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tem onan in-line dieselfuel injectionpump application,

_ Fuel Quantity and Timing. The: fuel. quantity alonecontrols a compression ignition.
éngine’s speedandload. The intakeairis notthrottled as inasparkignitionengine.Thequan-

. tityof fuel'to be deliveredischangedby increasingor decreasing thelength:of fuel delivery:
timeper injection..Ontheinjection pump,the deliverytiméis controlledbythepositionofthe
control rackon in-line pumps andthepositionof thecontrolcollarondistributor-~typepumps.
An ECU-controlled actiiator is used to move’thecontrol rackorthecollar toincreaseor

dectease thefuel delivery-time. The ECU determinesthe. correct. length of délivery time:
(expressedas a functionofcontreltackorcollar position) using performance niaps‘basedon
engine speedand calculated‘fuelquantity. Corrections and/orlimitationsas functions of
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istenginespeed;accelerator position:engine“coolant, fuel, and. inlet air"temperatures;=,epochenser
boost:Bressure,vehicle speed,controlrack,or control collar position{eratcontrol of fuelquan-:
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enginespeed, teiperatute,andturbochargerboost pressureareused to modify the delivery
‘time, In addition,the control rackor collar actuator contains.a position sensorthat provides
feedback to the ECU on controller position. Ifthe requested position differs from the com-
manded position,the: ECU continues fo: move thecontroller-yid'the actuatoruntil the com-
manded andactual position arethesame.

The start of injection-tinte ofthe fuelat the cylinderis:a functionofthe.wave propagation
speed. (ie., the speed of sound)of the fuel fromthe fuel injection pumpto. theinjector.
Because ‘this timerémains a constant, at increasing engine speedthe delivery of fuel atthe’
cylinder would be delayed with reference to:crankshaft angle. Therefore, the timing at the
injection pump. must be advancedwith4increasing engineSpee80.that the. start ofinjection 
 
 
 

  

 

 alage:impact on exaui
NO, emissions, but-éx

Therefore,precise contr‘ol ofthestart ofir
Althoughmanyyeeuse:ihechanical

spring-loaded timing, device plunger.Theplunger rotatesthepump’S collarring“(for distribu-
tor type:pumps) iintheoppestte:direction of:the pump’s rotation which advances the timing.
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SpeedControl. As was mentioned previously,fora CI engine,fuel quantity alone controls
the engine’s speed andload. Therefore, presuming adequate ‘injected fuel quantity, an
unloadedClengine can speed upout of control and destroyitself,Becauseofthis, a governor:
is requiredto. limitthe engine’smaximumspeed,Inaddition, governorsarealso used for low
idle-and cruise control'to maintain aconstant engine oryehicle speed and meter thecorrect
fuelfor cold-starting. Fuelisalso:controlledas.a functionof speedandboost préssure'to limit

- smokeleyels, engine torque,and exhaustgas temperatures.On an-electronicallycontrolledCI
“engine, the governor's functions are controlled by thefuel delivery systemdescribed prévi-
-ously, Engine spéedisprovided byan RPMsensorthat:monitorstheperiodsofangular seg-
mentsbetweenthe reference marksontheengine’s flywheelor in thein-lineinjection pump.

 

-EGR Control. Rerouting ofexhaustgasesinto-the intakeair stteamis knownasexhaust gas.
-reerrculation (EGR). EGRreducesthe amount of oxygen inthefreshintakecharge while
increasing.its specificheat.Thislowers combustion temperatures andresults m- lower NO,

 

- Jates), CO,and HCsall dueto insufficient: air, Also, the introduction of EGR can have an
adverseaffecton driveability duringcold-engine operation,full-load operation,atidatidle.It

_ emissions. However,excessive amounts ofEGR resultin higher emissionsof soot (particu-

‘is best,therefore,to.controltheEGRvalve with the ECU.Bothpneumatically controlled and
: solenoid-controlled EGR valvesaréin-lise. The ECU determinies.when and how. much.EGR.
will occurbasedon enginetemperatureand accelerator position.

Turbocharger BoostPressure Control. Engines that have’ turbochargers benelit seals :
~eantlyfrom‘electronic:boost |‘pressure ‘control. If only-a pheumatic-mechanical ‘wastegate is,
: used.sonyone boost pressure,pointfor the.entire operatingrange:Isusedto.divert the exhaust 

 : conditions because all the exhaust gases must.pass fhe turbine.Theresul EAS trnereasedexhaust
: backpressure, more turbocharger work,moreresidualexhaustgas inthecylinders, andhigher
chatge.air temperatures.

Bycontrolling thewastegatewith apulse-width-modulatedsolenoidvalve,the wastegate
eanbeopened at different pressures dependingonthe engine operatingconditions, Theré-. .
fore; onlythelevel of air charge: pressure réquiredis:developed. The electronic control uni.
usesinformation onengine speed. and accelerator position toreference adatatable andthe
  _ proper ‘boostpressure. (actually, dutycycle. ofthe-control valve) is determined, On systems

usingintake manifold: pressure sensors, a closed-loop control,system. can: be:developed. to
“comparethespecified valuewith the measured value.

GlowPlugConirol. Biectroniccontrol ofthe glowplug:duration.can be:hatidledbytheECU
ora-separate controlunit.Inputfor determiningglow timeis:from an engine coulant temper-
ature sensor.Atthe end of thespecified glow period;thecontroller turns out the start indica-
torlightte signalthe driver-thatthe engine can bestarted, Theglowplugs remainenergized
while the starter isengaged,An engineload monitor is usé to‘switchoff the glowprocessafter
start.To limit theloadsonthebatteryandthe glow plugs, a safety overrideis also used,

 

12.3.2 Fuel Delivery Systems

~The diesel fuel deliverysystemcomiprises.alow- andhigh-pressureside. On the low-pressure
sideis thefueltank,fuelfilter, fuel supply pump, overflowvalve, and fuelsupplylines; The

_high-pressuré sideis initiatediii the plunger and barrelassemblyandcontinues through the
deliveryvalve, high-pressure injectionlines, andinjectionnozzle.

Thefuel injectionpump mustdeliverfuel at apressure between350 and 1200 bar,depend-
ing on the enginé’s combustionconfiguration. The quantity and. timing of injection must be: preciselycontrolled ie-achieve good mixture quality and t6 minimizeexhaust emissions.
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FuelInjectionProcess. An engine-drivencamshaft (in-line pump)orcamplate (distributor
_pump)drivestheinjection pump’s plungerin the supplydirection,creating presstre in the
high-pressure gallery. Thedeliveryvalve.resporidsto theincrease inpressure by ¢opening. This
‘sends a pressurewayeto the injectionnozzleat the speedof sound, The needlevalve in the
nozzle-overcomes the spring forceofthe injectionnozzle springand lifts from its:seat when
theopening pressure is réacheéd. Fuelis then injected fromthespray ¢orifices into the:engine’S
combustion. chamber, The injection process ‘énds with’ the openingofthespill port in the.
plungerand barrel-assembly.This causesthepressurein the pump chamberto collapse,which
then.causes the delivery valveto close. Dueto theaction of thedeliveryvalvereliefcollar, the
pressure.in the injectionline isreducedto the “stand-by pressure.” The stand-by pressure is
determinedto ensure thattheinjectornozzle closesquickly to eliminatefueldribble,andthe
residual pressure wavesinthe lines preventthe nozzles fromreopening.

ABOUTTHE AUTHORS
GARY C. Hirschijesis chiefengineér, etiginemanagement systems; for the Robert Bosch
Corp. He:previously held various‘engineering andsales'responsibilities with Bosch.In his ear-
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tions,andasa'salescnginéer with GTE, and ag:at,engines: in plant:engineering.for GMTruck
andCoach. :
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13.1 INTRODUCTION

Friedrichshafen,or. ZE), the acceptance: ofthe AT rose steeply; even inEurope. Tee
son, all new ATsaredesigned. with.electronic control. ThemarketforATS is.dividedinto
stepped:and continuously variabletratisinissions (CVTs). For bothtypes thedrivergetsmiaiiy.
advantages. In:steppedtratismissions, thesmoothshifts can be optiniized bythereductionof:
engine torqueduring gearshift,combinedwiththecorrectly matchedoil pressureforthefric.

     

CHAPTER 13 
TRANSMISSION CONTROL

Kurt Neuffer, Wolfgang Bullmer, and Werner Brehm
RobertBosch GmbH.

 
 

InNorthAméricaand Japan, 80 to 90percentofallpassengercarssoldhaveautomatic trans-
missions: (ATs),but inEuropeonly10to 15 petcent ofpassengercarssold have ATs, There
arétwo main reasonsfor the difference, In Europe,drivers tend to view ATs, comparedto
manualtransmissions, as detrimentaltodriveability and sesponsible|for @somewhathigher
fuelconsumption, But implementation ofelectronic¢:control concepts has invalidated bothof
those-argunichts.

Sincetheintroduction ofelectronic tratisthission conttolsunits (TCUs)in the early 1980s
by Renault and BMW(together with a four-speed transmission: frot. Zahir dfa 

tion elements (clutches, brakebands). Thereduction, ofshift shocks, toa, very low or even ta
an unnoticeablelevelhasallowedthedesign offive--speedATs wherea'slighilyhigher num-
berof.gear shifts occur, In today’sstandardsystems, the driver‘can choose between:sportand
economicdriveprogramsby operaling a selector switch;Inhighly sophisticated newer sys:

“tems, the’selectioncan. bereplaced by. theself-adaptation ofshift strategies.This leads not
-only tobetter driveability butvalso to asignificant reduction. in fael consumption. Addition-

ally, 4-wellanatchedelectronic contre! of thetorque converterlockuphelps. to-improve: the
yield ofthe overall‘system.Bothautomotive,and tyansmission manufacturers benefit:from the
ent shift‘pharasteristits are: easy‘to. implement in ‘software, and rmich adaptation can be
achievedbr

tion of poy

 
 

   

With the-CVT, oneof the biggest obstaclestothe potential reductionin fuel consumption
byoperatingtheengineat its optimal workingpoint.is the powerlossfrom.the transmission’s-

éd yieldby. matching
theoilmass-stream and. oil pressurefor the pulleysto'the-actualworkingconditions.

 oil pump. Only with electronic control is it possible to-achievethe requir

‘To guarantee theoverall economic solution.for an electronically controlledtransmission,,
either:steppedor CVT, theavailabilityofprecision electrohydraulic actuators is imperative,
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data:change, leaving:thetransmissionhardwareandTCU unchanged.The reduc-.
+ lossesin friction elementsincreases the life expectancy andenablesthe optt

“mizationoftransmission hardwaredesign.
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13.2 CONTROL-SYSTEMS . “

13.2_SYSTEMCOMPONENTS 

The componentsofan electronic transmissioncontrol system are a transmission whichis.
adapted tothe electronic. control requirements andan electronic control unit with corre-
sponditiy-inputsand:‘sutputs and-attachedsensor elements.

13.2.1 Transmission

The greatest share of electronically controlled transmissions-currently on the market:consists
offour- orfive-speed units with a torque converter lockup.clutch, commanded by the control
unit, Marketshare forfive-speedtransmissionsis. continuously 1increasing.With electronically
controlled transmissions there ate numerous possibilities to substitute: mechanical and
hydraulic components with. electromechanical or electrohydraulic components. One basic
methodistosubstitute onlytheshiftpoint control. In aconventional purehydraulic AT,the
gear shifts are-carried outby mechanical and hydraulic:components,Theseare controlled by”
a centrifugal governorthat detects the vehicle speed, anda wire cable connected to'the throt-
fle plate lever,With anelectronic shift point control, on the other hand, an.clectronic.control
unit detects andcontrols therelevantcomponents. Inthetransmission’s hydraulic control
unit, mechanical and hydratilic components arereplacedby: electrohydraulic controllingele-

‘ments, usuallyin the formof electrohydraulicon/off solenoids, This waythe number of
solenoids,as wellasthecontrollogic; can bevariedover a widerange, Forexample, foreach
gear, onespecific solenoid can operate the relevantclutch for this gear shift. Alternatively,
there canbe onesolenoidforeachpear change, whichis switched corresponding.to theshift
“command.In'this 4way, only. three.solenoidsare reqitiredin a four-speedtransmission: In some
current. designs, the pears are controlled by a logical combination of solenoid.states. This.
designneeds onlytwogear-controllingsolenoidsfora four-speedtransmission. For five-speed
applications,accordingly, threesolenoidsarerequired.(Table 1313)

TABLE 13:1. Example ofa. Geat-Soletioid: Combination for.a Five-Speed.
‘TransmissionApplication 
    

 
_Solenoidd 5 = Slenoid22 Solenoid'3

Istpear . ~ Om on
Qnd-ceatr on: off
Std pear: off off
‘Ath gear off otf
Sthipear off on off 

“The hydraulic présstire is controlledin this basicapplication by ahydraulic proportional
valvewhichis, in turn; controlled byawirecableconnectedto thethrottle platelever. With
this design, theshiftpoints can be determinedby the electronicTCU,resulting in a wide range
of freelyselectabledriving behaviors regarding the shiff points. It is also possible to-use dif:
ferentshift maps.accordingto switchorsensorsignals: The influence on driving comfort dur-
ing gear shifting in thiselectronic transmission control applicationhas importantrestrictions.
‘The only-possible wayto controlshift smoothnessiswithaninterface to the electronic‘engine
‘management.This:way, the engine output torque is influencedduring gearshifting. Asystem-
aticwide-rangecontrol of the hydraulicpressure duringand after the gearshift necessitates
the replacement of the: hydraulic pressure: governor with an electronically’ controlled
hydraulic. solenoid. This designallows theuseof either a pulsé-width-modulated (PWM)
solenoidor apressure: regulator, The-choice of which type of pressure. control solenoid to
useresulis fromthe. requirements. concerning, shitt comfort under all driving conditions, For:
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present-daydesigns with high requirementsfor shift comfort during the: entire life:of the
transmission,atall temperatures, andwith varying oi]quality, the analog, pressure control
solenoidis superiorto the usual PWMsolenoid, providing there is no pressure sensort
ation as aguidelinefor pressure regulation,Thisapplicationusuallyuses: one central control-
lingelementinthe transmission forthepressure regulation to control the:shiftquality.

In other transmission developments, theshift quality is further increasédusing électroni-
callycontrollable brake elements(brake bands) for somespecific gearchanges. In thiscase,
the flywheeleffect of therevolving elementsis limited byanelectroniccontrol ofa brake.

. bandaccordingtoan algorithmorspecial timing conditions,
The mostsophisticated transmissionapplication todateisso designed that overrunning

clutchesareeliminated andgearchangesare exclusivelycontrolled bytheelectronic control
iit with pressureregulator solenoids.’ This application is characterized by extremely high

demandsontheelectronieTCU concerningreal-time. behavior anddata handling. Therela-
tionship: between. weight, transmission outline; and transferrable torque has reached.a high

level. Compared‘to transmissions with overrun cluiches, the necessaryfitting dimensions arereduced,

  
 

  

  

  

  
  

r sclronically controlled ATsusuallyhave an electronically commanded torque
eonverterclutch, whichcan lock up the-torqueconverterbetweenthe:engine output andthe
transinission,input. ‘The tongue Gonvetler.clutehis solivated under certain* driving.conditions

 

 
  noid,orapressure voulgton‘Lockingup thetorque converter:eliminates ines ofae
converter, and the:efficiency of thetransmissionsystemisincreased. This resultsin an even.

lower fuelFeonsurmption forcars:equipped.with AT.

. 13.2.2 Electronic Control Unit

Another important componentinelectronic transmissioncontrol-isthe electronte control
unit,whichis designedaccordingto the requirementsof the transmission. andthe‘car cnvi-
ronments: The electronic’controlunit can’ be divided inte:two main parts: the hardware and
the:corresponding software.
Hardware. “The hardware ofthe electronic controlWHiEConsistS.ofthe housing, the phig, the
carrier for the electronic devices, and the devices themselves.Thehousing, according to.the
requirements, is available as an unsealeddesignfor ‘applications msidethe passenger com-
partmentor within the luggage compartment. ‘It isalso possibleto havesealed‘variantsfor
mounting conditionsinside the engine compartmentor atthe bulkhead.Thematerials for the.
housingcan beceither various plastics: or:metals: There-are-manydifferent nonstandardized
housingson themarket. The various outlinesand plug configurations differ, depending upon
the manufacturer:obthe electronic.unit. Thephig configuration,\.e., the number ofpins and‘therequirementsof the automotive inanufacturer,
‘The number ot}pinsis‘usually.less than 100.Some.control unitmanufacturerstry tostandard-
ize:theirplugs andhousings throughoutalltheir electronic controlunits, such asengine:man-
agemient, ABS,tractioncontrol, and-oth
the unit productionandthetests during manufacturing,

Thecarrierfor theelectronic devices is usually.a conventional printed circuit board(PCB).
Thenumberoflayers on the PCB dependsontheapplication. Forunits witha complexdevice
structure and high demands ‘forelea ‘Omapnetic compatibility,multilaycr applications are in
usé. Inspecial cases,iis possible1iduseCéfamicsasa carrier. [hereare usually some parts of
theelectroniccircuit, resistors for example, designed ‘as-a thick-film circuit on the hybrid: In
this case theelectronic unitismanufacturedas a solder hybrid orasabondhybridwith direct-
bonded integrated circuitdevices. Some single applications existwith-aflex-foil'as a carrier
for the electronic devices; These:‘applicationsare limitedtoveryspecialrequirements.
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This is importantto simplify andto standatdize.
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13:4 CONTROL SYSTEMS

Thetransmission control. area. requires some specially designedelectronicdevices, in par-
ticular, the outputstages forthe actuatorsofpressureregulationandtorque:converter’clutch
control. These actuators’ for pressure control have exiremely- high demands regarding accu-
racy oftheactuator current overthe whole temperature range-andunder all conditions inde-
pendentofbattery voltage and overtheentirelifetime.There aresomeknown applicationsof
customer-specific integrated circuits or devices, Here, special attention paid to, quality and
reliability over the entire lifetime ts necessary to meetthe continuously increasing quality
requiréments ofthe automotivemarket. Currently, there is an increasing:Spread ofsurfacé-
mourited devicesin transmission control applications. Thisis whytheunitsizeis:continuously
decreasingdespite an increasing numberoffunctions. .

Onthefunctional side, the hardware configurationcanbedivided into’power supply,input
signaltransfercircuits, output stages, and microcontroller, including peripheral components
and monitoringandsafety circuits (Fig. 13.1).‘Thepower supply:conyertstheveliicle battery
voltage into a constant ‘voltage required: bythe electronic’ devices. inside ‘the: control unit:
Accordingly; specialattention must. bepaidto the protection of theinternal devices against.
destruction by transients from the vehicleelectrical system such as load dump, reversebattery
polarity,and voltage. peaks. Particular attention is also necessary in the design oftheelec-
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tronicground conceptfor the control unit,especially where the electromagnetic compatibil-..
iheand.REinterference As. concerned,Thisis veryeetoprevent undesired‘gearshift- 
  : ransfer‘oftheaansignalsike ATF temperature andvoltages according topoten-
tiometer statés.The thirdpartis theinterface to otherelectroniccontrol. units, especially: foo
theenginemanagementsystem.Herethesinglesignal lines between. the control units will be
‘increasingly substituted by bussystems like CAN.Thefourthpartis the preparation ofthe:
transmission-specificsignalsfromthe‘speedsensors.insidéthe tratismission,

The calculators inside the:control units are usuallymicrocontrollers.The:real-time require-
mentsand the directly addressableprogram storage siz ofthe selected mictdécontrollers are
determined by thefunctions ofthetransmissi and the car environment, In present
applications, either.8-bit or 16-bit microcontrollers are in use. There are systems with 3
mictocontrollersindevelopment for pew,highly sophisticated control systems:with increasing
functional andextremereal-timerequirementsoriginatingfrom the transmission concept.
The memory devicesfor program and dataare usuallyEPROMS,Theirstoragetaj acity1s, In.

present applications, upto.64 Kbytes. Future applications will necessitate storage §i7es upto be
128 Kbytes,The failurestorages for diagnostics, and thestorage:for adaptive dataare mcon-
ventionalapplications,battery voltagé-suppliedRAMs,Theseareincreasingly beingreplaced
by. EEPROMSs.

-Theré:are usually watchdog.circuitsin various: configiirationsiin usetégarding safety and
monitoring. These:can be either-a, second; Jow-petformatice: mie ocontroller, a customer
“ specific circuit,or a cireuitwithcommon availabledevices. Theoutputstapes can be divided
inte high*power stages forthe transmission-actuator control andlow-powerStages like lamp
drivers orinterfaces to otherelectrénic controltinits.The low-~-power output stages aremostly
conventionaloutputdrivers eitherisingleor in:‘multiple applications,whicharemainlypro-
tected:against shortcircuits:and voltage overloads,

For thetransmission. solenoid control, special-output stages are’ necessary, and they are
“ specializedfor.operation with induetivéactuators,The pressure regulation:during shifting in
-some applications. réquires |hi ht accuracy and. cutrent-regulated output stapes are needed. |
"Thesearemainlydesigned as:customer-specificdevices,The typeandnumber:ofsolenoid out-
‘put stages dependonthecontrolphilosophyofthetransmission: they3atégenerally of a spe-
cial design forspecific transmissionapplications, Duringthep eparationofthéspeedsensor |
signals,attentionmust be:paid tothe electromagnetic compati ility and tadiofrequencyintér-

_ ference conditions.

 
   

 

 
 

 

  

 

 

 

-Software.. Thesoftware within theeléctronic transmission control system is gaining ineteas- |
_iilg importance due to thejincreasing‘numberoffunctionswhich, in turn, requires increasing
software-volume,Thesoftwarefor the controlunitean.be dividedintotwoparts: the program
and. the data.Theprogramstructure is definedbythefunctions, The dataarespecific for the:

relevant prograin.parts andhavetobe fixed duringthecalibration stage. The most difficult
software: t quirements|result fromthereal-Uime: conditions comingfrom,the. transmission,
design. Thisis also the maincriterion for. thé seléctionofthemi rocontroller (Fig.13.2). i

Theprogramis generally made upin severalparts; LS

 
 

 

 
 

‘Softwareaieto the specialmicrocontroller hardware;&g. TiO preparation.and filter,ms  
 

-for the controllerperipheraldevices,and.internal softwaresenviceslike operating systems,
« Software comingfromthe defined. functions, originating:from specific'transmissionandcar

functions, i
-«Parts concerningsafetyfunctionslike outputswitch-off, substitutevaluesfor'theinput sig-

nals, andsafety-statesofthemicrocontroller environmentinvaseoffailures,Depending on
the: requirements,there can be-a software watchdogora hardware-configured watchdog
‘cireuit imuse,The watohdoginstructionis also part of thé securitysoftware.
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be followed by an effective distribution of fu

CONTROESYSTEMS

initialization:
ofmicrocontroller.
and controlunit 
 
   
 _ inputsignals “|

‘preparation [7

 
 
 

functions:

 
  

calculation =|

 
 

| output:
signal,

|translation... 
“FIGURE:13.2:.Software structureaverview.

» Diagnostic and communication software.for theself-test ofthe:contrel unit'and alsothetest
of the control unit environment.

These.functions:are:related to:the defiried functions of the electronic controlot aystemParts

 

 

numberof# powerful, cost-effective microcontrollers
ity ofmemorycomponents with largerstor
makingitpossible.touse a higher progra
an ingeniousstructureof software mode
  
 
 
 

ide gear shifting with
related time requirementsand event manager istructure improves

thefunctionoftheelectronicTCU because of th dlingoftime-criticalfne=
tions during gearshifting. Hi . —— i
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The second. soitware ‘part, data,.can be dividedinto fixed data, whichis related to fixed’
attributes: of the system; é.8,, thenumberof actuators,and calibration datafor system tuning.
‘The calibrationdatacanbe adapted tochangingparametersof the systemsuchas'the engine,
vehicle;andtransmission characteristics. The: fixingofcalibrationdata takesplace during the
tuningstageofthe vehicle and has to be redeterminedforeach: typeofvehicle andtransmission.
With some applications, the calibrationdata’ ate addedto.a basic: program. duringthe vehicle
production accordingtodifferenttypes of cars by theso-calledend-of-lin programming.This
‘meansthattheunitscanbe programmedwiththe calibration data withclosed housingsbya spe-
cial interlace.Theshare of software developmentiin relation to thetotal.development|titeis
increasing continuously.Therequirementsforreal-time behaviorandtmemorysizearerisingin.
accordancewiththe considerablly inereasing demandsfor shiftcomfort.andself-“learning func-
tions. This requiresan ingenious.structure of the:softwareand an event-related distributionof
softwaremodels, especiallyduringgear:shifting.‘The tisingsoftware complexitywith-simultane-
ouslyincreasing qualityrequirementscauseshigher demandsfor softwarequalitycontrol.

 

 

13:2.3.. Actuators

Electrohydraulic actuators are importantcomponents:of:the electronic transmission control
systems.” Continuously:operatingactuators areusedto: modulate:pressute, while: switching
actuators functionas supply anddischarge valves for shittpoint control.‘Figure 13,3: provides-abasicoverview ofthese:types:ofsolenoids;

Important qualities for the tiseof actuators in ATs are low hydraulicresistanceto achieve
highflowrates, operation’ lemperature range from —40to +150 °C,smallpowerloss, mini-
nized heat dissipation intheECU's.output stages, small size and low weight, highest reliabil-
ity’ in heavily contaminated. oils,maximum: accuracy and repeatability over lifetime, short:
reactiontimes, pressure rangeup to:2000 kPa, maximum:vibration acceleration of 300 m/s’,
andhigh numberof switch operations.

_ Avery importantaspectisthat the:hardware and-softwaré: of. the ECUbe developed, tak:
ing into accounttheelectrical specifica ionsof thesolenoid to obtainan:optimized complete:
systemconcerning performanceand. cost.”62Bor furtherdetailsin design andapplication,refer.
to. Sec..10.3;5.

It shouldbe notédthatthese characteristics canbe'variedoverawider.angeandthatmanyother
typesofsolenoids existorateindevelopment forthespecialRequirementsofnew applications.

 

 

 

        13.3 SYSTEMFUNCTIONS

Furictions‘caibe designated at systemsfunetions if the: individualcomponents. of the total:
' ‘electronictransmissioncontrolsystem cooperate efficiently toprovidea désired béhavior of

‘the transniissionaridthevehicle, Thérearédifferentstapesof functionality which havediffer¥
ent effects on drivingbehaviorand shift characteristics (Fig. 13:4)..In, general, there is an
increasing complexityofthe system relatingto-all components to improve:thetranslationof
driverbehaviorinto. transmissionaction.That méansthatthe expense o actuators, sensors,
‘atidlinks:to otherControlwitsis increasing, as is the expense oftheTCUsoftwareand hard-
warein the-case of high-level requirementsregarding driveability andshift comfort. Figure:
13,4 shows threemainaréas. These: will be discussed:in detail in the followingg material.

 

13.3.1 Basic Functions

‘The basic:functions-ofthe.transmission controlatethe shift pointcontrol, the lockup control,
enging torque:controlduring: shifting, related safety.functions, and diagnostic functions for.
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13:8.

Switching actuators Continuous operationactuators

|Variabte Pressure :
‘Solenoid L 

 

 
 

 
[ndrmal
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High Flow(7000cm3/min, 400KPa) | 
LowFlow (1300cm3/min, 400KPa)

 
FIGURE 13.3 'Blectrohydrauliciactuatorsfor automatic-transmissions:
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FIGURE13.4 Relationshipbetweendrivingcharactetistic and function complexity,
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“FIGURE 13.5‘Structure‘of'a basictransmission electronic canttdl unit.

vehicle service, The pressurecontrolintransmissionsystems with: electrical operating possi-
I during andoutsideshiftingcan also beconsideredasabasicfunction.
= é 'yinputs. andoutputs-as wellas the block diagramofanelec-
tronicTCU suitable for thebasic functions.
 
 

ShiftPointControl. Thebasic:shift point control uses shift maps,which:aredefinedin data
inthe unit memory.Theseshiftmapsare: selectable ver a Wide3Tange.Theshift.‘point. imita- 
 
 ‘no ise emission,n Theinputsoftheshift point:determination ;erator pedalposition,and the vehicle: speed (determined bytthetranstissionoutputseen),yi

Figure 13.6 shows-4 typical‘shift:map.application ofa four-speed transmission.
, ‘To8 PreventaedfrequentsShitting‘between two gears, a. hysteresis betweenthe. upshiftDusieress18 determine by the:desired

 

 
 ECU releasesthe shift byactivatingthe related actuators, This: can’putvadirectshiftinto the
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E-Progratn (Economy)

 

         Engineload 
Outputspeed ng,x 1000

FIGURE 13.6. Shift characteristics ofa four-speedapplication.

target gear or by a-serial activation of specific actuatorsin a fixed sequencetothe target'sgear,
depending onthetransmission hardware:design.

Lockup: Control/Torque Converter Clutch.® “The torque converter dutch connects both
functional componentsofthe hydraulic converter,thepump. andtheturbine:The lockup of
the clutch reduces the power. losses.comingfromthe torque.converter: slip.Thisisa perma-
nentslipbecauseit is necessary in principle to-have-a-slip. betweenthe pumpwheel arid the
turbineto translate torquefrom theengine output to thetransmission input; To increase the.
efficiencyof the lockup,it is necessary to closethe clutchasoften as possible. Ontheother
hand, the torqueconverteris an important component to prevent vibrations ofthe power-
train.The activation ofthelockupis, therefore, a.compromise betweenlowfuel consumption
and high driving comfort.The‘shiftpoints of the lockuparedeterminedin thesamewayas the
determinationof theshift pointin the gearshiftpoint control. Usuallythere is one separate
characteristic curve forthe lockupfor each gear.'To prevent.powertrainvibrations,it is advis-
able to.openthe lockup-during coastingto use the dampingeffect ofthe torque converter. In
the caseofahighpositive gradientof the accelerator pedalwith low engine speed, the con-
verter-‘clutch:hasto open to use'the:torque gain oftheconverterfor better'acceleration.of the
car. In some applications, the lockupisopened during’shifting forimproved shiftcomfort.
After shifting, the lockup ean beclosedagain, Whendrivingin first gear, the lockupisusually
open, because the time:spentin.firstgearisusually very low and,therefore; the frequency of
lockup shiftingversus gear shifting becomes veryhigh. This may result in decreased driving
comfort.A second reasonisthe improved acceleration of the carin first gear whenusing the:
convertetgain for wheel torque: ~

Engine 1Torque Control During Shifting.’ The engine torque control requires-an interface
to.anelectronic'engine management system. Thetargetof the enginetorqueé.control, torque
reduction duringshifting,isto.support.thesynchronization of the transmission andto prevent
shift shocks.

In conventionalapplications, the engine-torque reductionoriginates froman ignition angle
control, The timing and absolute value oftheignition control dependson theoperating con-
ditions concerning actual engine torque: andshiftingtype.

Upshift. The upshift occurs without aninterruption: ofthe. tractive power. Theengine
torque teduction.may be activatedif theclutchof thetarget gear stays with the translation.of
torque,Thebeginning of the engine:torquereduction is-determined bythe courseof engine-or
transmission input speed,Thereit is important todetecta decreasing speed, The start of the,
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torquereduction ischaracterized bya specific speed difference. The end ofthetorquereduction
isactivatédatan applicablespeed leadbefore reaching the synchronousspeed ofthenéwgear.

- The powerlosses, whichhaveto be:picked up bythe clutches,aredependent onthe engine
torqueand the slippingtime:

O=fX (MangXt+ Quai)” (13.1)

where Q=powerlosses
Men,==engine torque:

== slippingtime:Qua =kineticenergyofrevolvingelements:

-Itis:possible1to reduce the:temperaturestress:tatheclutchesby:reducingthe: engine torque:
and,consequently, byincreasing theshipping timeat a fixedpossible maximumpowerloss Q
(Eq. (13.1)]Figure13.7showsa typical upshiftcharacteristic.

Shift‘Quality Conipanson
 

  

  
    

   

  
Time £

FIGURE13.7: Timingof engine torque reductionduringupshift.

Downshift. ‘Downshift underdrivingconditions resultsinashortinterruption ofthetrac:
tive powerAtthe synchronous:point, thetractive powerisin operation, The higherrevolving
energy, onthe otherhand,results in-undesired vibrationsofthepowertrain.To prevent-such-
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vibrations, itis necessary to:reduce the engine output torquebefore reachingthe synchronous
point:ofthe new: gear.“When thetransmission-input speed reaches the synchronous. speed of
thenewgear, the enginetorquehasto increase to.the nominal value, The increaseis usually
applied asa torque ramp. Figure13.8 showsa typicalcharacteristic ofa downshift.The values
andtiming ofthe engine torque reduction are generally partofthespecial calibrationdata for
each combination of’ vehicle, engine, andtranstnission.

Shift QualityComparison
Downshift [Shittcommand|

             
 ss ~~ 0640~—«O4B

Time?

 -FIGURE13.8 Timingof engine torque reduction during down:
shift,

Pressure. Control § ~Thetiming andabsolutevalues of the pressure, whichis responsible for
the torque:translation of the frictionclements, is, aside from theenginetorqueréduction,the
most importantinfluenceto ‘shiftcomfort. The electronic TCU. offers additional possibilities.
for better function thana conventionalhydraulic system.

Thepressurevalues during and outside:‘shifting can.be:caleulated. by different algorithms
or canbe determined bycharacteristicmaps, The inputs for a pressure calculationare engine
torque, transmission input speed, turbine torque, throttle position, andso on, The inputs
depend onthe special signal availability indifferent systemsas well.as the requirement-con-.
cerningshift comfort.The variablepressure:components are usually addedto a constant pres~
sure value accordingto thedifferent transmissiondesigns, Equation (13.2)gives a typical
algorithm fora pressurecalculation.
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° Prot=: -corist +k, x P,, + Kor x Prost Ks x PB, : 4 (13.2)

‘where Pica =pressure.
Psens=‘constant.‘pressure value

Kn ==adaptation factorfor input:speed.é component dependenton. thetévdlutionsignal
daptat n.factorfor engine torque

‘pressurecomponent dependenton torque:
adaptationfactor forvehicle speed.

P==pressure componentdependentOivehicle:speed

 
 
 
 

 

During: applications, the factors:‘mustbe definedjin the calibration phase. In general,tlie
determination of these factors requires manyvehicle tests,because the dynamiccharacteris-.
ticofthetotal system,hasan:important influeticé onshift comfort,Anotherpossibility for the
pressure determinationisto-usecharacteristic’mapswhich have tobe-defined duringthe cal:

 

ibration phase.This kind ofpressure determinationallows an improvedselectionoftheopti-.
mumpressure. at-vatious extreme points independent:‘of analgorithm,

Safety and Diagnostic Functions... Thé functions, which are usually known. a8 diagnostic
e electronic TCU,cambe dividedintoreal’safety functions. to preventcritical

driiving conditionsatid.di gnostic.functionswhichaffectanincreasing ‘availability ofthecar
anda better failure detectionfor servicing.Theboundarybetweensafety anddiagnostic func

‘tionsi depends¢on. the= paesenh ofthé automotivemanfacturer. In the category of realy' functions thateeuncontrollable shi

 

 

 

 

 

monitor isunionbeawatehdowcircuit: One:possibilityJs torusée thecontroller internal watch-
do1cecommonaoewieiti1s necessarytouuse.an‘externalwatchdogcircuitfor safetyTea-  
 
 

hardwaiA icc og:-designedaasanASIC orasa conventionalcircuit device. Usuallythere
a safety. gi circuitconnected to the:watchdog,which,it the'case of.microcontroller.bre
down,activatesthe failure:signaland switches the outputsfor the.transmission actuators toa
safetycondition. _

Forthe‘ detection ofthé watchdog,it:18 necessarytd test thewatchdog function after.each
“power-on during theelectronic ‘initialization. The monitoringofthe: controller peripheral-
components, in general EPROM, RAM,andchip-sélectcircuits,workscontinuouslywith:‘Spe-
cific algorithms;e.g., by. writing. fixed data values to thestorage cells and following compari:
son: with the read yalueé or by checksumcomparison with fixed sum values. The actuator

 

-monitoring includes détectionofshortcircuitto supplyvoltageand. ground,as Wellas open=
loadconditions.

‘Tacaseof actuator,tmalfunction,the.limphomiemodeis selected:“Thismeansthatthe trans-
qAissionturis in a. fixed, safe‘gear. depending onthédriving: coriditions.Thesafe state of, the:
actuators is:‘the noncurrent condition,whichis: secured by'the:elécttoniccontrolunitThecon-
trol unit can put the outputstages into:the noncurrentstage.separate for eachoutput or by a.
commonsupplyswitch,usually arelay or atransistor.‘There: aresome applications that use a
combinationofbeth the watchdogand safety ‘circuits.

‘The: monitoringofthe transmission-spécific sensors, suchas.input:speed, olitpit speed,and
oil temperature, works.as a plausability check:‘For example the transmission: m speed:‘can
be-calculated asa combination.ofthetransmission outputspeed andthegear-ratio. In caseof
adetected. speed:sensormalfunction;thelimp-home modeis perierally required.With a tem-
perature sensor failure, theTCUusuallyworks with asubstitutevalue.

Thediapnostic:functions, whichfacilitate thefindingoffailures in the servicestation, con-
tain. the:failure storage and, the communication to the service tester, which. allewthestored
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, failures of the: electionic TCUto-be réad. Thecoriimunication between thé control unit and
theservice tester is mainly carmanufacturer-specific and mustbe defined bythe car manu-

facturerbefore goinginto series. produetion. The communicationruns ona-bidirectional,sep-
‘arate communication tink.

The:failure storage: takes placein a nonvolatile: fiemory device: ¢.g., ina permanentsup-
plied RAMorin anEEPROM.Itisalso possibleto storesporadicfailures to-detect such prob-
lems during the nextservice.Thefailure codes, number of stored failures, the handling of the
failurestorage, as well as the-reactionoftheTCU in caseof a particular failure, is manufac-
turer-specificand is part of the unit specification.Therealsafety functionsare partofthebasic.
functions ofanelectronicTCU, Thediagnostic functions concerningservice tester and com-
munication protocols are, over a wide range, manufacturer-specific.These range from asimple
blink:codeupto a real self:test ofthe electronic unityincludingall peripheral components.

13.3.2 Improvementfai Control
Ina second development stage, the basic functions eanbe revised by a modification ofthe
software functionsand by adding newpartstothe basic functions, Thisactionresultsina sig-
nificant enhancementof the driving and shiftingcomfort:By a reyision-ofthe basic safety and
diagnosticfunctions with so-called substitute functions,it is possibleto increase. the availabil-
ityofthe.vehicle.with ATaswell as thedriveability incase ofa malfunction.
Shift Point Control. Thebasic function can beimproved significantly byaddingasoftware

function, theso-called adaptiveshiftpointcontrol.* This functionrequires only signals which
areavailable in an électronic'TCUwith basic functions.Theadaptiveshift point controlisable

“to.preventan often-criticized attribute, the tendencyfor shift hunting especially when hill
climbingand.underheavyload conditions.

Theadaptive functioncalculates the vehicle acceleration’ from the transmission ‘output.
speedover time, The value ofthe actualaccelerationinrelation to a set value-of theacceler-

ation isthe inputfortheshift pointcorrection. Theset valueisgiven bythetractionresistance
characteristic. For a‘certaindifferencebetweensetand actual value; theadaptation of theshift
point occurs. The dimension ofthe shift point:cortection can: be: determined by: calibration

data anddepends in generalalso‘onthe‘actual vehiclespeed andthe engine load.
Theshift point correction leadstohigher hysteresis between. upshift and downshift.char-

acteristics, With a high differencebetween set and.actual values,it is also. possible to. forbid
“certain geats,The returnto the basic shift.point control is organized by softwaréand can be
fixed bycalibration data. Usually, in the case of power-on, the adaptiveshift point controlis
reset(Figs. 13.9and 13:10).

In-addition.to these functions, differentshift maps¢an be implemented, intothedata field
of the TCU.For example,it is possible to have oneshift map for lowfuelconsumption, which
has shift points inthe rangeof. the: best efficiency ofthe engine, and. additionally. to have
anotherimap for poweroperation,wherethe shiftpoints are’placedatpointsofhighest engine
output power. The characterand numberofdifferentshift maps canbeselected overa wide
range. The choiceofthedifferentshiftmaps canbe donebyaselector push buttonor switch
‘commandedbythe driver. Infurtherapplications, thechangingofthedifferentshift programs
is possible byselftearningstrategies,Itisalso possible to implement.a manual program in
which fixedgears arespecificto predetermined positionsof theselectorlever.
Lockup Control, . Therearesome additionalfunctions which can.improve considerably the
‘shift comfort of the lockup. In afirst step,it is possible to replace theon/off control of the
lockupactuatorby a pulsecontrol duringopening andclosing. Thiscanbeachieved using con-
ventional. hardware-onlyby a‘software modification.In. furtherstep,the on/off solenoid is
replaced bya pressure regulator or aPWMsolenoid.

Bycoordinating intelligent control strategies:and corresponding outputstages within the
electroni¢TCU,.a considerable improvement of the:shift behavior of thelockup results, Here
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FIGURE13.9 Basic principle ofadaptive shiftpoint. RIGURE13.10 Shift’ characteristics before’“G)
contro}. and after (—):adaptations.

itispossible toclosethelockup atlow:engine speed andlow.engineload with goodshiftcom-
fort,resultingindecreased fuel consumption;

Engine Torque Reduction During Gear: Shifting. By-animproved interface designtothe
enginemanagement system,it is‘possible to-extendthe éngine torquereduction function.Itis
necessary to use-a:.PWM signal withrelatedfixed valuesor:abusinterface,The engine torque:
reduction is controlleddirectly bytheTCU.The advantage:ofsuchaninterface is an indepen-

vera wide rangewithout changing the engine.management
edpossibilityforthecoordinationof theenginetorque

reductionandthe pressure:controlwithin the TCU. The improvementof thisinterface can be

dentcalibrationofthe TCU dé
datavAfurther advantageiist  

extendedup 10arealtorque interface,especially when usinga buscommunicationlink.

Pressure: Control.§ The pressurecontrol canbeimprovedina similar wayastheshiftpoint.
controlwith anadaptive software:strategy. Therequiredinputsfor the adaptive:pressure-con-
trol arecalculated fromavailable’signals in the transmission control.The mainreasonsforthe
implementation of the adaptivepressure control. aréthe variations ofthe. at

 

output torque overthelifetimeofthe cari.
Theprincipleof adaptive pressure controlisa comparisonofa set valuefortheshift time

withanactual value, measured bythetransinissioninput.speed course, Ata.specificdifference
of thé-sétvalue to the actual vahic, the préssure-valueis corrected by acertain incrementin
the positiveornegativedirection,Theoriginaladaptationtimeand thepressure valueincre-

  

  

ment werefixed.during thecalibration.phase. For safety reasons, thetotal deviation ofthe.
pressure valuefroma givenvalueiis limited,eeon thebartapplication.Usually 
ableafter power-onoftheelectronicTCU.

SafetyandDiagnosticFunctions. ‘The balety functions.extend over bettermonitoring of 

mission.hardware design,the implementation of areverse pearinhibit functioniis possible;i.e;
above'acertainvehicle speed, the position Ris blockedhydraulically by a singlesolenoid or
by a particular solenoid combinationCommanded by the electronicTCU.Thisfunction pre-
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vents the destructionof the transmissionin theéevent-ofanunintentional shift to. the reverse
gear. Downshift preventionis part. ofthe’safetyfunction,‘especially during manual shiftingby
the driver, Here the synchronous speedof the newgear is calculated andcompared withthe
admissable maximumengine speed. Inthe case ofacalculated synchronous speed above the

smaximum engine:‘speed,thedownshift is prohibitedby the TCU. This’function can be sup-
- potted byan overrun safeguard which releases thelimp home modein case of exceedingthe

admissable. maximumengine speed.
Altofthose functions can: be extendéd and have tobe defined during the development

stage by the automobile transmission and electronic TCU manufacturers,To increaseavail-
abilityof the AT system,evenwiththefailure ofcertainsignals,itis possibleto provide a-sub-
stitute: operation with better drivability thai in the limp homemode:This can be done.by
substitute functions: The electronicTCUfalls backonsubstitute values’ or signals in the case
-of a breakdownofcertaininterfaces. Thereis, for example, the.possibility to'run with a pro+
grammable fixed throttle value with-abreakdownofthe throttle position signal. This-results
In areductionoftheshiftcharacteristics to shift points. Shifting intovall gearsts:possible, how-
ever,with reduced shiftcomfort. Afurthermethodisto use secondary.signals in casethe orig-
inal signals break down. For example, thecalculationofvehicle speed canbe fromwheel
speed during breakdown of thetransmission output speed signal. ‘This technique usually
requires acounection betwee:ABS and transmissioncontrol:The third variant is the-caricel-
ingofcertainfunctionsifthe necessary input signalsare missed. For example, in thecase ofa
kickdownswitch failure, the kickdownfunction is canceled. This resultsinno‘downshiftafter
operation. of the. kickdown.. Downshifts are nevertheless still possible ‘via the full-throttle’
opening pointaccording tothefull-load shift characteristic.

The availability and driveability of automobiles equippedwithelectronicTCU in case of
system failurescan be:improved significantlywith the implementation of substitute functions.
This resultsin a considerableiincreasein-acceptanceby the drivers of automobiles with elec-
tronic transmission-control,

13.3.3. Adaptation to Driver'sBehavior andTraffic:Situations

‘In certaindrivingconditions;some disadvantages of the conventional ATecan be prevented by
‘using self:“learning strategies.* This is especially validwhenimprovingthe compromise in the
shift. characteristics regarding gear selectionunder particular driving.conditions:and under
difficult:environmentalconditions, Theintentionof the self-learningfunctionsistoprovide
the appropniate shift characteristic suitable to thedriver uniderall driving conditions. Addi-
tionally, the behavior Ofthe.car under'special conditions can bé improved by-suitable func-

tions. Availableinputsignals of the car, provided bythe related electronic TCUsfrom
interfaces and communicationlinks, are processed bytheTCU with specific algorithms;The
self-learning functions can be dividedinto a longrespectively medium.tetm adaptation for
driver's style detection‘andintoa short-term adaptation which. reacts to the: present ‘driving
situation,such ashills orcurves.

