．¢1★R－5¢

GO Tロ　ム占O

LET Al　＝　0．0214鴬R－115．7

6D TO　占占O

LET Al　王女　や

60　TO b占¢

LET Al　三　一¢．014★R＋73．5

60　Tロ　ムbO

LET Al　＝　－¢．¢2ム★R＋133．5

60　TO　占占¢

LET‘11　＝＝　－0．055★R十271．25

60　TO d占O

LET Al　三　一0．¢l★R＋80

60　TO　ム占O

LET Al　…　0．004★R十24

60　Tロ　ムムゆ

LET‘11＝；や．008★R＋9

60　TO　ム占O

LET Al　＝　匂．¢18★R－2占

60　TO　も占O

LET Al　ニ　0．03★R一占5

60　Tロ　ムも¢

LET‘11＝　0．032★R－71

60　TO　もムO

LET‘11＝　0．¢21占7★R－45．1占7

60TO　占占¢

LET Al　言　や．¢125★R－25

60　Tロ　ムもO

LET Al　＝　O

FNEND
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Fig・10・ThefunctionsubroutinedescribingtheadvanceshowninFig・8・

matedbythepleCeWiselinearfunctionsglVeninFig・10and

thenemulated．Themeasuredresultsarealsoshownbycircles

inFig・8，Showlngthecloseagreementwiththeprogrammed

values・Thedwellwasalsomeasuredbytheigmitordiagnosis

unit・Theresulthascon丘medthesatisfactoryoperationofthe

Calibrationsystemeither．

V．CONCLUSION

AsimplesystemhasbeenpresentedforanautomOtive

enginecalibrationanditscapabilityhasbeendemonstratedby

controllingtheadvanCeSOftypicalmotorcycleengines・This

systemfeaturestheeasyoperationandtheprecisecalibration・

Inaddition，itallows quickcalibrationbecausetheenglne

performanCeundertheidle，aCCelerating，CrulSlng，anddecel－

eratingstatescanbetestedcontinuously・

Thissystemhasbeendevelopedforbenchcalibration・The

extensiontotheon－Vehiclecalibrationsystemispossibleby

incorporatingthehardwarecircultryintothecontrollerunit

whichmodifiestheadvanCedataaccordingtothemamifbld

preSSure・
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