‘The coreof the adaplivestrategies is thedriyer’s style detection. Thedriver’sstyle can be
detectedby monitoringof the accclorator pedal movements.The inputs are operation speed,operation frequency, and the rating position ofthe accelerator pedal. These inputs are pro-
cessed depending on priorities with special.algorithmsrelated tothe desired drivingbehayior
of the car. Thecalculated driver style is related to certain shiftmaps. Thereis a large choiceof
shiftmapsavailable, With the currently knownapplications, there ate-mostly four different
shift mapsranging from fuel economic to extremely sporty vehicle behavior. The calculated.
driver’sstyle can also depend on the, actual vehicle speed and the share of constant driving
conditions duringacertain: driving. cycle. These sel(earning functions canbecalibrated by
the car manufacturer,dependingonhisphilosophyandtarget market.In this way,the number
of shift mapsandthe speed of the adaptation havethe main influénce: Afurtherpossibility to
match thedriver’sstyle is by ratingthe accelerator pedal operation during vehiclestart, for
example, afterated light.stop. Inthis waytheoperation'speed and frequencyoftheaccélera-
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tor pedalbelow:acertainvehicle speed can be interpreted and calculated as part’ ofthe
driver's stylé rating. In the event.ofkickdown,the shift maps of the driver’sstyle ratingare
shutdown bya. priority:command.Thedriverhasthe usual behaviorofthecar duringkick-
down, generally.a-downshift, providingnoothersatiety function isin operation. —

‘To preventshift hunting, theself-learningfunctions arecarried outover alongrespectively.
mediumtermadaptation: withthe adaptation timer ranging from several secondsup to one
minute.Thesecondpart of theself-learningfunctionsisthe driving condition détection.Theré
isa correlationbetween thé inputsignals ofthe transniissioncontroland.thedriving condition,

Oneofthe inaindisadyantages of aconventional electronic transmission control ‘is the
upshiftingat constant vehicle speed by crossing the-upshift characteristicwith a reductionof
theaccelerator pédal angle.This results in-an unintended gearshift, especiallywhencomer-

“ing andwhen approaching acrossing oran. obstacle.Toprevent these geatshifts itispossible
to use so-calledupshiftprevention. Cornering can be detected by the acceleration ofthecar

'along the driving directionrelated tothevehicle speed. The vehicle:speed is.calculatedfrom
the transmission output speed.The acceleration canbedetectedby anaccéleration sensor or
by-the difference betweenthenondriven wheel speeds, In this,way itis possibletopr‘event the
upshiftwhen:cornering,resultingin a:considerableimprovement|in vehicle:stability,.

Thedetection ofa crossing or obstacle: approachis possibleby the: detection of@ fast off
condition of the accelerator pedal. Ata-certain gradient of thepedal position,theupshiftis
‘prey , Thisis a considerable advantage especially when ‘overtaking low-“Speed. vehicles,
‘Withthis strategy the correct gearis availablé withouta-shiftdellay.

Another partofthe:drivingsituationdetectionis‘ther‘ecognitionofuphill.driving and.full:

 

 
 

loadconditions”

When drivin, sdowatl
 
 

  ILdritving can be detected byacomparison.ofthrottle position, and
-yehicle speed,gradient An upshiftis preventedand,insomespecial cases, adownshiftis acti-
vated bytheelectronic TCU.

r sectionoftheself-learningfunctioris is the environmentalmonitoririg withrelated

esealeecanbeaSelf:leatminsg.winterproprain.Thewheelaeofthe

 

  

 ndpeinThe efficiencyof?thevel:‘eattingfunc-tionshas ledtoa wide.acceptanceof AT: sippedvehiclés,The futuredevelopmentconcerning.
new adaptive:functions andan improvementofthe’‘already|known functions is an important

  

area incontrol development.Thisicanbe:supported by.an increasing shareofelectronic.unitsand
interfacesfox the conmiunication betweenunits,With multipleuse. ofsensors.providingthenec-

“essary input,signals, the totalsystemgainsincreasedfunctionality; especially with bus.systems.
Atpresent,an increasing shiareofnvanualprogramswith anAT canbe registrated. Thedriver

instructs theATto shift via aswitchor aptishbutton.In thismanner, the drivér-can operatethe.
Ar.like amanualgearbox: independently hershift maps, with only.the safety functionsin:

ince, especiallyiinthe sports car market, These func-
anall becalibrated and appliedbythe‘carmanufacturer withdata relatingto his philas-

 
 

 
 

-eonventionalATcontrol withoutcanceling headvantagesin. driving:comfortand safety.

13.4 COMMUNICATIONS WITH OTHERELECTRONIC

CONTROLUNITS 
  

“Withthe existence ‘of electronic’¢ontrol units for various: applicationsiin vehicles,many:Oppor-
tunitiesexist tolinkthesé ECUsandto:éstablishcommunications between them.’The mainpart-
ner of theTCU. is the’ engine management System, Due to the coupling of éhgine and
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transmission ‘within thévehiclepowertrain,it is necessary to have an. interface between.these
ECUs‘for'afunctionalcoupling andaninterchange ofsignals.Itis essential forthepressure.con-
trol insidethe:transmissioncontrolto sensorthe engine|Joad, the:enginespeed, aridthe throttle
position.'Theengine torquereduction duringshiftingisalso importantto-establish a goodshift
comfortanda'satisfactorylifetinie fortheclutchesBy handing overcertainsignalslike position.
leverstate, lockupcondition,or: shift-ccommands tothe enginemanagement, thedrivingcomfort
ofthe'vehicle ‘can be improved significantly.Aninterface to ABSandtraction.controlis useful.
for some’self-learning functions'in thetransmission control whenusingthe wheel speeds.

It ispossible to implement certain shift strategiesihthe transmissioncontrol as an active
supportfor ABSandtraction control.A linkto-the¢lectronicthrottle control or cruise con-
trol makesitpossibletooptimize certain functionsforthetotalvehicle.Byiinterfaces between
the ECUs,a reduction ofthesensorexpense résulis bya-multiple use via conimunications.
Suitablelinks include,especially, PWMorbus configurationsfor trouble-freecommunication;
Bus, systems in ‘particular have‘the advantage: ‘of the link-“Up ofadditional ECUswithout
changing theitexisting:hardware.-Additionalcoupling requiresonlya softwarechange. The
interchangeofrequiredsupplementarysignals fornew functionsis possible withoutany prob-
lems.An-example of powertrain management by coupling the:powertrain:ECUsto achieve
lower fuelconsumption, simultaneouslyiimproving thedriveability,is describedas follows,

 

 

  

 

33.5. OPTIMIZATION OF THE:DRIVETRAIN_  

‘The: newest: generation of transmissioncontrollers has overcome the former disadvantage
regarding fuelefficiency, Adaptivefunctions in cooperation withcarefully designed torque
converter clutch’ control,® which allows the clutchtobe closed even. at low- gears, have
improvedfuel consumption significantly. Based on the.driver’sbehavior, togetherwith an
adaptive shift:strategyas‘previously«describéd,partot the TCU’s adaptive‘program.software:
mayselect an economyor evensuper-econom shift strategy whenever possible. There:is;
however,stillmore potential for fueleconomy y optimizationofthedrivetrain,

The:conceptcalled Mastershift!is showninFig. 13:11. Thebasic ideaistointerpret the
accelerator:‘pedal position as an acceleration request‘That acceleration request, Or arequest
for wheel torque, has to be converted by operating theengineat.high.torque,ies; open 'throt-
tle and:lowrpm values. Inorderto realizethis, itis necessarytouse-anelectronicthrottle con-
trol system. The. communication between theelectronicthrottle,the engine, arid transmission

 
 
  

 

 

is shownin Fig. 13.12.

Mastershift, conceptfordrivetrainoptimization:

\ ‘Bestfuel: economy, with excellerit
"dtiving dynamic” Interpretation.‘of gas-pedalposition

as’‘acceleration: requést
fy Operation-of engine: at high torque

(open throttle)-and low speed
 
ae Information exchange’ between’

-eléctionicthrottle. control
-electronie:transmissioncontroland’
alectroricengine’ control

 

FIGURE.13.11.‘Drivetrain-operation. ~
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i

Mastershift —logical strut ture ,

FIGURE 13.12 Mastershif logical:structure and commiunication petwieen different con:
trol systems,

 
 

 

- Tasuch a. system,a well-defined coordination between the engine torque, iainly givenby
throttle position (air mass), fuel mass,andignition angle: ononeside and selectionof the
appropriate gear including torqueconverterclutch onthe oth ve. Depend-
ingon thetype ofengine, fuel consumption can bereduced furtl nt with:this
optimizedMastershiftconcept,Becausethe ayerage engine operation.ts athig orque lev-
els compared tostandardsystems,agreater numberof gearshifts.mayoccur.Thisis.important -
to'guaranteeoptimal shift comfort.Figure 13.13shows howthat'can be.accomplished by using - |

|

 

  

the additional degrée of freedom given bytheelectronic throttle control. It is possibleto
operatethethrottle: angle duringthe gearshiftin sucha wayas to achieveconstant wheel
torque.before,and after downshifts,

Js.5FUTURE|!DEVELOPMENTS        
 

In-futureyears,developinentworkwillbecoricentratedonredesignofhardware componentsfor:
cost reduction, improvementofyieldta reduce:fuelconsumption,and improvement:ofdriye-
ability. Agood approach: to-meetcosttargetson theelectronichardwaresidéwouldbetointe:
pratetwo ormore individual control modulesinto‘a:common.housing: Regarding theélectranic
components,one couldcontinue usingtwo-separatemicrocontrollersThis would have theadvan-
tage thatthesoftware development.andapplicationcould bedoneindividually fortwodifferent
systems; for example engine.and transmission. controllers.Anotherapproach.could be to:mount
the TCUon: the transmission: housingitself.This couldlead to a significantreduction in the.
expensefor the wiringharness. Here, however,the.problem ofhostileambient temperatureson
electroniccomponentshas to be solved.Today’s:stand-alone actuatorscouldbe:integrated:‘into a
commonhousingsimilarto the solutionshownbyChrysler Corp.in.itsA604 transmission:
~The improvement‘oftheyield isamain topic fordesignersofATs, Oiljpumps and torque

converters are a majorsourceof energy. losses, A significantimprovementofyield will be pos-
sible as soonas torque converterclutches -areavailablewith the capability for continuous.slip
operation. Thetorque converterclutch can thenbeoperatedinlow,gears and at low engine
speedswithout facing problemsfromdrivetrain oscillations and/ornoiseemission:

The:driveability is the most importantfeature forthe.drivers* acceptance:ofATs, In addi-
tion to the self-adaptive functions described,the:implementation‘ofshiftstrategies benefiting,
from control algorithms using fuzzy theorymay. further improve driveability.
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13.20 CONTROL SYSTEMS,

GLOSSARY

Tractiontransition during«downshift
. “Mastershift   

  
- conventional

 
 

 

eee

Tractiontorque——» Tractiontorqueie 
 

” Enginetorque——>-oe _ Enginetorque-——
‘FIGURE13.13, Constant traction torque by operationofthrottle opening during gearshift.

ASIC -Application-specificintegrated cireuit. °
AT. Aiitomatictransmission:

ATF: Automatic transmission fluid.

CAN Controller aréa network:

CVT Continuously variable transmission,
EEPROM Electrically erasable andprogrammable read-only memory.
EMC Electromagnetic compatibility, | |

° EPROM. Erasable programmableread-only memory. -
PWM: Pulsé-width modulation.

_ RAM Random. ACCESS.memory,
RFI Radiofrequency interference.’
TCC“Porque converterclutch.
‘TCU Tearismission coritrolunit,
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14.1 _CRUISE ONTROL SYSTEM|  

Avehicle: speedcontrol system canrange fromasimplethrottle latchingdevice: to a sophisti-
cated digital controller. that constantlymaintainsa set speed urider varying driving conditions,
Thenext generation ofelectronicspeedcontrol systems willprobablystillusea separatemod-
ule (lackbox),the sameas present-day systems,but will share-datafromthe engine, ABS,and.
transmission control|systems,Futuristiccruise control systemsthat: include’ radar sensorsto:
measute the rate ofclosure to othervehicles andadjust thespeed to maintaina constant dis-
tance arepossible butneedsignificantcost reductionsfor widespread privatevehicle usage.

The: objective: ofan automaticvehicle cruisé controlis to sustain asteady speed under:
varyingroad conditions, thusallowing the vehicle operator to relax:fromconstantfootthrot-.
tle manipulation. In some cases, the cruisecontrol system mayactuallyiimprove the vehicle’s
fuel efficiency value bylimiting:throttle. éxcursiens to small steps.Byusing the powet and.
speed of amicrocontroller device. and. funylogicsoftwaredesign,an excellent:cruise control.system canbe designed.

14.1.1 Functional Elements

The cruise control system is'a closed-loop speédcontrol as showninFig,14.1. Thekey input
signals are the driver's speed setpoint and the vehicle's actualspeed,Otherimportant inputs
are: the faster-accel/slower-coastdriver adjustments,resume, on/off, brake: switch, andengine
control messages. Thekey output signalsare. the throttlé:control servo actuator values. Addi-
tional output signals include cruise ON and sérvice indicators, plus messagesto the engine
and/or transmission Control system and possibly data fordiagnostics,

14.1.2. Performance Expectations

The ideal cruise system features, would include the: following specifications:
© Speed performance: 0.5 mfh.control at less than 5:pereent grade, and +1 m/h-control or

vehicle limit over5 percent grade.

« Reliability: Circuit designed to withstand overvoltage. ‘transients, reverse voltages, and
powerdissipation of componentskept tominimum.

14.7
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14.2 CONTROLSYSTEMS

  
 
   
 
 

  
  
 

| Voltage+12 Vilgnition “| Regulator

‘MCUReset|.
<i Control ~ :

 

 
 >| dniput Signal

“4. Conditioning
- (EMPfitters)

(OVP)  
| DataBUS|
™. -Driver

FIGURE 14.1. Criisecontrol system,

+Applicationoptions: BychangingEEPROM.viaa simple serialdata interfaceoroverthe.
MUXnetwork, the cruise software. ‘can be upgraded. and-optimized forspecificvehicle.
types.‘Theseprovisionsallowforvarioussensors,Servos,and.speed ranges.

‘© Driveradaptability: ‘The responsetime ofthecruise:control can be adjustedtomatchthe
driver’spreferences within the constraints of.the vehicle!s!performance, —

* Favorableprice-to-perfon 
control inédule’$ footprint.

14.1.3 Safety Considérations(Failsafe}

Several safety: factors needto be’considered for vehicle ‘speed.control:design, The most
basicisa method designedinto thethrottle:control cirauitto insureafailsafemode of oper-
ation in theevent that themicrocontrolleroractuatordrivérs should fail,This.electronicfail-
safecircuit shuts offthe control setvossothat the throttle linkagewillbe released when the:
‘brake. switchor cruise off switchis activated, no matter the-condition of the MCUor'servo
actuator conttol |transistors. (This assumestheactuators are’ mechanically.in good shapeand.
“will release.)

Other safety-rellated items includeprogram'codeto detectabnor‘mal operatingconditions
and preservinginto memory the datapointsassociatedwiththe abnormalconditionforlater
diagnostics. Abnormal.conditions, forexample,could be anintermittentvehiclespeed sensor,
or erratic’ driver switch signals, Atestcould also be made duringthe.initial ignition ‘key ontime” plus anytime the cruisé isactivated to ‘verifythe:integrityofthecruise system,withany
faults resultingin a warning indicator to thedriver,Obviously,the mostseriousfault to avoid
is runawayacceleration. Continuous monitoring ofthe MCUandkey controlelements will
help minimize the potential forthis typeof fault.
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CRUISECONTROL. 14.3

14.2 MICROCONTROLLER REQUIREMENTS FOR CRUISE
CONTROL   

 

"TheMCUforcruise control applications requires highfunctionality, The MCU would include
the following: .

* a precise internaltimebase forthe speed measurementcalculations
* A/D inputs
« PWMoutputs.
«timer input capture
» timeroutput compares
* serial data port(MUX port).
* internalwatchdog
«EEPROM
° low-powerCMOS technology

14.2.1 Input.Signals

The speedsensoris‘oneof the mostcritical partsin the system, because the microcontroller
calculates thevehicle speedfromthe speedsensor’ssignaltowithin “2 m/h.Any speedometer
cable whip or oscillation cam causéerrors to be introduced into the speed calculation. An
averagingroutinein the speed calculationscanminimize thiseffect. The speedometersensor
drivesthe:microcontroller’s timerinput capture line or the externalinterruptline.The MCU
‘thencalculates: the vehicle’s:‘speed fromthe’frequency of the sensorsignals and theMCU
internal timebase. Thevehicle’s speedvaluc is continually: updated audstored into RAMfor
use by the hasic speed control ‘program. Speed sensors’ traditionally have been’siniple. ac:
generator located in thetransmissionor speedometer-cable.Theac generator produces an ac:
voltagewaveform with its frequency proportionalto the sensor’s rpm andvehicle speed.Opti-
calsensorsin the speedometer head:-can also be:incorporated. Usually thespeed sensor pro-
ducés a number ofpulsesor cycles per km ormile,WiththeincreasingABS system usage, a:
backup speed sensorvalue could be obtained fromthe ABS wheel speedsensors. TheABS:
spced data could be obtainedbyway of:a MUXnetwork:

The user commiand switchsignals couldeither bé single MCU inputlinesto eachswitch.
contactor a.more complex analogresistor divider. typeto:an.AID inpul ine,Other input ‘Sip
nalsofinterest tothe cruise systemprogram wouldbe throttle position, transmissionorclutch
status, A/Cstatus, actuator diagnostics, enginestatus, etc., which could be obtained over the
MUXdata network,

14.2.2 Program Flow
The microcontrolleris programmed to measure therate ofvehicle:speed. and note. how much,,
andin whichdirection, the vehicle.speedisdriftmg. The standard PI(proportional-integtal)
methodproducesone. output signal pthat isproportional'to the-difference betweentheset-
speed and actual vehicle speed (theerrorvalue)byaproportional gain block Kp. Another sig-
nal Lis.generatedthat ramps’up or down ata rate set by the error signal magnitude.The gains
ofboth:KiandKparechosento providea quick response,but withhttle instability. In effect,
the PI: system adds up'theerror rate“overtime, and, therefore, if an underspeedcondition
occurs as in.a long uphillgrade, the error signal will beginto greatly increase to try tocom-:
‘pensate. Underlevel driving conditions, the integral control blockKi will, tend toward zero
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FIGURE 14.2 PLspéed-error control,

becaiise thereisless error-overtime, The vehicle’§ weight, engine pétformiance, and rolling
resistanceall factor in to determine the PIgain. constants.In summary, the PI methodallows
fast responseto abruptgradesor mountainsandstableoperationunderlightgradesorhills.
Figure 14/2shows’the traditionalPI cruisecontroldiagram.

14.2.3. Output Controls

Whentheerror'siignalhas been:computed, an output signal to ‘thé setvo actuators:is:generated
toiincrease,hold,or decreasethe throttleposition.Theservois:updated.at'aatethatis within

-the servo’s mechanicaloperating:specifications,whichcould beseveral milliseconds.Theerror
signal.can. bé computed. at a much fasterrate.and, therefore,gives extra.time forsomé aver-

aging of the vehicle speed sensor signal.
Throttlepositioning. aditionally.either a vacuum type'servoor motor. The vacuum:sup-

ply. to'the vacuum servo/actuatorisdischargedasafailsafemeasurewheneverthe brakesys-
‘temis.engagedinadditionto. the. normal.turn-off oftheactuatordrivercoils, Electric setva’:

eemotors. requiremore: goriple drive: electronics and some type ofméchanicalfailsafe

 
 

             
"Phe ériliseérror:calculation algorithmcan. be. designed:aroundtraditional mathmodels’such
asPIor:fuzzy logic:

14.3.1 Fuzzy Logic Examples:

Fuzzylogic allows somewhat,easierimplementationofthespeed error calculation becauseits
design, syntax. usessimple: linguistics, For: example: IF spceddifference negative andsmall,
‘THENincreasethrottleslightly.

The: outputis thenadjustedtoslightly increasethe throttle.Thethrottle.‘position update -
tate-is determinedbyanother fuzzyprogram which looksfor thedriver’scruiseperformance.
request(slow, medium,orfast reaction), the applicationtype (small, medium,or large engine
size), andothercruise.system factory preset parameters. Figure 14:3 showsone part.of.a fuzzy
logic design for computingnormalthrottleposition. Otherparts:would computetheeffects of
other inputs, such asresume,driverhabits,enginetype, andthelike.

Other program design requirementsinclude verificationthatthe input signalsfall within

expected boundaries. For éxample, a ‘broken:or intermittent speedsensor couldbedetected.
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CRUISECONTROL. 44,5:

_ Vehicle SpeedtoSetpoint Error

  
 

64 RULES:
IF- Vehidbepeed Error NLarge‘AND: Beaccatrate Large THEN Throtiopoe Large:increase
IF VehideBpeedError NiargeAND:Deaccel Fate Medium THENThrottlopos Median: Increase

“OutputSignal: *
_Genditioning:- a

IF VehicleSpeed Error NVemall_AND Deadcel rateVemell THEN ThrottieposSmall Increase’€ . : *

 2a
¢

\. IF VehicleSpesd Error Plaga ANDActolrate LargeTHEN ‘Throttepos Large Decreass  
‘scaling, interlace control; etc:

 "Throttle.Control Output ~J.
Throttle PositionStep Size.

‘Large: Mediim::.“Small No Small Medlitm: + Carpe «
Dacrease. Dacransa, Decrease: “Change - Increase locraase Increase.

 
FIGURE143. Fuzzyspeed errrprogram flow.

Aheavily: loaded vehicle witha ‘small engine maynot be able td: maintain’a high: setpoint
speed upasteep. prade, and thecritisé.controlneeds ‘to be:disengaged toprotectthe engine

ponentsustainedfull-throttle operation under:a heavy load.“This could be preset to ocour 20 
 

   

j certain conditions, Forexample,ifa high-
Aas a:eesaeof125 km/heamifh)ae
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14.6.CONTROL SYSTEMS

 
driver fortuitously hits thecruise resume switch atthis lowspeed, the cruise control invokes a
near full-throttle action, and: an accidentis likely, A fuzzy design ‘canlimit the acceleration
upon resumeusingsimplerulés.suchas [Fresumeand bigspeed error,THEN-increéasé throt-
tle slightly.

14.3.2 Adaptive Programming
The resporisé timéand gain ofthe entusé systemcanbéadjtstedto matchindividualdrivers,
For example, some drivers may’ preferto. allowthe: vehicle to’ slow down, somewhatwhen
climbing# grade and thenrespond quicklyta maintainasetspeed;otherdrivers may prefer.a
constant speed ‘atall tines; while still other drivers imayprefer a very slow responding¢cruise
system:lo maximize fuel efficiency,Thecruise'systemcan beadaptedeitherby 4user sélection
switch(slow; medium,,fast) or byanalyzing’ the: -driver’s.acceleration/deacceleration habits
during noncruisé operation. Once these habits are analyzed, they-can bé: grouped into the
thy & previous! ‘mentioned categories. Onedrawbackof a-fotally automaticadaptive cruisé

n variousdrivers withvastly differentdriving preferences operate the vehicle on
the sameti ip.Theeruisesystem would have to-be “retrained” for cach driver.

 
 

 

14.4_GRUISECONTROLDESIGNec  

Manyofthe required elementsofacruise controlcanbeintegratediinto-one:single-chip.MCU
device. For example, theactuatordriverscanbe designedin the MCUiftheirpower Tequire-
ments are onthelowside:

14.4.1. Automatic Cruise System.

‘Figure 14.4 showsanéxperiniental systemdesignfor a eruise control basedupon
tom 8 or 16-bit single-chipMCUthatincorporatesspecial high-power outputdriver.elements :
andé‘a\ built-in voltage regulator:

 

14.4.2. Safety Backup Exaraples
The. design of'a cruise controlsystem shouldinclude many safeguards;
«Atestto'determinevehicle speed conditions or commandinputsthat do notfall withinthe

normal-conditionsforoperation.ofthecruise control function.
* A-testto. determineif the vehicle:‘speed has decreasedbelowwhatthecruise routinecan

‘compensatefor,.

* Speedsetpoint minimumsand maximums (30 km/h min to'125 km/hmax,forexample)are’
checked and,ifexceeded,will cause, the-cruise function to turnoff.

« Speedometercable failuteiis:detected by checking for.speed sensor electrical output-pulses
oveta100-mstime period and, if,these pulses areabsent, the system is disengaged.

« Software:‘programtraps should:also‘be scattered throughoutthe: program and, if memory:
permits, at theendof each program. loop.Thesewill catchan out-of-control programand:
initiate a vector restart.
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CRUISE CONTROL: | 14.7
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FIGURE144 Automaticcruise-control.

44.4.3 EMI and RFINoiseProblems.

‘As withanyelectronic design, consideration. must.bé given to suppressing RFI (radio. fre-
quencyinterference) fromthecircuit, besides minimizing effectsofexternal EMI(electro-
magneticinterference)and RFI to thecircuit's normal operation. Itisnot uncommon that the
circuitmust operate:in RFfields upto 200 V/m intensity, This requires careful layout ofthe
module’sPCB (printed circuit board)andRFfiltersonall.Jinesgoingin.oroutof the module.
“The module case mayeven have to contain somie type of RFshielding,Minimizing generated
RFIfrom thecruise circuit.can be accomplishedbyoperating theMCU’s crystaloscillatorat
a minimal power level (thisiscontrolled mostly by theMCU intemaldesign),careful PCB
tracelayoutof theMCUoscillator-area, metal shieldingover the MCU, ground planes-on the
PCBundertheMCU,andsetting the actuator switching edge transitiontimes to over 10ms,
(See Chaps.27 and 28.).

14.5 FUTURE CRUISE CONCEPTS_          

several.research projects.are underwayto-develop a crash avoidance ‘system that could be
interconnected with a cruise system: The developmentofa low-costdistance-sensor thatcan
measure upto a few hundredmetersawaywithatight focal point in.all weather conditions
isproving to beachallenge.Whena practicalvehicular distancesensoris availablé,the cruise
control can be programmed to maintain either constant speed or constantdistance to
another vehicle, Othermethodsof cruise. controlcould include receiving a roadside signal.
thatgives anoptimum speed value for thevehicle:when travellingwithin.certain traffic con-
trol areas,
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14.8 CONTROL SYSTEMS

 14.5.1 Road Conditions Integration with IVHS

The IVHS(Intelligent Vehicle--Highway System)network may be a morepractical approach
to settingoptimum cruise. speed values for groups of vehicles. The IVHS can monitor road:
conditions,local weather,etc,,and broadcast optimalspeeddatavalues forvehicles iin itsZONe:
(SeeChap.29.)

GLOSSARY_

Analoginput Sensorsusually generateelectricalsignalsthat are:directly proportional to: the
mechanism being sensed.The signalis, therefore, analogor-canvary froma minimum limit to
a maximum limit:Normally, an 8-bit MCU AID input usinga 5+V reference, the analog input
resolutioni1s 1bit; which1is 1/256 of5V:‘or 0,0193V. ,
Defuzzification The process:of translating output grades to analog:output values.
Fuzzification. Theprocess of translating analog input valuésto:inputmemberships or labels.
Fuzzylogic: Software.designbased upon a reasoning,model: rather than fixed mathematical
algorithms,ATuzzylogicdesignallowsthesystem engineer to:participateiin thé software:design
becausethe fuzzy languageiis: linguistic and built uponeasy-to-comprehendfundamentals.

 

Inferenceengine _ ‘Theinternalsoftwareprogramthatproduces: output:values throughfuzzy.
rules forgivenputvalues.The inference process 1involves three steps;fuzzification,Tule. eval-
‘uation, and defuzzification:. —

Input memberships.Theinput'signal or sensorrangeis:dividedinto degrees ofthémbershia,
i.e., low, medium,high orcold,cool, comfortable,warm,hot.Each of these membershiplabelsis ‘assigned numericalvaluesorgrades:
Output.memberships ‘The output signalisdivided inte:grades: such as off,slow,medium,fast,
and full-on, Numerical values are assigned to.eachgrade. Grades can be’éithersingleton (one
value)or Mandani (arangeofvalues pergrade):
Rule evaluation Quiputvaluesaré computedjperthe:input imemberships andtheir’relation:
ship tothe output:memberships, The number of rules is usually set by thetotal,‘umberof
input memberships ‘and. the total. numberof output memberships. ‘The rules: consist of TF
inputvarAiisiAND inputvarBiisy,THENoutvaris z

‘Semicustom MCU AnMCU. (microcontroller unit) that meorporates normalMCU ele-
‘mentsplususer-specifiedperipheral:devices:such as highet-power port-outputs,special timer
units; ete.Mixed semiconductor- technologies, suchas.high-density CMOS (HCMOS).and
‘bipolar analog,are availableina.semicustom MCU,Generally, HCMOSislimited to 10V,
whereas bipolar-analogiisusableto60'V,
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ON- AND OFF-BOARD

DIAGNOSTICS | | 

Wolfgang Bremer, Frieder Heintz, and Robert Hugel
Robert Bosch GmbH

22.1. WHY DIAGNOSTICS? r 

Thedesire for greater safety, driving comfort, and environmental compatibility is leading to a
rapid increase in electronic control units and sensors in upper class, medium-sized, and com-
pact vehicles. Additional functions and their corresponding equipment in today’s cars create

moreand moredifficult to diagnose faults in such systems and to resolve them within area- -
sonable period. 1 

2.1.1 Diagnostics in the Past and Today

On-board diagnosis has been limitedthus far to a few error displays and fault storage -
achieved by relatively simple means. It has been left more or less to each manufacturer to
decide to what extent diagnosis would be carried out. Diagnosis always meansthe working
together of man and machineandconsists essentially of three major components:registration bi
of the actual condition, knowledge of the vehicle and its nominal condition, and strategy—
howtofind the smallest exchangeable deficient component by means of combining and com-
paring both the nominal andactual conditions.

All three points are inseparably connected. Only the meansto the end have changed over
time. The oldest and simplest method of diagnosis is that done with the help of our sense
organs, but the limits of this kind of diagnosis are obvious.In fact, the objective in the devel-
opment of diagnostic techniquesis the exterision of human abilities with the aid of diagnostic
tools in orderto be able to measure more precisely and more directly, to compare more objec-
tively, and to draw definite conclusions, |

The development of control techniques was essentially determined by the following items: |
thedevelopmentof automotive engineering; the structure of workshops—thatis, essentially i i
the relation between thecosts of labor and materials; and the developmentof electronics and
data processing.

For a long time, motor diagnosis was limited to ignition contro] and timing. In the 1960s,
new exhaust-gas measuring instruments for fuel injection adjustment were developed, but the
mechanicstill had to make the diagnosis. In the 1980s, the introduction of electronics in the
vehicle was followed by a new generation of measuring instruments in the workshops. Not if

22.1
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a bewildering tangle of cables and confusing functional connections. Asa result, it has become | le
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22.2 DISPLAYS AND INFORMATION SYSTEMS

 SieARsscioNtthlsdnt 
FIGURE 22.1 Evolution ofdiagnostic test equipment.

only were separate measurements combined with comprehensivetest procedures,butalso the

information about the nominal condition of the vehicle was stored in a data memory. 1 A view
of the developmentis shown in Fig. 22.1.

As more and moreelectronic systems were addedto cars, the moredifficult it becameto
determine the actual conditionin case of a defect. Soon a multitude of connecting cables and
adapters were required to reach the necessary measuring points. Moreover there was an
increasing amountof information needed to makean effective diagnosis. In the majority of
workshops, diagnosis is carried out as shown in Fig. 22.2. The most important test points of 

 
FIGURE22.2 Present-day diagnostic connector installation in a vehicle. 
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ON- AND OFF-BOARD DIAGNOSTICS 22.3

control units and sensors are tied to a diagnostic connector which is plugged into the measur-
ing instrument with a corresponding adapterfor the respective vehicle. Because of the per-
manently increasing amountof electronic functions,it is necessary to develop connectors with
more and morecontacts. It is evident that this method soon will becometoo uriwieldy.

Modern electronics m vehicles support diagnosis by comparingthe registered actual val-
ues with the internally stored nominalvalues with the help of control units and their self-diag-
nosis, thus detecting faults, By interconnecting the measuring instruments, a detailed survey of
the entire condition of the vehicle is available and an intelligent on-board diagnostic system
is able to carry out a moreprecise and moredefinite localization ofthe defect.’With the help
of an interconnection and standardization of the interface leading to the externaltester, the

|

 

manydifferent complex and expensive adapters have become superfluous. Modern diagnosis
will look like what is shown in Fig. 22.3.

 

  

 
FIGURE 22.3 Future diagnostic connectorinstallation in a vehicle.

Instead of a multiplicity of adapters there is only a single standardized interface, provided i
by the diagnostic processor. By meansof interconnection, the diagnostic processor is provided :
with all available data and the condition of the vehicle is known. With the help of the diag- 1 |
nostic processor, the external measuring instrumenthas access to the measuring arid diagnos-
tic values of the sensors andis able to directly reach the actuator for measuring purposes.’

Such a diagnosis also demands a certain change im the functional structure of a vehicle. |
Corresponding hierarchical models have already been presented.‘

      
2 Reasonsfor Diagnostics in Vehicles

Which are the most important reasons for diagnostics as demanded and desired in today’s
vehicles?

Existing Diagnostic Problems. A numberof diagnostic problems must be resolved: i

« Early diagnostic information was related only to single components and control units, In
case of a defective comprehensive system, every unit, component, sensor, and connecting  
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cable of the system had to be tested and controlled. This was a very time consuming and
expensive process.

Because of the single component and control unit checks, it was impossible to analyze all
the additional data correlated with a particular defect.

« In the case of a defect in single sensors or units, the car was often inoperable. Taking into
consideration all available information about the vehicle, it is possible to use alternative
parameters and proceduresin orderto achieveatleast a so-called limp-home function and
sometimes continue the use of the vehicle under onlyslightly limited operating conditions.

Usually there wasonly a global error display with an often ambiguous warninglight avail-
able for the driver. Drivers desire more detailed information and especially guidelines for
what procedures should be followed.

  

* The multitude of adapter cables, plugs, diagnostic equipment, and communication inter-
faces in a workshop has become so complex that the effectiveness decreased dramatically,
with the repair costs increasing disproportionally.

New Legal Proposals. Worldwide new legal proposals and governmental regulations [e.g.,
California Air Resources Board (CARB), On Board Diagnostics IT (OBDI1), Environmental i
Protection Agericy (EPA)] are forcing manufacturers and subcontractors to seek more prof- j
itable, effective, and convincing diagnosis of vehicles.

Serial Data Networks. New serial data networks for the connection of control units and

vehicle body components, installed in the vehicle, offer the possibility of absolutely new opti-
mum approaches and even anticipate maintenarice and diagnosis up to the introduction of
autodidacticdata processing systems and external data bases.>%7®

International Initiatives for Standardization. Initiated by legislative and governmental
demandsfor better diagnostics in the area of emission control, initiatives for standardization
in the entire diagnostic field in vehicles were launched during recent years to achieve world-
wide standardization of tools, interfaces, connectors, and protocols. :

22.1.3 Diagnostic Tasks in Vehicles

In order to minimize the number of defects or even to completely avoid them, a vehicl
Tequires regular checks. In case of an inevitable defect, a clear and directed diagnosis i
required and has to be followed by a prompt, reliable, and inexpensive repair. Therefor
appropriate diagnosticsystems are being developed considering the following targets: simpli.
fication of maintenance, fault indication in time, guidelines for the driver in case of a defect
and safer and faster repairs with the help ofa specific fault indication.

In addition to technical considerations, environmental aspécts are nowbeing taken int
consideration as reflected in the diagnostic concepts. In the future, only. perfect systemswill
be accepted, in order to keep environmental pollution to 4 minimum,It is understandab
therefore, that legislators insist on increased monitoring standards, particularly for exhad
related components. :

As an example of the new monitoring standards, consider the requirements of CA
and EPA in the United States and the resulting consequencesfordiagnosis. At the mom
the extent of such a detailed monitoring has to be a compromise between the differe
requirements and the possible technical and economical solutions, but the environm
aspects will gain more and more importance. Theincreased amountof available data
certainly permit a considerably higherrate of in-depth fault localization andwill also
clear fault identification without interactive outside intervention. Having knowledge 0
functional interrelationships and access to all essential data, a picture of the defect
created with the help of individual pieces of information. The driver and the worksho} 
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ON- AND OFF-BOARD DIAGNOSTICS 22.5

then be provided withappropriate instructions. In this context, on-board expert systems are
being considered. °

For an effective and successful diagnosis today and in the future the following tasks and
targets can be defined.

Fault Storage with Boundary Conditions. A very important aspect of modern diagnosisis
the clear and reliable analysis of the respective fault. During the self-diagnosis,it is absolutely
necessary to store not only the respective fault information butalso all relevant marginal
parameters in the control unit, ¢.g., ambient temperature, velocity, engine speed, engine
knock, and so on. ‘The additional data can be stored when a defect occurs as well as during
specified intervals around the moment of a defect. Such additional data is called “freeze
frame”data?

Fault Localization. Mechanics must beable to locate a defective control unit quickly and
then determine which componentofthat control unit is at fault so that it canbe replaced.

Data Correlation, Recognition ofImminent Faults. A large amount ofdata useful for the
analysis of a vehicle is now available and even more will be available in the future. These data
will have to be evaluated and compared with the help of modern data processing techniques,
including fuzzy logic, neural networks, autodidactic systems, and expert systems. These tech-
niques will not only enable the diagnosis of the actual condition of the vehicle but will also
determine future maintenance needs. Asaresult, the reliability and availability of a vehicle
will be increased and the possible consequencesof a defect kept to a minimum. The driver can
also be forewarned about imminent problems and can then take appropriate steps before
Starting onatrip.

Parameter Substitution. The breakdown of a sensor in modern diagnostic proceduresis not
necessarily followed by a lack of the respective information. After baving diagnoseda fault, the
diagnostic computer—with the aid of the available information—is often able to compute an
auxiliary parameter to replace the original one. Asa result, either a limp-homecondition is pos-
sible or else the nominal function can be assured but underslightly limited conditions Simple
examples for such a calculated parameter are vehicle speed (considering the gear and the syn-
chronous speed,or the antilock braking information,or the data of the navigation system), motor
temperature (considering the outside temperature and the operating time), and the amountof
remaining fuel (considering the last actual fuel content and the calculated consumption).

Providing Guidelines. As mentionedearlier, a diagnostic system hasto provide clear infor-
mation to the driver in case of a defect. A global warning indication is not sufficient. The
driver needs to learn the extent of the defect and its consequences by appropriate text, praph-
ics, or synthetic voice. In addition, the driver needs to be told the steps that have to be taken.
(eg., “refill cooling water,”“minimum speedto the next service station,risk of engine break-
down,” “stop, brake system out of order”).

The diagnostic monitoring system can also beused,if there is no service station nearby, as
a substitutional off-board system. The defect is then localized by an interactive working
together of the indicating system and an appropriate input medium.

External Diagnostic Access. For off-board diagnosis, the diagnostic system of the vehicle
has to provide a standardized access to all relevant components, control units, and stored
information. This standardized access might also be used by the vehicle manufacturer, legisla-
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22.6 DISPLAYS AND INFORMATION SYSTEMS

tor, application engineer, and the end-of-the-line programmer. Theaccessitself has to be con-
trolled with the help of an appropriate mechanism to prevent possible abuse."

\

|
Logbook Function, The control unit or the diagnostic computer of the vehicle is supposed
to store every repair that has been carried out in the format of a logbook.It should contain
the time and name of the workshop, every exchanged and newly installed element, every
inspection carried out, andso forth.

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

 22.2 ON-BOARD DIAGNOSTICS

The more complex automobiles became,the greater the numberofelectronic systems and the
moredifficult becamethe registration of the actual condition in case of a defect. To reach the
necessary measuring points, many connecting cables and adapters were required.In addition,
much data aboutthe different systems and their working together was neededto allow a sys-
tem-specific diagnosis. Modernelectronics with self-diagnosis supports the service mechanic
by registrating the actual values, comparing them with the nominal values, and diagnosing
faults that are stored for repair purposes. Actually, the internal functions are checked when-
ever an ECU is turned on.

First, the checksum of the program memory is checked together with its function and the
correct version. Then a read and write test of the RAM cells is performed.Special peripheral
elements (e.g., AD converters) are also checked within this test cycle. During the entire oper-
ating time of the vehicle, the ECUs are constantly supervising the sensors they are connected
to. With the help of an adequate interpretation of the hardware, controllers are able to deter-
mine whether a sensorhasa short circuit to ground or battery voltage,or if a cable to the sen-
sor is interrupted. By comparing the measured values and the stored technical data, a
controller is able to determine whether the measured values exceedthe limits, drift away, or
arestill within the tolerable limits. The combination ofinformation provided by other sensors
allows the monitoringfor plausibleness of the measured values.

Sensorsare tested similarly to the way actuators are monitored for short circuits or inter-
ruptions of cables. The check is carried out by measuring the electric current or reading the
diagnostic output of intelligent driver circuits. The function of an actuator undercertain con-
ditions can be tested by powering the actuator and observing the corresponding reaction of
the system.If discrepancies to the nominal values are diagnosed, the information is stored in
an internal fault memory together with relevant outside parameters,e.g., the motor tempera--

oy ture or the engine speed. Thus, defects that appear once or undercertain conditions can be. |
y diagnosed.If a fault occurs only once during several journeys, it is deleted. The fault memory

can be read later in the workshop and provides valuable information for the mechanic.
In caseof a detected defective sensor, the measured values are replaced by nominal value:

or an alternative value is formed using the information of other sensors to provideat least
limp-home function. :

With the help of an appropriate interface, a tester can communicate with the ECUs, rea
the fault memory and the measuredvalues, and send signals to the actuators. In order to b
able to use self-diagnosis as universally as possible, manufacturers aim at the standardizati
of the interface and the determination of appropriate protocols for data exchange.

Anothertask ofself-diagnosis is the indication of a defect to the driver. Faults are mostl}
indicated by one or more warning lights on the dashboard. Modern developments aim
more comprehensive information using displays for text and graphics, which provide priori

ae controlled information for the driver. Legal regulations concerning exhaust-gas gaverise
rl ‘ an essential extension of self diagnosis. The control units have to be able to control:
: exhaust-releyant functions and components andto clearly indicate a defective function o£ |

exceeding of the permissible exhaustlimits, Some of the demandedfunctionsrequire am ert
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mous amount of additional instructions; therefore, the extent of self-diagnosis already reaches
up to 40 percent of the entire software of the control unit.

22.3  OFF-BOARD DIAGNOSTICS 

 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 

 
 
 
 

 
 
 

The continual increase in the use of electronics within the broad range of different vehicles
represents one of the major challenges for customer service and workshop operations. Mod-
ern diagnosis and information systems must cope withthis challenge and manufacturers of
test equipments must provide instrumentsthatare flexible andeasy to handle. Quick andreli-
able fault diagnosis in modern vehicles requires extensive technical knowledge,detailed vehi-
cle information, and up-to-date testing systems.

Due.to the ‘different demands of the service providers, there are many different test
equipments on the market. They can be subdivided into two main categories: handheld or
portable instruments and stationary equipments. Handheld instruments are commonly used
for the control of engine functions like ignition or fuel injection and the request of error
codesof the electronic control units (ECUs). Stationary test equipment, on the other hand,
covers the whole range of function and performance checksof the engine, gear, brakes,chas-
sis, and exhaust monitoring.

. Most of the commontesters are used for the diagnosis of the engine. The Bosch MOT 250,for example, offers the following functions:

¢ Engine speed bymeansof the top dead center (TDC) transmitter, cylinder 1 or terminal 1
signal
Ignition timing with TDC sensor or stroboscope
Dwell angle in percent, degrees, or dwell time

* On/off-ratio in percent

Injection timing or other times measured at the valve or other suitable measuring points
Electric cylinder balance in absoluteor relative terms

Voltage to ground or floating potential including lambda-sensor voltagesor dynamic volt-
age at terminal 1

* Current with two test adapters for maximum 20 A and 600A
* Resistances from milliohms to megohms
¢ Temperature with oil-temperature sensor

For most variables, a maximum of four blocks of measured variables can be stored and
recalled one after the other. Twelve blocks can be stored for the cylinder balance function, A
digital storage oscilloscope records andstores up to 32 oscillograms of ignition voltages, alter-
natorripple, and current or voltage transients in the electric or electronic systems, Two RS232
interfaces are provided for documentation purposes and data exchange.

Forrepair,service, and maintenance, many different manuals and microfichesare stored in
the workshops.It is a time-consumingtask to collect all the necessary information,especially
when vehicles of different males have to be repaired. To avoid unnecessary paper,informa-
tion and communication systems among workshop,dealer, and manufacturer are built up. The
corresponding manuals have to be standardized and distributed on electronic data processing
media, preferably on CD-ROMs.

Every garage or workshop, equipped with the appropriate data system (basically a tester
connected to a PC), will receive servicing aids and updates via telephoneline or by periodic
receipt of updated CDs. A committee of the SAE is preparing rules for the standardization
of manuals. There are already published draft international standards (DIS) for terms and
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22.8

22.4 LEGISLATION AND STANDARDIZATION

DISPLAYS AND INFORMATION SYSTEMS

definitions (J1930) used in the manuals, for diagnostic codes/messages (J2012),or electronic
access/service information (12008)(see the following). Most of the available test equipment
is capable of storing operator manuals within its memory and offers menu-guided assis-
tance to the service personnel. Automatic vehicle and component identification by the :
tester and the availability of corresponding data at the workbench eases troubleshooting |
and repairs.

 

22.4.1 CARB, EPA, OBDIl

The following is an abstract of the California Air Resource Board (CARB) Regulations for
On-Board-Diagnosis two(OBDID):

oatcgaieaSieceoeseuanueean 
All 1994 and subsequent model-year passengercars,light-duty trucks, and medium-

duty vehicles shall be equipped with a malfunction indicator light (MIL) located on the
instrument panel that will automatically inform the vehicle operator in the eventof a
malfunction of any power train component which can affect emission and which pro-
vide inputto, or receive output from, the on-board computer(s) or of the malfunction of
the on-board computer(s) itself The MIL shall not be used for any other purpose.

All 1994 and subsequent model-year passengercars,light-duty trucks, and medium-
duty vehicles required to have MIL pursuantto paragraph aboveshall also be equipped
with an on-board diagnostic system capable of identifying the likely area of the mal-
function by meansof fault codes stored in the computer memory. Thesevehicles shall be
equipped with a standardized electrical connector to provide access to the stored fault
codes ... Starting with model-year 1995, manufacturers of non-complying systemsshall
be subject to fines pursuant to section 43016 of the California Health and Safety Code
for each deficiency identified, after-the second, in a vehicle model. For the third defi-
ciency and every deficiency thereafter identified in a vebicle model, the fines shall be in
the amountof $50 per deficiency per vehicle for non-compliance with any of the moni-
toring requirements...

Systems to Be Monitored

 OBD II Functions. These include catalyst monitoring, misfire monitoring, evaporativ
system monitoring, secondary air system monitoring, fuel systems monitoring, oxygen senso:
monitoring, exhaust-gas-recirculation (EGR) system monitoring, and comprehensive compe
nent monitoring. =:

Catalyst. Legal requirements (CARB excerpt): “The diagnostic system shall individual
monitor the front catalyst or catalysts which receive untreated engine out exhaust-gas fo
malfunction. A catalyst is regarded as malfunctioning when the average hydrocarbon con’
sion efficiency falls between 50 and 60 percent.”

Technical solution: In addition to the oxygen sensor upstream the catalyst, another sen:
is mounted downstream.

A properly workingcatalyst shows a storage effect so that the oscillation of the lamb
controller appears damped at the downstream lambda probe. A worn-out catalyst ha
reduced damping effect andthesignals of up- and downstream sensors are equivalent. .

Theratio of the signal amplitudes is a measure of the conversion efficiency. The elect
system that controls the fuel injection monitors these signals together with other rel
engine conditions to derive the catalyst efficiency.
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Misfire Detection. Legal requirements (CARB excerpt): “To avoid catalyst damage, the
diagnostic system shall monitor engine misfire and identify the specific cylinder experiencing
misfire.”

Technical solution: Misfire can be caused by worn-out spark plugsor defective electrical
wiring. Unburned fuel reaches the catalyst and maydestroy it by overheating. Even theleast
amount of misfire rates influences the emission and therefore single misfire events must be
detected.

The speed of the engine is measured very precisely. In case of misfire, the momentum,
which is normally produced by the combustion,is lacking.Thus abnormalvariations of speed-
changes at steady state conditions may be considered as misfire. To distinguish clearly
between misfire and other malfunctions, complicated calculations have to be carried out.

If a certain percentage of misfires within 200 or 1000 revolutionsis detected, a fault code is
stored in the control unit and thefault is indicated to the driver.

Oxygen Sensor. Legal requirements (CARB excerpt): “The diagnostic system shall mon-
itor the output voltage, the response rate, and any other parameter which can affect emission
andall fuel control oxygen sensors for malfunction.”Technical solution: The control unit has a special input circuit for detecting shorts or
breaks and monitors the switching frequency of the control loop.

By means of a second lambda probe behind the catalyst, it is possible to monitor the
lambdaprobein frontof the catalyst for its correct position. A lambda probe whichis subject

- to an increased temperature for extensive periods may react slower on variations of the
air/fuel mixture, thus increasing the period of the lambda-proberegulation. The diagnostic
system of the control unit controls the regular frequency and indicates slow sensors to the
driver by meansof a warninglight.

Heated sensors are monitored for correct heater current and voltage by hardware means
within the control unit.

Evaporative System. Legal requirements (CARB excerpt): “The diagnostic system shall
control the air flow of the complete evaporative system. In addition, the diagnostic system
shall also monitor the complete evaporative system for the emission of HC vaporinto the
atmosphere by performing a pressure or vacuum check of the complete evaporative system.

From timeto time, manufacturers may occasionally turn off the. evaporative purge system inorder to carry out a check.
Technical solution: At idle position, the canister purge valve is; activated and the lambda

controller is monitoredfor its reaction. For leak detection of the evaporative system,the out-
put to the active carbonfilter is shut off and the canister pressure is decreased to about —1.5
kPa. Then the complete system is turned off and the pressure within the canister is monitored
for variation with time.The pressure gradient, together with other parameterslike the amount
of fuel, may indicate possible leaks.

Secondary Air System. Legal requirements: “Any vehicle equipped with any form of a
secondaryair delivery system shall have the diagnostic system monitor the proper function-
ing of the secondary air delivery system and any air switching valve.”

Technical solution: The lambda controller is monitored for correlated deviations when the
secondaryair flow is changed.

Fuel System. Legal requirements: “The diagnostic system shall monitor the fuel delivery
system forits ability to provide compliance with emission standards.”

Deviations. of the stochiometric ratio which last for a longer time are stored within the
adaptive mixture controller. If these values exceed definedlimits, componentsofthe fuel sys-
tem obviously do not correspondto the specification.

Exhaust-Gas Recirculation (EGR) System. Legal requirement: “The diagnostic system
shall monitor the EGR system on vehicles for low and high flow rate malfunctions.”

Technical solution: (1) At overrun, the fuel is cut off and the EGR valve is completely
opened. The flow of exhatist gas to the manifold raises the manifold pressure, which is
recorded andallows statements about the function of the EGR valve. (2) Another possibil-
ity is to control the increase of the manifold intake temperature when the EGR valve is
opened
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In a conclusion to the previously described OBD Il requirements and technical solutions,
we can define the following four quality demands for electronic control units:

¢ Guarantee for exhaust-gas-relevant components with repair costs >$300 for seven years or
70,000 miles for all 1990 and subsequent model-year vehicles (CARB).

* Guarantee for exhaust-gas-relevant components with repair costs >$200 for ¢ight years or
my 80,000 miles for all 1994 and subsequent model-year vehicles (EPA/Clean Air Act).

. ¢ Guarantee protocols in case of a reclamation rate of exhaust-gas-relevant components
Be higher than 1 percent (CARB).
' * Recall of vehicles in case of a calculated reclamation rate of more than 20,000 ppm within a

periodof five years/50,000 miles (CARB).
 
 
 
 
 

22.4.2 International Standardizations
AsciasaniatitlatNitinaintes

Because of the manifold requirements on modem diagnostics, the national and international
standardization committees soon came to the conclusion that with the help of appropriate
and,if possible, international agreements about protocols, connectors, tools and auxiliaries,
the process of diagnosis can be standardized,thus reducing time and costs.

Figure 22.4 shows how,in a standardized graphic, control units and diagnostic tools are
connected and diagnostic data exchanged.

  
  

 
 
 
  
  
  
  
  
  

 

 

 
FIGURE 22.4 Standardized testing link according to the OSI model.

 
 For data exchange, electronic systems are structured and described accordingto a seve!

layer model (OSI model, open system interconnection) developed by the ISO (Internation:
Standardization Organization). Every unit connected to a data network can be structu
with the help of this model—controlunits as well as diagnostic tools. :

The diagnostic services that the controller may use during the diagnostic process are f
ulated in the seventh layer. Diagnostic service means definite instructions, which actu
determined and standardized diagriostic procedures, e.g. “start diagnostic session,” “r
diagnostic trouble codes,” “read freeze frame data,” and so on. There are different sequen
of bits and bytes code for such instructions. On the hardwarelevel (plugs, cables, poten
the sequencesare finally transmitted from unit to unit. The ISO and the SAE (Societ
Automotive Engineers) developed corresponding standardsin the area of service defin
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TABLE 22.1 ISO Diagnostic Servicesee

Diagnostic management 

StartDiagnosticSession
StopDiagnosticSession
SecurityAccess
TesterPresent
EcuReset
ReadEculdentification

DisableNormalMessageTransmission
EnableNormalMessageTransmission 

Data transmission

ReadDataByLocalldentifier
ReadDataByGloballdentifier
ReadMemoryByAddress
WriteDataByLocalldentifier
WriteDataByGloballdentifier
WriteMemoryByAddress

E SetDataRates

StopRepeatedDataTransmission 

Input/output control

InputOutputControlByGloballdentifier
InputOutputControlByLocalldentifier

 

 

Stored data transmission

ReadNumberOfDiagnosticTroubleCodes
ReadDiagnosticTroubleCode

i ReadDiagnosticTroubleCodesByStatus
. ReadStatusOfDiagnosticTroubleCodes

ReadFreezeFrameData

f ClearDiagnosticInformation

 

 
 

Remoteactivation of routine 

bee StartRoutineByLocalldentifier
fe StartRoutineByAddress
B StopRoutineByLocalldentifier

StopRoutineByAddress
RequestRoutineResultsByLocalIdentifier
RequestRoutineResultsByAddress

Upload download

RequestDownload
RequestUpload
TransferData

RequestTransferExit

 

 

 

as well as in the area of communication. Table 22.1 shows the diagnostic services as proposed
by the ISO. .

Figure 22.5 presents the determined standards with some -essential technical details as
developed for the field of communication. .

Unfortunately the whole spectrum of available standards has become very complex and
difficult to use. The following explanations try to provide a unified system for the existing
standardsin the area of diagnosis. :
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FIGURE 22.5 In-vehicle networks

Figure 22.6 shows a general modelfor diagnostic concepts. The three main levels compre-
hensively describe the whole area of diagnostics. The three levels are hierarchically struc-
tured, closely linked together with flowing transition from one level to the other. Although
there are certain similarities between this model and the seven-layer model of the OSL both z
models do notcorrelate.

The upperlevel comprises the elements, which are essential for the user or generator of
diagnostic applications. The term “user”includes the driver, the legislator, the mechanic, and d
the manufacturer. This upper level can be subdivided into three main fields of activities: user _

FIGURE 22.6 Model for diagnostic concept. 
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ON- AND OFF-BOARD DIAGNOSTICS 22.13

interface, strategy, and diagnostic data. Although presented as layers, these activities do not
correlate hierarchically, but each is associated with a service or group ofservices,

The “user interface” describes how information flows between the user and the diagnostic
service, This includes a functional description of scan tools, handheld testers, monitoring sys-
tems, and so on.

Theterm “strategies” stands for strategic details, which are essential for the diagnosis or
repair of a vehicle, including communication access, diagnostic data and information.

The term “diagnostic data” includesthe data that are necessary forthe diagnosis itself. The
details concerning parameters, trouble codes, and so on are described here.

The intermediate level describes the diagnostic services, defining a set of services and a set
of commands for general purpose, which allow the diagnosis of a vehicle. The set of com-
mands is supposed to cover the needs of users concerning repair and maintenance as
described by the strategies and diagnostic data.

The lowest level deals with the communication area. It describes every technical detail that
is necessary for communication and provides the information about howto start communica-
tion (initialization), It also specifies the appropriate Baudrate, the suitable protocol, and the
necessary hardware (connector, cable, and so on).

This model offers a general description of the essential fields of diagnostic interest and
allows the categorization of all ISO and SAE standardization activities in the three main lev-
els of the diagnostic concept model.

Figures 22.7 and 22.8 are presentedin the same graphic form (three-level structure). They
provide a summary of the concrete standardizationactivities of the SAE and ISO.Figure 22.7
showsthe existing standards or drafts of automotive diagnosis for general purpose.

The usérinterface for general purposesis undefined. The SAE J2186 (Data Link Security)
and the SAE J2008 (Electronic Access/Service Information) are strategic documents, though
most strategies are not standardized and diagnostic data is described in documents SAE
J2012 (Diagnostic Codes and Messages) and SAE J2190-2 (Parameters—in preparation).

On the level of diagnostic services, the standardization activities can be divided in two
fields called service definition and service implementation. The term “service definition”
describes a set of useful diagnostic services, which enable the user to run a diagnostic session

 

  
FIGURE 22.7 Realization for general automotive diagnosis.
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‘nostic data is described in the document SAE J2012—-Diagnostic Codes and Messages.

DISPLAYS AND INFORMATION SYSTEMS
 

 
 

FIGURE22.8 Realization for CARB and EPA requirements.

independently of the knowledge of any technical detail in the communication area as
described in the level below.

This set of diagnostic services for general purpose can now be mappedondifferent proto-
cols, Any bit representation of the different services can be built up. This is called service
implementation. At the moment, there are two implementations available, the SAE J2190
(Diagnostic Test Modes) and the KWP 2000 (ISO Draft: Keyword Protocol 2000). The lowest
level (the Communication level) showsthe standardizeddetails of communication such as the
data formats and the physical layers; ¢.g., the KWP 2000 uses the physical layer of ISO 9141
or ISO 9141-2, the SAE J2190 uses the SAE J1850 Class B network (ISO/DIS 11519-3). It is
shown that communication can also be built up with a CAN or a VAN network.

Figure 22.8 showsthe standardization activities for the special requirements of the CARB.’
and the EPA using the same three-level-concept.

The user interface, a generic scan tool, is standardized within the SAE J1978, including th
SAE J2205 (Expanded Diagnostic Protocol) and the SAE J2201 (Universal Interface). Som
aspects of the diagnostic strategy are described in the SAE J2186 (Data Link Security), th
SAE J2008 (Electronic Access/Service Information), and some in the regulations, The diag,

 
 
 

 The level of diagnostic services defines one SAE J1979 standard~—Diagnostic Test Mode:
This standard is a closely linked combinationof a service definition and a service implemen
tation (referring to the SAE as “modes”).

Jn the field of communication, the possible networks are described in the SAE J18)
(Class B Data Network) and the ISO 9141-2 (CARB Requirementsfor Interchange of Di
tal Information).

A standard for the physical connector (SAE J1962) has also been developed. Figure 2
shows the status of diagnostic standards for trucks and buses and for passenger cars in Bur
and in the United States. It shows also a time schedule for the developmentof standards.
comparison of the communication and diagnostic services levels has already beenrealiz
Thetitles of the different SAE and ISO numbers are shownin Tables 22.2 and 22.3, where
ISO and SAE papers, relevant for diagnostics, are listed. Table 22.3 offers a detailed lis
trucks and bus activities (J1939).
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FIGURE 22.9 Statusof diagnostic standards. . ! |

22.5 FUTURE DIAGNOSTIC CONCEPTS _  
Asyet, most vehicle manufacturers have installed a diagnostic connector in the engine com-
partment in orderto offer essential electric signals for diagnostic purposes, Due to the multi-
tude of different equipments and philosophies of car makers, the connectors have different
shapes and contact arrangements. Therefore, a workshop hasto keepalot of different expen-
sive cables and adaptorsin store.

For future diagnostic systems, the connection between control unit and vehicle is supposed H
to be realized with the help of a standardized connector. A connector for the legally |
demanded exhaust-gas diagnosis was defined by an SAE draft (1962), concerning form, con- . i} |
tact arrangement,andinstallation position. (Fig. 22.10) |

With this connector and a so-called generic scan tool, anyoneis able to read the fault-mem-
ory in regard to exhaust-gas-relevant defects. The interconnection of the control units allows
the access to the entire electronicsof the vehicle.

The necessary protocols are partly defined and developed further in standardization, com-
mittees of the ISO. At the moment, there are two actual standards available: '

  
1. {SO 9141-2; Determination of the requirements on hardware and communication proto- :

cols. The requirements on hardwareare essentially determined by the maximum Baudrate
of data transfer and the maximum numberof control units simultaneously connected with |
the diagnostic cable. Lf

Communication is started by meansof a trigger address, andis followed by a synchro- i i
nization byte of the control unit(s), which is necessary for the automatic setting of the eo
Baudrate. The trigger address calls either a particular control unit or a function, that may : :
also address several control units.

After transmission of the synchronization byte, the contro! unit waits for the tester to
set the Baudrate, then sends two key-bytes that inform the tester about the suitable data
transfer protocol. The tester responds with the last inverted key-byte, in order to confirm :
the correct receipt. The connection between tester and control unit is now established. i
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22.16 DISPLAYS AND INFORMATION SYSTEMS

TABLE 22.2 ISO and SAE Documents
 

ISO 9141
ISO/DIS 9141-2

i ISO/DIS 11519-4
i) ISO/DIS 11519-2

ISO/DIS 11519-3
 
 

 
 
 
 
 
 
 

 
 
 
 

 

TSO/DIS 11519-4

ISO/DIS 11898

ISO/WD 14229
ISO/WD 14230

’ SAB J 1213/1
SAE J 1583
SAE J 1587

SAE J 1699
SAE J 1708

SAE J 1724
SAE J 1850
SAE J 1930
SAE J1939/xx

"SABI 1962
SAE J 1978
SAB J1979
SAE J 2008
SAE J 2012
SAE J 2037
SAE J 2054
SAB J 2056/1

SAE J 2057/1

SAE J 2106

SAE J 2112
SABI 2178

SAE J 2186
SAE J 2190
SAE J 2201
SAE J 2205
SAE J 2216

RamDBGHARERRE68BRBAR
ae
RP
RP
RP

RP = Recommended Practice, IR = Information Report

Road Vehicles—Diagnostic System—Requirements for Interchange of Digital Information
Road Vehicles—Diagnostic System—Part 2: CARB Requirementsfor Interchange of Digital

~ Information

Road Vehicles—-Low-Speed Serial Data Communication—Part 1: General Definitions
Road Vehicles—Low-Speed Serial Data Communication—Part 2; Low Speed Controller

Area Network (CAN)
Road Vehicles—Low-Speed Serial Data Communication—Part 3: Vehicle Area Network

(VAN)
RoadVehicles—Low-Speed Serial Data Communication—Part 4: Class B Data Communica-

tion Network Interface (31850)
Road Vehicles—Interchange of Digital Information—Controller Area Network (CAN)for

High-Speed Communication
Diagnostic Systems—Diagnostic Services Specification
Diagnostic Systems—-Keyword Protocol 2000 (3 parts: 1: Physical Layer,2: Data Link Layer,

3: Implementation)
Glossary of Vehicle Networks for Multiplexing and Data Communications
Controller Area Network (CAN), An In-Vehicle Serial Communication Protocol
Joint SAE/TMCElectronic Data Interchange Between Microcomputer Systems in Heavy-

Duty Vehicle Applications
J 1850 Verification Test Procedures
Serial Data Communications Between Microcomputer Systems in Heavy-Duty Vehicle

Application
Vehicle Electronic Identitication (New Task Force)
Class B Data Communication Network Interface :

Electrical/Electronic Systems Diagnostic Terms, Definitions, Abreviations and Acronyms
Truck + Bus, Details next page
Diagnostic Connector
OBD II Scan Tool

E/E DiagnosticTest Modes
Electronic Access/Service Information

Diagnostic Trouble Code Definitions
Off-Board Diagnostic Message Formats
E/E Diagnostic Data Communications
Class C Application Requirement Considerations (Part 2: IR: Survey of Known Protocols,

Part 3: TR: Selection of Transmission Media)
Class A. Application/Definition (Part 3: IR: Class A Multiplexing Sensors, Part 4: IR: Class A

Multiplexing Architecture Strategies)
Token Slot Network for Automotive Control

Diagnostic Technician Questionnaire Summary
Class B Data Communication Network Messages (Part 1: Detailed Header Formats and

Physical Address Assignments, Part 2: Data Parameter Definitions, Part 3; Frame Idsfor -
Single Byte Forms of Headers, Part 4: Message Definition for Three Byte Headers)

E/E Data Link Security
Enhanced E/E Diagnostic Test Modes
Universal Interface for OBD II Scan Tool

Diagnostic Specific Functionality ProtocolApplication of the Clean Air Act Amendment of 1990 (Section:207, Paragraph M5)

Aaaisticmmo 
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TABLE 22.3. SAE ‘Iruck and Bus Documents 

SAE J 1939
SAE J 1939/01
SAE J 1939/02

SAE J 1939/1x
SAE J 1939/11
SAE J 1939/12
SAE J 1939/13
SAE J 1939/14
SAE J 1939/15
SAE J 1939/21
SAE J 1939/3x

SAE J 1939/31
SAE J 1939/4x
SAE J 1939/5x
SAE J 1939/6x
SAE J 1939/7x
SAE J 1939/71
SAE J 1939/72
SAE J 1939/73
SAE J 1939/81

_ SAE J 1939/7?

Serial Control and Communication Vehicle Network (Class C)
Truck and Bus Control and Communication Vehicle Network (Class C)
Agricultural Equipment Control and Communication Network
Physical Layer, x refers to a specific version
Physical Layer, 250 kBaud, Twisted Shielded Pair
Physical Layer, 125 kBaud, Twisted Pair
Physical Layer, 250 kBaud, Twisted Pair with Ground
Physical Layer, 1 MBaud, Fiber Optic
Physical Layer, 50 kBaud, German Agricultural
CAN 29 Bit Identifier Data Link Layer
Network Layer, x refers to a specific version
Truck + Bus Network Layer
Transport Layer, x refers to a specific version
Session Layer,x refers to a specific version
Presentation Layer, x refers to a specific version
Application Layer, x refers to a specific version
‘Truck, Bus,Agricultural and Construction Equipment Application LayerVirtual Terminal

Application Layer—Diagnostics
Network Management
Tractor-Trailer-Interface 

‘'mponooononom?
"DOODO DOD’

rae]ace
discretionary :
BUS + Line of SAE J1850
discretionary
Chassis Ground
Signal Ground ©

_ discretionary
K Line of ISO 9141-2
discretionary
discretionary
BUS - Line of SAE J1850

discretionary
discretionary
discretionary
discretionary
L Line of ISO 9141-2

Unswitched Vehicle Battery Positive

Nata: Assignment of pins 1, 3, 6, 8, 9, 11, 12, 18, and 14Is Jaft to the discretion of the vehicle manufacturer

FIGURE22.10 SAE Ji962 diagnostic connector.
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22.18 DISPLAYS AND INFORMATION SYSTEMS

2. Interface according to the SAE J1850 (Class B Data Communication Network Interface):
The SAE J1850 defines means and methodsfor serial data exchange for automotive appli-
cation at the physical and data link layer of the OSI model. It is used for networked sys-
tems and for diagnostic purposes.

Two implementations are characterized: pulse-width modulation (PWM) at 41.6 kbps
transmitted on twisted pair wires, and variable pulse-width modulation (VPM) at 10.4

| kbps, transmitted on a single wire.”

\ A generic scan tool, as mentioned,therefore, has to handle the three different interfaces,
wo A newprotocol, Keyword 2000, is prepared by the ISO committees. It is supposed to com-
in bine the protocols that have been used up to now.
i With the introduction of more and more diagnostic functions and networked systems in

the vehicle, the functional structure will be modified (Fig. 22.11).

 

 

FIGURE22.11 Logical structure for future diagnosis.

A diagnostic processor on top of a hierarchical structure of functions has access to every
system via the network. It can request status information of the functions of the levels below,
or of the sensors and actuators, and receives warning messagesif problemsare detectedbythi
self-diagnosis of the different subsystems. The diagnostic processor serves as a man-machin
interface to the driver and as a gate to the outside. It is the only secure accessto the entire sys
tem. of the vehicle.

GLOSSARY

CAN Controller Area Network (standardized protocol developed by Boschfor network
systems).
CARB California Air Resources Board.
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CD-ROM Compact disk read only memory, a data storage medium.
DIS Draft International Standard. :
ECU Electronic control unit.

EGR Exhaust-gas recirculation.
EPA Environmental Protection Agency.

Freeze frame Faults stored together with various related parameters,

HC Hydrocarbon.

ISO International Standardization Organization.

ISO 9141-2 Standardized protocol for data exchange between ECUsandtesters,
Lambda controller Electronic system for controlling theair/fuel ratio.
Lambda sensor A sensorforair/fuel ratio (oxygen sensor).
MIL Malfunction indicator lamp (indicates emission-relatedfaults to the driver).
OBDIE On Board Diagnostics I.

Off-board diagnosis Diagnosis performed by meansoutside a vehicle.

On-board diagnosis Diagnosis performed by means within a vehicle.

OSI Open System Interconnection. :

PC Personal computer.

PWM_ Pulse-width modulation.

RS 232 Standardized data link (hardware).

Scan tool Small tester that can be connected to the diagnostic connector to interrogate
emission-related fault codes.

SAE Society of Automotive Engineers.

TDC Top dead center.

Terminal 1 Connectionto a signalrelated to ignition timing.

VAN Vehicle Area Network (French proposal for network protocol).
VPM Variable pulse-width modulation.
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5,477,452
1

UPSHIFT INDICATOR FOR MANUAL
TRANSMISSION

This invention relates to a shift indicator for a manual

transmission automobile designed to induce the operator to
shift at predetermined points.

BACKGROUND OF THE INVENTION

Shift indicators are commonly used on manual transmis-
sion vehicles to assist non-expert drivers in determining
when it is appropriate to shift the transmission to a higher
gear in order to maximize driving fuel economy. A system
calibrated such that absolute maximum fuel economy would
be obtainedif a shift occurs at the point indicated by a shift
indicator may exhibit a noticeable sag in axle torqueat the
shift and therefore result.in an unpleasant shift feel to the
operator. In such situations, operators quickly learn to ignore
the shift indicator thus rendering it ineffective for its
intended purpose of maximizing fuel economy. Fuel
economy figures requircd to be displayed on new vchicles
for sale in the United States are arrived at through a
customer usage weighting of the fuel economy obtained on
vehicles tested using the upshift indicator light and fuel
economy obtained without using the upshift indicator light.
It is therefore desirable to balance the pleasability of the shift
at the point indicated by the shift indicator with the fuel
economy benefits at that shift point since this will tend to
result in higher customerusage, higher actual fuel economy
and higher fuel efficiency ratings for a particular vehicle.

Conventional shift indicator calibration typically involves
setting manifold absolute pressure (MAP) thresholds at a
variety of speeds. Such a method can be time consuming and
result in non-optimal shift points. Additionally, as actnal
engine torque changes due to spark retardation for control of
engine knock as may be practiced in the engine control, the
calibrated shift points based on MAP thresholds may no
longer be appropriate, thereby exacerbating the aforemen-
tioned axle torque sag thus leading to opcrator disregard of
the shift indicator and reduced fuel economy.

SUMMARY OF THE INVENTION

An objective of the present invention is therefore directed.
toward an improved methodof determining shift points and
indicating the same to a vehicle operator in order to maxi-
mize real driving fuel economy by balancing fuel economy
with maximum shift pleasability.

Another object of the invention is to adapt shift indication
for actual engine torque conditions.

A further object is to simplify the calibration of shift
indicator systems and allow for flexible indexing of the
system according to desired fuel economy versus perfor-
mance profiles.

The control of the present invention calculates a term
referred to as Upshift Torque Ratio (UTR) which represents
the ratio of predicted wheel torque in the next highest gear
to present wheel torque in the current gear. The UTR is
compared to a predetermined calibration threshold value to
determine if upshift indication is appropriate. The calibra-
tion threshold determines the characteristics and balance of

the shift in terms of fuel economy and performance: A
threshold value close to unity provides a shift point which
will achieve maximum fuel economy, while a threshold
value higher than unity will provide for increased perfor-
manceshifting.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a motor vehicle manual transmission driv-

etrain, spark ignition internal combustion engine and com-
puter based engine control unit.

FIGS, 2-4, 5A and 5Bare flow diagrams representative of
computer program instructions executed by the computer
based engine control unit of FIG. 1 in carrying out the
control of this invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to FIG. 1, the reference numeral 10 generally
designates a motor vehicle drivetrain comprising a spark
ignition intemal combustion engine (engine) 12, engine
output shaft 18 and the combination of conventional manual
clutch, gearbox and final drive assembly (manual drivetrain)
16. Output shaft 22 drives the vehicle wheels (not shown)
for propelling the vehicle at a speed directly proportional to
its rotation.

A throttle 24 controls the ingestion of combustion air
through the engine intake manifold designated by the
numeral 26. Throttle 24 is positioned in a conventional
manner by an operator-manipulated accelerator pedal 28, as
indicated. An exhaust gas recirculation (EGR) actuator 30
additionally returnsa controlled amountof exhaust gases to
the manifold 26 in accordance with an EGR control signal
on line 32, Engine fueling is controlled by a conventional
fuel injection apparatus generally designated by the refer-
ence numeral 34 in accordancewitha fuel pulse width signal
on line 36.

The engine ignition function is carried out with a con-
ventional spark ignition system (not shown) which cooper-
ates with a conventional electronic spark timing (EST) unit
38 to initiate combustion in the various engine cylinders in
accordance with a spark timing signal on line 40. Spark
timing signals are generated by computer based engine
control unit 42 in a predetermined manner in accordance
with various operating parameters (including sensed cnginc
knock)ofthe drivetrain 10 in a manner well knownto those
skilled in the art. Control unit 42 receives inputs required by
the present embodimentincluding manifold absolute pres-
sure (MAP) on line 46, engine speed (Ne) on line 50 and
output spced (No) on line 54. Knock scnsing means Kn are
also shown providing signal input via line 56 to control unit
42. Control unit 42 indicates via line 60 the state of an

upshift indicatorlight or equivalent visual display suchas is
found in conventional instrumentation in a motor vehicle.

Line 60 may provide a logic signal to a instrument cluster for
further processing or may drive a lamp directly via a power
driver in control unit 42. Control unit 42 may be mechanized
with a conventional state of the art microcomputercontroller
including a central processing unit, memory and input-
output devices.

FIGS. 2-4, 5A ad 5B depict flow diagrams represcntative
of computer program instructions executed by the computer
based engine control unit 42 of FIG. 1 in carrying out the
upshift indication function ofthis invention. The flow dia-
gram of FIG. 2 represents an executive or main loop
program which initiates the operation of a number of sub-
routines for performing various enginc controlrelated tasks.
The flow diagrams of FIGS. 3-5 represent the subroutines
which are pertinent to the upshift indication function of this
invention.

Referring now more particularly to the main loop flow
diagram of FIG. 2, reference numeral 210 generally desig-
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nates a set of program instructions executed at the beginning
of each period of vehicle operation. The instructions initial-
ize various registers, timers, flags and variables stored in
control unit 42. After initialization at 210, the routine
proceedsto instruction block 220 and enables all software
timer and hardware interrupts for executing subroutines to
Carry out various engine control functions. Step 230 is next
encountered and represents an interrupt wait loop together
with return line 231 wherein the control performs various
conventional background functions such as engine diagnos-
tic routines and reading and conditioning oxygen sensor
inputs while awaiting a timer or hardware interrupt to call
subroutines for performing various specific engine control
functions according to predetermined schedules or trigger-
ing events.

In the present preferred embodiment, a timer interrupt
(6.25 INT) occurs at 6.25 millisecond intervals and causes
the execution of the program steps shownin FIG.3. Instruc-
tion block 310 is first executed for performing various
predetermined engine contro] functions appropriate for the
frequencyofthe 6.25 msinterval. Decision block 320is next
executed to determine if a set of less frequently executed
instructions generally designated by numeral 321 is to be
executed. This may be caused to occur, for example, by well
known andpracticed techniques such as the expiration of a
timer, requisite multiple passes through the 6.25 ms INT
routine or separate timer interrupt having priority to execute
and return control to the current 6.25 ms INT routine.

Decision block 320 indicates an exemplary frequency for
execution of instruction set 321 of every 12.5 ms which in
the present embodiment is caused to occur every second
pass through the 6.25 ms interrupt. If it is not time for
execution of instruction set 321, control passes to decision
block 330. Assuming it is time for execution of instruction
set 321, control unit 42 at instruction block 325 reads and
conditions the various input signals applied to lines 46-56,
and calculates various terms used in subsequent steps,
including spark retard, barometric pressure (BARO) and
percent exhaustgas recirculation (%EGR). Instruction block
327 next performs various predetermined engine control
functions appropriate for the frequency of the 12.5 ms
interval. Block 329 refers to the computation of the Upshift
Torque Ratio (UTR) whichis set forth in detail in the flow
diagram of FIG. 4 as shown.

Decision block 330 is next executed to determineif a set

of even less frequently executed instructions generally des-
ignated by numeral 331 is to be executed. This may be
caused to occur in any appropriate manner similar to those
discussed for decision block 320 as are well known and

practiced in the art. Decision block 330 indicates a fre-
quency for execution ofinstruction set 331 of every 100 ms.
If it is not time for execution of instruction set 331, the 6.25
ms interrupt routine is complete and control returnsto the
background routine of FIG. 2. Assuming it is time for
execution of instruction set 331, control unit 42 at instruc-
tion block 335 perform various predetermined engine con-
trol functions appropriate for the frequency of the 100 ms
interval. Block 337 refers to the execution of the shift light
logic routine which is set forth in detail in the flow diagrams
of FIGS. 5A and 5B asindicated. Finally, control unit 42
outputs a signal online 60 shown in FIG.1 for indicating the
state of the upshift indicator light as well as various other
output signals for instrumentcluster displays such as vehicle
speedometer, oil pressure and coolant temperature for
example.

Referring now to FIG.4, a preferred routine for calculat-
ing the Upshift Torque Ratio (UTR CALCULATION) for
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use in upshift indication according to the present invention
is illustrated. The parenthetical designations (g) and (g+1)
where appended to variables as used herein designate cur-
rent gear and next highest gear values, respectively. Where
no parenthetical designations are used, current values are
referenced. A set of steps generally designated by numeral
410is first executed to determine a current value of engine
torque. Upon entry of UTR CALCULATION, Block 411
calculates the current gear ratio “GR(g)” from current
engine speed “‘Ne(g)” and output speed “No” according to
the following expression:

GR(g)=Ne(g)/No

A check is made at decision block 412 to determine if the

calculated gear ratio matches a known gear ratio and, if no
match is recognized, passes processing to block 421 which
sets upshift torque ratio (UTR) to a default value of two in
the present embodiment and then exits the UTR CALCU-
LATIONroutine. THE DEFAULT VALUE ISessentially a
“don’t care” value that won’t be used for further processing
as will be seen in later discussion of FIG. 5A, decision block
522. GR(g) will match a given gear provided the manual
clutch is engaged andslip thereacross is minimal. Where the
clutch is disengaged, as may be the case where the operator
hasinitiated a shift, a gear match maynot occur.If the gear
ratio matches a knowngear, block 413 calculates the percent
torque loss “%TQLOSS” in the current gear due to the
current amount spark retard. The present embodiment
assumes spark retard is a controlled engine parameter used,
for example, to control engine knock in a manner known in
the art. Spark retard is preferably accounted for in this -
embodimentsince it may haveasignificant effect on enginc
torque, especially at low and moderate engine speeds where
both the incidence of engine knock is most prevalent and
more fuel efficient upshifting will typically occur. The
percent torque loss is determined through application of the
expression:

%TQLOSS(g)=SPKRET(g/SPKRET(100% tqloss)

where SPKRET(g)is the current amountof spark retard and
SPKRET(100% tqloss)is the amount of spark retard needed
for 100% torque loss. Spark retard may be determined from
empirically determined calibration tables. Spark retard may
be a value adaptively derived as shown, for example, in U.S.
Pat. No. 5,090,382 issued Feb. 25, 1992 and assigned to
Saturn Corporation.

Engine volumetric efficiency “VE(g)” is next referenced
from a calibration table a function of engine speed Ne(g) and
MAP atblock 415, Current engine torque “TQ(g)” is then
determined at block 417 according to the expression:

TQ(2)=[(MAP(g)* VE(2)*K)*(EGR(g))-Tfl*(TQLOSS)

whereKis a calibration constant predetermined during fuel
metering and related to actual engine displacement, operat-
ing temperature, combustion efficiency, fuel/air energy con-
tent and the universal gas constant; EGR(g) is a gain
substantially corresponding to the complement of current
percent exhaust gas recirculation (1—-%EGR); Tf is a torque
offset related to engine mechanical friction at current engine
speed and the term TQLOSSrepresents a gain substantially
corresponding to the complementof the percent torque loss
attributed to the current spark retard (1-%TQLOSS(g)).

A set of steps generally designated by the numeral 430 is
next executed for the purpose of calculating a predicted
value of engine torque available in the next higher gear at the
current output speed. Preferably, the predicted torque value
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corresponds to a maximum available torque (wide open
throttle) in the next higher gear which simplifies the asso-
ciated predicted torque calculation. The present embodiment
exemplifies calculation of a predicted maximum engine
torque.

Block 431first calculates a predicted engine speed in the
next higher gear Ne(g+1) based on current engine speed
Ne(g), the current gear ratio GR(g) andthe gear ratio in the
next higher gear GR(g+1). It is an assumption at this step
that output speeds at current and next higher gears No(g),
No(g+1) would be substantially equivalent and therefore
predicted engine speed is.a simple function of the current
engine speed, current gear ratio and next higher gear ratio in
accordance with the following relationship:

Ne(g+1}=Ne(g)*GR(g+1)/GR(g)

Predicted spark retard in the next higher gear SPKRET(g+
1) is calculated at block 433 from predicted engine speed
Ne(g+1), BARO and any amount of adaptive spark retard
(ASR) such as may be appropriately applied according to,
‘for example, previously reference U.S. Pat. No. 5,090,382.
Since the maximum engine torque available in the next
higher gear is being determined, BAROis preferably used in
lieu of a predicted value of MAP since BAROsubstantially
represents a maximum torque condition. Alternatively, a
predicted value for MAP could be used.

Predicted percent torque loss in the next higher gear
“%TQLOSS(g+1)” due to predicted spark retard is calcu-
lated at block 435 according to the followingrelationship in
a manner similar to that provided at step 413:

%TQLOSS(g+1)=SPKRET(g+1)/SPKRET(100% iqloss)

where SPKRET(g+1) is the predicted amount of spark retard
(including any amount of adaptive spark retard) as calcu-
lated at block 433 and SPKRET(100% tqloss) is the amount
of spark retard needed for 100% torqueloss.

Block 437 next references predicted volumetric efficiency
“VE(g+1)” in the next higher gear as a function of predicted
engine speed Ne(g+1) and BARO. Again, BAROis utilized
in lieu of a predicted MAP value since maximum engine
torque conditions are assumed. The final step in the set
designated 430 for calculating predicted engine torquein the
next higher gear is designated 439 and calculates predicted
engine torque “TQ(g+1)” according to the expression:

TO(g+1)=[BARO*VE(g+1) *K)-TfP(TQLOSS)

whereKis the calibration constant previously disclosed with
regard to block 417; Tf is the torqueoffsct related to engine
mechanical friction at the predicted engine speed Ne(g+1)
and the term TQLOSSrepresents a gain substantially cor-
responding to the complement of the percent torque loss
attributed to the predicted spark retard (1-%TQLOSS(g+
1)). It is here noted that BARO again is used in lieu of MAP
in the preceding expression. Consistent with the assumption
of maximum engine torque (wide openthrottle), the percent
exhaust gas recirculation becomes zero in the present
embodiment. The gain attributed zero %EGRis therefore
unity in the present embodiment thereby accounting for the
absence of an explicit EGR gain term in the expression of
the predicted engine torque.

Finally, block 450 establishes the current and predicted
wheel torques as the product of respective engine torques
and corresponding gear ratios, and establishes the ratio of
predicted wheel torque to current wheel torque to establish
the UTR in accordance with the expression:

UTR=(TQ(@+1)*GR(g+1))(TQ(g)*GRig))
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In the present embodiment, of course, the UTR represents
the ratio of maximum predicted wheel torque to current
wheel torque. Thereafter, program control returns to deci-
sion block 330 illustrated in FIG. 3.

The UTR calculated provides a single dynamic parameter
derived from continually updated inputs having measurable
impact upon the wheel torque available in the current gear
and from predicted wheel torque available in the next higher
gear. Preferably, as illustrated in the present embodiment,
dynamic torque reducing influences such as exhaust gas
recirculation control and spark retard for engine knock
control are factored into the torque calculations to provide
for finely tuned torque estimations responsive to dynamic
driving conditions. It is contemplated that other factors
influencing engine torque, for example fuel composition in
variable fuel vehicles, may likewise be factored into the
expressions where appropriate.

A measure ofthe ratio of predicted wheel torque in the
next higher gear to current wheel torque in the present gear
(UTR) provides information for control of an upshift indi-
cator in a mamner less complicated and more accurately
representative of dynamic driving conditions than conven-
tional MAP threshold techniques. Additionally, the present
invention utilizing UTR is suitable for customizing shift
point indications according to any desired fuel economy/
performance profile. When the UTR is less than one, the
vehicle will decelerate and possibly exhibit undesirable
driveline disturbance if an upshift is completed. With a UTR
substantially equal to one, the operator may need to increase
the throttle position in the next higher gear to maintain
speed. Moreover, a UTR near oneindicates an upshift point
which will yield maximum fuel economy. As the UTR
inercases beyond one, more performanceoriented shifts to
the next higher gear are possible. Therefore, a calibration
threshold against which the UTR is comparedwill determine
the operation of an upshift indicator and corresponding shift
feel and economy at that indicated shift point. The calibra-
tion threshold can readily be chosen to match the desired
fuel economy/performanceprofile of the vehicle. The cali-
bration may be so chosen to maximize actual fuel economy
by indicating that an upshift is appropriate at a point where
the pleasability of the shift yields high operator usage at
relatively high levels of fuel economy.

Turning to FIG, 5, and exemplary flow chart is illustrated
for utilizing the UTR previously calculated for upshift
indication according to the invention. The SHIFT LIGHT
LOGICroutine of FIGS. 5A and 5B is executed at step 337
of the 6.25 ms interrupt routine set forth in FIG. 3 and
comprises a set of entry condition steps (blocks 511 through
525) designated generally by numeral 510 andaset ofshift
threshold steps (531 through 533) designated generally by
numeral 530. The purpose of the SHIFT LIGHT LOGIC
routine is to establish the state of the shift light flag “SL
FLAG”which in turn controls the state of the shift light.
First, engine speed Ne is checkedat block 511 to determine
if it exceeds a predetermined maximum allowable engine
speed threshold K1. If the threshold is exceeded then an
upshift is required regardless of the value of UTR and
control is therefore passed via line 560 to block 542 where
the shift light flag is set to one (SL FLAG=1). If the
threshold at block 511 is not exceeded, decision block 512
is encountered.

Decision block 512 performs a check of coolant tempera-
ture against a predetermined threshold K2. Where the
threshold is not exceeded, the engine has not attained a
predetermined operating temperature and control passes to
line 550 to bypass shift threshold steps 530. Where the
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coolant temperature threshold is satisfied, decision block
513 is next executed.

Decision block 513 determines if the output speed sensor
is operational. If the speed sensor is not operational, control
passes to line 550 to bypass shift threshold steps 530. An
operational output speed.sensor allows contro] to pass to
decision block 514 where a check is performed to determine
if the vehicle is at a standstill (No=0). Where the vehicle is
at rest, block 516 sets GEAR and OLDGEARtothe lowest
gear value of | representingfirst or starting gear; thereafter,
bypass ofshift threshold steps 530 occurs via line 550. If the
vehicle is not at rest, decision block 515 is next encountered.

Throttle position “%T”is checked at block 515 against a
closed position threshold K3. Closed throttle is indicative of
vehicle coast, a state of operation whercin the engine is not
imparting torque to the drive wheels and thus does not
necessitate an upshift. Closed throttle may also be indicative
of the operator purposefully using the drivetrain to deceler-
ate the vehicle. Therefore, where a closed throttle is
detected, contro] bypasses the upshift threshold steps 530
and proceeds with execution of block 552. A non-closed-
throttle position is indicative of the engine imparting torque
to the drive wheels—operation which may benefit from a
gear upshift—and therefore control remains in the entry
condition steps 510 by executing block 522.

A check is performed at block 522 to determine if the
current calculated gear ratio GR(g) matches a known gear
ratio associated with a GEAR value (i.e. 1-5). As mentioned
in connection with step 412 in FIG. 4, an already initiated
shift may account for a no gear match condition. If no match
occurs control passes to decision block 526 thereby bypass-
ing the remaining entry condition steps 510 and any shift
threshold steps 530. Block 526 decides if the shift light is
active by checking SL FLAGandif so passes control to line
560 to maintain the current SL FLAGstate as one. Where

block 526 decides that the shift light is inactive, control
passesto line 550 to likewise maintain the current SLFLAG
state as zero. Therefore, ano gear match condition maintains
the current state of SL FLAG and bypasses processing of
shift threshold steps 530. A gear match at block 522 passes
control to decision block 523.

The current matched gear is checked at block 523 to
determineif it is the highest gear available in which case no
upshift is possible. If GEAR is equal to the highest gear
available then upshift threshold steps 530 are bypassed via
line 550. If higher gears are available then processing
continues at step 524 with a check if the engine speed Ne
exceeds a predetermined threshold speed K4(GEAR) which
is a function of the current gear and represents a minimum
engine speed appropriate for upshift to the next gear. Where
the threshold engine speed is not exceeded, upshift threshold
steps 530 are bypassed via line 550. Where the threshold
engine speed has been satisfied, a final entry condition step
is performed at block 525 to determine if the current gear
status is steady state. If the current gear does not equal the
last gear (GEAR#OLDGEAR),then a steady state condition
is not present and line 550 is once again used to bypass
execution of the upshift threshold steps 530. A steady state
wherein the last known gear equals the current gear allows
processing to pass into the upshift threshold steps 530.

With the exception of throttle entry condition at block
515, any failed decision block in the entry condition steps
510 routes processing to block 551 whichinitializes a shift
light on counter “SLONTIM”. Block 552 is thereby next
encountered and initializes a shift light delay counter
“SLDLY”to a predetermined threshold value K7. Block 552
is alternatively encounteredasa first step after failed throttle
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entry condition at block 515 thereby bypassing block 551
and corresponding reset on SLONTIM thereat. This is done
for the purpose of preventing continual resetting the timer
and cycling of the shift light during closed throttle engine
braking on a downhill grade and also for preventing reset-
ting of the timer if closed throttle is momentarily encoun-
tered. The exact purpose and usage of SLONTIM and
SLDLYwill be explained at a later point. Finally, it follows
that since an entry condition was notsatisfied in steps 510,
the shift light flag is set to zero (SL FLAG=0) to thus
establish the shift light state as OFF.

Upshift threshold steps 530 are accessed at decision block
531 whereat a determination asto the shift light state is made
according to the status of SL FLAG.If the shift light is off
(SL FLAG=0) then the routine branches to the left and
executes block 533. Block 533 compares UTR toafirst
predetermined torque ratio threshold K5 which if not
exceeded causes execution of block 553 thereby maintaining
the shift light flag at a value of zero.If the result of decision
block 533 is that UTR exceeds the threshold K5, then
processing passes to block 541. Returning to block 531, if
the shift light is on (SLFLAG=1) then block 532 is executed
to compare UTR to a second predetermined torque ratio
threshold K6. In the case where UTR is less than the
threshold K6, then block 553 is executed and sets the shift
light flag to zero, Alternatively, where UTR equals or
exceeds the threshold K6, decision block 541 is executed.
The preceding steps of upshift threshold steps 530 comprisc
separate checks of UTR against one of two torque ratio
thresholds K5 or K6 wherein K5>K6, the threshold check
being determined accordingto the state of the SL FLAG. A
degree of hysteresis is thereby introduced to stabilize the
state of the SL FLAGandcorrespondingshift light state.

Decision block 541 is executed from either block 533 or

532 whenit is appropriate according to the predetermined
torque thresholds for the SL FLAG to be set to one (SL
FLAG=1). Block 541 checks shift light delay counter
SLDLY for expiration, thereby introducing a delay into the
routine prior to setting the SL FLAG at block 542 according
to a predetermined numberof passcs through upshift thresh-
old steps 530 and on to block 541 without intervening failure
at any preceding entry condition step 511 though 525 to
minimize shift light busyness. Where the shift light delay
counter has not expired, it is decremented at block 543 and
passes control to block 553 thus setting the shift light flag to
zero (SL FLAG=0). An expired shift light delay counter as
determined at block 541 causes processing to proceed to
block 542 where the shift light flag is set to one (SL FLAG=
1). Thereafter execution of block 542, decision block 544is
encountered and checksif the shift light on counter SLON-
TIM exceeds a predetermined threshold K8. Where the
threshold K8 is exceeded,the shift light flag is set to zero at
block 553 thereby limiting the indicator light on time to
prevent any annoyance continual illumination may cause to
operators who chooseto ignore it. Where the threshold K8
has not been exceeded,the shift light on counter SLONTIM
is incremented at block 545. :

When SHIFT LIGHT LOGICroutine shown in FIG. 5
returns control to block 339 in FIG.3, the state of SL FLAG
is used to establish an output signal on line 60 of control unit
42 to cause illumination of a shift indicator light as previ-
ously described.

While the invention has been exemplified with respect to
a preferred embodiment as disclosed herein, it is contem-
plated that various modifications and alterations will be
apparentto one having ordinary skill in the art and therefore
the embodimentis intended to be taken by way of example
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and notlimitation. Accordingly, the inventionis intended to
embraceall alternatives, modifications and variations which
are within the scope of the appended claims.

The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:
1. In a motor vehicle having an engine and a manual

transmission for imparting torqueto at least one whecl and
an upshift indication means for indicating a shift point by
prompting a vehicle operatorto shift from a current gear to
a next higher gear, a method of shift point indication
comprising the steps of:

calculating a torque ratio of a predicted wheel torque in
accordancewith the next higher gear to a present wheel
torque in accordance with the current gear;

comparing the torque ratio to a predetermined threshold;
and

outputting a signal when said torque ratio exceeds said
predetermined threshold to thereby indicate said shift
point.

2. A methodof shift point indication according to claim 1
wherein said predicted wheel torque substantially corre-
sponds to a maximum wheel torque.

3. A methodof shift point indication according to claim 1
wherein said predetermined threshold corresponds to a
torque ratio whercat a shift to the next higher gear will
maximize fuel economy.

4. In a motor vehicle having an engine and a manual
transmission for imparting torque to at least one wheel and
an upshift indication means for indicating a shift point by
prompting a vehicle operator to shift from a current gear to
a next high gear, a method of shift point indication com-
prising the steps of:

25
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calculating a current engine torque value in the current
gear in accordance with predetermined engine param-

-eters;

calculating a predicted engine torque value in the next
higher gear in accordance with said predetermined
engine parameters;

establishing a current wheel torque value from said cur-
rent engine torque value in the present gear and a gear
ratio corresponding thereto;

establishing a predicted wheel torque value from said
predicted engine torque value in the next higher gear
and the gear ratio corresponding thereto;

calculating a torque ratio of said predicted wheel torque to
said current wheel torque;

comparing said torque ratio to a predetermined threshold;
and

outputting a signal when said torque ratio exceeds said
predetermined threshold to thereby indicate said shift
point.

5. A methodofshift point indication according to claim 4
wherein said predetermined engine parameters comprise
spark retard,

6. A method ofshift point indication according to claim 4
wherein said predetermined engine parameters comprise
exhaust gas recirculation.

7. A method of shift point indication according to claim
wherein~-said predetermined engine parameters comprise
fuel composition.
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[57] ABSTRACT

A shift indication apparatus having an engine rotation
sensor, a throttle valve sensor, and a shift position sen-
sor, a microcomputer having a ROM and RAM for
storing data corresponding to the engine speed, throttle
valve openings, and the shift positions therein, and an
indicator for indicating preferable shift positions to be
performedby a driver in which a torque data map and
a fuel consumption rate data map have stored in the
ROMfor calculating various torque and fuel consump-
tion rates so as to obtain preferable shift positions relat-
ing to optimum fuel consumption rate in accordance
with said data detected. With this construction, it be-
comespossible for a driver to run his car in accordance
with the indicationsof the shift operation on the indica-
tor so as to enable the economical running of the car to
be realized. :

12 Claims, 4 Drawing Figures
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OPTIMUM SHIFT POSITION INDICATION
USING SUCCESSIVE TWO-DIMENSIONAL DATA

MAPS

BACKGROUND OF THE INVENTION

1. Field of the Invention

Thepresent invention relates to a shift indication unit
which can be used for an automotive vehicle having a
manual transmission and for indicating to a driver
change-speed operations to be performed relating to
preferable shift position with respect to optimum fuel
consumption, and a method of performing the optimum
speed change operation so as to reduce fuel cost.

2. Description of the Prior Art
Recently, the situation and circumstances surround-

ing supply of oils have deteriorated, and various re-
search and developmentactivities have been made in

15

responsein an attempt to improveefficientutilization of 20
energyin each technical field in industry. The situation
is the same in the autombile industry, where various
research and development for improving engines to
have better thermal efficiencies and for pursuing better
methodsfor performing effective combustionof fuel for
vehicles with less fuel consumption rate have been un-
dertaken. However,there is a problem that unless oper-
ations including acceleration operation and shift opera-
tion are included,it is not possible for driving operation
to sufficiently demonstrate the improved fuel consump-
tion performance thus reached.

SUMMARYOF THE INVENTION

It is therefore a main object of the present invention
to provide a shift indication apparatus which is capable
of performing optimum running with a good fuel con-
sumption rate by indicating to a driver preferable shift
positions for the optimum fuel consumption during the
running of the automotive vehicle.

It is another object of the present invention to pro-
vide a shift indication apparatus having a microcom-
puter including a speed change instruction indicator and
a ROM in which predetermined torque and fuel con-
sumption mapsare storedso as to calculate and indicate
on the indicator preferable shift positions corresponding
to the optimum fuel consumption rate.

It is still another object of the present invention to
provide a speed change operation and indication unit
having a microcomputer comprising a ROM and a
RAM into which data corresponding to the ‘current
engine speed and current shift position as well as throt-
tle valve opening are stored and expected torque and
fuel consumptionrates are calculated from the data read
from the RAM together with the predetermined maps.

According to one feature of the presentinvention, the
shift indication apparatus is characterized in that the
unit comprises sensors for detecting the engine speed
and the opening ofa throttle valve, meansfor calculat-
ing an expected or assumed fuel consumption rate in
order to generate the same driving horsepoweras that
in the current car running conditions at a certain shift
position adjacent to the particular shift position of the
transmission at that time, means for comparing the cur-
rent fuel consumption rate with the assumed fuel con-
sumptionrate so as to select a preferable shift position
with the optimum fuel consumption rate, and means for
indicating to the driver shift operation instructions to
the preferable shift position.
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These and other objects and advantages of the pres-

ent invention will become more apparent from the fol-
lowing detailed description with reference to the ac-
companying drawings. ,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is an overall construction of one embodiment

of the shift indication apparatus according to the pres-
ent invention,

FIG.2 is one example of the characteristic curves of
a torque data map stored in the ROM in the microcom-
puter in FIG. 1 and

FIG.3 is one example of the characteristics of a fuel
consumption data map stored in the ROM in the mi-
crocomputer in FIG.1.

FIG. 4 is a programmed flow chart of the speed
change operation indicating unit of FIG. 1 for the pur-
pose of explaining the operation of the unit according to
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, the shift indication apparatus
with a manual transmission according to the present
invention comprises an engine speed sensor 1 for detect-
ing the engine speed and for producing pulse signals of.
a frequency proportional to the engine speed, a shift
position sensor 2 for detecting the shift positions of the
transmission, a throttle sensor 3 for detecting the open-
ing degree of the throttle valve by means of, for in-
stance, a potentiometer, an A/D converter 4 for.con-
verting analog signals from the throttle valve sensor 3
into digital signals, a microcomputer 5 for performing
various calculations in accordance with the different
signals from the sensors, and an indicator 10 for indicat-
ing the result of the calculations.

The microcomputer 5 further comprises an input-
/output port (1/O port) 6, a central processing unit
(CPU) 7, a read only memory (ROM)8, and a random
access memory (RAM) 9. In the microcomputer 5,
there is provided a bus BUS which communicates the
I/O port 6 and the CPU 7, ROM 8, and RAM 9.

The engine speed sensor 1 is mounted in a distributor
(not shown)and the outputof the sensoris connected to
the input of the I/O port 6 so as to transmit the output
pulses to the microcomputer 5 through the I/O port 6
and to store the data correspondingto the engine speed
into the RAM 9. The output of the shift sensor 2 is
connected to the input of the I/O port 6 so as to trans-
mit the output signals thereof to the microcomputer 5
through the I/O port 6 and to store the data from the
shift sensor 2 into the RAM 9.Similarly, the output of
the throttle sensor 3 is connected through the A/D
converter4 to the input of the 1/O port 6 so as to trans-
mit the output signals thereof to the microcomputer 5
through the A/D converter 4 and to store the. data
corresponding to the throttle value opening into the
RAM9 after converting from the analog signals into the
digital signals. The input of the indicator 10 is con-
nected to the output of the I/O port 6 so asto indicate
each preferable shift position corresponding to the opti-
mum fuel consumption rate in accordance with various
parameters calculated. /

The indicator 10 includes a shift-up indicating lamp
102 and a shift-down indicating lamp 108.

The indicator 10 may be assembled by light emiting
diodes (LED)so as to perform shift-up and shift-down
indications by up and down directed arrow marks. Al-



1774

4,559,599
3

ternatively, the indicator:10 may.also be replaced with
other. voice combining circuit so as to announce: the
shift operations by voice instead of the indications:

Before explaining the: operation of the apparatus ac-
cording to the present invention, reference must: be
made to the torque: data map.shown in FIG.:2 and the
fuel consumption rate data:map shown in: FIG.:3. The
torque data mapindicative of torque curves T as shown
in FIG. 2. has been stored in the ROM 8 in advance. The
fuel consumption rate data map indicative of equal fuel
consumption rate curves B as.shown in FIG. 3 has been
also stored in the ROM 8.in advance. In FIG. 2, each
equal: torque curve T was prepared by plotting and
connecting equal torque :points on: the graph. with re-
spect to the engine speed.vs. throttle valve opening. In
FIG. 3, each fuel consumption rate curve B was pre-
pared by plotting and connecting equal fuel consump-
tion rate points on a graph obtained in advance by ex-
periment data with respect to the engine speed and the
torques thus calculated.

In operation, the microcomputer 5 functions in such a
manner: that it determines current torque from: the
torque data map stored in the ROM 8 and otherdata
corresponding to the engine speed: detected by the sen-
sor and throttle valve opening detected by the throttle
sensor 3, determines: expected: fuel. consumption rate
from the fuel:consumption rate:data map.also stored in
ihe ‘ROM 8 and the torque thus determined as. well as
the engine speed, and: compares the fuel consumption
rate thus determined with an assumed fuel consumption
rate when speed change operation is performed from
the currentshift position to the adjacent shift position in
accordance with a control program, whereby: an in-
struction signal for changing suitable shift ‘position re-
lating: to optimum fuel: consumption rate:is generated
from the: microcomputerandit is: indicated on the indi-
cator 10.

The operation of the shift indication apparatus will
now be made with reference to the control program
flow chart shown in FIG. 4.

-= First ofall, the engine speed sensor 1 produces pulse
signals proportional to the engine speed during running
of the automotive vehicle and transmits these signals to
the microcomputer5. In this case, as shown in FIG. 4,
the operation of a main routine is started at a predeter-
mined timing, e.g. periodical timing pulses from a timer
(not shown) and the detection of the engine speed Ne
from the sensor1 is carried out and it is stored into the
RAM9atthe step 20. Then, the engine speed N¢ is read
from the RAM 9 andit is compared with a predeter-
mined number N (= 1000 rpm) to determine whetheror
not the Ne exceeds the value 1000 at the step 21. If the
result of the decision is YES, the next step 22 is exe-
cuted. Thatis, in the step 22, the reading in of the open-
ing of the throttle valve is performed throughthe throt-
tle sensor 3 and the A/D converter4. In the abovecase,
if the result of the decision in step 21 is NO, the main
routine is terminated by determining thatthe shift oper-
ation is not necessary and the engine speed N,is read
again at the predetermined timing and now the opera-
tion returns to the step 20.

In the step 22, the throttle valve opening @ is detected
by the throttle sensor 3 and is then stored in the RAM
9 after conversion from the analog signals into the digi-
tal signals through A/D converter 4. The next step 23,
i.e. the torque search step is executed. In this step, the
torque T, is determined from the torque curves T on the
torque data map as shownin FIG.2 and whichhas been
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stored: in the ROM:8 in the microcomputer 5,-:in accor-
dance with: the detected data corresponding to the en-
gine speed Ne and the throttle valvé opening 6. In this
case, assuming that the engine'speed’ Nz is 3600 rpm and
the throttle valve’ opening @ is 30 degrees, the’ torque
value Te=11 kg-m is determined from the cross point
on the torque curve T in the torque data map.

Thenin the next step 24,i-e. the torque determination
step is executed. In this step 24, a decision is made as to
whether or not the value of the torque Te thus calcu-
lated in'the step: 23 is larger than 0.05 kg-m, i.e. the
vehicle speed is in the middle of speed reductionoritis
close to the speed reduction. If the result of the decision
is YES, the next step, fuel consumption séarch step 25,
is executed, if the resultof the’ the decision is NO, the ©
operation of the main routine terminates. In the step 25,
the fuel consumption data is read from the equal fuel
consumption rate curves B on. the fuel data map shown
in FIG. 3 which has been stored in the ROM 8 andfuel
consumptionrate is searched from the calculated torque
Te and the engine speed Ne.
' Namely,if the shift position is in the fourth speed, as
the torque T, is 11 kg-m‘and the engine speed is 3600
rpm, the point F4 is obtained on the fuel consumption
rate curves B in the fuel consumption rate data map.
Since the point F4 is in the area of the fuel consumption
rate Be=300 g/psh to.350: g/psh, the fuel consumption
rate of the fourth speed is determined as 300 g/psh to
350 g/psh in this case.

Then the next horsepower calculation step 26 is exe-
cuted. In this:step 26, the horsepowerP is calculated in
accordance with the following equation.

P=NeX Te/716.2

P=driving power in ps
where

N-=the engine speed in rpm
Te=torque in kg-m
In the step 27, the detected data from the shift posi-

tion sensor 2 is stored in the RAM 9 in the microcom-
puter 5 through the I/O port 6.

In the step 28, a neutral position decision is per-
formed. Thatis, the decision is made whetheror not the
shift position stored in the step 27 is in the neutral posi-
tion,i.e. whether or not SP=0is determined.If it is not
the neutral in this case, the step 29 for deciding thefifth
speed is executed. On the other hand,if thé result of the
decision is neutral, the main routine operation is termi-
nated as it is not necessary to indicate the speed change
operation.

In the step 29, since the shift position SP is deter-
minedasthefifth speed or the upmostshift position, the
assumed processing for shifting up operations shown in
the steps 30 through 36 is skipped and now the opera-
tion moves to the calculating step for the number of
engine rotations at the time ofthe shifting downin the
step 37.

On the other hand,if the result of the decision in the
step 29 is such that the shift position SPis not at thefifth
speed, the next step 30 is executed. In this step 30, the
engine speed Ne+1 is calculated in the case of oneshift-
up. In this case, the equation for calculating the engine
speed Ne+) is as follows;

Ne+1=NexX gear ratio of shift position SP + )/gear
ratio of shift position SP
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where, each unit indicates: Ne =rpm, Ne+1= rpm, and
the gear ratio is a physical quantity which one of ordi-
nary skill understands is dictated by the physical em-
bodimentof the gears used (and whichratios are stored
as data for use with a particular embodiment).

After executing this step, the operation now moves to
the step 31 for deciding the engine speed Ne+1. In this
step 31, a decision is made as to whether or not the
engine speed N,+1 at the one step shifting up position
SP +1 is larger than 1000 rpm. In this case, if the result
of the decision is NO, the processing for the main rou-
tine is terminated as theshift operation is not necessary.
However, if the result of the decision is such that the
engine speed N.+1 is larger than 1000 rpm, the opera-
tion now movesto the next step 32. In this step 32, the
calculation of the torque Te+ at the onestep shifting up
position SP +1 is performed.

The calculation of the torque is performed in accor-
dance with the following equation.

Te41=PX 716.2/Ne+1

where, each unit indicated
Te+1=kg/m
P=ps, and
Ne+1=Irpm.
And now the operation moves to the next step 33. In

this step 33, the assumed fuel consumption rate is
searched from the data mapstored in the ROM8 in the
microcomputer 5. Namely, one cross point is sought
from the engine speed Ne+1 which wascalculated in the
step 30 and the torque T-+1 calculated in the step 32 on
the data map shownin FIG.4. From the fuel consump-
tion rate indicated in the equal fuel consumption rate
curves B surrounding this point in the coordinate posi-
tions, the assumed fuel consumption rate be+1 can be
found. For instance, assuming that the engine speed
Ne+1==2800 rpm and the torque T,41= 12.1 kg-m, the
cross point F5 can be obtained from the data map and
this point F5 belongsto the areaofthe fuel consumption
rate of 200 g/psh to 250 g/psh in the equal fuel con-
sumption rate curves B. Accordingly, since the one step
shifting up position SP +1, i.e. the current shift is the
fourth speed, the assumed fuel consumption rate be+1
when shifting up to the fifth speed, becomes 200 g/psh
to 250 g/psh.

The assumed fuel consumption rate be, thus
searched (i.e., derived) in step 33 is compared with a
predetemined value in the next decision step 34. Thatis,
the fuel consumption rate be+1 is determined whether
or notit is larger than 5000 g/psh.In this case, a large
number such as 60000 g/psh is inputted in the area
abovethe full opened torque in FIG. 4. Accordingly,if
the result of the decision is NO, the assumed fuel con-
sumption rate b,+1 is compared andis determined in the
next step 35 as to whether or notit is smaller than the
current fuel consumption rate be which was searched
(Le., derived) in the step 25.

If the result of the decision is YES, that is, the as-
sumed fuel consumption rate be+1 is smaller than the
current fuel consumption rate be, the operation now
movesto the step 43 and the operation for indicating the
shift-up condition is performedin the step 44 after some
delay time. Namely,in this step, the speed change oper-
ation indicating signal is applied to the indicator or
display 10 from the microcomputer 5 through the I/O
port 6. Asa result, a particular lampin this case, a shift-
up indicating lamp in the indicator 10, is illuminated,
thus indicating to the driver that the speed change from
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6
current shift position to the one step shifting up position
SP jis preferable. In this case, it is preferable to pro-
vide some delay time as shownin the step 43 so as to
prevent the driver from confusion due to intermittent
illuminations of the lamp of the. indicator 10 within a
short time when the fuel consumption rate is on the
critical border lines.

Onthe other hand,if the result of the decision in the
step 35 is NO,thatis, the assumed fuel consumption rate
be+1 is larger than the current fuel consumption rate be,
the operation now movesto the step 36. In this step 36,
the decision is made whether or not the current shift

position SPis the first speed.If the result of the decision
is YESindicating that the current shift position is the
first speed, the processing for the main routine is termi-
nated as no shift-down operation is required, while if
the result of the decision is NO, the operation now
moves to the next step 37 for calculating the engine
speed N-+; at the one step shifting down position SP
_}. In this step, the engine speed Ne+1 at the time of
shifting down from the current shift position SP to the
onestep shifting down position SP _; is calculated by
the following equation;

Ne. 1=NeX gear ratio of shift position. SP — /gear
ratio of shift position SP

where, each unit of each parameter indicates
Ne_1=rpm
N-=rpm.
From the engine speed Ne_ calculated here andthe

driving power which was calculated in the step 26, the
torque Te—1 is calculated by the following relationship
in step 38;

Te-1=PXT16.2/Ne_1

where, each unit of each parameter indicated
Te-1=kg-m,
P=ps,
Ne-1=rpm.
The torque thus calculated is compared with a prede-

termined value such as 0.05 kg-m in the step 45. If the
result of the decision in step 45 is YES, the operation
now movesto the fuel consumptionrate search step 39,
where the assumed fuel consumption rate be—1 in the
one step shifting down position SP_; is searched from
the data map in FIG.3 as in the step 33. Namely,if the
engine speed Ne—1 is 4600 rpm and the torque T,—1is 12"
kg-m which were calculated in the steps 37 and 38,the
cross point F3 is determined on the data map in FIG.4.
Accordingly, in step 39, from the area of the equal fuel
consumption rate curve B of 350 g/psh to 400 g/psh on
which the cross point F 3 is situated, the assumed fuel
consumption rate be—1 is searched to be found in the one
step shifting down position SP —1.

With the one step shifting down position SP —1 thus
obtained,i.e. the current shift position SP being as the
fourth speed, the assumed fuel consumption rate when
shifting down to the third speed which is in the shift
position SP _; thereunder, becomes 350 g/psh to 400
g/psh, and then the nextstep 40 is executed. In this step
40, the fuel consumption rate b, in the current shift
position SP which was searchedin the step 25 is com-
pared with the assumed fuel consumption rate. be—1 -
Namely, the decision making is performed whether or
not the assumed fuel consumption rate be—1 is smaller
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than the current fuel consumption rate be. If the result
of the decision is NO which means that the be. is
larger than the be, the processing for the main routineis
terminated. On the other hand,if the result of the deci-
sion is YES, meaning that the assumed fuel consump-
tion rate be—1 is smaller than the current fuel consump-
tion rate be, the operation moves to the next step 41,
where some time delay processing is performed, and
then the operation now movesto the step 42.

In this step 42, shift-down display is performed.
Namely in this case, the shift down display instruction
signal from the microcomputer5 is applied to the indi-
cator 10 through the I/O port 6 and the shift-down
indication lamp in the indicator 10 is illuminated, thus
indicating to the driver that speed change operation
from the current shift position to the one step shifting
down position SP —, is preferable.

In this manner, the operations as indicated in each
step are repeatedly performed and the assumed fuel
consumption rate bg; in the one step shifting up posi-
tion and the assumed fuel consumption rate be—1 in the
-one step shifting down position from the current shift
position are calculated respectively, and each assumed
fuel consumption rate is compared with the current fuel
consumption rate by, respectively. In this case, if the
current fuel consumption rate be is better than the as-
sumed fuel consumption rate be+1 or the assumed fuel
consumption rate b3_1, the indicator 10 is not ener-
gized. However, only wheneither one of the assumed
fuel consumption rates above. is better than the current
fuel consumption rate b., the corresponding shift-up
lamp or shift-down lamp in the indicator 10 is illumi-
nated, thus indicating the necessity of the speed change
operation. As a result, the driver can actually perform
the speed change operations in accordance with the
indications so that the optimum speed runningofthe car

_ ean be carried out with a preferable shift position in the
‘> optimum fuel consumptionrate.
“Tn the preferred embodiment according to the present
“s-invention described in the foregoing, the range of each
‘area. indicative of the equal fuel consumption rate

‘curves B has been indicated as 50 g/psh. However,if
the range of each area is defined more narrow or the
distances between the points is interpolated by calcula-
tion, it is possible to indicate more accurate speed
change operations.

Asstated in the foregoing, in the speed change opera-
tion and indication system according to the present
invention, the optimum fuel consumptionrate is calcu-
lated from the data corresponding to the number of
engine rotation and the throttle valve opening, an as-
sumed fuel consumption rate is calculated for generat-
ing the same driving power as that in the current run-
ning conditionsin the shift position adjacent to a partic-
ular shift position at that time, and the current fuel
consumption rate is compared with the assumed fuel
consumption rate, whereby the optimum shift operation
indications are displayed to the driver.

With this construction, it is possible for a driver to
run his car in accordance with the indication of the
speed change operation on an indicatorso as to maintain
the optimum fuel consumption of the automotive vehi-
cle, thus enabling the economical running of the car to
be realized. .

While the invention has been described in its pre-
ferred embodiments,it is to be understood that various
changes and modifications may be made within the
purview of the appended claims without departing from
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8
the true scope andspirit of the invention in its broader
aspects.

Whatis claimed is:
1. An electronically controlled system in an internal

combustion engine for indicating shift position for a
manual transmission thereof so as to maintain optimum
fuel consumption by the engine, comprising:

first detecting means for detecting current engine
speed;

second detecting meansfor detecting current throttle
position;

third detecting meansfor detecting currentshift posi-
tion;

first determining means for determining current en-
gine torque based onsaid currentengine speed and
current throttle position in accordance with a first
two-dimensional map of engine speed and throttle
position;

second determining means for determining current
fuel consumption rate based on said current engine
speed and determined current engine torque in
accordance with a second two-dimensional map of
engine speed and engine torque, said second map
including isometric curves representing curves of
equal fuel consumption rates;

calculating meansfor calculating driving force of the
engine in accordance with current engine speed
and current engine torque, said calculating means
further including:
first comparing means for comparing said current

fuel consumption rate obtained by said second
determining means with an assumed one-step-
transmission upshifted fuel consumption.rate
determined by one-step-transmission upshifted
engine speed and one-step-transmission upshifted
engine torque defined by said second map,

second comparing means for comparing said cur-
‘rent fuel consumption rate obtained by said sec-

ond determining means with an assumed one-
step-transmission downshifted fuel consumption
rate determined by one-step-transmission down-
shifted engine speed and one-step-transmission
downshifted engine torque defined by said sec-
ond map,

outputting means for outputtingafirst signal indic-
ative of one-step upshifting, a second signal in-
dicative of one-shift downshifting, or a third
signal indicative of stopping both one-step up-
shifting and downshifting, respectively, when-
eversaid first comparing means determines said
assumed fuel consumption rate of one-step up-
shifting is less than the currently detected fuel
consumption rate, said second comparing means
determines said assumed fuel consumption rate
of one-step downshifting is less than the cur-
tently detected fuel consumption rate, or both
values of fuel consumption rate calculated in said
first and second comparing means are detemined
greater than the currently detected fuel con-
sumption rate; and

’ representing means for alternatively representing
whichever of said three signals are output by said
outputting means. _

2. A system in claim 1 wherein
said first comparing means comprisesfirst determina-

tion means for determining whether the current
gear position is highest gear or neutral position,
and for enabling said comparison of said fuel con-
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sumption rate if the current shift position is not
determined to be said highest gear or said neutral
position; and

said second comparing means comprises second de-
termination means for determining whether said
currentshift position is first gear, and for enabling
said comparison of said fue] consumptionrateif it is
determined the currentshift position is not said first
gear.

3. A system in claim 1 wherein
said first comparing means comprises first calculating °

means for calculating one-step upshifted assumed
engine speed obtained from the value of the current
engine speed, multiplied by a known gearratio for
one-step-transmission upshifted, divided by the
known value for the gear ratio corresponding to
the current shift position, and for calculating as-
sumed engine torque obtained from the value of
current driving force divided by said assumed en-
gine speed multiplied by a constant,

said second comparing means comprises second cal-
culating means for calculating one-step down-
shifted assumed engine speed obtained from the
value of the current engine speed, multiplied by a
known gear ratio for one-step-transmission down-
shifted, divided by the known value for the gear
ratio corresponding to the current shift position,
and for calculating the assumed engine torque ob-
tained from the value, of current driving force di-
vided by said assumed engine speed multiplied by a
constant.

4. A system as in claim 1, wherein said representing
means makes an indication to keep the shift position
unchanged wheneversaid engine speed detected by said
first detecting means is greater than a predetermined
value.

5. A system as in claim 1, further comprising:
first permitting means for permitting said second

determining means to determinesaid fuel consump-
tion rate whenever the value of said engine torque
determined by said first determining means is
greater than a predetermined value; and

second permitting for permitting said second deter-
mining means to determine said assumed fuel con-
sumption rate whenever the value of said assumed
engine torque calculated by said second comparing
means is greater than said predetermined value.

6. A system as in claim 1, wherein said representing
means represents changesin said first, second and third
signals, indicative of upshifting, downshifting and keep-
ing shift position unchanged, respectively,after a prede-
termined time delay.

7. A methodfor indicating shift position for a manual
transmission associated with an internal combustion

engine so as to maintain optimum fuel consumption by
the engine, comprising the steps of:

detecting the current engine speed;
detecting the current throttle position;
detecting the current shift position;
determining current engine torque based onsaid cur-

rent engine speed and current throttle in accor-
dance with a first two-dimensional map of engine
speed and throttle position;

determining current fuel consumption rate based on
said current engine speed and determined current
engine torque in accordance with a second two-di-
mensional map of engine speed and engine torque
in accordance with a second two-dimensional map
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of engine speed and engine torque, said second map
including isometric curves representing curves of
equal fuel consumption rates;

calculating driving force of the engine in accordance
with current engine speed and current engine
torque; -

comparing said currentfuel consumption rate with an
assumed one-step upshifted fuel consumption rate
determined by one-step upshifted engine speed and
one-step upshifted engine torque defined by. said
second map;

comparing said current fuel consumption rate with an
assumed one-step downshifted fuel consumption
rate determined by one-step downshifted engine
speed and one-step downshifted engine torque de-
fined by said second map;

outputting a first signal indicative of one-step upshift-
ing, a second signal indicative of one-step down-
shifting, or a third signal indicative of stopping
both one-step upshifting and downshifting, respec-
tively, if the assumed fuel consumption rate of
one-step upshifting is less than the current detected
fuel consumption rate, the assumed fuel consump-
tion rate of one-step downshifting is less than the
current detected fuel consumption rate, or both
values of fuel consumption rate are determined
greater than the current detected fuel consumption
Tate;

representing to an operator of said engine the respec-
tive three signals for executing upshifting, down-
shifting and keeping the shift position unchanged.

8. A method as in claim 7, wherein
the first comparing step includes determining

whether the current gear position is the highest
gear or neutral position, and for enabling said com-
parison ofsaid fuel consumption rate if the current
shift position is not determined to be said highest
gear or said neutral position; and

the second comparing step includes determining
whethersaid current shift position is the first gear,
and for enabling said comparison of said fuel con-
sumption rate if it is determined the current shift
position is notthe first gear.

9. A method as in claim 7, wherein
the first comparing step includes calculating one-step

upshifted assumed engine speed obtained from the
value of the current engine speed, multiplied by a
knowngearratio for one-step upshifted, divided by
the knownvalue for the gear ratio corresponding
to the current shift position, and calculating as-
sumed engine torque obtained from the value of
current driving force divided by said assumed en-
gine speed multiplied by a constant; and

the second comparing step includes calculating one-
step downshifted assumed engine speed obtained
from the value of the current engine speed, multi-
plied by a known gear ratio for one-step down-
shifted, divided by the known value for the gear
ratio corresponding to the current shift position,
and calculating the assumed engine torque ob-
tained from the value of current driving force di-
vided by said assumed engine speed multiplied by a
constant.

10. A method as in claim 7, wherein the representing
step includes the step of indicating to keep the shift
position unchanged when the engine speed is greater
than a predetermined value.
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11. A methodas in claim 7, further including the steps
of:

rate whenever the value of engine ‘torque deter-
minedin thefirst determining step is:greater than a
predetermined: value; and

permitting the determining of assumed fuel consump-
tion rate whenever the value of assumed. engine

permitting the determining of the: fuel consumption
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12
torque: determined in the second comparingstep is
greater than the predetermined value.

12. A ‘method as in claim 7 wherein the representing
step includes the step: of representing the first, second
and third signals indicative of upshifting, downshifting,
and‘keeping: shift: position -unchanged, respectively,
after a predetermined time delay:**« * & *
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i. ‘Binrichtung zur Erzielung eines verbrauchsgiinstigen Betriebs einer
.” mit einem Schaltgetriebe ausgertisteten Brennkraftmaschine, insbe-

sondere der Antriebsmaschine eines Fahrzeugs, dadurch gekemnzeich—
net, da8 als UND-Schaltung im Ansteuerkreis (2) eines Signalgebers

(4) ein drehzahl- wd ein iastabhangiger Schalter (6,8) liegen, die
nur beim Auftreten vonBetriebspunkten der Maschine in einem vor-—

gegebenen vollastfernenBetriebsbereich (I) im Leistungs~Drehzahl~
Diagramm den Ansteuerkreis (2) schliefen.

2. Hinrichtung nach Anspruch 1, dadurch gekemzeichnet, daB die UND-
Schaltung ferner einen nurbei eingelegtem hiéchsten Getriebegang
den Ansteuerkreis (2) unterbrechenden gangabhaéngigen Schalter (10)
enthalt.

3. Einrichtung nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB der
vollastferne Beiriebsbereich (I) im Diagramm oberhalb einer vorge-
gebenen Drehzahl (n,) von etwa 20 bis 50 % der maximalen Drehzahl
liegt.

4. Hinrichtung nach einem derAnspriiche 1 bis 3, dadurch gekemnzeich-
net, da8 der vollastferne Betriebsbereich (I) im Diagramm unter-

halb der Linie (b) fiir etwa 50 bis 70 % der Moximalstel1ung des Lei-
stungssteverglieds liegt.

Varsitzender Vorstand: Tors Scvrune, Vorsizender + Brot, Dr. tecim Ernst Faia - Cr. jut, Peter Frack =») Gitmter Harwich
des Aufsichisrats: Horst Murzrar - Oe. ter, pol, Werner 2. Senmigt + “Gotten M4. Stren. . Prot. Or. rer. pol. Friedrich Thomée
Mans Srtegaur Sitz der Gesellschaft: Wolfsburg . Amtsgericht Wolfsburg HRB 215
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Einrichtung nach einem der Anspriiche 1 bis 4, dadurch gekennzeich-

net, daB der Signalgeber (4) eine Leuchte mit der Darstellung ei-

nes nach oben weisenden Pfeils ist.

Einrichtung zur Erzielung eines verbrauchsgtinstigen Betriebs einer

. Mit einem Schaltgetriebe ausgeriisteten Brennkraftmaschine, insbe-

Sondere der Antriebsmaschine eines Fahrzeugs, insbesondere nach

einem der Anspriiche 1 bis 5, dadurch gekennzeichnet, da8 als UND~
Schaltung im Ansteverkreis (3) eines Signalgebers (5) ein drehzahl-
und ein lastabhangiger Schalter (6,9) liegen, die nur beim Auftre-

ten von Betriebspunkten der Maschine in einem vorgegebenen vollast~

nahen Betriebsbereich (II) im Leistungs-Drehzahl-Diagramm zwischen

dem ansteigenden Ast der’ Vollastlinie (a) und einer benachbarten

Linie (c) fiir eine konstante Stellung des Leistungssteuerglieds den
Ansteuerkreis (3) schlieBen.

Einrichtung nach Anspruch 6, dadurch gekennzeichnet, da die UND-

Schaltung ferner einen nur bei eingelegtem ersten Getriebegang den

Ansteverkreis (3) unterbrechenden gangabhiingigen Schalter (11) ent-
halt.

Hinrichtung nach-Anspruch 6 oder 7, dadurch gekennzeichnet, da® der

vollastnahe Betriebsbereich (II) im Diagramm unterhalb einer vorge-

gebenen Drehzahl (a) von etwa 40 bis 70 % der maximalen Drehzahl
liegt.

Hinrichtung nach einem der Anspriiche 6 bis 8, dadurch gekennzeich-

net, daB der dem vollastnahen Betriebsbereich (II) sugeordnete last-
abhingige Schalter (9) ein Kickdown-Schalter ist.

Einrichtung nach einem der Anspriiche 5 bis 9, dadurch gekennzeich-

net, da8 der dem vollastnahen Betriebsbereich (II) sugeordnete Si-
gnalgeber (5) eine Leuchte mit der Darstellung eines nach unten wei-~
senden Pfeils ist.

030063/0283
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Einrichtung nach einem der A4nspriiche 1 bis 5 und einem der Ansprii-

che 6 bis 10, dadurch gekennzeichnet, da8 beide Ansteuerkreise (2,3)
eine gemeinsame Spannungsquelle (1) enthalten und die drehzahlab-
hingigenSchalterdurch einen Umschalter (6) gebildet sind.

Einrichtung nach Anspruch 11, dadurch gekennzeichnet, daB der Um-

schalter (6) drei Schaltstellungen besitzt, von denen er die mitt~

lere, zu keinen der Ansteuerkreise (2,3) ftihrende Schaltstellung
bei Drehzahlwerten einnimmt, die zwischen den die beiden Betriebs-
bereiche (I,II) im Diagramm begrengenden Drehzahlen (n+ ny) lie-
gen.

Einrichtung nach Anspruch 5 und/oder 10, dadurch gekennzeichnet, da
der baw. die Signalgeber (33) integriert ist bzw. sind in eine Kraft-
stoffverbrauchsanzeige (31).

030063/0283
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Einrichtung zur Erzielung eines verbrauchs-
ginstigen Betriebs ciner Brennkraftmaschine

Die Erfindung betrifft eine Einrichtung gemi#8 dem Oberbegriff der Pa-

tentanspriiche 1 und 6, In erster Linie ist dabei an den Binsatz bei

einer Antriebamaschine eines Kraftfahrzeugs gedacht, jedoch ist die

Erfindung grundsatzlich auch bei stationren Bremnkraftmaschinen mit

Vorteil anwendbar, die mit unterschiedlichen Leistungen und Drehzah-
len betrieben werden.

Der Kraftstoffverbrauch einer mit einem Schaltgetriebe ausgeriisteten

Brennkraftmaschine hingt wesentlich von der Lage ihres Betriebspunkts

im Last-Drehzahi-~Diagramm der Maschine ab. Dabei lassen sich grundsdtz~

lich awei Falle unterscheiden: Die Lage des Betriebspunktes der Ma~

schine in einem vollastfernen Betriebsbereich unter Einschaltung eines

der unteren oder mittleren Getriebegiinge fiihrt zwar zur Sicherstellung
dex gewiinschten Leistung, jedoch mit einem sehr hohen Kraftstoffver-—

brauch. Es ist daher zweckmaBig, in den ndchsthéheren bzw. den hdéchsten

Getriebegang hochzuschalten und so einen vollastnaheren Betriebapunkt

einzustellen, Im zweiten Fall liegt zwar ein vollastnaher Betriebspunkt
vor, aber trotz Vollgasstellung (Maximalstellung) des Leistungsstever-
glieds, worunter im Rahmen der Erfindung bei Vergazermagchinen die Dros-

Vorsitzender Varstand: Top, Seamtcxee, Vorsitzender + Prof. De teon. inst Fale =~ Gr yur, Pater Frere=- Ginter Hsriwieh
des Aufsichtsrats: Horst Minznes > Dt, ret.pui, Werrer P. Schmid: + Gottheb M.Steco: +) Pro’. Dt. rer. pol. Friedrich Thomée
Hans Sisnbaum Sitz der Gesellschaft: Wolfsburg . Amtsgericht Wolfsburg HRB 215
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Selklappe und bei Einspritzmaschinen der Hinspritzregler zu verstehen
ist, 148+ sich die gewiinschte Leistung bei eingelegtem hdheren oder
héchsten Gang nicht erreichen; auw8erdem ist diese Betriebsweise der
Maschine ebenfalls nicht verbrauchsgtinstig.

Gemeinsam ist diesen beiden Fallen, daB der Nachteil eines hohen Kraft-
stoffverbrauchs durch Hoch- bzw. Herunterschalten des Getriebes ohne

Verringerung der Leistung der Maschine vermieden werden kann, Wie
sich aber in der Praxis beispielsweise bei Autofahrern immer wieder

zeigt, herrscht insbesondere bei ungeiibten Fahrern, beispielsweise sol-
‘chen, die yorher ein Fahrzeug mit automatischem Getriebe gefahren haben,
Unklarheit tiber den Finflu8 der Lage des Betriebspunktes der Maschine

auf den Kraftstoffverbrauch sowie Unsicherheit dariiber, wann ein Gang-
wechsel sinnvoll ist.

Der Erfindung liegt die Aufgabe zugrunde, eine Rinrichtme zu schaffen,
die die Bedienungsperson der mit einem Schaltgetriebe ausgeriiste ten
Brennkraftmaschine, also beispielsweise den Fahrer eines Kraftfahrzeugs,
bei der Hinstellung eines verbrauchsgiinstigen Betriebspunktes der Ma-
schine durch Schaltvorgénge unterstiitzt. Die erfindungsgemiBe Lésung

dieser Aufgabe ist gekemnzeichnet durch die Merkmale der setbetindigen
Patentanspriiche.

Einwesentlicher Vorteil der Erfindung ist darin gu sehen, daB die Ein-
richtung ein gum Umschalten aufforderndes Signal liefert, das aus dem
der Maschine zugehérigen Leistungs-Drehzahl--Diagramm gewonnen ist, so

daB subjektive Gesichtspunkte, etwa das ~ hdufig falsche ~ "Gefial” des
Fahrers eines Kraftfahrzeugs, ausgeschlossen sind.

Die Erfindung wird im folgenden anhand der Zeichnung erldutert, Es.
stellen dar:

Fig. 7 das Leistungs-Drehzahl-Diagramm einer mit

einem Schaltgetriebe ausgertisteten Brenn-

030063/0283
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kraftmaschine mit zwei hinsichtlich des

Kraftatofiverbrauchs ungiinstigen Betriebs-

bereichen,

Fig, 2 das Schaltbild eines Ausfiihrungsbeispiels

der erfindungsgemifen Hinrichtmg und

Fig. 3 eine vorteilhafte Ausgestaltung des Si- ls
gnalgebers. LP

|

Betrachtet man zundchst Figur 1, so ist tiber der Maschinendrehzahl n

die Leistung N der Maschine aufgetragen. a ist die Kurve der Vollast-

leistung, b eine Linie konstanter Stellung des leistungssteverglieds,
also beispielsweise eine Iinie konstanten Drosselklappenwinkels bei ei-~

ner Vergasermaschine, Als Ma8 hierftir kann auBer dem Drosselklappenvin-  kel selbst auch der Saugrohrunterdruck dienen. In der Regel wird die

Linie b, die einen ersten unerwiinschten Betriebsbereich I begrenzt, et-
wa zwischen 50 und 70 % der Maximalstellung des Leistungssteuerglieds
liegen, c ist ebenfalls cine Linie konstanter Stellung des Leistungs-_
steuerglieds bzw. konstanten Saugrohrunterdrucks, die jedoch ~ im Gegen-
satz zum Bereich I - einen.vollastnahen, ebenfalls wnerwiinschten He-

triebsbereich II begrenzt. Dabei kann die Linie ec der Kickdown-Stellung
eines Gaspedals entsprechen. Die Betriebshereiche I und II werden fer~

ner abgegrenzt durch Drehzahlwerte n, baw. No» von denen der erste in
der Regel zwischen etwa 20 bis 50 % der maximalen Drehzahl wid der zwei-

te zwischen etwa 40 und 70 4% der maximalen Drehzahl liegt.

Die Zahlenwerte fiir die Grenzen der beiden Betriebsbereiche I und II

sind verstindlicherweise vom Einzelfall abhdngig. Generel] kann man sa-
gen, daB diese beiden Betriehsbereiche so liegen, da8 durch Schaltvor-

singe Betriebapunkte im Leistungs-Drehzahl-Diagramm gewonnen werden

kénnen, die hinsichtlich des Kraftstoffverbrauchs glinstiger liegen.

Betrachtet man zundchst den vollastfernen Betriebsbereich I, so 148% sich
die ervwiinschte Leistung mit geringerem spezifischen Kraftstoffverbrauch

030063/0283
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nach Hochschalten in den nichsthéheren Gang bei einem Betriebspunkt
erzielen, der in dem Diagram nach Figur 1 links von dem Betriebsbe- _
reich I liegt. Die erfindungsgemife Einrichtung erzeugt demgema8 ein
die Bedienmmgsperson, also in der Regel den Fahrer, zum Hochschalten

auffordemdes Signal, das in Figur 1 durch den nach oben weisenden

Pfeil innerhalb des Betriebsbereichs I angedeutet ist.

Die Lage des Betriebspunktes der Maschine in dem vollastnahen Be-

triebsbereich II, also in Figur 1 Links von der Drehzahl Nos hat zu-
nichst den grundsitzlichen Nachteil, daB die gewlinschte héhere Lei-

stung trotz Vollgasstellung des Gaspedals baw. des Leistungssateuer-

glieds nicht erreicht wird. Erst nach Zuriickschalten auf den nachst

niedrigen Gang wird bei héheren Drehzahlen die gewiinschte héhere hei-

stung erreicht. Bin weiterer Nachteil der Lage des Betriebspunktes im

Betriebsbereich II ist. der relativ hohe Kraftstoffverbrauch., Bei Lage

des Betriebspunktes im Betriebsbereich II erzeugt die erfindungsge-
miBe Binrichtung ein dem Fahrer zum Zurtickschalten aufforderndes 5i-

gnal, was in Figur 1 durch den nach uuten weisenden Pfeil am Betriebs-
bereich II angedeutet ist. An dieser Stelle sei eingefiigt, daB es zweck-

miS8ig sein kann, dem Gaspedal in der Kickdown~5tellung (Linie c) einen
Druckpunkt zuzuordnen.

Figur 2 zeigt nun eine Ausfithrungsform der erfindungsgemifen Einrich-
tung, die mit besonders geringem Aufwand unterschiedliche Signale er-
geugt je nachdem, ob der jeweilige Betriebspunkt der Maschine im Be-

triebsbereich I oder im Betriebsbereich II liegt.

Die Spannungsquelle t ist den beiden in jeweils einem. Ansteuerkreis 2
bzw. 3 liegenden Signalgebern 4 und 5 gemeinsam. Beide Signalgeber sind
Leuchten mit- der Darstellung eines nach oben baw. unten weisenden

Pfeils, der die Bedienungsperson bei Bet&tigung des jeweiligen Signal-

gebers zum Hochschalten baw. Herunterschalten auffordert.

Die beiden Ansteuerkreise 2 und 3 werden selektiv geschlossen durch den
drehzahlabhangigen Umschalter 6, dem ein der jeweiligen Maschinendreh-

030063/0283
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zahl n entsprechendes Signal zugefiihrt wird und der so ausgelegt ist,

da8 sein Schaltarm 7 bei Drehzahlen, die gréfersind als die vorgege-

bene Drehzahl ny (siehe Figur 1),in Figur 2 nach oben, dagegen bei
Drehzahlen, die kleiner sind als die vorgegebene Drehzahl No» nach un-
ten schwenkt aus einer neutralen Mittelstellung, die er also einninnt,

wenn Drehzahlwerte zwischen ny und Ro vorliegen.

Die Gewinnung des Drehgahlsignals erfolgt mit bekannten Sensoranord-

nungen, die daher hier im einzelnen nicht beschrieben zu werden brau-

chen. S0 148% sich die Drehgahl digital auf induktivem Wege tiber magne—
tische Unsymmetrien an der Schwungscheibe der Maschine oder aus der

Frequenz der Ziindsignale bei einer fremdgeziindeten Maschine bestimmen,.

Bekannt ist ferner die Gewinnung von Drehgahlsignalen aus der von ei-

ner Wechselstrom-Lichtmaschine des mit der Maschine ausgeriisteten Fahr-
zeugs abgegeberien Spannung.

Zur Definition der beiden Betriebsbereiche I und II sind in den An-

steuerkreisen 2 und 3 in Figur 2 ferner lastabhangige Schalter 8 umd 9

vorgesehen, von denen der erste nur unterhaib der in Figur 1 mit b be-=

zeichneten Linie und der Schaliter 9 nur oberhalb der Linie c in Fi-

gur 1 geschlossen ist. DerSchalter 9 kann demgemi8 ein Kickdown—Schal-
ter sein.

Die Schalter 6 und 8 bew. 6 und 9 liegen in Reihe md bilden somit eine

UND-Schaltung im jeweiligen Ansteuerstromkreis fiir einen der Signalge-

ber 4 und 5, Da ein Hochschalten nur méglich ist beim Betrieb in einem

vom hichsten Gang abweichenden Gang, ware es wzweckmiSig, durch den

Signalgeber 4 ein zum Hochschalten aufforderndes Signal au erzeugen,
wenn bereits der héchste Gang eingelegt ist. Entsprechend ist ein Zu-

rlickschalten nur méglich, wenn nicht der umterste Gang eingelegt ist.

Auch hier wire es unzweckmASig, durch den Signalgeber 5 ein Signal zu er-

zeugen, wenn infolge der getroffenen Gangwahl der durch die Signalgabe

verlangte Schaltvorgang nicht méglich ist. Daher enthalten die beschrie-

pbenen UND-Schaltungen jeweils einen gangabhingizen Schalter 10 baw. 11.
030063/0283
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Die Kopplung mit dem Schaltgetriebe baw. dem Schalthebel ist so ge-

troffen, daB der Schalter 10 nur bei eingelegtem héchsten Getriebe~

gang, dagegen der Schalter 11 nur bei eingelegtem ersten Gang geéff-

net ist; bei den jeweils anderen Gdngen sind diese Schalter geschlos-

sen und bereiten daher einen geschlossenen Ansteuerkreis fiir den ilmen
jewells zugeordneten Signalgeber 4 baw. 5 vor.

Wie ohne weiteres aus Figur 2 ersichtlich, erfolgt bei einem innerhalb

des Betriebsbereichs I (siehe Figur 1) liegenden Betriebspunkt der Ma-
schine eine Signalgabe nur durch den Signalgeber 4, dagegen bei einem
Betriebspunkt. innerhalb des Betriebsbereichs II eine Signalgabe nur

durch den Signalgeber 5.

Es ist zweckmiSig, zus&étzlich zu dieser Binrichtung bei einem Fahrzeug

eine Anzeige des wegbezogenen Kraftstoffverbrauchs vorzusehen. Derarti-
ge Anzeigevorrichtungen sind an sich bekarint; sie arbeiten in der Regel

mit Ausnutzung des Sangrohrunterdrucks als MaB fiir den Kraftstoffver-

brauch. Eine entsprechende Hinrichtung zeigt beispielsweise die DE-0OS |
27 31 065. In diesem Falle ist es zweckmA8ig, die in Figur 2 mit 4 und 5
bezeichneten Signalgeber zu integrieren in das Instrument der Ver-
brauchsanzeige, wie dies in Figur 3 angedeutetist. Der Zeiger 30 der
Kraftstoffiverbrauchsanzeige tiberstreicht im normalen Fahrbetrieb die

Skala 31, steht dagegen im Leerlaufbetrieb und bei Vollastbeschleuni-
gungen hinter der Abdeckung 32. In die Skala eingelassen ist der Pfeil

33, der einen Bestandteil eines zum Hochschalten auffordernden Signal-

gebers derstelit, der also dem Signalgeber 4 in Figur 2 entspricht.

Bei der bisherigen Beschreibung der Erfindung war ihre Anwendung bei
einem Schaltgetriebe in den Vordergrund gestellt worden, bei dem alle

Ginge von Hand eingelegt werden. Die Erfindung ist sinngem8 jedoch auch

bei automatischen Schaligetrieben mit Vorteil verwendbar, die beispiels-

weise mit "1" und "2" bezeichnete Stellungen ihres Wahlhebels aufweisen,

in denen héhere Gange gesperrt sind. Auch bei einen derartigen Cetriebe
kann es zweckmaBig sein, durch Hinsatz der Erfindung den Fahrer aufzu-

forderm, den Wahlhebel in eine andere Stellung zu bringen.

030063/0283
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CLAIMS  
“A device for obtaining an operation of an internal combustion engine
equipped with a conventional transmission, which operation is

advantageous in terms of fuel consumption, especially the drive
machine of a vehicle, .
wherein an engine-~speed-dependent and a load-dependent switch (6, 8)

are situated as AND-circuit in the control circuit (2) of a signal

transmitter (4), which close the control circuit -(2) only in the

presence of operating points of the engine in a predefined operating

“range remote from full load (I) in the output/engine speed diagram.

The device as recited in Claim 1,

wherein the AND-circuit furthermore includes a gear-dependent switch

(10) which interrupts the control circuit (2) only if the highest
gear is engaged.

The device as recited in Claim 1 or 2,

wherein the operating range remote from full load (I) lies above a

predefined engine speed (n,) of approximately 20 to 50% of the

maximum engine speed in the diagram.

The device as recited in one of Claims 1 through 3,

wherein the operating range remote from full load (I) lies below the

line (b) for approximately 50 to 70 % of the maximum setting of the
output control element in the diagram.

 Vorsifzender Vorstand Vormeader + Prof, Ditgcun Ernst Faia. wt Pater Prerk Gtnter Harwich
des Auisichtsrats; Hers! Inet 16. POl, Werner F. Seung}=+ -Gstines 1, Strom. Pres, Di ver, pol, Friewrith Thoméc4ar$ Zuepagr Sitz der Gasellschait: Wolfsburg

Amisgericht Wolfsburg HRB 215  
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The device as recited in one of Claims 1 through 4,

wherein the signal transmitter (4) is a light that displays an arrow
pointing up.

The device for obtaining an operation of an internal combustion

engine equipped with a conventional transmission, which operation is

advantageous in terms of fuel consumption, especially the drive

machine of a vehicle, in particular as recited in one of Claims 1

‘through 5, wherein an engine-speed-dependent switch and a load-

dependent switch (6, 9) are situated as AND-circuit in the control

circuit (3) of a signal transmitter (5), which close the control

circuit (3) only in the presence of operating points of the machine
in a predefined operating range close to full load (II) in the

output /engine speed diagram, between the rising branch of the full-
load line (a) and an adjacent line (c) for a constant position of the
output control element.

The device as recited in Claim 6,

wherein the AND-circuit furthermore includes a gear-dependent switch

(11), which interrupts the control circuit *(3) only if the first gear
is engaged.

The device as recited in Claim 6 or 7,

wherein the operating range close to full load (II) lies below a

predefined engine speed (nz) of approximately 40 to 70 % of the

maximum engine speed in the diagram.

The device as recited in one of Claims 6 through 8,

wherein the load-dependent switch (9) assigned to the operating range
close to full load (IT) is a kickdown switch.

The device as recited in one of Claims 5 through 9,

wherein the signal transmitter (5) assigned to the operating range

close to full load (II) is a-light which displays an arrow pointing
down.

030063/0283
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The device as recited in one of Claims 1 through 5.and in one of

Claims 6 through 10,

wherein both control circuits (2, 3) include a shared voltage source

(1), and the engine-speed-dependent switches are embodied as change-
ever switch (6).

The device as recited in Claim 11,

wherein the change-over switch (6) has three switch positions, the

switch assuming the middle position, which does not lead to any of
the control circuits (2, 3), at engine speed values that lie between

the engine speeds (nj, m2) delimiting the two operating ranges (I,

II) in the diagram.

The device as recited in Claim 5 and/or 10,

wherein the signal transmitter(s) (33) are/is integrated into a fuel

consumption display (31).
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Device for Achieving an Operation of an Internal Combustion Engine that is
Advantageous in Terms of Consumption

 
 

The invention relates to a method according to the definition of the

species in Claims 1 and 6. In the first place, the use in a drive machine

of a motor vehicle is envisioned, but in principle, the invention may also

be used to advantage in stationary internal combustion engines that are

operated at different outputs and different engine speeds.

The fuel consumption of an internal combustion engine equipped with a
standard transmission essentially depends on the position of its operating

point in the load/engine speed diagram of the engine. Basically, two

scenarios. can be distinguished in this context: The position of the

operating point of the engine in an operating range remote from full load
with an engagement of one of the lower or middle gears may actually ensure

the desired output, but it is accompanied by very high fuel consumption.

Therefore, it is useful to switch to the next higher or to the highest gear

and to thereby adjust an operating point closer to full load. In the second

case, an operating point close to full load may be present, but despite the

full throttle setting (maximum setting) of the’ output control element,
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which means the throttle valve in carburetor engines and the injection

controller in injection engines in the framework of the invention, the

desired output is unable to be achieved with an engagement of a higher or

the highest gear; apart from that, this operating mode of the engine is
likewise not advantageous from the aspect of consumption.

Both cases have in common that the disadvantage of high fuel consumption

due to upshifting and downshifting of the gears can be avoided without
reducing the output of the engine. However, in practice it has become
abundantly clear, for instance in the case of drivers of cars, especially
unpracticed drivers such as drivers who previously have driven cars with
automatic transmission, that there is frequently confusion about the

influence that the position of the operating. point of the engine can have
on the fuel consumption, and also confusion as to when a change in gear may
be useful.

The present invention is based on the objective of providing a device that
assists the operator of the internal combustion engine equipped with a
conventional transmission, i.e., the driver of a motor vehicle, for

example, in setting an operating point of the engine that is advantageous
in terms of consumption, by way of gear shift operations. The means for

attaining the object according to the invention is characterized by the

. features of the independent claims.

An essential advantage of the invention is that the device supplies a

signal that requests a switchover and is obtained from an output/engine
speed diagram associated with the engine, so that subjective aspects, such
as the frequently incorrect "feel" of the vehicle driver, are excluded.

The present invention is explained in detail below, using the drawing. The
figures show:

Figure 1 the output/engine speed diagram of an internal combustion
engine equipped with a conventional transmission,

030063/0283
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showing two operating ranges that are disadvantageous

from the aspect of consumption; :

Figure 2 the circuit diagram of an exemplary embodiment of the

device according to the invention; and

Figure 3 an advantageous development of the signal transmitter.

As can be seen when viewing Figure 1 to begin with, output N of the engine

has been plotted across engine speed n. a is the curve of the output at

full load, b is a line that represents a constant setting of the output

control element, i.e., a line that represents a constant throttle valve

angle in a carburetor engine. As a measure thereof, in addition to the

 
throttle valve angle itself, it is also possible to use the induction

manifold vacuum. Line b which delimits a first undesired operating range I

will generally lie between roughly 50 and 70% of the maximum setting of the

output control element. c is likewise a line of a constant setting of the

output control element or a constant induction manifold vacuum; however, in

contrast to range I, it delimits an operating range II close to full load

that is likewise undesirable. Line ¢ could correspond to the kickdown
setting of an accelerator pedal. The operating ranges I and IT are further
delimited by engine speed values n, or nj, the first of which usually lies

between approximately 20 to 50% of the maximum engine speed, and the second
usually lies between approximately 40 and 70% of the maximum engine speed.

The numerical values of the limits of the two operating.ranges I and II are
of course dependent on the individual situation. In general, it can be said

that these two operating ranges lie in such a way that by shift operations,

it is possible to achieve operating points in the output/engine speed

diagram that are more favorable in terms of fuel consumption.

Looking initially at operating range I remote from full load, the desired

output at a lower specific fuel consumption is able to be achieved after.

030063/0283
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upshifting into the next higher gear, at an operating point that lies to

the left of operating range I in the diagram of Figure 1. Accordingly, the

device of the present invention generates a signal that asks the operator, '
i.e., normally the driver, to shift to a higher gear, which is indicated in

Figure 1 by the upward pointing arrow within operating range I.

The position of the operating point of the engine in operating range IIT 7

close to full load, i.e., to the left of engine speed nz in Figure 1, first : |
of all has the basic disadvantage that the desired higher output is not |
obtained despite the fact that the accelerator pedal or the output control

element is in the full throttle position. Only after shifting to the next i

     
lower gear will the desired higher output be achieved at higher engine

speeds. Another disadvantage of the position of the operating point in

operating range II is the relatively high fuel consumption. When the

operating point lies in operating range II, the device according to the

present invention generates a signal that asks the driver to downshift, cE
which is indicated by the downward pointing arrow at operating range II in

Figure 1. It should be added at this point that it may be useful to assign

a pressure point to the accelerator pedal in the kickdown position (line
c).

Figure 2 shows a specific development of the device according to the

invention, which generates different signals at an especially low outlay,

depending on whether the particular operating point of the engine lies in

operating range I or in operating range II.

Voltage source 1 is shared by both signal transmitters 4 and 5 situated in

a control circuit 2 and 3, respectively. Both signal transmitters are

lights displaying an arrow that points up or down, which asks the operator

to shift up or down upon actuation of the respective signal transmitter. i:

The two control circuits 2 and 3 are selectively closed by engine-speed

dependent change-over switch 6, to which a signal that corresponds to the
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individual engine speed n is forwarded and which is developed in such a way
that at engine speeds that are greater than predefined engine speed n, (see
Figure 1), its shift lever 7 pivots upwardly in Figure 2, but at engine
speeds that are smaller than predefined engine speed n,, it pivots in the
downward direction from a neutral center position, which it therefore
assumes when engine speed values between nm and n, are present.

The engine speed signal is obtained with the aid of known sensor systems,
which therefore need not be described in further detail here. For example,
the engine speed is able to be ascertained digitally in inductive manner
via magnetic asymmetries at the flywheel of the engine, or from the
frequency of the ignition signals in an engine having externally supplied
ignition. It is furthermore known to obtain engine speed signals from the
voltage that is output by an AC alternator of the vehicle equipped with the
engine.

Furthermore, to define the two operating ranges I and II, load-dependent
switches 8 and 9 are provided in control circuits 2 and 3 in Figure 2, the
first of which is closed only below the line denoted by b in Figure 1, and
switch 9 is closed only above the line denoted by c in Figure 1. Switch 9
thus may be a kickdown switch.

Switches 6 and 8 or 6 and 9 are set up in series and consequently form an
AND-circuit in the control current circuit of one of signal transmitters 4
and 5. Since upshifting is possible only in an operation using a gear that
differs from the highest gear, it would not be useful for signal
transmitter 4 to generate a signal requesting upshifting in a case where
the highest gear is already engaged. Conversely, downshifting is possible
only if the lowest gear is not engaged. Here, too, it would be impractical
for signal transmitter 5 to generate a signal if the shift operation
requested by the signal output would be impossible due to the gear
selection made. For this reason, each of the described AND-circuits
includes a gear-dependent switch 10 and 11, respectively.
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The coupling with the conventional transmission or the gear lever is

‘implemented in such a way that switch 10 is open only when the highest gear

is engaged, while switch 11 is open only when first gear is engaged; the

switches are closed for the respective other gears, and thus prepare a

closed control circuit for the individual signal transmitter 4 or 5 that is

assigned to them.

As is readily apparent from Figure 2, in an operating point of the engine

that lies within operating range I (see Figure 1), a signal is given only

by signal transmitter 4, whereas in an operating point within operating

range II, a signal is given only by signal transmitter 5.

It is useful if in addition to this device, a display of the route-specific

fuel consumption is provided in a vehicle. Such display devices are known

per se; they generally utilize the induction manifold vacuum as a measure

of the fuel consumption. A corresponding device is shown in DE-OS 27 31

065, for example. In this case, it is useful to integrate the signal

transmitters denoted by 4 and 5 in Figure 2 into the instrument of the fuel
consumption display, as sketched in Fiqure 3. During standard driving

operation, pointer 30 of the fuel consumption display sweeps scale 31,

while it is hidden behind cover 32 during an idling operationor at full-

load accelerations. Incorporated in the scale is arrow 33, which
constitutes part of a signal transmitter requesting upshifting, which

therefore corresponds to signal transmitter 4 in Figure 2.

Up to this point, the use in a conventional transmission, in which all

gears are shifted manually, has been the focus in the description of the

present invention. By analogy, however, the present invention is able to be

used to advantage in automatic transmissions as well, which, for example,

feature positions denoted by "1" and "2" on their selection lever, in which

higher gears are blocked. In transmissions of this type as well, it may be

useful to employ the present invention in order to ask the driver to switch

the selector lever to a different position.
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[57] ABSTRACT

An anti-collision system for vehicles includes a speed
sensor for sensing the speed of the vehicle, a space
sensor for measuring the distance of the vehicle from an
object, a computer for computing a danger-of-collision
distance to the object, an alarm actuated by the com-
puter when the sensed distance of the object is equal to
or less than the danger-of-collision distance compared
by the computer, and a brake light actuated upon the
actuation of said alarm. The system also includes a con-
trol panel having parameter presetting meansforpreset-
ting preselected parameters concerning the vehicle, the
vehicle driver, and the environment, which are utilized
by the computer for computing the danger-of-collision
distance to the object.
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1

ANTI-COLLISION SYSTEM FOR VEHICLES

FIELD AND BACKGROUND OF THE
INVENTION

The present invention relates to an anti-collision sys-
tem for vehicles. The invention is especially useful for
passengercars, taxis, trucks and buses, and is therefore
described below particularly with respect to such vehi-
cles, but the invention, or some aspects ofthe invention,
could also advantageously be used for other types of
vehicles, e.g., trains and aircraft.

Oneof the most frequent causes of vehicle accidents
is the failure of a vehicle to maintain an assured safe

distance behind another vehicle to prevent a rear end
collision should the front vehicle suddenly stop. The
assured safe distance required to prevent such a rear-
end collision depends on the reaction time of the vehicle
driver before the brake pedal is actually depressed, and
the braking distance traversed by the vehicle before it
comes to a complete stop after the braking pedal has
been depressed. Both of these factors vary according to
the surrounding circumstances at the time of driving.

In order to prevent collisions, many parameters,
which are constantly changing during the year or even
during a trip, may affect the stopping distance of the
vehicle and therefore should be taken into account.

These parameters include: the condition of the driver,
such as the driver’s reaction time; the condition of the
vehicle, such as the vehicle load, the tires pressure; and
environmental conditions, such as road type,visibility,
skidding condition.

It is very important that the computer determines the
danger-of-collision distance according to the specific
conditions existing at the time the vehicle is being oper-
ated. Thus, if the determined danger-of-collision dis-
tance is too high for the specific operating conditions,
there will be a high rate of “false alarms”; this will
reducethe credibility of the system to the driver, which
can result in a true collision condition being ignored. On
the other hand, if the determined danger-of-collision
distance is too low for the specific operating conditions,
this could result in failure to actuate the alarm in time

whenthere was truly a collision condition.
Manyanti-collision systems have been proposed, but

insofar as I am aware, none has yet gained any wide-
spread use, probably because the proposed systems
havenot taken into consideration the variable nature of

the many parameters which influence the reaction time
and/or the braking distance involved at any particular
time for determining the assured safe distance required
to be maintained.

An object of the present invention is to provide an
anti-collision system which is more closely responsive
to the actual driving conditions for actuating an alarm.

BRIEF SUMMARY OF THE INVENTION

According to the present invention, there is provided
an anti-collision system for vehicles, comprising: means
for determining the speed of the vehicle; means for
measuring the distance of the vehicle from an object; a
computer for receiving a number of parameters, includ-
ing the speed ofthe vehicle, and for computing from the
parameters a danger-of-collision distance to the object;
and a Collision alarm actuated by the computer when
the measured distance of the object is equal to or less
than the danger-of-collision distance computed by the
computer; characterized in that the system also includes
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a control panel having parameter presetting means for
presetting preselected parameters whichareutilized by
the computer for computing the danger-of-collision
distance to the object.

According to further features in the preferred em-
bodiment of the invention described below, the system
also includes a Safety alarm actuated by the computer,
before actuating the Collision alarm, when the mea-
sured distance is equal to or less than the danger-of-col-
lision distance multiplied by a predetermined safety
factor.

According to further features in the described pre-
ferred embodiment, below, the control panel also in-
cludes distance presetting means for presetting a se-
lected fixed distance from an object, the computer being
effective to actuate the Collision alarm also when the

sensed distance to the objectis equal to or less than the
fixed distance.

According to still further features in the described
preferred embodiment, the preselected parameters in-
clude: at least one vehicle parameter concerning a pre-
selected condition of the vehicle; at least one driver
parameter concerning a preselected condition of the
vehicle driver; and at least one environmental parame-
ter concerning a preselected condition of the environ-
ment. In the described preferred embodiment, the pre-
setting is effected by a plurality of depressible keys on
the control panel.

The system described below also includes a plurality
of condition sensors for sensing any one of a plurality of
selected conditions, and for automatically feeding to the
computer information with respect to the sensed condi-
tions, which information is also utilized by the com-
puter for computing the danger-of-collision distance to
the object. One of the described condition sensors in-
cludes a condition-of-driver sensor comprising a plural-
ity of depressible keys, means for displaying a random
sequence in which the latter keys are to be depressed,
and means for comparing the actual sequence in which
the keys are depressed with the displayed random se-
quence to provide a condition-of-driver parameter,
which parameteris also utilized by the computer for
enabling or disabling vehicle operation and/or for com-
puting the danger-of-collision distance to the object.

According to another feature in the described pre-
ferred embodiment, the system further includes a sealed
recording device which recordsall incidents in which
the computer actuates the alarms.

As will be described more particularly below, an
anti-collision system constructed in accordance with
someorall of the foregoing features enables the system
to be more closely responsive to the actual conditions at
the time of driving the vehicle, including the condition
of the vehicle, the driver, and the environment, in deter-
mining the danger-of-collision distance to avoid a rear-
end collision. Such a system is useful not only for pas-
senger vehicles, but also for other types of vehicles,
such as trucks and buses. The condition-of-driver sensor

referred to above, and also the sealed recording device,
are particularly useful in buses, trucks, trains and air-
craft, to test the condition of the driver, to assure that
the driveris in proper condition for driving the vehicle,
and/or to maintain a record which can be later checked
as to all incidents in which an alarm wasactuated by the
computer.

According to a furtherfeature, the system includes an
actuator for actuating a mechanical system of the vehi-
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cle, e.g., the brakesof a train, or steering of an aircraft,
at the time the collision alarm is actuated.

Further features and advantages ofthe invention will
be apparent from the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

Theinvention is herein described, by way of example
only, with reference to the accompanying drawings,
wherein:

FIG.1 diagrammaticallyillustrates one form of vehi-
cle equipped with an anti-collision system in accor-
dance with the present invention;

FIG.2 illustrates an example of the system control
panel to be mounted in the driver’s compartment to
enable presetting various parametersand also to display
various information;

FIG. 3 illustrates another type of control panel that
may be used in the anti-collision system;

FIG. 4 illustrates examples of menu-type displays
which maybe included in the control panel of FIG.3;

FIG.5 illustrates a driving ability test device used as
a condition-of-driver sensor for sensing the condition of
the driver and/orfor enabling or disabling operation of
the vehicle;

FIGS.6A and6Billustrates the microcomputer in the
anti-collision system of FIG. 1 and all the inputs into
and the outputs therefrom;

FIG.7 is a circuit diagram illustrating one form of
electrical circuit which may be used;

FIG.8 illustrates one example of a pattern of pulses
that may be used by the vehicle in determiningits dis-
tance from an object;

FIG.9 is a flow chart illustrating the overall opera-
tion of the system;

FIGS. 10A-10B, together, constitute flow charts
illustrating the overall operation of the Calculation
module in the microcomputer of FIGS. 6A and 6B;

FIG. 11A-11H,together, constitute flow chartsillus-
trating the operation of the deceleration alarm module
in the microcomputer of FIGS. 6A and 6B;

FIGS. 12A-12B, together, constitute flow charts
illustrating the operation of the output data module in
the microcomputer of FIGS. 6A and 6B;

FIGS. 13A-13B, together, constitute flow charts
illustrating the operation of the black box module in the
microcomputer of FIGS. 6A and 7B;

FIGS. 14A-14D, together, constitute flow charts
illustrating the operation of the driving ability test mod-
ule in the microcomputer of FIGS. 6A and 6B;

FIG.15illustrates another control panel which may
be used to include additional presettable parameters;
and

FIG.16 illustrates a control panel particularly useful
with trains.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Overall System

Theanti-collision system illustrated in FIGS. 1-14 is
particularly useful for motor vehicles (passengers cars,
buses, trucks) in order to actuate an alarm when the
vehicleis travelling at a distance behind another vehicle
or in front of another, which is equal to or less than a
danger-of-collision distance computed by a computer
such that if the front vehicle stops suddenly there is a
danger of a rear-end collision. For this purpose, the
system includes means for continuously determining the
speed of the vehicle; means for measuring the distance
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and computing the relative speed between it and the
other vehicle or object; presettable means for presetting
various conditions of the vehicle, vehicle driver and/or
environment; and sensors for automatically sensing
other conditions. All of these are taken into consider-

ation by the computer for determining the danger-of-
collision distance. By thus taking into consideration all
the foregoing parameters, which may vary widely
under varying driving conditions, the system is more
closely responsive to the actual conditions existing at
the time the vehicle is operated, and therefore provides
a more creditable alarm.

In the system described below, there are two alarms:
a Collision alarm, which is actuated when the vehicle is
determined to be within the danger-of-collision dis-
tance; and a Safety alarm, which is actuated before the
Collision alarm,at a distance greater than the danger-of-
collision distance by a predeterminedsafety factor, e.g.,
1.25. For example, if the danger-of-collision distanceis
determined to be 100 feet for particular driving condi-
tions, the Safety alarm will be actuated when the vehi-
cle is within 125 feet, and if this distance continues to
decrease, the Collision alarm will be actuated when the
vehicle reaches 100 feet from the object. The Safety
alarm alerts the driver and is preferably both an inter-
rupted beep and a continuous visual indicator on the
panel; whereas the Collision alarm is preferably a con-
tinuous, higher-intensity beep and a flashing visual indi-
cator on the control panel.

The control panel also includes a distance presetting
means for presetting a selected fixed distance from an
object, so that when a constant distance alarm is made
effective the driver can maintain a fixed distance behind

another vehicle if he so desires. The computeris effec-
tive to actuate one of the alarms, e.g., the Safety alarm,
when the distance to the object is equal to or less than
the fixed distance. .

Automatic sensors

FIG. 1 diagrammatically illustrates, for purposes of
example, a plurality of automatic sensors and other
electrical devices included in a vehicle equipped with
an anti-collision system constructed in accordance with
the present invention.

Thus, the vehicle, generally designated 2, is equipped
with a microcomputer 4 having a control panel 6 in-
stalled in the passenger compartmentof the vehicle at a
location conveniently accessible to the driver. FIGS. 2
and 3, to be described below,illustrate two types of
control panels that may be used for this purpose.

Vehicle 2 further includes a front space sensor 8 for
sensing the space in front of the vehicle, such as the
presenceof another vehicle, a corresponding rear space
sensor 10, and a pair of side sensors 11. All the space
sensors are in the form ofpulse (e.g., ultrasonic) trans-
mitters and receivers, for determining the distance of
the vehicle from an object, e.g., another vehicle, at front
or rear. Space sensors may also be providedat the sides
of the vehicle. Vehicle 2 is further equipped with a
speed sensor 12 which may sense the speed of the vehi-
cle in any known manner, for example using the speed
measuring system of the vehicle itself, or a speed mea-
suring system independent ofthe vehicle, e.g., an accel-
eration sensor, or by calculations based on the Doppler
effect, etc.

The automatic sensors on vehicle 2 further include a

daylight sensor 14, a rain sensor 16, a vehicle load sen-
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sor 18, a trailer-hitch sensor 20, and a reverse-gear sen-
sor 22.

In addition to the foregoing sensors, the vehicle 2
illustrated in FIG. 1 includesa brake light 24 at the rear
of the vehicle controlled by a brakelight actuator 26. It
also includes a start-up enable device 27forstarting the
engine of the vehicle.

The illustrated vehicle further includes a black box

shown at 28. In this black box are reported every inci-
dent in which an alarm condition was experienced by
the vehicle, including pertinent parameters with respect
to the incident, particularly time, speed of the vehicle,
and the distance from the object when the alarm was
triggered. This information may be periodically read
out of the black box and is particularly useful with
respect to taxicabs, trucks, buses, trains, vehicles trans-
porting dangerous cargo(e.g., explosives), ambulances,
fire department vehicles, etc.

Further, the vehicle includes an automatic actuator
29, e.g. for actuating the brakesin case of a train, or the
steering in case of an aircraft.

Control Panel

FIG. 2 illustrates one form of control panel 6 for
presetting various parameters into the system, for dis-
playing thestatus of the presettable parameters, and for
providing the alarms. The parameters are preset by
depressing selected keys in the control panel, each key
being illuminated by a light source whenit is depressed
to indicate its depressed condition. Control panel 6
illustrated in FIG. 2 also includes a numberofdisplays,
and also a driving ability testing device which will be
described more particularly below.

With respect to the presettable parameters, control
panel 6 illustrated in FIG.2 includes a group of keys 30
for presetting the Reaction Time of the driver. Thus,
key 30a would be depressed to indicate a regular reac-
tion time, key 30b would be depressed to indicate a long
reaction time, and key 30c would be depressed to indi-
cate a very long reaction time. The reaction time would
be influenced primarily by the age of the driver, but
could also be influenced by otherfactors, e.g., the alert-
ness condition of the driver, etc.

Control panel 6 includes another group ofpresettable
keys 32 to indicate the load condition of the vehicle.
Thus, depressing key 32a indicates a partial load, key
32b indicates a full load, and key 32c indicates a trailer
is hitched to the vehicle. The foregoing presettable
parameters concerning the load condition of the vehicle
may be used in the absence of the sensors 18 and 20 for
automatically sensing the load of the vehicle and the
hitching of a trailer, respectively, as described earlier
with respect to FIG.1.

Control panel 6 includes two keys 34 indicating the
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condition of the road with respect to the danger of 55
skidding thereon by the vehicle. Thus, key 34a would
be depressedto indicate a slippery condition of the road
and therefore a high danger of skidding, whereas key
34 would be depressed to indicate an unslippery condi-
tion ofthe road (e.g., dry) and therefore a low danger of
skidding.

Two keys 36 on the control panel 6 indicate the visi-
bility condition of the road. Thus, key 36a would be
depressed where the visibility condition is high,
whereas key 36 would be depressed whereit is low,
e.g., because of fog, sandstorm, snow,etc.

Three keys 38 indicate the type of road over which
the vehicle is travelling. Thus, the depression ofkey 38a
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6
indicates an asphalt road, key 385 a concrete road, and
38c a dirt or gravel road.

Keys 40 indicate the daylight condition while driv-
ing. Thus,if it is daytime key 40a would be depressed,
andif it is nighttime key 40b would be depressed.

Thecontrol panel 6 includes two keys42to select the
mode of operation of the system. Thus, key 42d selects
the Collision Danger mode of operation, wherein the
alarm would be actuated whenevera collision dangeris
present as will be described below. However, at times
the driver would like to know whetherornot his vehi-

cle is within a predetermined fixed distance behind
another vehicle. In such case, the fixed distance would
be selected by keys 44, and key 42b would be depressed
to select the Constant Distance mode, whereupon the
system would actuate an alarm whenever the sensed
distance is equal to or less than the selected constant
distance. In the exampleillustrated in FIG. 2, keys 44
enable the selection of any one of three distances,
namely 50, 100 and 150 meters, by keys 44a, 446 and
44c, respectively. It will be appreciated, however, that
other parameters and distances, and other means of
selecting such parameters and distances, could be pro-
vided in the control panel 4.

Control panel 6 further includes a front distance dis-
play 46, in which are displayed the distance to the front
vehicle (in region 46a), in which direction (by arrow
46b), and whether or not there is a collision danger
(region 46c). A similar display, shown at 48 and having
regions 48a, 48) and 48c,is provided with respect to the
rear ofthe vehicle equipped with the system, whether a
rear collision danger exists, and the status of the rear
brakelight.

The actual speed of the vehicle is shown in the speed
display 50. Asindicated earlier, this speed may be taken
from the conventional speed measuring system of the
vehicle, or may be independently measured or calcu-
lated using the front space sensor,e.g., by the Doppler
effect. Control panel 6 further includesa real time clock
having a time display 52.

Control panel 6 further includes a speaker 54 for
producing an audio alarm in the event of a collision
danger, in addition to the visually-indicated alarms of
sections 46c and 48c of the displays 46 and 48. A key 56
on the control panel enables presetting the volume of
the audible alarm.

Control panel 4 further includes a driving ability test
device, generally designated 60, which enables the
alertness condition of the driver to be tested. This de-

vice includesa line of depressible keys 61 and a display
62 controlled by the microcomputer 4 for randomly
displaying sequences in which keys 61 are-to be de-
pressed. In the example illustrated in FIG.4, display 62
indicates that keys 61 are to be depressed in a forward
sequence(left to right) eight times, then depressed in the
reverse sequence (right to left) another eight times, and
then to be depressed in the forward sequencea further
eight times. When the driving ability test is to be con-
ducted, a Start/Stop key 63 is depressed whereupon a
timeris started. When the driver completes the test, he
again depresses key 63. The time is measured between
the two depressions of key 63 thereby providing an
indication of the time required by the driver to depress
the keys according to the required sequences.

This time is a measureofthe “alertness” of the driver.

It may thereby be used to provide a parameter of the
driver condition and inputted into the microcomputer 4.
In the illustrated system, however, depressing the dis-

1837



1838

5,357,438
7

played sequences of the keys in the right order within a
predetermined time period is a condition required to be
met. before the vehicle can be started, as will be de-
scribed more particularly below with respect to the
flow chart of FIG. 14. Failure to meet the condition is

indicated by display 65, and passing the condition is
indicated by display 64. If one attempt fails, another
attempt may be madeby depressing Reset key 66. Such
a driving ability test device is particularly useful with
respect to trucks, buses, vehicles carrying dangerous
cargoes, aircraft, and trains, to make sure that the driver
is fit to operate the vehicle before enabling the vehicle
for operation.

FIG. 3 illustrates an alternative type of control panel,
therein designated 70, which may be used instead of the
control panel6 illustrated in FIG. 2. Control panel 70 is
of the “menu ” type, in which a menu display 71 dis-
plays the various categories of information or options
that may be selected or preset into the computer or
displayed in the control panel. The menu display 71 is
controlled by a Select key 72 which advances the dis-
play each time the key is depressed (or continuously
until the key is permitted to return), and an Enter key 73
which enters the selection shownin the display 71 at the
time that key is depressed. In this panel, the status of the
driving conditions is displayed wheneverselections or
other displays are not made or shown.

FIG.4 illustrates the examples of various types of
menus which may be shown in the menu display 71.
Thus, one display is the Main Menu as shownat 75,
whichlists the various modes of display that may be
selected, namely the following: a Status display, as
shownat 71 in FIG. 3; an Alarm Mode Selection dis-
play, as shownat 76a (FIG. 4), which enables the selec-
tion of the desired Alarm mode, namely Collision Dan-
ger, or Constant Distance; and if Constant Distanceis
selected, display 766 enables the selection of the dis-
tance; a Parameters Input mode 77a, which enables
selection of the parameters input, each category of
whichincludes a further display and enables the selec-
tion of one item within the respective category, as
shownby the Reaction Time display 776; and a Black
Box alarm display 78, which displays the printed data
stored within the black box 28.

By thus utilizing a menu display as shown in FIGS.3
and 4, it will be appreciated that a large number of
operational modes may be provided, a large number of
parameters may be preset with each parameter divided
into a large numberofclassifications, and a large num-
ber of displays may be made, in a relatively compact
control panel, as compared to the control panel6 illus-
trated in FIG.2.

The control panel 70 illustrated in FIG.3 includes the
other displays and devices shown in FIG.2, and there-
fore have beenidentified by the same reference numbers
to facilitate understanding.

FIG.5 illustrates a more complicated driving ability
test device that may be included in the control panel, or
in a separate control panel.

Thus, the driving ability testing device 80 illustrated
in FIG.5 includes, instead of a single line of keys (keys
61 in FIGS. 2 and 3), a matrix of keys 81 arranged in a
plurality of horizontal rows and vertical columns. De-
vice 80 further includes a horizontal display 82 and a
vertical display 83. The horizontal display 82 displays,
for each vertical column, the random sequences and
directions in which the keys are to be depressed and the
random numberof times such keys are to be sequen-
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tially depressed. The vertical display 83 also displays
the random sequence, and a numberof times, the keys in
each ofthe three horizontal rows are to be depressed. A
further display 84 indicates whether the sequencing of
the vertical columns or the horizontal rows is to be

effected first (F) orlast (L).
Thus, in the example illustrated in FIG.5, display 84

indicates that the random display 82a is to be first exe-
cuted, and then the random display 83is to be executed.
Random display 82 indicates that the first vertical col-
umn of keys are to be depressed consecutively in two
sequencesstarting from the bottom, the middle column
of keys are to be depressed in one sequence, starting
from the top; and the rightmost column of keys are to be
depressed consecutively in three sequences starting
from the bottom. Display 83 indicates that the first
horizontal line of keys are to be depressed once from
rightto left, the second horizontal line of keys are to be
depressed three times, from left to right, and the third
horizontal line of keys are to be depressed twice, from
rightto left.

The driving ability testing device 80 illustrated in
FIG. 5 includes the other keys of device 60 shownin
FIG.2, namely keys 85, 86, 87 and 88, corresponding to
keys 63, 64, 65 and 66, respectively, in the device of
FIG.2.

The Microcomputer

FIGS. 6a, 6b, are a block diagram illustrating the
microcomputer 4 and its inputs and outputs described
earlier which enable it to continuously monitor the
operation of the vehicle and to actuate first a Safety
alarm, and then a Collision alarm wheneverthe vehicle
may enter a danger-of-collision situation according to
the various preset parameters and automatic parameters
introduced into the computer.

The microcomputer4 as illustrated in FIGS.6a, 66 is
divided into various functional modules, as follows: a
calculation module 90, which receives data concerning
the various parameters briefly described above and as
will be described moreparticularly below to enable it to
make the necessary computations for actuating the
Safety alarm and the Collision alarm; a real time clock
91 which keeps track of time in a real time manner; a
switches/sensors output data module 92 which controls
the various displays on the control panel; a deceleration
alarm module 93, which controls the Safety alarm and
Collision alarm on the control panel, the brake light
actuator 26 and (e.g., in the case of a train) the vehicle
brakes automatically; a black box module 94, which
controls the information recorded into and read out of
the black box 28; and a driving ability test module 95,
involved in the driving ability test 60 in the control
panel of FIG. 2, or 80 in the control panel of FIG.5.
The operation of each of these modules (except the
clock 91) is described more particularly below with
reference to the flow charts of FIGS. 9-14.

Thus, module 90 receives inputs from the front space
sensor 8, the rear space sensor 10, and the vehicle speed
sensor 12. Module 90 also receives inputs from the sen-
sors in case there is no depressible key,e.g., the daylight
sensor 14, the trailer sensor 20, the reverse gear sensor
22, the rain sensor 16, and the vehicle load sensor 18.

With respect to the preset parameters, the module 90
receives as inputs the reaction time as preselected by
keys 30, the vehicle load condition as preset by keys 32,
the skidding danger condition of the road as preset by
keys 34, the visibility condition as preset by keys 36, the
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road-type condition as preset by keys 38, the daylight
condition as preset by keys 40, as preset by key 32c.

Computer module 90 also receives an input from the
modeselector 42 and the constant distance selector 44,
to indicate whether the system is to operate according
to the Collision Danger modeas preselected by key 42a
to actuate the Safety alarm or Collision alarm whenever
the vehicle approaches or is within the computed dan-
ger-of-collision distance, or the Constant Distance
mode as selected by depression of key 42b. In the latter
case, the alarm would be actuated wheneverthe vehicle
is within a fixed distance as preset by depressing keys
44.

Computer module 90 also receives an input from the
driving ability testing device 60 of FIG.2 (or 80 of FIG.
5), which introduces the driver alertness condition as a
parameter in the computation to be made by the com-
puter, and/or as a condition to enable the vehicle for
operation.

Computer module 90 also includes information about
the vehicle braking distances as a function of speed.
This is preferably in the form of a look-up table, for
example, provided by the manufacturer for predeter-
mined defined conditions concerning road type, skid-
ding danger, vehicle load and tires pressure, and is
stored in a ROM (read-only memory) of the microcom-
puter so thatit can be changed periodically if necessary.

Computer module 90 also includes information con-
cerning specific days during the year, or specific hours
during the day, which are defined as dangerous driving
days or hours. Examples ofthe latter include Saturday
nights, Christmas Eve, New Year’s Eve, dusk hours,
etc., statistically known as dangerous driving times.
This information could be introduced into the calcula-

tions by the computer in one of the safety factors or
coefficients used by the computerin its calculations.

Computer module 92 controls the various displays,
including the clock display 52, the distance display 46,
48, the speed display 50 and other displays such as the
key displays, namely the indicator lights which illumi-
nate each of the keys (30, etc.) on the control panel
wheneverthe key is depressed, as described earlier.

The deceleration alarm module 93 controls the Safety
and Collision alarms. As indicated earlier, the Safety
alarm is first actuated to alert the driver that the vehicle

is approaching the danger-of-collision distance from an
object, or another rear vehicle is approaching the dan-
ger-of-collision distance. This alarm may be in the form
of an Interrupted Audio alarm from speaker 54 and a
Continuous Visual alarm from the collision danger dis-
play 46c or 48c. The Collision alarm, which is actuated
when the vehicle is within the danger-of-collision dis-
tance, may be in the form of an Continuous, Higher-
Intensity Audio alarm from speaker 54, and a Flashing
Visual alarm from display region 46c or 48c.

The deceleration alarm module 93 further controls

the brake light actuator 26 to alert drivers that may be
trailing the vehicle involved, and also a brake light
actuator display, shownat 26a in FIG.6, to indicate this
to the driver of the vehicle equipped with the safety
system.

In some vehicles, such as a train or aircraft, the de-
scribed system may also be provided with an actuator
for automatically effecting a control of the vehicle, e.g.,
for automatically actuating the brakes in a train, or a
steering control in an aircraft, in response to a danger-
of-collision condition. This is schematically indicated
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by block 96 in FIG.6 as controlled by the deceleration
alarm module 93.

The black box module 94 controls various displays,
generally indicated by block 97 in FIG. 68, carried by
the black boxitself to read out the information recorded

in the black box concerning alarm incidents which oc-
curred, including the time, speed of the vehicle, and
distance from he object, for each alarm incident.

The driving ability test module 95 controls a start-up
enable device, generally designed 98, which enables the
vehicle to be operated only when the test has been
satisfactorily passed, and a display, such as display 64 in
FIG. 2, indicating that the driver has satisfactorily
passed the test and therefore the vehicle is enabled for
operation.

FIG.7 is a circuit diagram of the microcomputer 4
and the other components oftheelectrical system. The
microprocessor is indicated by block 100, its power
supply by block 102, and its watchdog circuit by block
104.It includes a transmitter 106 and a receiver 108 for

transmitting and receiving the pulses (e.g., RF, ultra-
sound,laser, IR,etc.) in the front space sensor 8 and the
rear space sensor 10 for measuring the distance of the
vehicle from objects in front of, and to the rear, of the
vehicle, respectively. The microprocessor 100 includes
inputs from all the automatic sensors, and from the
presettable keys on the control panel, as described
above. For purposes of example, only one of the sen-
sors, indicated schematically at 110, and only oneof the
presettable keys indicated schematically at 111, are
shown as inputs into the microprocessor. Since the
circuit illustrated in FIG. 7 is well known and commer-

cially available, further details ofits structure and mode
of operation are not set forth herein.

Distance Determination

As indicated earlier, the distance of the vehicle from
an object is determined by the front space sensor 8 with
respect to objects in front of the vehicle, and by the rear
spacesensor 10 with respectto objects at the rear of the
vehicle. Each of these space sensors may be of known
construction, including a transmitter as indicated at 106
in FIG. 7, and a receiver as indicated at 108. Thus,
pulses are continuously transmitted by each transmitter,
and the echoes from the objectsin front ofor to the rear
of the vehicle are received by the respective receiver.
The computer then measures the round-trip time from
the pulse transmission to the echo reception in order to
determine the distance of the vehicle from the object.

FIG. 8 illustrates an example of the pattern of pulses
transmitted by the transmitters. Each pulse is identified
by a twelve-bit code. As shown in FIG.8, the first eight
bits do not change andidentify the vehicle transmitting
the pulses, whereas the next four bits change with each
transmission and thereby identify the pulse then being
transmitted, such that the computer can compare the
return pulse with the transmitted pulse and thereby
determine the round-trip time of the respective pulse.
The receiveris “opened”to receive echoes for a prede-
termined “window time”so as to eliminate echoes from

distances which are defined as too long.

OPERATION

General

The operation of the described anti-collision systemis
illustrated in the flow charts of FIGS. 9-14. The abbre-
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viations included in the flow chart are identified by the
following table:
 TABLE

AS Approach speed
A Maximum permissible time for performing driving

ability test
AL Alarm
ALSF Alarm stopping front counter
ALSR Alarm stopping rear counter
ALCF Alarm collision front counter
ALCR Alarm collision rear counter
ALFA Alanm stopping front accumulator
ALRA Alarm stopping rear accumulator
AM Alarm mode
BD(AS) Braking distance as a function of approaching speed
BF Braking factor
cL Carload or vehicle load
cD Collision distance
CDM “Constant Distance” mode distance
CSF Collision safety factor
DL Daylight/darkness
DD Driving duration
DDHF Dangerous driving hours factor
FADR Front alarms to driving duration ratio
I Counter
ICD Constant Distance Alarm Counter
M Maximum permissible time for checking collision

dangerexistance in front when at rear there was no
danger last time checked.

MD Measured distance
RMD Rear MD(measured distance)
RADR Rear alarms to driving duration ratio
RV Reverse gear (RV = ‘I’ when reverse)
RT Reaction time
RF Reaction factor
RP Road type
RRT Rear RT (e.g., RRT=RT-+3 Standard deviations)
RRF Rear RF (RRF 21)
RBD Rear BD
RCL Rear CL
RBF Rear BF (RBF 2 1)
RST Rear ST (RST 21)
RSF Rear SF (RSF 21)
Rx Receiving echo
RSD Rear stopping distance
RCSF Rear CSF
sD Stopping distance
so Sensors output
SK Skidding danger
ST Stopping factor
SF Safety factor
T Time
TFA Total front stopping alarms
TRA Total rear stopping alarms
TO Time over(for the receiver “window-time”)
Tx Transmission command
TRx Time of Rx
TTx Time of Tx
Vv Vehicle speed
ve Visibility conditions
X Trip number 

As shownin the foregoing table, many factors are to
be included in making the various computations. These
factors may be determined for each case in order to
make the appropriate computation for actuating the
collision alarm,and beforeit the safety alarm, as close as
possible to the actual conditions at the time of driving,
including the driver conditions, vehicle conditions, and
the environmental conditions as described above. The
ALSF and ALSR counters, the ALCF and ALCR
counters, and the ALFA and ALRA accumulators in
the above table, and referred to in the flow charts be-
low, would be provided in the black box 28 which
recordsall the incidents in which the safety alarm and
collision alarm were actuated, including the time, vehi-
cle speed and vehicle distance for each alarm incident.
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Overall Operation

The overall operation is illustrated in the flow chart
of FIG.9. Thus, after the system is reset (block 120),all
the parametersare initialized (block 122), and the pulse
transmitters in the front and rear space sensors 8 and 10
are incremented one pulse count (block 124), by incre-
menting the last four bits of the twelve-bit pulse, as
described above with respect to FIG. 8. The pulse is
then transmitted (block 12,5), and the time is measured
until its echo is received within a limited duration

(blocks 128, 130). This time is used for calculating the
approach speed of the vehicle with respect to an object
(block 132). The vehicle speed is then determined,e.g.,
as read from a speed sensor on the vehicle,, or as deter-
mined independently,e.g., by the Doppler effect (block
134). All the parameters as preset by the presettable
keys on the control panel 6, as well as the outputs from
the various sensorsas illustrated in FIG. 1, are then read
(block 136), and the computer then determines whether
there is a collision danger, i.e., whether the measured
distance is within the collision-of-danger distance
(block 138). If so, it actuates the alarms; and ifnot, it
returns to increment and transmit the next pulse (blocks
140 and 142).

Operation of the Calculation Module 90

Asindicated earlier, the illustrated system includes
two alarms, namely a Collision alarm whichis actuated
whenever the measured distance of the vehicle from an

object is within the danger-of-collision distance as com-
puted by the computer; but before that alarm is actu-
ated, a Safety alarm is first actuated to alert the driver
that the vehicle is approaching the above collision
alarm distance. For example, the safety alarm may be
actuated when the vehicle is determined to be within a

distance whichis increased by 25% as compared to the
collision distance, in which case the collision distance is
multiplied by a safety factor of 1.25 to determine the
distance for energizing the safety alarm.

The foregoing is more clearly illustrated in the flow
chart of FIGS. 10a, 105 which illustrates the operation
of the calculation module 90.

Thus, the system is first initialized as shown by block
150, and then the various factors concerning the reac-
tion, braking and stopping distances, and other parame-
ters (representing the rear vehicle and driver parame-
ters), that are not presettable from the keyboard, and are
read into the computeras indicated by block 152. The
driving date and hour are then read (block 154), and a
determination is made whetherthat time is a dangerous
time (e.g., a high-accident rate time, block 156). If so,
safety factors (SF and RSF) are introduced to compen-
sate for this danger time (block 158), before the reaction
time (RT), as well as the other presettable parameters,
including approach speed, braking distance as a func-
tion of approach speed,etc., as shown in box 160, are
introduced.

The system then makes the computations illustrated
(as an example) in block 162 to determine the stopping
distance SD, whichis equal to the reaction distance plus
the braking distance multiplied by a stopping factor ST
and a safety factor SF. In the illustrated example, the
stopping distance is the sum of the reaction distance and
the braking distance. The reaction distance is the prod-
uct of the reaction time, visibility condition, daylight
condition, reaction factor and speed; and the braking
distance is the product of the braking distance (as sup-
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plied by the manufacturer), road type, skidding danger,
vehicle load and braking factor. The stopping distance
(SD) includes further safety factors, and determines
whenthe safety alarm will be actuated tofirst alert the
driver of an approachingcollision danger.

A determinationis also madeofthe collision distance

CD whichis equal to the stopping distance SD divided
bythe collision safety factor CSF,e.g., 1.25 in the exam-
ple illustrated above, such that should the distance be-
tween the vehicle and the object come within the colli-
sion distance CD,the collision alarm is then actuated.

The foregoing calculations of stopping distance SD
andcollision distance CD with respect to objects at the
front of the vehicle are also made with respect to ob-
jects at the rear of the vehicle, these calculations being
RSDand RCD,respectively, also shown in block 162.

Whenever the distance between the vehicle and an

object to the front of the vehicle or to the rear of the
vehicle comes within the stopping distance SD and the
collision distance CD, the system operates according to
the deceleration alarm module 93, as indicated by block
164.

Operation of Deceleration Alarm Module 93

The function of this module is to actuate the safety
alarm or collision alarm, and also the brakelight, at the
proper time, and also to record the events within the
black box 128. The operation of this module is more
particularly illustrated in FIG.11e-11h.

After the system initializes (block 200), it checks to
see whether the Alarm modeor the Constant Distance

mode has been preset (block 202). If the Constant Dis-
tance mode has been preset, it continuously checks to
determine whether the measured distance is less than

the preset constant distance, and if so, it actuates the
alarm (blocks 203-207); at the same time, it also incre-
ments the constant distance alarm counter (block 206) in
the black box 28.

If the system is in the Collision Danger mode,it con-
tinuously compares the measured distance with the
computed stopping distance, and whenever the mea-
sured distance is equal to or less than the computed
stopping distance, it actuates the alarm; at the same
time, it increments an alarm counter (ALSF) and also
records the time, distance and speed in the black box
(blocks 208-211).

The aboveoperations are repeated with respect to the
rear measured distance (blocks 212-217). During these
operations, the system also checks to determine
whetherthe vehicle is driving in reverse, and if so, the
reverse stopping distance (RSD)is considered to be the
stopping distance (SD), as shown by blocks 213, 214.

This information is also recorded in the black box

(block 217). During this operation, the system also
checks to see whether there was a problem with the
front (block 218); if not, it repeats the foregoimg opera-
tions (starting with block 208). If, however, there was a
problem atthe front, the system compares the measured
distance with the collision distance (blocks 219, 220). If
there is a collision danger, the Collision alarm is actu-
ated (block 221); at the same time, the Collision alarm
counterin the black boxis incremented (block 222), and
the time, distance and speed of the vehicle are recorded
in the black box (block 223). If the system is included in
an anti-collision system for trains, then the actuation of
the collision alarm would also be accompanied by the
actuation of the braking system ofthe train (block 221).
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Where the measured distance was greater than the
collision distance, the system monitors the measured
distance now with the stopping distance and if it is
greater than the stopping distance, the value in counter
ALSFis accumulated in accumulator ALFA, and then
the counter is reset to zero (blocks 224-227). The sys-
tem then returns to the beginning of the loop, point C.

Whenever the measured distance is equal to or less
than the stopping distance (block 225), the system incre-
ments the alarm stopping front counter (block 228),
records the time, distance and speed in the black box,
and also actuates the safety alarm (block 229).

Thesystem also checks to see whether there had been
a problem with the rear the last time this had been
checked;if so (.e., ALSR not equal to zero), the system
proceedsto point E. As will be described more particu-
larly below, point E checks to determine whether there
is a rear collision danger.

If there had not been a problem with the rear the last
time it was checked, and the last time it was checked is
less than a predetermined maximum time (blocks
231,232), the system again checks to determine whether
there is a collision dangerin the front (point D); but if
the maximum time was exceeded,it then returns to the
beginning of the loop (point C).

When it was determined that there is a problem with
the stopping distance which actuated the Safety alarm
(block 215) or that there was a problem with the stop-
ping distance at the rear (block 230), the system checks
whether there is a Collision danger at the rear (block
233). If the vehicle is being driven in reverse (block 234)
it considers the computed rear collision distance to be
the sameasthe front collision distance (block 235), and
then checks to determine whether the measured rear

distance is equal to orless than the computedrear colli-
sion distance (block 236). If there is a dangerofcollision
(block 237), the Collision alarm is actuated, etc. (as
described above with respect to point F).

If there is no danger of a rear collision, a check is
again made to determine whetherthe vehicleis in re-
verse, andif so, the computed Rear stopping distance is
considered to be the sameas the front stopping distance
(blocks 239, 240). The system then checks to determine
whether the rear measured distance is equal to or less
than the computedrear stopping distance (block 241). If
the rear measured distance is greater than the computed
tear stopping distance (block 241), the value in counter
ALSRis introduced into accumulator ALRA, counter
ALSRis reset to zero, and the system then returns to
the beginning of the loop, point C.

If, however, the rear measured distance is equal to or
less than the computed stopping distance, the Safety
alarm and the brake light are actuated, and the same
operations are repeated with respect to the information
stored in the black box as described above (blocks
242-244). The system then checks to determine whether
there had not been a previous problem with the front
stopping distance, and whether the last check had been
within a previous timeinterval. If so, it returns to check
the collision danger from therear; but if not, it returns
to the beginning of the loop at point C, or continues to
check the front collision danger (point D) if there was a
problem at the front (i.e., ALSF is not equal to “0”).

Operation of the Switches/Sensors Module 92

FIGS.12g, 125, are a flow chart illustrating the oper-
ation of the switches/sensors output data module 92.
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During this operation, the system first reads the pre-
settable parameters according to the settings of the
reaction time key 30 (block 300), the carload-trailer key
32 (block 302), the skidding danger key 324 (block 304),
the visibility condition key 36 (block 306), the road type
key 38 (block 308), the daylight key 40 (block 310), the
Alarm mode key 42 (block 312), and the constant dis-
tance key 44 (block 314). The system also reads the
position of the reverse gear sensor output schematically
shown at 22 in FIG. 1 (block 316), reads or calculates
the car speed (block 318), reads the front and rear car
distances (block 320), and reads the clock time (block
322). The foregoing parameters are displayed by actuat-
ing the clock display 52, the distance displays 46, 48, the
speed display 50, and the key display 30, etc. (block
324). If no changeis madein these settings, the system
continues to read or calculate the car speed,etc., until a
change occurs, at which time the system begins the loop
at point A.

Operation of the Black Box Module 94

Asindicated earlier, the black box (28, FIG. 1) main-
tains a record ofall incidents during which the safety
alarm andcollision alarm were actuated, recording the
time, speed and relative distance between the vehicle
and object for each such occurrence. This record is
accumulated within the black box and maybe read out
at any desired time, e.g., by operatorsof taxicabs, buses,
trucks, trains or aircraft, to provide a record of what
occurred during the vehicle trip. This information can
be recorded for a predetermined numberoftrips.

The flow chart of FIGS. 13a, 135 moreparticularly
illustrates the operation of the black box module 94,
wherein it will be seen that a record is made with the

driving duration at all times in which the vehicle is
moving during the current trip (block 350), during
which the various accumulators (ALFA and ALRA),
and counters (ALSF and ALSR) are recorded (block
352) and accumulated (block 354). These are used to
calculate the total numberof front stopping alarms and
the ratio thereof to the driving duration, and may be
displayed at any time when requested(e.g., by using the
blackbox alarm data menu 78 illustrated in FIG. 4,
blocks 356, 358 and 360). In the same way, the total
collision alarms may be calculated and the ratio thereof
to the driving duration.

In the caseoftrains or aircraft where the vehicle itself

was automatically controlled, e.g., automatic actuation
of the brakes inatrain, this is also displayed (block 362
).

Operation of Driving Ability Test Module 95

FIG.2 illustrates one form of driving ability test, at
60, and FIG.5 illustrates a more complicated driving
ability test that may be used to determine thefitness of
the driver to operate the vehicle. The result of this test
may be used as one of the parameters indicating the
condition of a driver to be used in calculating the colli-
sion distance before either the collision alarm or the

safety alarm is actuated. The results ofthis test may also
be used to disable the operation of the vehicle unless
and until the driver has successfully passed the test. The
latter operation is more particularly illustrated in the
flow chart of FIGS. 14a-14d.

Thus, as shown in FIG. 14a, a counter I, which accu-
mulates the numberof attempts by the driver to pass the
test, is first initialized (block 370), and then a predeter-
mined numberA, representing the maximum permissi-
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ble time to perform the test, is read (block 371). With
respect to the more complicated device illustrated in
FIG.5, the random values in the horizontal display 82,
vertical display 83, and first/last (F/L) display 84, are
then read into the system (block 373); these set forth the
sequences and directions in which keys 81 are to be
depressed and the number of times in each sequence
they are to be depressed.

The driver then depresses the Start/Stop key 85, and
then executes the test depressing the keys 81 according
to the random displays 82, 83 and 84, and as soonasthis
has been completed, the Start/Stop key 85 is again
depressed. These operations are indicated by blocks
374-381 in FIG. 14. Following this, a determination is
made whether the keys were depressed in the night
order and in the correct number of times as displayed
(block 382), and within the maximum permissible time
allowed (blocks 383, 384). If so, the test was satisfacto-
rily passed, and the operation of the vehicle is enabled
(blocks 385 and 386).

On the other hand,if the test was not satisfactorily
passed, either because the keys were not properly de-
pressed or the specified time limit was exceeded, the
FAIL display 88 is energized. The system permits the
operator to make another attempt by depressing the
reset key 86 provided the maximum numberof attempts
had not been exceeded, e.g., ten attempts (blocks
388-393). If the driverfailed the test a prescribed num-
ber of times, the vehicle is disabled for a prescribed
period (e.g., thirty minutes) before the driver can again
attempt to pass thetest.

Some Variations

FIGS.15 and 16illustrate two further variations that

may be madein the control panel.
FIG.15 illustrates a control panel which is the same

as in FIG. 2, except for the following changes.
One changeis that three further parameters may be

preset into the system, to be taken into consideration in
computing the collision distance and safety distance.
Thus, in addition to the other presettable parameters as
illustrated in FIG. 2, the control panel shownin FIG.15
includes an additional group of keys 400 for presetting
the tire pressure (which parameter could also be auto-
matically sensed by a sensor), keys 402 for presetting
the road condition, and keys 404 for presetting whether
the vehicle is being driven in an urban area or on a high
speed highway(e.g., a freeway or toll road).

Another change included in the control panel illus-
trated in FIG.15 is that it includes a depressible key 405
marked DTAD,standing for Dense Traffic Alarm Dis-
able. Thus, this key may be depressed by the driver
whendriving in a dense area and,ifdepressed, would be
effective to disable the alarm wheneverthe distance to

another object is less than a predetermined minimum
distance, or whenever the speed of the vehicle is less
than a predetermined minimum speed, or wheneverthe
productof the above two factors is less than a predeter-
mined minimum value.

The control panel illustrated in FIG. 16 is particu-
larly useful for trains, since it also includes a set of keys
410 indicating many different load levels, e.g., corre-
sponding to the numberofcarsin thetrain.

In all other respects, the control panels illustrated in
FIGS. 15 and 16 may be substantially the same as de-
scribed above.

While the invention has been described with respect
to several preferred embodiments, it will be appreciated
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that these are set forth merely for purposes of example,
and that the invention, or various aspects of the inven-
tion, may be advantageously used with other modifica-
tions or in other applications.

Whatis claimedis:

1. An anti-collision system for moving vehicles, com-
prising:

means for determining the speed of a moving vehicle;
means for measuring the distance of the moving vehi-

cle from an object;
a computer for receiving a number of parameters,

including the speed of the vehicle, and for comput-
ing from said parameters a danger-of-collision dis-
tance to said object;

and a collision alarm actuated by said computer when
the measured distance of said object is equal to or
less than said danger-of-collision distance com-
puted by the computer;

characterized in that said system also includes a con-
trol panel having parameter presetting means for
presetting preselected parameters which are uti-
lized by said computer for computing said danger-
of-collision distance to said object;

said preselected parameters including at least one
vehicle parameter concerning a preselected condi-
tion of the vehicle, and at least one environmental
parameter concerning a preselected condition of
the environment.

2. The system according to claim 1, wherein the sys-
tem also includes a safety alarm actuated by said com-
puter, before actuating said collision alarm, when said
measured distance is equal to or less than said danger-
of-collision distance multiplied by a predetermined
safety factor.

3. The system according to claim 2, wherein said
control panel also includes distance presetting means
for presetting a selected fixed distance from said object,
said computer being effective to actuate one of said
alarms when the distance to said object is equal to or
less than said fixed distance.

4, The system according to claim 1, wherein said
preselected parameters further include:

at least one driver parameter concerning a prese-
lected condition of the vehicle driver.

5. The system according to claim 4, wherein said
driver parameter includes a selected one of a plurality
ofrelative reaction times of the vehicle driver.

6. The system according to claim 1, wherein said
vehicle parameter includes a selected one of a plurality
ofrelative load conditions of the vehicle.

7. The system according to claim 1, wherein said
environmental parameter includes a selected parameter
indicative of the danger of the road to skidding.

8. The system according to claim 1, wherein said
environmental parameter includes a selected parameter
indicative of the visibility condition at the time of driv-
ing.

9. The system according to claim 1, wherein said
environmental parameter includes a selected parameter
indicative of the type of road over which the vehicleis
travelling.

10. The system according to claim 1, wherein said
environmental parameter includes a selected parameter
indicative of whetheror notit is daylight at the time of
driving.

11. The system according to claims 1, wherein said
presetting means includes a plurality of depressible keys
on said control panel.
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12. The system according to claim 1, wherein said
vehicle includes a brake light indicator which is auto-
matically actuated whensaid collision alarm is actuated.

13. The system according to claim 2, wherein said
vehicle includes a brake light indicator which is auto-
matically actuated whensaid safety alarm is actuated.

14. The system according to claim 1, wherein said
control panel includes presettable means for disabling
said collision alarm when said measure distance, said
determined speed, or the product of said measured dis-
tance and said determined speedis less than a predeter-
mined minimum.

15. The system according to claim 1, further includ-
ing a plurality of condition sensors for sensing any one
of a plurality of, said selected conditions, and for auto-
matically feeding to said computer information with
respect to said sensed conditions, said information also
being utilized by the computer for computing said dan-
ger-of-collision distance to said object.

16. The system according to claim 15, wherein said
condition sensors include a condition-of-driver sensor,
comprising: —

a plurality of depressible keys including a start key
and further keys;

means effective upon depressing the start key for
displaying a random sequence in which said further
keys are to be depressed;

and means for comparing the actual sequence in
which said further keys are depressed with said
displayed random sequence to provide a condition-
of-driver parameter, which said condition-of-
driver parameter is also utilized by the computer
for enabling or disabling vehicle operation or for
computing said danger-of-collision distance to said
object.

17. The system according to claim 1, wherein said
system further includes a sealed recording device which
records all incidents in which said computer actuated
said alarm including the time, speed and relative dis-
tance between the vehicle and said object for each inci-
dent.

18. The system according to claim 1, wherein said
system further includes an actuator for automatically
actuating a mechanical system of the vehicle at the tume
said collision alarm is actuated.

19. An anti-collision system for moving vehicles,
comprising:

means for determining the speed of a moving vehicle;
means for measuring the distance of the moving vehi-

cle from an object;
a computer for receiving a number of parameters,

including the speed of the vehicle, and for comput-
ing from said parameters a danger-of-collision dis-
tance to said object;

and a collision alarm actuated by said computer when
the measured distance of said object is equal to or
less than said danger-of-collision distance com-
puted by the computer;

characterized in that said system also includes a con-
trol panel having parameter presetting means for
presetting preselected parameters which are uti-
lized by said computer for computing said danger-
of-collision distance to said object;

said preselected parameters including at least one
vehicle parameter concerning the load carried by
the vehicle, and at least one driver parameter con-
cerning a preselected condition of the vehicle
driver.
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20. An anti-collision system for moving vehicles,
comprising:

meansfor determining the speed of a moving vehicle;
means for measuring the distance of the moving vehi-

cle from an object;
a computer for receiving a number of parameters,

including the speed of the vehicle, and for comput-
ing from said parameters a danger-of-collision dis-
tance to said object;

and a collision alarm actuated by said computer when
the measured distance of said object is equal to or
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less than said danger-of-collision distance com-
puted by the computer;

characterized in that said system also includes a con-
trol panel having parameter presetting means for
presetting preselected parameters which are uti-
lized by said computer for computing said danger-
of-collision distance to said object;

said preselected parameters including at least one
driver parameter concerning a preselected condi-
tion of the vehicle driver, and at least one environ-
mental parameter concerning a preselected condi-
tion of the environment.* * * * *
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FUEL INJECTION CONTROL SYSTEM FOR AN
INTERNAL COMBUSTION ENGINE OF A

VEHICLE

This invention relates in general to a fuel injection
control system for an internal combustion engine of a
vehicle, and particularly to a fuel injection control sys-
tem controlling the numberofcylinders to which fuel is
injected, and more particularly to such a fuel injection 1
control system for use with a conventional electronic
type of automatic transmission system.

Certain electronic types of automatic transmission
systems have been proposed which are disclosed for
example in U.S. Pat. Nos. 2,995,949 and 3,052,134.
However, when these conventional automatic transmis-
sion systems are employed together with a fuel injection
control system for controlling the number of cylinders
to which fuel is injected, the following disadvantage
can be pointed out. That is, when employing sucha fuel
injection control system, the number of the cylinders to
which fuel is injected is determined such that manifold
absolute pressure becomes generally within the range
from 100 to 150 mmHgin orderto attain fuel economy
or decrease fuel consumption. Therefore, the opening
degree of a throttle is adjusted to maintain the above
described manifold absolute pressure. On the other
hand, the shifting of gear ratios in the automatic trans-
mission system is determined depending upon vehicle
velocity and also a suitable engine operating parameter.
However, when the fuel injection control system is
employed together with the automatic transmission
system, the opening degree of the throttle or the mani-
fold absolute pressure is used as the engine operating
parameter. In this instance, however, the opening de-
gree of the throttle or the manifold absolute pressure is
not preferable because it is no longer a proper parame-
ter for controlling the shifting of gear ratios. This is
because the opening degree of the throttle is always
controlled to maintain the manifold absolute pressure
within the above described range. Therefore, if the
opening degreeofthe throttle or the manifold absolute
pressure is used as a parameter without any compensa-
tion, a gear ratio changeis liable to take a lower position
than intended. For example, even if a second gearratio
is desirable from a viewpoint of fuel economy, gears are
shifted: into the first gear ratio for reducing engine
torque. This contravenes the concept of the aforemen-
tioned fuel injection control system, reducing the fuel -
conomy.

The present invention therefore contemplates an im-
proved fuel injection control system, which controls
the number of cylinders to which fuel is injected, in
order to remove the above described defect.

In accordance with the present invention, an im-
proved fuel injection control system for use with an
electronic type of automatic transmission system for an
internal combustion engine of a vehicle comprises in
combination:a plurality of injection means respectively
provided at corresponding cylinders of the engine; a
first sensor for sensing the opening degreeofa throttle
or a manifold absolute pressure to generate a signal
representative thereof; a second sensor for sensing vehi-
cle velocity to generate a signal representative thereof,
which second sensor is connected to a transmission
control unit of the automatic transmission system to
supply the same with the signal; a control unit con-
nectedto said first and said second sensor receiving the
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signals therefrom for determining the number of cylin-
ders to whichfuelis injected, and controlling the plural-
ity of injection means connected thereto; and compen-
sating means connectedto thefirst sensor for receiving
the signal therefrom and also connected to the control
unit of the fuel injection control system for receiving a
signal representative of the number ofthe cylinders to
whichfuelis injected, and generating a signal represen-
tative of the opening degree. ofthe throttle under the
condition that fuel is injected ‘to all of the cylinders,
regardless of the cylinders to which fuel is actually
injected, said compensating means being connected to
the transmission control unit for supplying the same
with the signal therefrom, whereby the transmission
control unit determines a propershifting of gear ratios
based on thesignals from both the compensating means
and from the second sensor.

It is therefore an object of the present invention to
remove the above described defect by providing an
improved compensating means in order to properly
control a control unit of an automatic transmission sys-
tem of an electronic type, which transmission system is
used with a fuel injection control system for controlling
the number of cylinders to which fuel is injected.

This and other objects, features and many of the
attendant advantages of this invention wiil be appreci-
ated more readily as it becomes better understood by
reference to the following detailed description, when
considered in connection with the accompanying draw-
ings, wherein like parts in each of the several figures are
identified by the same reference characters, and
wherein:

FIG.1 is a schematic diagram of the present inven-
tion; and

FIG.2 is a detailed illustration of a unit in FIG.1 in

conjunction with its pheripheral units for better under-
standing of the present invention.

Reference is now made to the accompanying draw-
ings,first to FIG. 1, whichillustrates a schematic block
diagram of a preferred embodiment of the present in-
vention. A fuel injection control unit 5 feeds a control
signal to a control unit 4, which control signal repre-
sents an optimum quantity offuel to effectively operate
an internal combustion engine (not shown)of a vehicle.
In the followings, detailed description of the fuel injec-
tion control unit 5 will be omitted because the present
invention is not concerned therewith. The control unit
4 determines the numberof cylinders to which fuel is
injected, and controls fuel injection through a plurality
of fuel injection valves 3 which are respectively posi-
tioned on the cylinders. The determination of the num-
ber of the cylinders to which fuel is injected is per-
formed based onsignals from a throttle opening sensor
1 and a vehicle velocity sensor 2. The throttle opening
sensor 1 is connected to the control unit 4 and converts

the opening degree of the throttle into a proportional
electrical signal. As to the vehicle velocity sensor. 2,
whichis also connected to the control unit 4, a conven-

tional speedometer is available. With this arrangement,
whenthe signal from the vehicle velocity sensor 2 ex-
ceeds a predetermined level and at the same time the
signal from the throttle opening sensor 1 falls below
another predetermined level, the control unit 4 deter-
mines the numberof cylinders to which fuel is actually
injected based on the two signals applied and stops
injection of fuel to specified one or more cylinders.
Underthis circumstance, in order to maintain the origi-
nal engine operating condition, the vehicle driver
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should depress the accelerator pedal (not shown) more
to open the throttle more. Therefore, the opening de-
gree of the throttle is changed to a desirable value

wherefuel consumption is desirably decreased and the
engineis running efficiently.An engine operating parameter changing unit or
compensating means 6 receives the signal from the
throttle opening sensor 1 and also the signal from the
control unit 4. The signal from the control unit 4 repre-
sents the number of the cylinders to which fuel is not
injected. Then, the compensating means6 feeds an elec-
trical signal to a transmission control unit 7. The signal
from the compensating means 6 represents the opening
degree of the throttle when fuel is injected to all of the
cylinders, regardless of the number of the cylinders to
which fuel is actually injected. This means that the
transmission control unit 7 is not affected by the provi-
sion of the control unit 4 which controls the numberof

fuel-injected cylinders for maintaining the manifold
absolute pressure within the range from 100 to 150
mmHgas previously referred to. Thus, the transmission
control unit 7 can properly cntrol the automatic shifting
of gear ratios in the transmission.

In the above,the signal from the control unit 4 can be
changed to represent the number of the cylinders to
which fuelis actually injected, and the throttle opening
sensor 1 can be replaced bya sensorfor sensing a mani-
fold absolute pressure.

FIG.2 illustrates a detailed circuit of the engine oper-
ating parameter changing unit or the compensating
means 6 together with its peripheral units 1, 4 and 7.
Suitable resistors 15, 16 and 17 are respectively con-
nected in series with suitable electronic switches 18, 19
and 20, and these three series circuits are then con-
nected in parallel with one another as shown. The
switches 18, 19 and 20 are connected to the control unit
4 and controlled by the signal therefrom such that one
of the switches is energized or closed in order that the
compensating means 6 generates a signal which repre-
sents the condition where fuel is injected to all of the
cylinders. An operational amplifier 22 is connectedatits
input terminal to a junction 21 andatits output terminal
to a resistor 24. A feedback resistor 23 is connected
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across the operational amplifier 22. A capacitor 25 is -
connected between one terminal of the resistor 24 and

the ground forming a smoothing circuit together with
the resistor 24. A junction 26 between the resistor 24
and the capacitor 25 is connected to the transmission
control unit 7.

In operation, when fuel is actually injected to all of
the cylinders, a signal is fed to the switch 18 from the
control unit 4 through a conducting line 10 to close the
same with the switches 19 and 20 open, so that the
signal from the throttle opening sensor 1 is applied
through the resistor 15 and the switch 18 to the opera-
tional amplifier 22. As is well known, the amplification
degree of the amplifier 22 is determined by the resis-
tance ratio of the resistor 23 to resistor 15. Therefore,
whenthe resistances of the resistors 15 and 23 are made

equal to each other, the signal from the sensor1 is tran-
ferred unchanged in its magnitude to the transmission
control unit 7.

Onthe other hand, whenfuel is not injected to one of
the cylinders, the signal from the control unit 4 is fed
through line 11 to the switch 19 closing the same with
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the other switches 18 and 20 open. Therefore, the signal |
from the sensor 1 is fed to the operational amplifier 22
through the resistor 16 and the switch 19. In this. case,

4
the resistance ratio of the resistor 23 to resistor 16 is

determined such that the magnitude of the signal fed to
the unit 7 represents the condition wherefuel is injected
to all of the cylinders. Therefore, the transmission con-
trol unit 7 receives the signal the magnitude of whichis
equalto that of the first mentioned signal.

Whilst, when fuel is not injected to two cylinders, the
signal from the control unit 4 is fed through line 12 to
the switch 20 closing the same with the other switches
18 and 19 opened. Asaresult, the signal from the sensor
1 is fed to the operational amplifier 22 throughthe resis-
tor 16 and the switch 20. In this case,like in the second
mentioned one,the resistance ratio of the resistor 23 to
resistor 17 is determined such that the magnitude of the
signal fed to the unit 7 represents the condition where
fuel is injected to all of the cylinders. Therefore, the
transmission control unit 7 receives the signal the mag-
nitude of which is equal to that of the first mentioned
signal.

The integration circuit consisting of the resistor 24
and the capacitor 25 serves to smooth an abrupt change
of the output signal from the amplifier 22 when the
number of the fuel-injected cylinders changes. The
provision of the integration circuit is preferable to pre-
cisely determine a propershifting of gear ratios.

In the above, as aforementioned, the signal fed from
the control unit 4 to the switches 18, 19 and 20 can be
changed to represent the number of the cylinders to
which fuel is actually injected.

It is apparent from the foregoing that, in accordance
with the present invention, the fuel injection control
system, which controls the numberof the cylinders to
which fuel is injected, properly operates together with
a conventional electronic control type of. automatic
transmission system by merely providing the engine
operating parameter changing unit or the compensating
means 6. Thus, fuel economy can be achieved in com-
parison with the absence of the compensating means6.

Whatis claimedis:

1. A fuel injection control system for use with an
electronic type of automatic transmission system for an
internal combustion engine of a vehicle, said electronic
automatic transmission system including a transmission
control unit for generating a signal representative of a
propershifting of gears,

said fuel injection control system comprising in com-
bination:

a plurality of injection means respectively provided
at corresponding cylinders of the engine;

a first sensor for sensing the opening degree of a
throttle to generate a signal representative thereof;

a secondsensorfor sensing vehicle velocity to gener-
ate a signal representative thereof, which second
sensor is connected to said transmission control

unit supplying the same with the signal;
a control unit connectedto said first and said second

sensor receiving the signals therefrom for deter-
mining the number of cylinders to which fuel is
injected, and controlling said plurality of injection
means connected thereto; and

compensating means connected to said first sensor for
receiving the signal therefrom and also connected
to said control unit for receiving a signal represen-
tative of the numberofthe cylinders to which fuel
is injected, and generating a signal representative
of the opening degree of the throttle under the
condition that fuelis injected to all of the cylinders,
regardless of the number of the cylinders to which

1849
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fuel is actually injected, said compensating means
connected to said transmission control unit for

supplying the same with the signal therefrom,
wherebysaid transmission control unit determines
the proper shifting of gear ratios based on the sig-
nals from said compensating meansand said secondsensor.

2. A fuel injection control system claimed in claim 1,
in which said compensating means comprises:

an amplifier;
an inputcircuit connected between the input terminal

of said amplifier and said first sensor and also con-
nected to said control unit of said fuel injection
control system, said input circuit changing the
amplification degree of said amplifier in accor-
dance with the signal from said control unit so that
said amplifier generates the signal representative of
the opening degree of the throttle under the condi-
tion that fuel is injected to all of the cylinders.

3. A fuel injection control system claimed in claim 2,
in which said input circuit includes 2 plurality of series
circuits which are connected in parallel with one an-
other and each of which consists of an electronic switch

and a resistor, the resistance of each of the resistors
being different from one another and determined to
properly change the amplification degree of said ampli-
fier, and each of the electronic switches being con-
trolled by the signal from said control unit to electri-
cally connect one of the series circuits between the
input terminal of said amplifier and said first sensor.

4. A fuel injection control system claimed in claim 2,
in which said amplifier is an operational amplifier across
of which a feedback resistor is connected.

5. A fuel injection control system claimed in claim 3,
in which said compensating means further comprises a
smoothing circuit including a resistor and a capacitor.

6. A fuel injection control system for use with an
electronic type of automatic transmission system for an
internal combustion engine of a vehicle, said electronic
automatic transmission system including a transmission
control unit for generating a signal repesentative of a
propershifting of gear ratios,

said fuel injection control system comprising in com-
bination:

a plurality of injection means respectively provided
at corresponding cylinders of the engine;

a first sensor for sensing manifold absolute pressure to
generate a signal representative thereof:

a second sensorfor sensing vehicle velocity to gener-
ate a signal representative thereof, which second
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6
sensor is connected to said transmission control

unit supplying the same with the signal;
a control unit connected to said first and said second

sensor receiving the signals therefrom for deter-
mining the number of cylinders to which fuel is
injected, and controlling said plurality of injection
means connected thereto; and

compensating means connectedtosaid first sensor for
receiving the signal therefrom and also connected
to said control unit for receiving a signal represen-
tative of the numberof the cylinders to which fuel
is injected, and generating a signal representative
of manifold absolute pressure under the condition
that fuelis injected to all of the cylinders, regard-
less of the numberof the cylinders to which fuel is
actually injected, said compensating means con-
nected to said transmission control unit for supply-
ing the same with the signal therefrom, whereby
said transmission contro] unit determines the

proper shifting of gear ratios based on the signals
from said compensating means and said secondsensor. :

7. A fuel injection control system claimed in claim 6,
in which said compensating means comprises:

an amplifier; :
an input circuit connected betweenthe input terminal

ofsaid amplifier and said first sensor and also connected
to said control unit of said fuel injection control system,
said input circuit changing the amplification degree of
said amplifier in accordance with the signal from said
control unit so that said amplifier generates the signal
representative of the manifold absolute pressure under
the condition that fuel is injected to-all of the cylinders.

8. A fuel injection control system claimed in claim 7,
in which said input circuit includes a plurality of series
circuits which are connected in parallel with one an-
other and each of which consists of an electronic switch
and a resistor, the resistance of each of the resistors
being different from one another and determined to
properly change the amplification degree of said ampli-
fier, and each of the electronic switches being con-
trolled by the signal from said control unit to electri-
cally connect oneof the series circuits etween the input
terminal of said amplifier and said first sensor.

9. A fuel injection control system claimed in claim 7,
in which said amplifier is an operational amplifier across
of which a feedbackresistor is connected.

10. A fuel injection control system claimed in claim 8,
in which said compensating means further comprises a
smoothing circuit including a resistor and a capacitor.+ s+ # &



1851

EXHIBIT 17

1851



1852

United States Patent 15
Rini et al.

[54]

[75]

[73]

[21]

[22]

[51]

{52]

[58]

[56]

 
 

MOTOR VEHICLE MAGAGEMENT AND
CONTROL SYSTEM INCLUDING
SOLENOID ACTUATED FUEL INJECTION
TIMING CONTROL

Inventors: Guy T. Rini; Oldrich S. Kolarik;
James E, Marsden,all of
Hagerstown, Md.; June M. Warner,
Lovettsville, Va., Ramin Younessi;
Dolyn P. Ruffner, both of
Hagerstown, Md.; Stephen W.
Heffner, Chambersburg, Pa.

Assignee: Mack Trucks, Inc., Allentown, Pa.

Appl. No.: 454,269

Filed: Dec. 21, 1989

Int. CIS vee GO6G 15/50; FOZD 31/00;
FO02M 59/20

WLS. C1. cee cceeceeesenesennenees 364/431.05; 123/500;
123/349; 123/351; 364/426.04, 364/431.07

Field of Search ...............00 364/431.01, 431.03,
364/431.04, 431.05, 431.07, 424.1, 424.01,

426.04; 123/500-503, 357, 349, 350, 351
References Cited

U.S. PATENT DOCUMENTS

3,603,112 9/1971 Sold veceeccseseereeessssersseeseetesesees 464/2
3,628,889 12/1971 Kobayashi et al. 123/502 

{003

 
 

ENGINE POSITION SENSOR
DATA LINEf~20

ANTAEAA
US005121324A

[11] Patent Number: 5,121,324

(45) Date of Patent: Jun. 9, 1992 

 
 
 
 

3,815.564 6/1974 Suda et ab. eee 123/502
3,934,430 1/1976 Fuso... . 123/502 X
4,493,303 1/1985 Thompson et al... 123/357
4,586,480 5/1986 Kobayashiet al. . . 123/503
4,590,908 5/1986 Yoshinaga etal. . . 123/357
4,787,044 11/1988 Nagata et al. .. 364/431.07
4,809,177 2/1989 Windle etal. . 364/424.01
4,852,011 7/1989 Ueno .nsresrersrereresesrerersens 364/431.07

Primary Examiner—Parshotam S. Lall
Assistant Examiner—E. J. Pipala
Attorney, Agent, or Firm—Rothwell, Figg Ernst & Kurz

[57] ABSTRACT

Anelectronic integrated engine and vehicle manage-
ment and control system includesan electronic vehicle
control module and a fuel injection control module,in
communication with each other, which together con-
trol the total vehicle and engine operation functions of
a heavy duty vehicle. A novel fuel injection timing *
device is utilized with the control module to allow

precise and sophisticated control of engine timing based
ona numberofengine and vehicle operating parameters
as determined by the control modules. Functions such
as engine speed control, vehicle road speed control,
engine protection shutdown, fuel economy, braking
control and diagnostics are performed by the system.

8 Claims, 8 Drawing Sheets

 
 
 

 

 
. ra9
INE

 ' ' “ See pdI rot INN~S ESx HlaLsHarTwetalVoineoe as

1852



1853

U.S. Patent June 9, 1992 Sheet 1 of 8 5,121,324

  FUEL DYNATARD® FUEL
SENSORS QUANTITY ENABLE SHUT

SIGNAL SIGNAL —-OFF

201 203 205 207

FUEL|SME|SMEMODULE
Pon"onoth PCSPEED AND FUEL OR OTHER DATA

QUANTITY DATA PROCESSOR7AE.
DATA LINK

DRIVER VEHICLE MANAGEMENT aaALARM AND CONTROL MODULE aa

SPEEDOMETER TIMING
SENSORS ACTUATOR

TACHOMETER
GNALDATA S| 

105 lol 103

FIG.

1853



1854

U.S. Patent June 9, 1992 Sheet 2 of 8 5,121,324

lOOl

 
  
 
 

 
 

 
 
 
 
 
  
 

 MICRO-

PROCESSOR|EEPROM 1004 FUEL REQUEST SIGNAL|~iII

[RAM|1005 TACHOMETER SIGNAL
PEEDOMETER SIGNALlOlI3N PULSE s © RS

OUTPUTS FAULT LAMP|~109

1015S] CURRENT DRIVER ALARM[~107
OUTPUTS TIMING ACTUATOR SIGNAL}-~103

OIL PRESSURE SENSOR
IOUS ANALOG

INPUTS MPH SENSOR

TIMING EVENTtoo7] PULSE IMING EVENT SENSOR
INPUTS ENGINE POSITION SENSOR

T | 20
1009-4 DIGITAL

INPUTS SWITCHES

oe lo~S.AE. COOLANT LEVEL SENSOR
CIRCUIT DATA LINK TRANSMIT
30 RECEIVE

FIG.2

1854



1855

U.S. Patent June 9, 1992 Sheet 3 of 8 5,121,324

 FUEL RACK

ACTUATOR

DRIVE

DYNATARD®
ENABLE

201! 
FUEL
SHUT

ACCELERATOR

PEDAL POS. SENSOR 2004

ENGINE SPEED 2005 FUEL INJ.
CONTROL

SENSOR MODULE

2002 2003

COOLANT 2006
TEMPERATURE

SENSOR  
 FUEL RACK

POSITION

SENSOR APROC. 5TORQUE ay9)
LIMITER 200 S.AE.
SWITCH 10 DATA LINK 

-20

SPEED AND FUEL
QUANTITY DATA

(TACH. SIGNAL , FUEL REQUEST
SIGNAL)

FIG.3

1855



1856

U.S. Patent June 9, 1992 Sheet 4 of 8 5,121,324

INJECTION PUMP PISTON
PORT CLOSURE T.D.C.

T2

TIME

TI At T3

TIMING EVENT ENGINE POSITION
SENSOR PULSE SENSOR PULSE

at MICRO- ENGINE TIMING
RPM PROC. DEGREES B.T.DC.

RELATIVE LOCATION OF
ENGINE POSITION PULSE
TO PISTON T.D.C.

FIG.4

1856



1857

5,121,324Sheet 5 of 8June 9, 1992U.S. Patent

G9l4d
YALNNOD

 
LNdLNO

4¥3435na
 

aul]BAIBDOY

1857



1858

5,121,324Sheet 6 of 8June 9, 1992U.S. Patent

 

  
 

 

 

 
 

  

 

  
rr

 

WZee=cBSlT{coaVeseyaa|t|AAWaarrTEMES.MLAri..— 2%4&=LYe.Bi-dWndand
aIR—ZN\a|Laviswaino-2iV/ACsenSSZASARsa3NdS-+heMio.“|

"2-—~OE

1858



1859

U.S. Patent June 9, 1992 Sheet 7 of 8 5,121,324

CRUISE CONTROL ACTIVATED  

 
 

 
 SERVICE

BRAKE

APPLIED
YES

 
 

 

DECELERATION

RATE > 5MPH/SEC,

SE
DECELERATION

RATE >6 MPH/SEC.

DEACTIVATE

CRUISE CONTROL MODE

  
FIG.7

1859



1860

U.S. Patent June 9, 1992 Sheet 8 of 8 5,121,324

  
 
 

ROAD SPEED

> LIMIT

 RPM / MPH
« MIN RATIO

P

 
 
 

 
 
 
 

ENABLE NORMAL
FUEL QUANTITY

FOR X SEC.

SET

FUEL REQUEST
=O

FIG.8

1860



1861

5,121,324
1

MOTOR VEHICLE MAGAGEMENT AND
CONTROL SYSTEM INCLUDING SOLENOID

ACTUATED FUEL INJECTION TIMING
CONTROL

BACKGROUNDOF THE INVENTION

This invention relates generally to control systems
for motor vehicles, and more particularly to integrated
electronic motor vehicle management and control sys-
tems specifically useful in heavy duty vehicles such as
trucks, in which various engine and vehicle functions
such as engine timing and speed control, road speed
control, vehicle safety functions, fuel exhaust emissions
monitoring, fuel economy and diagnostic and mainte-
nance functions are performed and monitored by an
integrated microprocessor based control module sys-
tem.

In the past, most engineand vehicle control functions
in heavy duty vehicles were performed mechanically in
response to very simple parameters such as engine
speed. The execution of such functions was thus limited
and optimization in terms of fuel economy, engine per-
formance and engine emissions quantities was not possi-
ble. In addition, certain diagnostic and maintenance
functions wereleft to human performanceand thus such
functions were not necessarily performed optimally or
performed in a mannerinterrelated with the perfor-
mance and parameters of other vehicle functions.

SUMMARYOF THE INVENTION

The present invention provides a management and
control system for a motor vehicle in which engine
speed and timing control and various vehicle functions
such as engine system monitoring, display, diagnostics
and maintenance are controlled by a microprocessor
based electronic control module. The control system is
further provided with programming capability for opti-
mizing control functions with respectto particular vehi-
cle parameters based on the type of vehicle within
which the control system is installed, including such
parameters as engine size and type,tire size and proper-
ties, and carrier ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a block diagram of an electronic vehicle and
engine management and control system according to
one embodimentof the present invention;

FIG.2 is a detailed block diagram of the vehicle
management and control module of FIG.1;

FIG.3 is a detailed block diagram of the fuel injec-
tion contro] module of FIG.1;

FIG.4 is a graphical illustration of the calculation of
engine timing according to a method of the present
invention;

FIG.5 is a circuit diagram of a detection circuit for
detecting the occurrence of data transmission on a serial
data communicationline as illustration in FIG. 2;

FIG.6 is a cross-sectional view of a novel fuel injec-
tion timing device used in conjunction with the control
module of FIG. 2;

FIG.7 is a flow chart of a cruise control safety algo-
rithm; and

FIG.8 is a flow chart of an out-of-gear algorithm for
road speed governing.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 is a block diagram of an electronic control
system for a heavy duty vehicle according to one pre-
ferred embodiment of the present invention. The system
is based on two control moduies, a vehicle management
and control module 100 and a fuel injection module 200,
interconnected by a serial data communication line 10
which conformsto standards set by the Society of Au-
tomotive Engineers (S.A.E.). The control modules 100
and 200 are also connected by a general data bus 20
through which data relating to engine speed and fuel
quantity are transmitted. Theserial data communication
line 10 is also connectable to an external computer such
as a personal computer or equivalent data processing
device, which allows external programming and modi-
fication of data used in the performance of the various
algorithms by the control modules.

The vehicle management control module 100 has
inputs connectedto a plurality of sensors 101 which will
be further described in conjunction with FIG. 2. In
responseto the sensor signal inputs, the vehicle manage- .
ment control module 100 producesa fuel injection tim-
ing signal 103, speedometer and tachometerdatasignals
105, a signal to alert an operatorof the vehicle of a fault
condition by activating an audible or visual driver alarm
107, signals driving various fault lamps 109 to indicate a
problem with data received by the control module 100,
and appropriate data through communication lines 10
and 20 to the fuel injection control module 200 to coor-
dinate proper fuel injection.

The fuel injection control module 200 has inputs
connected to various sensors 201 to be described in
further detail with reference to FIG. 3, and outputs a
fuel quantity signal 203, a DYNATARD ® enable sig-
nal 205, and a fuel shut-off enable signal 207. The
DYNATARD@®system converts the operation of the
engine to an air compressor by opening the exhaust
valves near the end of a compression stroke to increase
engine braking. The DYNATARD®system is acti-
vated by a dashboard toggle switch.

Theoperation of the vehicle managementand control
module 100 will be more clearly understood with refer-
ence to FIG. 2. The vehicle management and control
module 100 is composed of a microprocessor 1001, a
random access memory 1005, and an EPROM 1003, and
an EEPROM 1004. The inputs to the microprocessor
1001 comprise a number of pulse width modulated
(PWM)inputs 1007, a plurality of digital data inputs
1009, and a plurality of analog inputs 1011. The pulse
inputs include a pulse signal from an mph sensor which
is mounted near the vehicle’s transmission output shaft
SO as to provide an electrical pulse each time one of the
teeth of a tone wheel mounted on the transmission out-

put shaft passes the tip of the sensor. The frequency of
the mph sensor output pulses is proportional to the
rotational velocity of the transmission output shaft. The
road speed of the vehicle can thus be calculated by
factoring the number of teeth on the tone wheel, the
gear ratio between the transmission outputshaft and the
vehicle axle shaft, and the rolling circumference of the
drive axle tires. These data values can be programmed
into the module memoryfor each specific type of vehi-
cle in which the system is installed. The timing event
sensor is mounted proximate the fuel injection pump
camshaft of the vehicle engine and generates a pulse
whenthe fuel injection pump camshaft attains an angu-
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lar position corresponding to port closure or beginning
of fuel injection for a predetermined plunger of the
injection pump. The engine position sensor is mounted
proximate the engine crankshaft and generates a pulse
when the crankshaft attains an angular position related
to top dead center (TDC) of the corresponding piston
of the cylinder to which the plunger is coupled, onits
powerstroke. The data line 20 is a pulse width modula-
tion signal line which communicates engine speed and
fuel quantity data to the microprocessor 1001 from the
fuel injection control module 200.

The digital inputs comprise a plurality of switches
including a clutch switch, an engine shutdown override
switch, and speed contro] switches for cruise control,
engine idle speed, and engine speed control for power
take off (PTO) functions. A coolant level sensor is
mounted within the radiator of the engine and provides
a coolant level signal representing the amount of cool-
ant in the coolant system.

The analog inputs include anoil pressure signal from
an oil pressure sensor mounted within the vehicle
crankcase to measure the oil pressure of the system.

A coolant temperature sensor is also provided in the
coolant system and transmits a serial data signal to the
microprocessor over the SAE datalink 10. .

The microprocessoralso includes a plurality of PWM
outputs 1013 and de current outputs 1015. The pulse
outputs 1013 include a fuel request signal which is trans-
mitted to the fuel injection contro] module 200, and
tachometer and speedometer signals which are trans-
mitted to display devices on the vehicle dashboard. The
tachometersignal is also inputted to the fuel injection
control module 200 throughthe data line 20 to provide
a redundantsignal to the fuel injection control module
whichis used in the calculation of the amountof fuel to

be injected by the fuel pump.
The current outputs 1015 include outputs to drive a

fault lamp 109 to indicate the presence ofa fault in the
control module, a driver alarm 107 which warns the
driver of a problem with the operation of the engine
which requires immediate attention, and a timing actua-
tor signal 103 which is applied to the fuel injection
pump to control the timing of fuel injection into the
cylinders of the engine.

The fuel injection control module 200 is further de-
scribed with reference to FIG. 3. The fuel injection
control module 200 is a commercially available device
obtainable from Robert Bosch, for example. The con-
trol module is a microprocessor based system and in-
cludes basic functional components including a micro-
processor 2001, and random access and read only mem-
ories 2002 and 2003. The microprocessor is connected
via interfaces to the SAE serial data communication
link 10 and the data line 20 to enable communication

with the vehicle management and control module 100
as well as to other various control devices in the vehi-

cle. The control module 200 reads input signals from an
accelerator pedal position sensor 2004, an engine speed
sensor 2005, a coolant temperature sensor 2006, a fuel
rack position sensor 2007, and a torque limiter switch
2008. The accelerator pedal position sensor includes a
potentiometer connected to the accelerator pedal in the
vehicle cab and provides a voltage signal proportional
to the position of the acceleration pedal relative to the
floor of the vehicle cab. The engine speed sensor is
mounted proximate the engine crankshaft and generates
a pulse signal whose frequency is proportional to the
speed ofrotation of the engine crankshaft. The coolant
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temperature sensor 2006 provides a digital signal repre-
sentative of engine coolant temperature. The fuel rack
position sensor 2007 provides a voltage signal propor-
tional to the position of the fuel rack of the fuel injection
pump, which relates to the amountof fuel injected dur-
ing each cycle of engine rotation. The torque limiter
switch 2008 is a transmission mounted toggle switch
which is activated by the vehicle operator. In response
to the five input parameters, and supplemental speed.
and fuel quantity data information from the control
module 100, the injection control module 200 deter-
mines the amount of fuel to be supplied by the fuel
injection pump to the engine and generates a fuel rack
actuatordrive signal 2009, which is a pulse width modu-
lated signal that controls the position of the fuel rack by
energizing a proportional solenoid. The module 200
produces a signal 2011 which prevents DYNATARD
operation when fuel is being injected into the engine.
Thefuel shut-off signal 2010 provides a safety measure
by energizing a solenoid valve to allow fuel to be sup-
plied to the fuel pump. In the case where poweris re-
moved from the fuel injection control module, the fuel
shut-off signal 2010 will go lowto deenergize the sole- .
noid and cut off the flow of fuel.

The various functions of the vehicle management and
control module 100 will now be described. FIG. 4 illus-

trates a timing diagram for determining the engine tim-
ing. Control module 100 receives a timing event sensor
pulse at time Ty which indicates the beginning of fuel
injection to a specified cylinder of the engine. At time
T2, the engine crankshaft reaches an angular position
equal to top dead center (TDC) ofthe piston in the
specified cylinder. The engine position sensoris config-
ured to producea pulse at a crankshaft position related
to the top dead center, which is generally longer than
the interval from port closure to top dead center to
allow a more accurate timing measurementto be taken.
Thedifference in time AT between the reception of the
timing event sensor pulse and the engine position sensor
pulse represents a measure of angular rotation of the
crankshaft in degrees. Since the time between Tz and
T3 is known in advance, the calculation of timing in
degrees before top dead center (BTDC) can becalcu-
lated.

Desired engine timing is based on experimental crite-
ria related to the amountoffuel being injected and the
engine speed in rpm. Desired engine timings as a func-
tion of rpm and fuel quantity are stored in a look up
table in the module memory. Oncethe desired engine
timing is determined in accordance with the engine
speed calculated from the engine position sensor signal
and the fuel quantity from the fuel injection control
module, the microprocessor determines a change in
current for the injection timing actuator signal 103.
Signal 103 is provided to a solenoid of a fuel injection
timing device which will be described later with refer-
ence to FIG. 6. The change in timing is designed to
reducethe difference between the desired engine timing
and the measured engine timing to zero. The new tim-
ing information is communicated to the fuel injection
control module via the SAEserial data communication
link 10.

Contro] module 100 constantly monitors engine oil
pressure, engine coolant level and coolant temperature
to determine whether the engine is operating within
prescribed parameter limits. Ranges of oil pressure,
coolant level and coolant temperature have been deter-
mined empirically to indicate engine malfunction.
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These rangesare stored in the control module memory
as either single values for all engine operating condi-
tions, or as functions of engine speed, temperature,
power output, or other operating parameters. Upon
reachinga first limit beyond normal operating parame-
ters, the control module will activate the driver alarm
107 to alert the operator that the engine should be
stopped. If the operator has not shut off the engine in
response to the alarm, and the signal values have
reached a second level beyond normal operating param-
eters, the contro] module will transmit a fuel request
signal 111 to the fuel injection control module on the
data line 20 that will set the amount of fuel being in-
jected to bring the engine to idle speed, and further
transmits a command on the SAEserial data link 10

directing the fuel injection contro] module to stop the
engine. A shutdown override switch can be provided
on the vehicle instrument panel which, whenactivated,
delays the automatic shutdown of the engine by some
preset period of time, such as 30 seconds, to allow the
vehicle operator to move the vehicle safely off the road
before losing engine power.

The control module 100 monitors vehicle road speed
and engine speed in conjunction with information from
various switches indicating application of brakes,
clutch, and switches mounted on the instrument panel,
to maintain vehicle operation within specified limits.
These limits, such as minimum and maximum engine
speeds and maximum vehicle road speed can be pro-
grammedinto the control module memoryvia the SAE
serial data communication link from an external com-

puter such as a PC, which can beinterfaced with the
control module through a serial port connector at-
tached to the data communication link 10. If the control
module determines that any modifications are needed to
maintain vehicle and engine operation within the pre-
scribed limits, the fuel quantity required to maintain the
desired operating parametersis calculated andits value
is transmitted as a fuel request signal 111 to the fuel
injection control module, with a confirming signal
being sent via the SAE data communication link 10.

The control module 100 continuously monitors the
validity of all inputs in order to detect invalid input
states. Upon detection of an input being outside an ac-
ceptable range, the control module starts a timer to
allow the state of the input to settle back to normal. If
the invalid condition has not cleared upon timing out of
the timer, a fault condition will be assumed. Upon de-
tection of a fault, the fault lamp 109 will be turned on to
indicate a presence ofa fault, and a fault message will be
sent on the SAE data link 10 to advise other devices of

the failure. The normally utilized data for the fault will
be replaced by a “bad data” signal advising other de-
vices to ignore the sensor data. A default value is then
utilized for calculations requiring data from the faultysensor.

The control module 100 also performs a cruise con-
trol function in which an operator can set a predeter-
mined vehicle speed through actuation of a switch on
the instrument panel which will then cause the control
system to adjust fuel injection quantity in order to main-
tain the desired speed.

Since the cruise control function must be disengaged
upon application of the service brakes to maintain safe
operator control of the vehicle, correct operation ofthe
service brake indication switch is continuously moni-
tored. Referring to FIG. 7, when in the cruise control
mode,the control system monitors the deceleration rate
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of the vehicle by calculating the derivative of the vehi-
cle road speed. If the vehicle decelerates at a rate
greater than or equal to an empirically derived rate
above which it would be impossible to achieve without
the application of service brakes, the cruise control
function will automatically be disabled. However, since
deceleration rates above the derived rate can occur

without application of service brakes in certain condi-
tions, such as application of the engine brake or climb-
ing a grade, the control system of the present invention
monitors the fuel quantity signal to determine whether
fueling of the engine is occurring or not. If, in a cruise
control mode,the engineis fueling to maintain a specific
speed, it would be impossible to experience a decelera-
tion rate greater than the empirically derived rate of 3
mph/sec, unless the service brakes are applied. In this
condition, the cruise control function will be automati-
cally disabled. However,if, in the cruise control mode,
the engine is not being fueled, which would be indica-
tive of climbing a grade, the control system will use a
deceleration rate higher than the derived rate, such as 6
mph/sec without service brake application, to deter-
mine whether the service brake switch hasfailed.

In the case where the contro] module detects a vehi-

cle road speed above the preset road speed limit, the
module generates a fuel request signal which causes the
fuel injection control module to stop fueling the engine
to insure that the vehicle operator would not be able to
exceed the stored limit. It is possible, however, for a
loaded vehicle to exceed the stored road speed limit
while going downhill. In such a case, the control mod-
ule would transmit a fuel quantity request signal of zero
to disable any additional increase in vehicle speed. If the
vehicle transmission should jump out of gear and into
neutral at such time, the operator will not be able to fuel
the engine to increase engine speed sufficiently to place
the transmission back into gear. To eliminate such an
occurrence, the control module detects a ratio of engine
speed to vehicle road speed and compares this calcu-
lated ratio with a prestored minimum engine speed to
road speed ratio. FIG.8 is a flow chart explaining this
operation. The minimum stored ratio is determined
based on the minimum possible engine rotational speed
at the road speed limit. As long as the actual vehicle
speed is above the stored road speed limit and the trans-
mission is in gear, the engine speed-to-vehicle speed
ratio will be above the stored minimum. However,if the
engine speed-to-vehicle speed ratio is below such mini-
mum, the transmission must be out of gear. Upon the
occurrence of such a condition, the road speed limiting
function will be disabled for a specified period of time to
allow the operator to rev up the engine and place the
transmission back into gear.

The control routines of FIGS. 7 and 8 are executed as

part of a larger overall control loop which is continu-
ously repeated by the control module microprocessor.

FIG.6 is a cross-sectional diagram of a fuel injection
timing device for advancing and retarding the timing of
fuel injection to correspondto the desired engine timing
represented by the timing actuator signal 103 from the
managementand control module 100. The fuel injection
timing device consists of a housing 1 enclosing, an annu-
lar outer shaft 2, a cylindrical inner shaft 3, a splined
sleeve 4, and a solenoid valve assembly 27. The housing
1 is mounted on the engine 23. The outer shaft 2 is
driven by a suitable engine gear 21 through a gear 6
which is mounted at the end ofthe shaft 2 by a screw 7.
The cylindrical inner shaft 3 is coupled to the outer
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shaft 2 by the splined sleeve 4. The sleeve 4 has linear
splines 24 on the inner surface thereof which mesh with
correspondinglinear splines on the outer surface of the
inner shaft 3. Splined sleeve 4 also has helical splines 25
on the outer surface thereof which mesh with corre-

spondinghelical splines on the inner surface of the outer
shaft 2. The inner shaft is retained within the outer shaft
in the axial direction by meansof a thrust washer 8 and
a screw9 at one end thereof. The opposite end of the
shaft 3 is coupled to a camshaft offuel pump 18 through
a splined coupling 19 which is mounted on the fuel
injection pump camshaft. All movingpartsof the timing
device are lubricated with engine oil from engine oil
supply 31 through ports 12a and 12é in housing 1, port
15 in shaft 2, and ports 16 and 20 in inner shaft 3. Outer
shaft 2 is axially retained within housing 1 by means of
a shoulder on the shaft and a retaining ring 10.

Solenoid valve assembly 27 is mounted on a top
flange of the housing 1 and consists of a solenoid 29, a
spool valve 30, input port 33, output port 35, and drain
port 34 which is connected to drain port 14. The fuel
injection timing actuator signal 103 is coupled to the
solenoid 29 via current signal lines 32. The spool valve
is shown in a null position which correspondsto a par-
tially energized solenoid, the current required to flow
throughthe partially energized solenoid being null cur-
rent. At null position, port 33 is partial opened allowing
a minimal amountofoil to flow throughports 33 and 35
to compensate for oil leakage out of work space 28.
When engine timing is to be advanced, an increased
electric current is applied to the solenoid 29 which
moves spool valve 30 to the right which enables in-
creased oil] flow through supply port 33, output port 35,
and modulated oil pressure port 13. This allows in-
creased oi] flow into work space 28 between a shoulder
of splined sleeve 4 and outer shaft 2 which causes sleeve
4to moveto the left to advancefuel injection timing by
advancing the phase angle betweenthe outershaft 2 and
the inner shaft 3. Whenit is desired to retard engine
timing, the fuel injection actuator signal currentis re-
duced below the null level which causes solenoid 29 to

movespool valve 30 to theleft completely closing sup-
ply port 33 and opening drain port 34. Asaresult, oil in
work space 28 flows out through parts 13, 35, and 34
into drain port 14, by action of a spring 11 mounted
between piston 26 of sleeve 4 and a spring seat 5 which
biases sleeve 4 to the fully retarded position. Any time
that the solenoid valve returnsto the null position, the
sleeve 4 remains in the position whereit was last moved.
Twopiston seal rings 17a and 170 constitute the only
dynamic seals used in the injection timing device for
sealing the modulated oil pressure in port 13 from the
lubricating oil in ports 12¢ and 128.

The fuel injection timing device of FIG. 6 allows
engine timing to be controlled by a sophisticated injec-
tion control algorithm implemented by the management
and control module 100 which takes into account nu-

merous operating parameters of the engine and thus
represents a significant improvementoverpriorart fuel
injection timing devices which were able to control
engine timing as a function of engine speed only.

The invention having been thus described,it will be
obvious to those skilled in the art that the same may be
varied in many ways. Such variations are not to be
considered a departure from thespirit and scopeofthe
invention, all such modifications are intended to be
included within the scope of the following claims.

Whatis claimed is:
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1. A management and control system for a motor
vehicle, comprising:

electronic vehicle control meansfor controlling oper-
ations of the vehicle and an engine mounted within
said vehicle, including
meansfor receiving a timing event signal represent-

ing the injection of fuel into a specific cylinder of
said engine from a fuel injection pump,

meansfor receiving an engine position signal repre-
senting a predetermined position of a piston of
said specific cylinder relative to Top Dead Cen-
ter (TDC) occurring after the detection of said
timing eventsignal,

meansforcalculating engine timing as a function of
the time difference between said engine position
signal and said timing event signal,

means for calculating engine angular velocity as a
function of the frequency ofsaid engine position
signals,

means for receiving a fuel quantity signal repre-
senting the amountoffuel being injected into the
cylinders of said engine,

means for determining a desired engine timing asa -
function of said engine angular velocity and said
received fuel quantity signal,

meansfor calculating the difference between said
desired engine timing and said calculated engine
timing,

means for developing a timing advance/retard
signal proportional to said calculated difference
for advancing or retarding the engine timing to
reduce the difference between said desired and

calculated engine timingsto zero,
means for receiving an oil pressure signal repre-

senting the amount of engine oil pressure in said
engine,

means for receiving a coolant level signal repre-
senting the amount of engine coolant in said
engine,

meansfor receiving a coolant temperature signal
representing the temperature of said engine cool-
ant,

means for comparing said oil pressure, coolant
level and coolant temperature signals with
stored signal values indicating engine malfunc-
tion, generating an alarm signal warning an oper-
ator of possible engine damageata first level of
malfunction, and generating an engine shutdown
signal for stopping operation of said engine at a
second level of malfunction,

meansfor receiving a signal proportional to vehicle
road speed and calculating the road speed ofsaid
vehicle,

means for storing a maximum vehicle road speed,
means for storing minimum and maximum engine

speeds,
means for comparing said calculated road speed

and engine angular velocity with said stored
road and engine speeds,

meansfor developing a fuel quantity request signal
for controlling the amount of fuel supplied to
said engine to keep said road and engine speeds
within said stored ranges,

meansfor calculating the deceleration rate of said
vehicle,

means for receiving a service brake signal repre-
senting application of vehicle service brakes,
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means for comparing said deceleration rate with
said fuel quantity signal in the absence of said
service brake signal and disengaging a cruise
control function when the rate of deceleration

exceedsa first value when fueling, and when the 5
rate of deceleration exceeds a second value

higher thansaid first value when not fueling,
means for calculating a ratio of engine speed-to-

road speed,
meansfor storing a minimum engine speed-to road

speed ratio, and
meansfor comparing said calculated ratio with said

stored ratio, determining that the transmission of
said vehicle has jumped out of gear when said
calculated ratio is less than said stored ratio, and

overriding said fuel quantity request signal,
whensaid road speed is higher than said stored
maximum road speed;

electronic fuel injection control means for controlling
the injection of fuel into the cylinders of said en-
gine, including
means for receiving an accelerator pedal position

signal representing the position of an accelerator
pedal of said vehicle indicating the road speed
desired by an operator,

meansfor receiving an engine speed signal repre-
senting the angular velocity of said engine,

meansfor receiving a fuel rack position signal rep-
resenting the position of a fuel rack on a fuel
injection pumpofsaid engine,

means for receiving said fuel quantity request sig-
nal from said electronic vehicle control means,
and

means for developing a fuel rack actuation signal
for controlling the position of said fuel rack to
adjust the amountof fuel being injected into said
cylinders, in responseto the values of said accel-
erator pedal position signal, engine speedsignal,
fuel rack position signal, and fuel quantity re-
quest signal;

fuel injection timing meansresponsive to said timing
advance/retard signal for modifying the timing of
fuel injection into said cylindersrelative to piston
position from TDC; and

a serial data communicationline interconnecting said
electronic vehicle control means and said elec-

tronic fuel injection control means for transmitting
digital data therebetween.

2. A management and control system for a motor
vehicle according to claim 1, wherein said serial data
communication line conforms to SAE (Society of Auto-
motive Engineers) standards for such communication
lines, said system further comprising:

a detection circuit for detecting the transmission of 55
data onsaid seria] data communication line, includ-
ing
meansfor generating a clock pulse signal,
counter meansfor counting said clock pulse signals

up to a predetermined count,
logic means connected to outputs of said counter

meansfor providing a transmission enable signal
and disabling clock pulse signal input when said
counter means has reached said predetermined
count, and

meansfor resetting said counter means whensaid
serial data communication line is transmitting
data.
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3. A management and contro! system for a motor
vehicle according to claim 1, further comprising:

a serial data connector coupled to said seria] data
communication line for interconnecting said serial
data communication line with an external data

processor to enable imputing of said maximum
road speed, said minimum and maximum engine
speeds, and values of other parameters used in
calculations performed bysaid electronic vehicle
control means.

4. A management and control system for a motor
vehicle according to claim 1, wherein said fuel injection
timing means comprises:

a cylindrical housing;
an annular outer shaft within said housing being

driven by said engine;
a cylindrical inner shaft within said outer shaft being

coupled to a camshaft ofsaid fuel injection pump;
a splined sleeve coupling said outer shaft to said inner

shaft and movable in an axial direction to change
the phase angle of rotation between said outer and
inner shafts; and

sleeve driving means responsiveto said timing advan- .
ce/retard signal for driving said splined sleeve in
said axial direction for modifying the timing of fuel
injection to correspondto said desired engine tim-
ing.

5. A management and control system for a motor
vehicle according to claim 4, wherein said sleeve driv-
ing means comprises a solenoid valve assembly includ-
ing a solenoid for receiving said timing advance/retard
signal, a spool valve selectively movable by said sole-
noid when energized by said timing advance/retard
signal, said spool valve controlling the amount of oil
pressure applied to said splined sleeve which in turn
controls the axial position of said splined sleeve relative
to said outer and innershafts.

6. A management and control system for a motor
vehicle, comprising:

electronic vehicle control means for controlling oper-
ations ofthe vehicle and an engine mounted within
said vehicle, including
meansforreceiving a signal proportional to vehicle

road speed andcalculating the road speed of said
vehicle,

meansfor calculating the deceleration rate of said
vehicle,

means for receiving a service brake signal repre-
senting application of vehicle service brakes,
with a fuel quantity signal in the absence of said
service brake signal and disengaging a cruise
control function when the rate of deceleration
exceeds a first value when fueling, and when the
rate of deceleration exceeds a second value

higher than said first value when notfueling,
means for calculating a ratio of engine speed-to-

road speed,
meansfor storing a minimum engine speed-to road

speed ratio, and
meansfor comparing said calculated ratio with said

stored ratio, determining that the transmission of
said vehicle has jumped out of gear when said
calculated ratio is less than said stored ratio, and

overriding a fuel quantity request signal, when
said road speed is higher than said stored maxi-
mum road speed.

7. A fuel injection timing device for a fuel injection
pumpofan internal combustion engine, comprising:
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a cylindrical housing;
an annular outer shaft within said housing being

driven by said engine;
a cylindrical inner shaft within said outer shaft being

coupled to a camshaft of said fuel injection pump;
a splined sleeve coupling said outer shaft to said inner

shaft and movable in an axial] direction to change
the phase angle of rotation between said outer and
inner shafts; and

sleeve driving means responsive to a timing advan-
ce/retard signal for driving said splined sleeve in
said axial direction for modifying the timing of fuel
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injection to correspond to a desired engine timing
represented by said timing advance/retard signal.

8. A fuel injection timing device according to claim 7,
wherein said sleeve driving means comprisesa solenoid
valve assembly including a solenoid for receiving said
timing advance/retard signal, a spool valveselectively
movable by said solenoid when energized bysaid timing
advance/retard signal, said spool valve controlling the
amount of oil pressure applied to said splined sleeve
which in turn controls the axial position ofsaid splined
sleeve relative to said outer and inner shafts.* * * * *
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SPEED COMPENSATED FUEL CONSUMPTION
WARNING DEVICE —

This invention relates to a fuel consumption warning
device and more particularly to a warning system for a
vehicle having a throttle controlled internal combus-
tion engine with an intake manifold which provides a
warning when the intake manifold pressure decreases
to a pre-established level which is varied as a function
of vehicle speed.

Systems for providing a warning to a vehicle operator
whenthe vehicle intake manifold pressure decreases to
a pre-established level in order to provide an indication
of uneconomical operation of the vehicle are generally
known. In all of these known systems, an intake mani-
fold vacuum level at which a warning is provided is se-
lected which is applicable at all vehicle operating
speeds. Althoughthe selected level may be truly indica-
tive of excessive fuel consumption at one operational
speed, it may not be indicative of excessive fuel con-
sumptionat all other speeds.

In view of the foregoing,it is the general object ofthis
invention to provide an improved speed compensated
fuel consumption warning device for use with a vehicle
powered by a throttle controlled internal combustion
engine having an intake manifold.

It is another object of this invention to provide a fuel
consumption warning device for a vehicle powered by
an internal combustion engine having an intake mani-
fold which provides a warning whenthe vehicle intake
manifold pressure decreases below a level which is var-
ied as a function of vehicle speed.

These and other objects of this invention may be best
understood by reference to the following description of
a preferred embodiment and the drawing whichis a
schematic diagram illustrating the preferred embodi-
mentof the invention.

Referring to the drawing,there is illustrated a warn-
ing device for providing an indication of excessive fuel
consumption by a vehicle powered by a throttle con-
trolled internal combustion engine having an intake
manifold. A conduit 10 pneumatically couples the in-
take manifold vacuum to a vacuum transducer 12. The
vacuum transducer 12 is effective to generate a voltage
having a magnitude which progressively changes with a
progressively increased intake manifold vacuum level.
In the preferred embodiment, the magnitude of the
voltage generated by the vacuum transducer 12 pro-
gressively decreases with an increasing intake manifold
vacuum level. The voltage generated by the vacuum
transducer 12 is coupled to the positive input of a sum-
ming switch 14 through a resistor 15. The resulting cur-
rent supplied by the vacuum transducer 12, hereinafter _
referred to as the vacuum signal, progressively de-
creases with increasing intake manifold vacuum level.

A potentiometer 16 includesa resistive element 18
coupled between a positive voltage source B+ and
ground potential and a wiper arm 20. Thepositive volt-
age source B+ maytake the form of the positive termi-
nal of the vehicle battery whose negative terminal is
grounded. The wiper arm 20 is coupled to the negative
input of the summing switch 14. The potentiometer 16
functions to supply a current, hereinafter referred to as
the reference signal, having a magnitude substantially
equal to the magnitude of the vacuumsignal at a speci-
fied intake manifold vacuum level which has been de-
termined to represent excessive fuel consumption when
the vehicle speed is zero. The summing switch 14 takes
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the form of a high gain differential amplifier. 21 with a
feedback resistor 22 asillustrated in the drawing.

The output of the summing switch 14 is coupled to
the anode of a diode 23 whose cathode is coupled to
ground througha resistor 24 and to the base electrode
of an NPNtransistor 26 through a resistor 28. The
emitter electrode of the transistor 26 is coupled to
ground andthe collector electrode thereof is coupled
to the positive voltage source B+ through a lamp 30.
The lamp 30 maybelocated at the vehicle instrument
panel or any other location where it is readily observ-
able by the vehicle operator. Alternatively, the lamp 30
maybe replaced with a buzzer to provide an audible in-
dication.

Whenthe output of the summing switch 14is a posi-
tive voltage, the transistor 26 is biased conductive to
energize the lamp 30 and conversely, when the output
is negative, the transistor 26 is biased nonconductive
and the lamp 390is extinguished.

With only the elements described above, the lamp 30
would be energized to provide a warning whenever the
manifold vacuum level decreased below a level repre-
sented by the reference signal supplied by the potenti-
ometer 16. Although this level may truly be indicative
of excessive fuel consumption at one specific vehicle
speed it may not be indicative of excessive fuel con-
sumption at other vehicle speeds. For example, the
manifold vacuum level representing excessive fuel con-
sumption increases from the level represented by the
reference signal supplied by the potentiometer 16 when
set as indicated above as vehicle speed increases. By
vehicle testing, the magnitudeofthis increase for each
vehicle speed may be determined.

To provide a manifold vacuum trigger level which in-
creases with increasing vehicle speed, a speed trans-
ducer32 is provided which generatesa series of voltage
pulses having a frequency progressively increasing with
increasing vehicle speed. The speed transducer 32 may
take the form of a slotted disc rotated by a vehicle
wheel adjacent a magnetic pickup whose outputis a se-
ries of voltage pulses having the frequency related to
vehicle speed. These voltage pulses are supplied to a
frequency-to-voltage converter 34 whose output is a
voltage having a magnitude progressively increasing
with increasing vehicle speed. The output ofthe fre-
quency-to-voltage converter 34 is coupled to the posi-
tive input of the summing switch 14 througha resistor
35. The resulting current supplied by the frequency-to-
voltage converter 34, hereinafter referred to as the
speed signal, has a magnitude progressivély increasing
with increasing vehicle speed. :

By conventionalcircuit design techniques, the mag-
nitude of the speed signal may be madeto equalthe dif-
ference between the magnitudeofthe referencesignal
and the magnitudeof the vacuum signal when the man-
ifold vacuum isat the level determined to representex-
cessive fuel consumption at the instantaneous speed
represented by the output of the speed transducer 32.
* By combining the speed signal in proper sense with
the reference signal, the manifold vacuum level at
which the outputof the summing switch 14 swings posi-
tive to effect energization of the lamp 30, hereinafter
referredto as the manifold vacuum trigger level, may
be increased as a function of vehicle speed. Thisis .ac-
complished by the coupling of the speed signal from the
frequency-to-voltage converter 34 to the positive input
‘of the summing switch 14'so as to be summed in-sub-
tractive fashion from the reference signal supplied by
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the potentiometer 16.
In operation, when the vehicle speed is zero, the out-

put of the frequency-to-voltage converter 34 is also
zero and the summing switch 14 generates a positive
voltage to bias the transistor into conduction and ener-
gize the lamp 30 whenthe vehicle is operated in a man-
ner such that the intake manifold vacuum level de-

creases below the vacuum level represented by the
magnitude of the reference signal supplied by the po-
tentiometer 16. This signal provides an indication of
fuel consumption in excess of the predetermined
amountat zero vehicle speed.

At increased vehicle speeds, the frequency-to-volt-
age converter 34 generates the speed signal which is
coupledto the positive input of the summing switch 14.
Consequently, the required vacuum signal output of
the vacuum transducer 12 to cause the summing switch
14 to generate a positive signal output decreases corre-
sponding to the desired increase in the manifold vac-
uum trigger level. When the vehicle is operated in a
manner such that the manifold vacuum decreases

below the manifold vacuum trigger level established at
the instantaneous vehicle speed, the output of the sum-
ming switch 14 swingspositive to effect energization of
the lamp 30 to provide an indication of fuel consump-
tion in excess of the predetermined amountat that
speed.

The potentiometer 16 may be positioned in the vehi-
cle compartmentso as to allow the vehicle operator to
adjust the wiper arm 20 and shift the vacuum trigger
level for all vehicle speeds and thereby selectively es-
tablish desired fuel consumption warning levels. For
example, if the vehicle is under a heavy load, the vac-
uum level at each vehicle speed which is indicative of
excessive fuel consumption maybe less than when the
vehicle is under normal load. The vehicle operator may
compensatefor the heavy load condition by adjustment
of the wiper arm 20 to vary the magnitudeofthe refer-
ence signal and provide for lower manifold vacuum
trigger levels at all vehicle speeds.

In the preferred embodiment.illustrated in the draw-
ing, the summing switch 14 summedthe outputof the
frequency-to-voltage converter 34 and the potentiome-
ter 16 in subtractive fashion since the outputof the vac-
uum transducer 12 progressively decreased with pro-
gressively increasing manifold vacuum. Ascan be seen,
if the signals generated by the various transducers var-
ied in a different manner, they must be combinedin the
proper sense to achieve the desired manifold vacuum
trigger level change in response to vehicle speed
changes. For example, if the vacuum transducer 12
supplied a signal which had a magnitude progressively
increasing with increasing intake manifold vacuum
level, the output of the frequency-to-voltage converter
34 would then be summedin additive fashion with the
reference signal at the positive input of the summing
switch 14 and the vacuum signal would be coupled to
the negative input thereof.

Whathas been describedis a fuel consumption warn-
ing device for use with a vehicle having an internal
combustion engine with an intake manifold, wherein a
warning of excessive fuel consumption is provided
when the intake manifold vacuum level decreases

5

below a manifold vacuum trigger level which is varied
as a function of vehicle speed.

The detailed description of the preferred embodi-
mentofthis invention for the purpose of explaining the
principles thereof is not to be consideredas limiting or
restricting the invention since many modifications may
be madeby the exercise of skill in the art without de-
parting from the scope of theinvention.

Weclaim:

1. A fuel consumption warning device for use with a
vehicle poweredby a throttle controlled internal com-
bustion engine having an intake manifold, comprising:
a vacuum transducer pneumatically coupled with the
intake manifold for generating a vacuum signal having
a magnitude progressively changing with a progres-
sively increased manifold vacuum level; meansfor gen-
erating a speedsignal having a magnitude substantially
equal to the difference between the magnitude of the
vacuum signal at a manifold vacuum level representing
a predetermined excessive fuel consumptionat zero ve-
hicle speed and the magnitude of the vacuum signal at
a manifold vacuumlevel representing a predetermined
excessive fuel consumption at the instantaneous vehi-
cle speed; means combining said speed signa] and vac-
uum signal and generating an output signal when the
magnitude of the combinedsignals differs with a fixed
polarity from the magnitude ofthe vacuum signalat the
manifold vacuum level representing the predetermined
excessive fuel consumption at zero vehicle speed; and
an indicator responsive to the outputsignal for produc-
ing an operator observable indication representing ex-
cessive fuel consumption at the instantaneous vehicle
speed.

2. A fuel consumption warning device for use with a
. vehicle powered by a throttle controlled internal com-

40
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bustion engine having an intake manifold, comprising:
a vacuum transducer pneumatically coupled with the
intake manifold for generating a vacuum signal having
a magnitude progressively changing with a progres-
sively increased intake manifold vacuum level; means
for generating a reference signal having a magnitude
substantially equal to the magnitude of the vacuum sig-
nal at an intake manifold vacuum representing a prede-
termined excessive fuel consumption at zero vehicle
speed; a vehicle speed transducer for generating a
speed signal having a magnitude progressively changing
with a progressively increased vehicle speed, whereby
throughout a predetermined speed range, the magni-
tude of the sum of the speed signal:and the reference
signal is equal to the magnitude of the vacuum signal at
an intake. manifold vacuum representing a predeter-
mined excessive fuel consumption at the instantaneous
vehicle speed; means for combining the vacuum signal,
the speed signal, and the reference signal and generat-
ing an outputsignal when the magnitudeof the sum of
the reference signal and the speed signal represents a
manifold vacuum level exceeding the manifold vacuum
level represented by the vacuum signal; and an indica-
tor responsive to the output signal for producing an op-
erator observable indication representing excessive -
fuel consumption at the instantaneous vehicle speed.* x * * *
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SAFETY SYSTEM FOR VEHICLES 

The invention relates to vehicle safety systems including

warning means which provide safety information for example

to drivers of following vehicles.

A known warning means comprising a vehicle display system

is described in W0O93/15931 which provides a display system

which indicates discrete ranges of deceleration of a

vehicle and which can also provide a display to indicate

that the vehicle is stationary. All the features of that

display system are incorporated in this specification

especially when referring to a progressive brake warning

(PBW) or vehicle stationary indicator (VSI) display. A

Known ground speed measuring device is disclosed in

Wo92/01951 which uses a double horned radar device, again

the teachings of that specification are incorporated
herein.

The invention seeks, inter alia, to improve known vehicle

display systems and ground speed measuring systems.

According to one aspect of the invention there is provided

a safety system for vehicles comprising a controller fitted

in use to a subject vehicle, sensor means fitted to the

subject vehicle in use and operable to sense a distance of

separation and/or a relative velocity of a trailing vehicle

and operable to input data signals representative thereof

to the controller, velocity sensing means operable to sense

the velocity of the subject vehicle relative to the ground

and to input to the controller a velocity signal

representative thereof, wherein the controller is operable

to processes the received velocity signal and data signals

to determine the existence of an unsafe condition, and the

safety system further comprising warning means controlled
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by the controller and operable to warn a driver of the
trailing vehicle of the existence of the unsafe condition.

Preferably the controller is operable to determine the
existence of the unsafe condition by determining a safe

distance corresponding to a safety envelope to the rear of

the subject vehicle within which any incursion by the
trailing vehicle constitutes the existence of an unsafe
condition.

This provides the advantage of assisting the driver of the
trailing vehicle to more accurately determine the safe
distance, drivers typically tending to underestimate the
safe distance in the absence of any such warning system.

The safe distance may be determined to be substantially the

safe stopping distance of a vehicle travelling at the

velocity of the trailing vehicle.

The safe stopping distance may be determined to be

proportional to the velocity of the subject vehicle.

Preferably the warning is terminated after the measured
value reaches a safe value. The warning can be provided by

a display operably carried by the subject vehicle and
positioned for viewing by the driver of the trailing
vehicle, and the display can comprise a row of lights.

The system may comprise means for warning that the subject
vehicle is stationary. The system can further comprise

means for providing warning of different levels of
deceleration of the subject vehicle. The warning means can

comprise an orange light display for the relative speed
and/or relative separation conditions and a red light
display for the vehicle stationary and/or levels of
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deceleration conditions. The relative separation and/or

relative speed warning may be overridden by the level of

deceleration warning.

The system in a preferred embodiment has a radar device
having two receiver antenna which device operably
communicates with a controller which is able thereby to

determine the direction of motion of the vehicle, and

warning means which is automatically actuated by the

controller to provide a warning when the vehicle moves.

A further warning means can be automatically activated when

the vehicle reverses and may comprise an array of lights

and/or means for generating sound.

The controller may be operable to determine an enhanced

safe distance corresponding to an enlarged safety envelope

and the warning means may be further operable to indicate a

first level of warning corresponding to incursion by the

trailing vehicle into the enlarged safety envelope and a

second level of warning which is more prominently presented

to the driver than the first level of warning and

corresponds to any incursion into the safety envelope.

The size of the enhanced safe distance and enlarged safety

envelope will generally be predetermined so as to

correspond to typical parameters appropriate for driving
under adverse road conditions. These parameters may for

example be stored in a look up table allowing the

parameters to be determined from the signals received by

the controller together with the parameters defining the

normal safety envelope.

The safety system may comprise ground condition

communication means operable to input to the controller a
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signal representative of the condition of the ground and or

other driving conditions and wherein the controller is

operable to determine the enhanced safe distance

corresponding to the enlarged safety envelope according to
the extent to which the ground condition communication

means indicates adverse ground conditions likely to affect

traction between the subject vehicle and the ground.

The enhanced safety distance and enlarged safety envelope

may thereby be made adaptable to the prevailing driving

conditions and the ground condition communication means

would preferably function automatically to input data such

as whether rain, ice or snow was presenting a driving

hazard, the source of the data being either on board

sensors or telemetric links to an external system providing

relevant data.

Preferably the sensor means is operable to sense both the

distance of separation and the relative velocity of the

trailing vehicle and the controller is operable to

determine whether the relative velocity of the trailing

vehicle relative to the subject vehicle when entering the

enlarged safety envelope is greater than a threshold value

of relative velocity and, if so, is operable to actuate the

warning means to indicate the second level of warning.

This has the advantage of delivering a warning with full

prominence to the driver of the trailing vehicle before the

trailing vehicle has reached the main safety envelope in

order to give the maximum available warning to the driver

that his closing speed to the subject vehicle is excessive.

In a preferred embodiment the ground condition

communication means comprises means fitted to the subject

vehicle for sensing at least one of rain, snow and ice and
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communicating a signal representative thereof to the
controller.

The sensor means for sensing the distance and velocity of

the trailing vehicle may comprise a radar system

transmitting and receiving radar pulses, from which

received pulses information is derived sufficient to

determine both the proximity and relative speed of the

trailing vehicle.

The safety system may comprise communication means operable

between the controller of the subject vehicle and a warning

device fitted in use to the trailing vehicle, whereby the

warning means is operable to indicate a warning to the

driver of the trailing vehicle via the warning device.

The velocity sensing means may comprise a conventional

speed sensing device fitted to the vehicle's transmission

train and may for example include a hall effect sensor.

The velocity sensing means may alternatively comprise a

sensor mounted on the subject vehicle and responsive

independently of elements of the subject vehicle's

transmission train to movement of the ground relative to

the subject vehicle.

In a preferred embodiment the velocity sensing means

comprises a sensor constituted by a doppler shift radar
device.

An advantage of such sensing means is that it is free from

the errors inherent in determining velocity via the

transmission train which arise from variation in tyre

diameter due to varying inflation pressure, tyre wear or

other factors.
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The controller may also be operable to actuate an impact
absorbing device deployed internally or externally of the
subject vehicle.

The impact absorbing device may comprise an air bag
inflatable so as to be deployed externally of the subject
vehicle and/or bumpers extensible by means of hydraulic
rams operable to absorb energy upon impact.

The effects of impact may thereby he attenuated prior to
the point of collision between the subject vehicle and an
object which may be a trailing vehicle for example.

Another aspect of the invention provides a system for
vehicles having means for determining the magnitude of
acceleration and deceleration of the vehicle and output

means enabling the magnitude of acceleration and
deceleration to be interpreted by a third party remote from

the vehicle. The output means can comprise a visible

display having a first form of representation for
acceleration and a second form of representation for

deceleration. The display can comprise an array of lights
mountable on the side of a vehicle. A first coloured array

can represent acceleration and a second coloured array can
represent deceleration and preferably the number and/or
intensity of actuated lights of a given colour represents
the magnitude of the acceleration or deceleration.

This aspect of the invention has application for example to
racing cars and motorcycles where a visible display mounted
on either or both sides of the vehicles enable spectators

and cameras to perceive the rate of acceleration or
deceleration of the vehicle thereby adding interest and

enjoyment. Such displays would not be visible necessarily
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to the leading or trailing drivers so as to cause minimal
interference with the conduct of racing.

Also disclosed herein is a management system for a vehicle

comprising a ground speed sensor having means for
determining the true speed and direction of travel of the

vehicle and means for communicating the speed and direction

of travel of the vehicle to a controller which operably

controls a second vehicle device in response to the speed

or direction information.

Preferably the system is adapted to perform any one, or any

combination of the following functions: active sensing for

cruise control, or comparison with actual wheel speeds for

anti-lock braking systems and/or active traction control,

provision of any one of the following: driving speed over

ground display, distance covered, fuel economy measurement,

elapsed journey time and estimating time of arrival at

destination, average fuel economy over journey; automatic

triggering of airbags; change gear in electronic automatic
transmission vehicles.

Such a system can also include the features of all the

other aspects of the invention.

According to a further aspect of the invention there is

disclosed a safety system for vehicles comprising an anti-

lock braking system fitted to a subject vehicle and

operable to regulate operation of the subject vehicle's

brakes in response to a signal generated by a speed sensor
and representative of the speed of the subject vehicle

relative to the ground, characterised in that the speed

sensor is a radar system operable to direct radiation

towards the ground and to determine the speed by receiving

and analysing radiation reflected from the ground.
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measurement of a doppler shift in the frequency of the

reflected radiation.

According to a further aspect of the invention, there is
disclosed a safety system for vehicles comprising at least
one impact energy absorbing device fitted to a subject
vehicle, sensor means fitted to the subject vehicle and
operable to detect the proximity and closing speed of an
object external to the subject vehicle, determining means
responsive to output signals of the sensor means for
determining whether the object is about to impact with the
subject vehicle and actuating means responsive to the
determining means to actuate the at least one impact energy
absorbing device so as to be deployed at a position
externally of the subject vehicle so as to be between the
object and the subject vehicle.

The impact energy absorbing device may be an inflatable bag
device comprising two or more inflatable bags deployed when
inflated so as to constitute successive layers including an

inner bag proximate the subject vehicle and an outer bag
distal to the subject vehicle.

The safety system preferably comprises deflation means
operable to deflate one or more of the bags in response to
pressure within the respective bag exceeding a
predetermined pressure level.

The deflation means may be operable to deflate bags in

successive layers at pressure levels which decrease
progressively from the inner bag to the outer bag whereby
in use the outer bag is deflated prior to deflation of the
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inner bag in response to impact between the object and the

subject vehicle.

The deflation means may comprise rupturable membranes

forming parts of side walls of respective bags and arranged

to rupture at respective predetermined pressure levels.

In a preferred embodiment the air bag device comprises

three inflatable bags.

(The preferred comprising a plurality of air bag devices

located so as to be deployed at the front, rear, left side

and right side respectively of the subject vehicle

Alternatively the impact energy absorbing device comprises

at least one bumper extensible by means of hydraulic ram

means capable of absorbing energy when the bumper receives

an impact.

A yet further aspect of the invention provides a safety

system for vehicles comprising a ground speed measuring

device and/or input detection means and a controller

operable to activate a spraying device to release safety

chemicals such as foams when an accident is likely.

Another aspect provides an antenna for a radar system

comprising means for coupling the antenna to a radar system

to enable electromagnetic radiation from the radar to he

transmitted through the antenna and for reflected radiation

to be passed back to the radar through the antenna, said

antenna further comprising a hody portion which is wedge-

shaped. The wedge can taper to a tip of less than 1mm

thickness. Preferably the antenna is made at least

partially of PTFE.
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Yet another aspect of the invention provides a housing for
a radar system having means for communicating
‘electromagnetic radiation into a waveguide which directs
the radiation along two paths in two separate directions

each leading to an output, the housing being adapted to
accommodate receiving antennas in each of the radiation

paths, the housing further comprising wedge-shaped antenna
at the outputs for transmitting and collecting reflected
radiation. The receiving antenna accommodation can be

separated by half a wavelength of the radiation.

Another aspect of the invention provides a housing for a
radar system having an inlet for electromagnetic radiation
which leads to a waveguide which directs the radiation

along two paths to two separate outlet/inlet horns wherein
the horns taper aliong their length in one transverse
dimension relative to their longitudinal axis.

The horns can taper outwardly. The horns can be turned

inwardly such that radiation emitted from one horn is
directea to intersect with the radiation from the other.

Preferably the housing is adapted to accommodate two
receiving dipoles equidistantly spaced from a point where
the two paths meet.

Embodiments of the inventions will now be described, by way

of example only, with reference to the accompanying
drawings, in which:-

FIGURE 1 is a schematic front elevational view of vehicle

display systems according to the invention;

FIGURE 2a is a schematic plan view of two vehicles fitted

with a vehicle display according to the invention;
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FIGURE 2B shows a second embodiment of the display shown in

Figure 1 in an active state;

FIGURE 3 shows a front elevational view of part of the

radar system according to the invention;

FIGURE 4 is a plan view from below of the radar part shown

in Figure 3;

FIGURE 5 is a rear elevational view of the radar device

shown in Figures 3 and 4; whilst

FIGURE 6 is a sectional view taken along 6-6 of Figure 5;

FIGURE 7 provides five views (A to E) of a wedge device
Suitable for use in a radar system according to the

invention;

FIGURE 8 provides three views of a second embodiment of a

wedge according to the invention;

FIGURE 9 is a sectional side view of a second radar system

according to the invention;

FIGURE 10 is a plan view of a vehicle having an airbag

system according to the invention; and

FIGURE 11 provides two sectional side elevation views of a
door panel having airbags according to the invention.

Referring to Figure 1 there is shown a display system 10

according to the invention comprising a safety display
constituted by a first light array 12 for providing warning
signals relating to relative parameters between a subject
vehicle 16 and trailing vehicle 18 as shown in Figure 2a.
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A display comprising a second light array 14 can provide
information relating to the level of deceleration of the

subject vehicle and/or whether the vehicle is stationary or
not. Thus the second light array 14 is similar to that

described in W093/15931 and can be operated in the same
manner as described therein or alternatively using the

system to be described here. The second light array 14
comprises a central lamp 15a and four pairs of lamps 15b,
15c, 15d and 15e. Central lamp 15a can be a central high
mount stop lamp (CHMSL) which is triggered by a switch on
the brake pedals of a vehicle and not used under PBW or VSI
conditions. Pairs of lamps 15b to 15e can then act in the

same manner as lamps 10 to 17 described in W093/15931 for

example.

When acting as a vehicle stationary indicator (VSI) a
preferred from of display is to illuminate all lamps 15 in
the second light array 14 at a starting point in a cyclic
variation in the number of lamps illuminated. The second

stage is to deactivate central lamp 15a, then to illuminate
all lamps, followed by deactivating both lamps 15b and then
lighting all lamps. This is followed by deactivating both
lamps 15c momentarily and then activate all lamps and so on
until all pairs of lamps have been deactivated in
succession and the cycle begins again. For example, the

time period for each step could be less than 1 second and
preferably in the order of 0.1 second.

As can be seen from Figures 1 and 2b, the individual lamps

15 are preferably distinguishable from one another. The
width of separating sections 11 between lamps 15 can be as
much as the width of the lamps for example. In another

form, section 11 can have a variable width to ensure that
the lamps remain distinguishable when a trailing vehicle 18
is some distance behind. A proximity sensor, if used only
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for the function of determining separation need only

comprise a one horn version of the radar described later.

Thus the stationary indication signal is found to he very

effective since a clear array of lamps, such as red lamps,

is displayed at the rear of the subject vehicle 16 which is
‘apparently expanding due to the outward motion of the
deactivated pairs of lamps. With regard to use of second
light array 14 as progressive brake warning display (PBWD)
it is found that the initial levels at which the pairs of

lamps 15 are illuminated are optimally for deceleration in
the ranges 0.05-0.1g and 0.1-0.25g, Say. Advantageously,
by using a ranging device, or proximity sensor, these
ranges can be varied depending on the proximity and/or
closing speed of the trailing vehicle 18. For example the
initial level of PBW could be illuminated for deceleration

in the range 0.025 to 0.05g; the second level becoming 0.05
to 0.1g, for example, and so on. Thus, of course, the PBW
signal could be illuminated at the same time as the first
light array 12 to provide an enhanced danger warning to a
driver of a trailing vehicle, or other forms of display as

described later could be provided.

In an improved system over that described in WO93/15931, a
radar system similar to that described in WO92/01951, or as
described later herein, can be used to provide information

regarding subject vehicle velocity and direction of travel.
By sampling ground speed measurements rapidly and using a
time reference a microprocessor control system can for

example provide accurate information about a vehicle's
acceleration or deceleration at any given time.

Accordingly, such a system can suitably be used to control

the display shown on the second light array 14.
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Such a microprocessor control system linked to such a

ground speed sensor can be used to provide a velocity

readout to the driver of the subject vehicle 16, also

information regarding the distance covered in a given

journey can be relayed to the driver or otherwise logged.

A key feature is that the speed sensor can very accurately

measure actual, true or absolute, speed over the ground, or

changes therein. It is not dependent for example on the

diameter of tyres as is a system which counts the rate of

rotation of a vehicles’ tyres. Such known systems are

prone to large errors in the order of 5% of the actual

speed and critically this error increases with use of the

tyres due to wear (and a reduction of tyre diameter) and

also critically with increasing speed of vehicle.

By inputting information to the microprocessor regarding

the fuel consumption of an engine, fuel economy can be

calculated and for example information can be provided to

the driver regarding the most appropriate gear to be

selected. Information regarding acceleration or

deceleration can be provided to the driver. Additionally,

in a preferred form, an acceleration and deceleration

display is provided by an array of lamps comprising two

rows, one to indicate the level of acceleration for example

in green and a second row to indicate the level of

deceleration in red. Such an array of lamps can be

attached to the side of a racing car for example such as a

formula one vehicle in order to provide spectators with an

indication of the changing speed of the racing car. of

course, alternative displays on the vehicle might be used

instead of rows of lamps.

By providing a keypad or other communication means for a

driver to input information to the microprocessor, a

sophisticated vehicle management system can be provided.
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For example, the driver could inform the system of his

present location and destination such that the system can

calculate the distance of journey from a database of

journey distances. The driver can then be provided with

distance remaining information and estimated times of

arrival, as well as average fuel economy over journey.

Alternatively, the information might be stored rather than

displayed to the driver and extracted for example when

servicing the vehicle in order to observe if any

significant change in performance of the vehicle has taken

place.

The ground speed sensing system of WO92/01951 as adapted

herein, can also be used in active sensing for cruise

control applications. Additionally, comparison of ground

speed with wheel speed can be used in anti-lock braking

systems and traction control systems for either two or four

wheel vehicles for example. Thus, accurate ground speed

measurement can be used to control the optimum rate of

pumping of brakes in an ABS system. In particular, an

intelligent ABS system can be provided which when the

vehicle is travelling at low speeds, overrides the anti-

lock braking system in order to allow wheel locking which

can be useful in certain conditions such as in snow or

Similar conditions. Similarly, the accurate ground speed

measurements can be used to compare the speed of revolution

of tyres, or other traction means such as trail wheels or

tank treads for example, of a vehicle in order to enhance

traction control systems. In known systems an independent

vehicle speed measurement is not made and thus the present

system can be used to accurately predict the required tyre

revolution rate for a given speed.

The display constituted by the first light array 12 shown

in Figure 1 comprises an array of seven lamps 13 which are
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operated using a microprocessor control system not shown.
The control system is designed to activate display 12 to

provide a warning signal to a driver of the trailing
vehicle 18 when the trailing vehicle is closing too rapidly

on the subject vehicle 16 for example, alternatively a
warning signal is displayed when the trailing vehicle 18 is
too close to the subject vehicle 16. Even if they are

travelling at the same speed for example, there are known

safe stopping distances such as those published by the
Minister of Transport, in which a vehicle will stop when

the brakes are applied. Accordingly, by knowing the

velocity of the subject vehicle 16 for example preferably
using the radar ground sensing system described herein,
which provides therefore a true ground speed, or other
means in communication with a microprocessor control system

and by using a proximity sensor 20 to determine the
separation of the subject vehicle 16 from the trailing
vehicle 18 a safety envelope can be created behind the

subject vehicle 16. Intrusion in the envelope by the
trailing vehicle 18 causes an initial level of lamps 13 in
array 12 to be lit.

For example, all lamps 13 could be illuminated.
Alternatively, only lamps 13a and 13b might be illuminated
in the first instance when the safe distance is broken by

the trailing vehicle 18 and pair 13c might be illuminated
if the trailing vehicle then encroaches aie further

predetermined distance and similarly 13d could be activated
upon a further encroachment. For example, the safe
separation distance (or stopping distance) of vehicles
travelling at 30mph is 25 metres such that in an example
lamp 13a might be illuminated if the trailing vehicle 18
encroaches more than 25 metres behind the subject vehicle

16, lamp 13b coulda be illuminated in addition to lamp 13a
if the trailing vehicle gets closer than 20 metres. Lamp
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13c could be illuminated if the trailing vehicle comes
closer than 15 metres and 13d could be illuminated when the

trailing vehicle reaches 10 metres from the subject vehicle

16. In a further example, all the lamps may be turned on

and off if the trailing vehicle gets still closer.

Thus a warning system has been described using a ground

speed sensor for a subject vehicle 16 coupled by a

microprocessor with a proximity sensor 20. In a more

sophisticate version, proximity sensor 20 could be a radar

device described herein for measuring velocity and could

therefore be used to measure the relative velocity of a

subject vehicle 16 and trailing vehicle 18. By knowing the

clesing speed of the trailing vehicle 18 predetermined

values could be used to trigger warning displays if the

closing speed is too great. For example, a look-up table

or database could again be provided for unsafe closing

speeds. This look-up table might again be varied according

to the velocity of the subject vehicle 16 in a similar

Manner to the safe stopping distance, or safety envelope

distance. Therefore, whilst the safety envelope distance

at 30mph is 25 metres, if the trailing vehicle is closing

too rapidly, say, a difference in speed of 30mph, then the

warning signal could be activated even when the trailing

vehicle 18 is 50 metres behind the subject vehicle 16.

In an alternative form, the activation of the warning

display, in other words the value of the safe limit,

depends on the prevailing road conditions. It might be,

for example that, a keypad or other communication means is

provided so that the driver can input information regarding

weather conditions. Alternatively, a sensor could be

provided which is linked to the microprocessor to indicate

whether the road is wet and the severity of the wet, icy or

snowy conditions. Alternatively, such information could be
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provided on a local basis using a regional radio system to
update a microprocessor memory via a radio receiver. In
this way hazardous weather conditions can automatically be
put into a vehicle management system comprising the
processor herein described. Additionally, this system is
advantageous in that when the vehicle is driving over long
distances changes in weather conditions from one region to
another can automatically be input to the microprocessor.

The information regarding the weather might be obtained for
example by enabling the warning system controller to
ascertain if the windscreen wipers are in use or have been

in use recently due to rain (and not used with a water
spray to clean the windscreen). Alternatively, or as well,
frost sensors, such as air temperature sensors (with
adjustment for wind chill e.g. through look-up data) can he
used. Thus, safe stopping distances can be adjusted for

prevailing weather conditions, again by providing stored
values according to weather and possibly for different
severities of poor weather. Alternatively, a two level
warning system can be provided wherein, a first warning,
e.g. turn on all lamps 13, when a trailing vehicle 18
encroaches within the safe stopping distance of the subject

vehicle 16 for poor weather, and a second warning e.g.
flash all or some lamps 13, if the trailing vehicle

encroaches within the safe stopping distance for good

conditions. The latter warning is intended to be

especially irritating to cause the driver to pull back.
Multiple levels of warning for closer encroachment could be
an increase in the frequency and/or intensity of the

flashing lamps. For example flash rates could be increased
in 2Hz increments from 2Hz upwards for increasing

proximity. Also, it is possible to illuminate lamps 13 in
different patterns, e.g. randomly, or l3ja alone then all

pairs 13b, 13c and 13d together.
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Thus, the display constituted by the first light array 12
could be used in a two-stage signal for example

illuminating only lamps 13a and 13b in good weather

conditions but illuminating all seven lamps 13a to 13g when

weather conditions are poor even though the value of the

safety envelope has been increased.

Naturally, when the trailing vehicle 18 falls away from the

subject vehicle 16 beyond the safety envelope limit or

decelerates to a level below the unsafe closing speed, then

the warning display can be automatically deactivated.

In a preferred form of the display system 10 the row of

lamps 15 are red whilst lamps 13 are yellow. They are

preferably positioned in the lower part of the rear window

of the subject vehicle 16 or similar position so that they

can easily be seen the by a driver of the trailing vehicle
18.

In an alternative form of the safety warning system, rather

than providing the first light array 12, it would be

possible to link the microprocessor to an existing fog lamp

on the subject vehicle 16 and to activate the fog lamp

automatically when any of the present conditions are

violated. Naturally, rather than using a database of look-

up tables, the microprocessor might use an algorithm to

calculate safe values for any given set of conditions.

In an alternative form, only a single row of lamps is

provided so that the first light array 12 is dispensed
with. The individual portions of the second light display

such as 15a and 15b could comprise reflectors or

translucent coverings of different colours in front of

bulbs actuated for the different systems (safety envelope,

VSI, PBW). In another preferred form, say seven red LED's
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are provided for each lamp portion (15a say) to represent
the progressive brake warning display and the vehicle
stationary indication whilst seven yellow LED's are
provided for each segment to represent the safety warning
display. In this case, the progressive brake warning
system could take priority over the safety envelope
information and for example expand the number of red lights

could chase yellow lights outwards such that depending on
the level of deceleration and the extend of violation of

the safety distances, both red and yellow lights could be
displayed at the same time. For example, if the proximity
violation signal was set, causing illumination of central
lamp 15a and pair of lamps 15b, any light braking would
automatically change lamp 15a to red (in this manner acting
as a CHMSL) whilst lamps 15c could also be actuated to emit
yellow light as well as lamps 15b. Naturally, since the
subject vehicle 16 is decelerating at this time, further
yellow lamps might be illuminated if the trailing vehicle
18 does not take appropriate action by decelerating itself.

In an alternative form, the severity of encroachment or

level of deceleration can be displayed by increasing the

intensity of the lamps actuated in the display system 10.
A useful way of varying the light intensity is to drive
LED's using a pulse train, the frequency of which is
increased in order to increase intensity. For example, by

driving a first lamp or LED array at say 67 Hertz (or other
frequency above that perceived by the eye as flashing) a
first level of intensity is perceived. As a second stage

of illumination, a first and second lamp might be driven

at, say, 90 Hertz or approximately a 30% increase in rate.
A further level of severity depicted by the warning display

can be achieved by increasing the number of lamps

displayed, for example, lamps 15a to 15¢ and increasing the
rate of illuminating by a further 30%. A yet further level
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can be achieved for example by illuminating lamps 15a to

15a and further increasing the repetition rate by say 40%

so that the lamps are actuated twice as quickly as the

original rate. This results in an increase in intensity of
the lamp of some 40 to 50%. By way of example of the

display, Figure 2b shows the situation of light braking
discussed earlier and also vehicle encroachment within the

safety envelope. Hence, CHMSL 15a is illuminated and also
essential and in a pair of lamps of the first light array
12 are illuminated.

Beneficially the rise time to near maximum intensity of an
LED is much shorter than that for a standard bulb, this

means, for example, that a much quicker initial display
effect can be achieved as well as enabling the pulse

control just described for relatively short ‘on' pulses

without loss of performance. A further advantage of using

LEDs is that they can emit light e.g. directionally and
thus the drivers of cars in lanes adjacent the subject

vehicle 16 need not have the safety display forced on them,

or at least not a bright display. Means can be used to

make the LEDs appear as one light - such as by a focusing

lens, or the display can allow the LEDs to be seen

individually.

For all the systems described a similar safety display can

be provided inside the trailing vehicle 18 which is visible
to the driver. Thus communication means between vehicles

can be used.

Referring to Figures 3 to 5 there is shown a first
embodiment of a housing 30 comprising a front plate 31 for

a radar device according to the invention. Housing 30

comprises an input channel 42 which splits into two
channels 40 which lead to two outlet/inlets or horns 32 and
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34. A yvadiation generator 36 produces electromagnetic
radiation of a suitable wavelength such as in the microwave

or radio wavelength regime. For example, microwave

radiation in the order of 24.125 giga Hertz can he used

where the dimension E of input waveguide or channel 42

could be 4.32mm. The basic operation of the radar is known

from WO92/01951 and it will be appreciated therefore that

the radiation passes through channels 40 and horns 32 and

34 which then also act as receivers which return reflected

radiation back to channel 40 where a signal is received by

dipole antennas or, as referred to in the art, diodes 44

suitably positioned equidistantly from axis C running

through channel 42. The diodes 44 can be positioned one

quarter wavelength apart from axis C such that dimension D
could be about 17mm and naturally the wavelength of the

radiation could be varied in order to ensure that the

diodes 44 are suitably positioned. Other electronics used

in the processing of the signal from diodes 44 can be

placed in cavity 38 between the horns 32 and 34.

Preferably the cavity is protected by a plate 52 as shown

in Figure 4 which extends across cavity 38 from the ends of

housing 30.

It can be seen from Figure 4 that whilst horns 32 and 34

are flared in the front elevation shown in Figure 3, they

have a uniform depth. This is quite unlike known housings

of this type wherein the horn is also tapered in this
direction. This provides the benefit of reduced

manufacturing costs when preparing front plate 31 for

housing 30. For example, the housing block can be cast,
moulded or milled or otherwise suitably formed but does not

now require a difficult shape to be produced for the horns
32 and 34. As shown in the front elevational view of rear

plate 48 of housing 30 and in particular in Figure 6 of the

section taken along line 6-6, the rear wall 50 of back
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plate 48 is flat from left to right and so it too is no

longer tapered in the transverse direction. Additionally,

by providing a large cavity particular advantages are

obtained in being able to place all the electronics used to

drive the radar within this cavity. This is also found to

reduce manufacturing costs as well as reduce

electromagnetic interference in operation. Additionally,

benefits are obtained in the ease of fitting the radar

system to the subject vehicle 16 for example or other body

since only the housing itself needs to be attached and a

Simple communication channel can then be connected to the

radar to communicate with the vehicle or other system. For

example a simple cable connection could be used for a

communication path and this could also provide a path for

power supply to the radar.

In an alternative embodiment a wedge such as 60 or 70 as

shown in Figures 7 and 8 respectively is used in place of a

horn on a radar device of Figure 3. For example, housing

plate 31 could be used by removing horns 32 and 34 along

with the rest of the casing to leave a rectangular aperture

at point 46 at the ends of channel 40. A wedge 60 or 70

having a suitably sized connecting lug 62 or 72

respectively can then be inserted into the channel at point

46 to provide both a transmitter and receiver for the

radar. A radar 90 is shown in Figure 9 which could

comprise wedges 60 or 70.

As can be seen from Figure 7e, the antenna 60 can be seen

to be wedge shaped, tapering in its transverse dimension

from a rectangle at the connecting end adjacent to lug 62

to a tip 66 at the other end. Three views are provided of

a further embodiment of a wedge shaped antenna 70 where its

dimensions could for example be as follows: 80, 10.68mm;

81, 10mm; 82, 13mm; 83, 60mm; 84, 10.68mm; 85,
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approximately 1mm but preferably less; 86, 4.68mm; and 88,
6mm. The antenna could for example be made from PTFE but
other suitable materials could be used=which are

transparent to microwaves and, radiowaves, or the
particular type of radiation being used.

As can be seen from the drawings, the antenna tapers in
only one dimension and is therefore relatively simple to
manufacture. The orientation of the antenna relative to a

suitably adapted housing 30 is such that antenna 60 or 70
is positioned so that its inwardly directed taper is in the
same direction as the outwardly directed taper of horns 32

and 34 shown in Figure 3. Thus, if inserted at points 46
in Figure 3, antenna 60 would appear as shown in Figure 7a.
A particular benefit of using wedge antennas is that they
themselves prevent the ingress of dirt or other particles
into the radar housing.

As is known from W092/01957, there are certain critical
factors necessary to obtain accurate directional and speed
information from a radar of the type having two mixing

points for reception of a signal by two diodes. The
skilled man is therefore referred to that document for
reference to how to obtain the information from such a

system, and all such information is incorporated herein by
reference.

It is found that by reducing the cost of manufacture and

improving for example the ease of fitting of a suitable
radar system, a device can be provided which can more
economically be produced and viably used to obtain the
benefits of the system.

The reduction in cost of this type of radar enable it to be
used for example in proximity sensing to determine the
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separation of an object from the radar system as well as in

speed and direction monitoring. Therefore, a radar system
‘of the above designs can be used in relation to the display

system described in WO93/15931 to provide both the
information for determining deceleration of a vehicle

independent of the braking system and also for providing a

proximity sensor in order to terminate the display signal

as described in that patent. Since the data devised from

such a system provides directional information, it can be

linked to any safety system described herein to give a

warning regarding the direction of movement for example of

a vehicle. This is beneficial for large vehicles

especially when reversing and an audible as well as visual

warning can be given.

Figure 9 shows a radar system 90 capable of the various

functions described herein, where the waveguide horn 60 are

additionally perfected by a housing comprising a series of

shields 92, 93 and 94 which protect the radar waveguide and

horns from outside elements. Each of the protection panels

92 to 94 comprise an aperture 95 which enables a beam B to

be reflect on an internal reflector 91 thereby enabling

beams to be received and transmitted from horn 60. The

radar system 90 comprising an incoming waveguide 96 from a

radar or microwave source for example, and receiving diodes
not shown.

Beneficially the radar, or ground speed sensor 90, is easy

to manufacture, low cost and can house all the electronics

at the back of its casing thereby reducing’ space

requirement and enabling ease of fitting to the underside

of a vehicle chassis for example. Advantageously, the

surrounding casing 97 protects the antenna 60 £and

electronics from water and dirt for example. Thus, the
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attenuation of signals due to these factors can be

mitigated.

Figure 10 shows a vehicle V having an airbag system

according to the invention. The airbag system comprises

airbags 100, 102, 104 and 106 which protrude outwardly from

the side and end panelling of the vehicle. The entire side

and end surfaces of a vehicle could be protected with such

an airbag system in a preferred form. In Figure 10 the

airbags 100 to 106 are shown in an expanded operable

position ready to absorb impact from another vehicle or

crash barrier for example.

Figure 11 shows one airbag e.g. 102, in a contracted state

within a recess 108 in the vehicle side panel P. The

airbag can be expanded using for example a pressurized gas

system 110, in an emergency. Each airbag and airbag

chamber can be inflated separately. For example, airbags

at the front of the vehicle can be activated upon rapid

deceleration of the vehicle detected by a ground speed

sensor described herein for example. As a very final

response level in the intelligent safety envelope system

described herein, airbag 106 could be expanded or deployed

if the safety system detects that the trailing vehicle 18

is approaching vehicle V at a rate that impact is
inevitable.

In a preferred form as shown here, the airbags e.g. 102

comprise a series of airbag compartments such as 118, 120

and 122. All three airbags are housed within recess 108

and protected by device 116 which can attach to the vehicle

side panelling. In the expanded state, all three protrude

from the vehicle side panelling as to provide cushioning

against impact. Preferably, the compartments are

rupturable separately from one another and are not of the
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known vented type. More preferably the compartments are

rupturable at different internal pressures by for example

airbag 118 ruptures at a lower pressure than airbag 120

which in turn explodes at a lower pressure compared to

airbag 122. Thus a cascade of energy absorbing impacts

between the airbags and an external body is provided.

For example, the individual airbag compartment 118 etc can

be made for example from a somewhat elastic resilient

material which is provided with a rupturable device of some

description which is calibrated to allow gas to escape from

the compartment when the internal pressure within the

compartment exceeds a predetermined level. In an

alternative form, the internal bag bursts at the lowest

pressure with the cascade working in the opposite sense

described above. In alternative forms, any number of bags

or compartments can be provided in a series extending

outwardly from the vehicle from say 2 to 10 or more.

Beneficially, the airbags help to prevent intrusion of an

outside object into a vehicle. Additionally, the corners

of a vehicle can be protected by providing overlapping

airbags from the sides and ends of a vehicle as shown at

position O in Figure 10. The airbags could be made from

extremely strong materials such as plastics or fibrous

composites for example which resist bursting other than by

the designed rupturable means. Thus, the airbags will

protect the driver or passengers in the vehicle from sharp

objects since the bags will tend to resist intrusion of a

sharp object due to the strong materials.

The side input airbags/compartments can be inflated upon

detection of a closing object using a proximity sensor

positioned to detect objects at the side of the vehicle.

Preferably the sensor enables calculation of the closing
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speed of the object and whether impact is inevitable.
Inflation of any of the external airbags could also be used
to cause inflation of any internal airbags.

The air bags of Figure 10 may be replaced by bumpers
disposed along the rear of the subject vehicle and
optionally the sides and front of the subject vehicle, the
bumpers being mounted on rapidly extensible hydraulic rams
of a type which facilitate the absorption of impact energy.
Instead of inflating air bags as described above, the

hydraulic rams could be actuated by the controller in order
to deploy the bumpers in order to provide means for
absorbing impact energy. The controller would therefore be
operable to determine from proximity and closing velocity
information whether an impact with a trailing vehicle or

other object was likely to be about to occur and to actuate
the impact energy absorbing means accordingly so as to
deploy either the air bag or bumper devices to positions
externally of the subject vehicle and between the object
and the subject vehicle at the expected point of impact.

Throughout the description and claims the term trailing
vehicle is used to indicate a vehicle separate from the

subject vehicle and which is generally proceeding so as to
follow the subject vehicle, typically along a common

roadway or railway.
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CLAIMS

1. A safety system (10) for vehicles comprising a

controller fitted in use to a subject vehicle (16), sensor

means (20) fitted to the subject vehicle in use and

operable to sense a distance of separation and/or a

relative velocity of a trailing vehicle (18) and operable

to input data signals representative thereof to the

controller, velocity sensing means (97) operable to sense

the velocity of the subject vehicle relative to the ground

and to input to the controller ao velocity signal

representative thereof, wherein the controller is operable

to processes the received velocity signal and data signals

to determine the existence of an unsafe condition, and the

safety system further comprising warning means (10)

controlled by the controller and operable to warn a driver

of the trailing vehicle of the existence of the unsafe

condition.

2. A safety system as claimed in claim 1 wherein the

controller is operable to determine the existence of the

unsafe condition by determining a safe distance

corresponding to a safety envelope to the rear of the

subject vehicle within which any incursion by the trailing

vehicle constitutes the existence of an unsafe condition.

3. A safety system as claimed in claim 2 wherein the safe

distance is determined to be substantially the safe

stopping distance of a vehicle travelling at the velocity

of the trailing vehicle.

4. A safety system as claimed in any of claims 1 and 2

wherein the safe stopping distance is determined to be

proportional to the velocity of the subject vehicle.
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5. A safety system as claimed in any of claims 2 to 4
wherein the controller is operable to determine an enhanced

safe distance corresponding to an enlarged safety envelope
and wherein the warning means is operable to indicate a

first level of warning corresponding to incursion by the

trailing vehicle into the enlarged safety envelope and a
second level of warning which is more prominently presented
to the a@river than the first level of warning and

corresponds to any incursion into the safety envelope.

6. A safety system as claimed in claim 5 comprising
ground condition communication means operable to input to
the controller a signal representative of the condition of

the ground and or other driving conditions and wherein the
controller is operable to determine the enhanced safe
distance corresponding to the enlarged safety envelope

according to the extent to which the ground condition
communication means indicates adverse ground conditions

likely to affect traction between the subject vehicle and
the ground.

7. A safety system as claimed in any of claims 5 and 6
wherein the sensor means is operable to sense both the

distance of separation and the relative velocity of the

trailing vehicle and wherein the controller is operable to
determine whether the relative velocity of the trailing

vehicle relative to the subject vehicle when entering the

enlarged safety envelope is greater than a threshold value
of relative velocity and, if so, is operable to actuate the

warning means to indicate the second level of warning.

8. A safety system as claimed in claim 7 wherein the

ground condition communication means comprises means fitted
to the subject vehicle for sensing at least one of rain,
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snow and ice and communicating a signal representative

thereof to the controller.

9. A safety system as claimed in any preceding claim
wherein the sensor means comprises a radar system

transmitting and receiving radar pulses, from which

received pulses information is derived sufficient to
determine both the proximity and relative speed of the

following vehicle.

10. A safety system as claimed in any of claims 5 to 9

wherein the warning means comprises a display (10) carried

by the subject vehicle and positioned for viewing by the

@river of the trailing vehicle.

11. A safety system as claimed in any of claims 5 to 10

further comprising communication means operable between the

controller of the subject vehicle and a warning device

fitted in use to the trailing vehicle, whereby the warning

means is operable to indicate a warning to the driver of

the trailing vehicle via the warning device.

12. A safety system as claimed in any preceding claim

wherein the velocity sensing means comprises a sensor (97)

mounted on the subject vehicle and responsive independently

of elements of the subject vehicle's transmission train to

movement of the ground relative to the subject vehicle.

13. A safety system as claimed in claim 12 wherein the

velocity sensing means comprises a sensor constituted by a

doppler shift radar device.

14. A safety system as claimed in any preceding claim

wherein the controller is operable to actuate an impact
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absorbing device (100, 102, 104, 106) deployed internally

or externally of the subject vehicle.

15. A safety system as claimed in claim 14 wherein the

impact absorbing device comprises an air bag (100, 102,

104, 106) inflatable so as to be deployed externally of the

subject vehicle and/or bumpers extensible by means of

hydraulic rams operable to absorb energy upon impact.

16. A safety system for vehicles having means fitted in

use to a subject vehicle for determining the magnitude of

acceleration and deceleration of the subject vehicle and

connected to a visible display mounted on the subject

vehicle operable to indicate to an observer remote from the

vehicle the magnitude of acceleration and deceleration.

17. A safety system as claimed in claim 16 wherein the

visible display comprises an array of lights mounted on the

side or sides of the subject vehicle.

18. A safety system as claimed in claim 17 wherein a

first coloured array of lights represents acceleration and

a second coloured array of lights represents deceleration,

the number and/or intensity of actuated lights of a given

colour representing the magnitude of the acceleration or

deceleration respectively.

19. A safety system for vehicles comprising an anti-lock

braking system fitted to a subject vehicle and operable to

regulate operation of the subject vehicle's brakes in

response to a signal generated by a speed sensor and

representative of the speed of the subject vehicle relative

to the ground, characterised in that the speed sensor is a

radar system (97) operable to direct radiation towards the
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ground and to determine the speed by receiving and
analysing radiation reflected from the ground.

20. A safety system as claimed in claim 19 wherein the
radar system is operable to determine speed by measurement
of a doppler shift in the frequency of the reflected
radiation.

21. A safety system for vehicles comprising at least one
impact energy absorbing device (100, 102, 104, 106) fitted
to a subject vehicle, determining means responsible to
output signals of the sensor means for determining whether
the object is about to impact with the subject vehicle and
actuating means responsive to the determining means to
actuate the at least one impact energy absorbing device so

as to be deployed at a position externally of the subject
vehicle so as to be between the object and the subject

vehicle.

22. A safety system as claimed in claim 21 wherein the
impact energy absorbing device is an inflatable hag device
comprising two or more inflatable bags (118, 120, 122)
deployed when inflated so as to constitute successive
layers including an inner bag (122) proximate the subject
vehicle and an outer bag (118) distal to the subject
vehicle.

23. A safety system as claimed in claim 22 comprising
deflation means operable to deflate one or more of the bags

in response to pressure within the respective bag exceeding
a predetermined pressure level.

24. A safety system as claimed in claim 23 wherein the
deflation means is operable to deflate bags in successive

layers at pressure levels which decrease progressively from
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the inner bag to the outer bag whereby in use the outer bag

is deflated prior to deflation of the inner bag in response

to impact between the object and the subject vehicle.

25. A safety system as claimed in any of claims 23 and 24

wherein the deflation means comprises rupturable membranes

forming parts of side walls of respective bags and arranged

to rupture at respective predetermined pressure levels.

26. A safety system as claimed in any of claims 21 to 25

wherein the air bag device comprises three inflatable bags.

27. A safety system as claimed in any of claims 21 to 26

comprising a plurality of air bag devices (100, 102, 104,

106) located so as to be deployed at the front, rear, left

side and right side respectively of the subject vehicle.

28. A safety system as claimed in claim 21 wherein the

impact energy absorbing device comprises at least one

bumper extensible by means of hydraulic ram means capable

of absorbing energy when the bumper receives an impact.
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ENGLISH-ABST:

Apparatus for optimizing operation of an engine-driven vehicle. The apparatus includes a
processor subsystem, a memory subsystem, a road speed sensor, an engine speed sensor, a
manifold pressure sensor, a throttle position sensor, a radar detector for determining the
distance separating the vehicle from an objectin front of it, a windshield wiper sensorfor
indicating whether a windshield wiper of the vehicle is activated, a brake sensor for determining
whether the brakes of the vehicle have been activated, a fuel overinjection notification circuit
for issuing notifications that excessive fuel is being supplied to the engine of the vehicle, an
upshift notification circuit for issuing notifications that the engine of the vehicle is being
operated at an excessive engine speed, a downshift notification circuit for issuing notifications
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that the engine of the vehicle is being operated at an insufficient engine speed, a vehicle
proximity alarm circuit for issuing an alarm that the vehicle is too close to an object in front of
the vehicle and a throttle controller for automatically reducing the amountof fuel supplied to
the engine if the vehicle is too close to the object in front of it. Based upon data received from
the sensors and data stored in the memory subsystem, the processor determines whether to
activate the fuel overinjection notification circuit, the upshift notification circuit, the downshift
notification. circuit, the vehicle proximity alarm circuit or the throttle controller.

NO-OF-CLAIMS:32

NO-OF-FIGURES:3

NO-DRWNG-PP:3

SUMMARY:

1. Field of the Invention

The present invention generally relates to an apparatus for optimizing vehicle operation and,
more particularly, relates to a system which both notifies the driver of recommended
corrections in vehicle operation and, under certain conditions, automatically initiates selected
corrective action.

2. Description of Related Art

It has long been recognized that the improper operation of a vehicle may have many adverse
effects. For example, the fuel efficiency of a vehicle may vary dramatically based upon how the
vehicle is operated. More specifically, operating a vehicle at excessive speed, excessive RPM
and/or excessive manifold pressure will result in both reduced fuel economy and increased
operating costs. The aforementioned increased operating costs can be quite considerable,
particularly for an owner or operator of a fleet of vehicles. To correct these types of improper
vehicle operations are often surprisingly simple. For example, upshifting the drive gear will
typically eliminate an excessive RPM condition. However, even when the solution is quite
simple, oftentimes, the driver will be unaware of the need to take corrective action.

A variety of patents have disclosed systems, commonly referred to as "shift prompters”, which
monitor the operation of a vehicle and advises the operator of the vehicle when to take certain
actions, Numerous ones of these devices include sensors which measure engine speed and
vehicle speed. See, for example, U.S. Pat. No. 4,492,112 to Igarashi et al., U.S. Pat. No.
4,631,515 to Blee et al. and U.S. Pat. No. 4,701,852 to Ulveland. Certain ones, however,
disclose the use of other types of sensors as well. For example, U.S. Pat. No. 4,524,460 to
Weber is directed to a driving aid indicator which inciudes vehicle speed, manifold pressure,
throttle position and engine speed sensors. U.S. Pat. No. 4,752,883 to Asakura et al. and U.S.
Pat. No. 4,868,756 to Kawanabeetal. are directed to upshift notification devices which include
sensors for measuring engine speed, vehicle speed, manifold pressure and cooling water
temperature. Finally, U.S. Pat. No. 4,853,673 to Kido et al. discloses a shift indicator system
which includes sensors for measuring engine speed and throttle position. Generally, the above-
listed patents all provide displays intended to enable the driver to operate the vehicle in a
manner leading to uniform performance and maximum fuel economy. However, Blee et al.
discloses the use of audible warnings as well as a speed controller to prevent further increases
in engine speed if the driver ignores previously issued warnings.

Improper vehicle operation has other adverse effects as well. It is well known that the faster a
vehicle travels, the longer it takes to stop. Thus, what may be a safe separation distance
between successive vehicles when a vehicle is traveling at 35 mph may be unsafe if that vehicle
is traveling at 50 mph. Road conditions also play a role in determining the safe separation
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distance between vehicles. For example, greater separation distances are generally
‘recommended when roads are wet. As a result, therefore, based on the combination of a
vehicle's speed, the distance separating the vehicle from a second vehicle in front of it and road
conditions, many vehicles are operated unsafely. To correct this situation, a reduction in
operating speed, an increase in vehicle separation or somecombination thereof, is required.

It may be readily seen from the foregoing that it would be desirable to provide a system which
integrates the ability to issue audible warnings which advise the driver to correct operation of
the vehicle in a manner which will enhance the efficient operation thereof with the ability to
automatically take corrective action if the vehicle is being operated unsafely. It is, therefore,
the object of the invention to provide such a system.

In one embodiment, the present invention is directed to an apparatus for optimizing operation
of an engine-driven vehicle. The apparatus includes a processor subsystem, a memory
subsystem, plural sensors, including road speed, manifold pressure and throttle position
sensors, for collectively monitoring operation of the vehicle and a fuel overinjection notification
circuit for issuing notifications that excessive fuel is being supplied to the engine of the vehicle.
The processor subsystem receives data from the sensors and, from the received data,
determines whento activate the fuel overinjection circuit. In one aspect thereof, the processor
subsystem determines when road speed for the vehicle is increasing, determines when throttle
position for the vehicle is increasing, compares manifold pressure and a manifold pressure set
point stored in the memory subsystem and activates the fuel overinjection notification circuit if
both road speed and throttle position for the vehicle are increasing and manifold pressure for
the vehicle is above the manifold pressure set point. .

In further aspects thereof, the sensors may include an engine speed sensor and the processor
subsystem may determine when road speed for the vehicle is decreasing, when throttle position
for the vehicle is increasing, when manifold pressure for the vehicle is increasing, when engine
speed for the vehicle is decreasing and may activate the fuel overinjection notification circuit if
both throttle position and manifold pressure for the vehicle are increasing and road speed and
engine speed for the vehicle are decreasing.

In still further aspects thereof, the apparatus may also include an upshift notification circuit,
activated by the processor subsystem based upon data received from the sensors, which issues
notifications that the engine of the vehicle is being operated at excessive engine speeds. In this
aspect, the processor subsystem determines when road speed for the vehicle is increasing,
whenthrottle position for the vehicle is increasing, compares manifold pressure to a manifold
pressure set point stored in the memory subsystem, compares engine speed to an RPM set
point stored in the memory subsystem and activates the upshift notification circuit if both road
speed and throttle position for the vehicle are increasing, manifold pressure for the vehicle is at
or below the manifold pressure set point and engine speed for the vehicle is at or above the
RPM set point.

In still yet further aspects thereof, the apparatus mayalso include a downshift notification
circuit, activated by the processor subsystem based upon data received from the sensors, which
issues a notification that the engine of the vehicle is being operated at an insufficient engine
speed. The processor subsystem may determine when road speed for the vehicle is decreasing,
whenthrottle position for the vehicle is increasing, when manifold pressure for the vehicle is
increasing, when engine speed for the vehicle is decreasing and may activate the downshift
notification circuit if both road speed and engine speed are decreasing and both throttle position
and manifold pressure for the vehicle are increasing. ‘

In still further aspects thereof, the fuel overinjection circuit, the upshift notification circuit or the
downshift notification circuit may include a horn for issuing a tone for a preselected time period.

In another embodiment, the present invention is of an apparatus for optimizing operation ofa
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vehicle. The apparatus includes road speed, engine speed, manifold pressure and throttle
position sensors, a processor subsystem coupled to each of the sensors to receive data
therefrom and a memory subsystem, coupled to the processor subsystem, for storing a
manifold pressure set point, an engine speed set point and present and prior levels for each one
of the sensors. The apparatus further includes a fuel overinjection notification circuit, an upshift
notification circuit and a downshift notification circuit, all of which are coupled to the processor
subsystem. The fuel overinjection notification circuit issues notifications that excessive fuel is
being supplied to the engine of the vehicle, the upshift notification circuit issues notifications
that the engine of the vehicle is being operated at an excessive engine speed and the downshift
notification circuit issues notifications that the engine of the vehicle is being operated at an
insufficient engine speed. Based upon data received from the sensors, the processor subsystem
determines whento activate the fuel overinjection circuit, the upshift notification circuit and the
downshift notification circuit. In one aspect thereof, the fuel overinjection circuit includesa first
horn for issuing a first tone for a first preselected time period, the upshift notification circuit
includes a second horn for issuing a second tone for a second preselected time period and the
downshift notification circuit includes a third horn for issuing a third tone for a third preselected
time period. .

In another aspect thereof, the processor subsystem may determine when road speed for the
vehicle is increasing or decreasing, engine speed is increasing or decreasing, throttle position
for the vehicle is increasing and manifold pressure is increasing; may compare manifold
pressure to the manifold pressure set point and engine speed to the RPM set point; and may
activate the fuel overinjection notification circuit if both road speed and throttle position for the
vehicle are increasing and manifold pressure for the vehicle is above the manifold pressure set
point or if both throttle position and manifold pressure for the vehicle are increasing and road
speed and engine speed for the vehicie are decreasing, the upshift notification circuit if both
road speed and throttle position for the vehicle are increasing, manifold pressure for the vehicle
is at or below the manifold pressure set point and engine speed for the vehicle is at or above
the RPM set point and the downshift notification circuit if both road speed and engine speed are
decreasing and both throttle position and manifold pressure for the vehicle are increasing.

In another aspect, the present invention is of an apparatus for optimizing operation of a vehicle
which includes a radar detector for determining a distance separating a vehicle having an
engine and an object in front of the vehicle and at least one sensor for monitoring operation of
the vehicle. The apparatus further includes a processor subsystem, a memory subsystem and a
vehicle proximity alarm circuit. The processor subsystem is coupled to the radar detector and

the at least one sensor to receive data therefrom while the memory subsystem, in whichafirst
vehicie speed/stopping distance table and present levels for each one of the at least one sensor
are stored, and the vehicle proximity alarm circuit are coupled to the processor subsystem.
Based on data received from the radar detector, the at least one sensor and the contents of the
memory subsystem, the processor determines when to instruct the vehicle proximity alarm
circuit to issue an alarm that the vehicle is too close to the object.

In one aspect thereof, the at least one sensor further includes a windshield wiper sensor for
indicating whether a windshield wiper of the vehicle is activated and a second vehicle
speed/stopping distance table is stored in the memory subsystem. In another aspect thereof, |
the apparatus further includesa throttle controller for controlling a throttle of the engine of the
vehicle. The processor subsystem may selectively reduce the throttle based upon data received
from the radar detector, the at least one sensor and the memory subsystem or may also count
a total humberof vehicle proximity alarms determined by the processor subsystem and
selectively reduce the throttle based upon the total number of vehicle proximity alarms, as well.
In yet another aspect thereof, the at least one sensor further includes a brake sensor for
indicating whether a brake system of the vehicle is activated.

In other aspects thereof, the apparatus may be further provided with a fuel overinjection
notification circuit for issuing a notification that excessive fuel is being supplied to the engine of
the vehicle, an upshift notification circuit for issuing a notification that the engine of the vehicle
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is being operated at an excessive engine speed or a downshift notification circuit for issuing a
notification that the engine of the vehicle is being operated at an insufficient engine speed. If a
fuel overinjection notification circuit is provided, the apparatus includes a manifold pressure
sensor and a throttle position sensor which also provide the processor subsystem with data
used, together with a manifold pressure set point and prior levels for the sensors stored in the
memory subsystem, to determine when to activate the fuel overinjection circuit. If an upshift
notification circuit is provided, the apparatus includes an engine speed sensor which also
provides the processor subsystem with data used, together with an RPM set point stored in the
memory subsystem, to determine when to activate the upshift notification circuit. Finally, if a
downshift notification circuit is provided, the processor subsystem determines whento activate
the downshift notification circuit based upon the data received from the plurality of sensors.

In still another embodiment, the present invention is of an apparatus for optimizing operation of
a vehicle which includes a radar detector for determining a distance separating the vehicle from
an object in front of it, a plurality of sensors, including a road speed sensor, an engine speed
sensor, a manifold pressure sensor and a throttle position sensor, which collectively monitor the
operation of the vehicle, a processor subsystem, a memory subsystem,a fuel overinjection
notification circuit for issuing notification that excessive fuel is being supplied to the engine of
the vehicle and a vehicle proximity alarm circuit for issuing alarms if the vehicle is too close to
the object. Based upon data received from the sensors, the processor subsystem determines
whento activate the fuel overinjection circuit. Based upon data received from the radar

detector, the sensors and the memory subsystem, the processor subsystem also determines
whento activate the vehicle proximity alarm circuit.

In one aspect of this embodiment of the invention, the processor subsystem determines when
‘road speed for the vehicle is increasing or decreasing, when throttle position for the vehicle is
increasing or decreasing, compares manifold pressure to a manifold pressure set point stored in
the memory subsystem, determines when manifold pressure for the vehicle is increasing or
decreasing and determines when engine speed for the vehicle is increasing or decreasing. In
this aspect, the processor subsystem activates the fuel overinjection notification circuit if both
road speed and throttle position for the vehicle are increasing and manifold pressure for the
vehicle is above the manifold pressure set point or if both throttle position and manifold
pressure for the vehicle are increasing and road speed and engine speed for the vehicle are
decreasing.

In a further aspect thereof, the apparatus may also include an upshift notification circuit for
issuing notifications that the engine of the vehicle is being operated at an excessive engine
speed, the processor subsystem determining when to activate the upshift notification circuit
based upon data received fram the sensors. In a related aspect thereof, the processor
subsystem determines when road speed for the vehicle is increasing, determines when throttle
position for the vehicle is increasing, compares manifold pressure to a manifold pressure set
point stored in the memory subsystem and compares engine speed to an RPM set point stored
in the memory subsystem. In this aspect, the processor subsystem activates the upshift
notification circuit if both road speed and throttle position for the vehicle are increasing,
manifold pressure for the vehicle is at or below the manifold pressure set point and engine
speed for the vehicle is at or above the RPM set point.

In still another aspect thereof, the apparatus mayalso include a downshift notification circuit
for issuing a notification that the engine of the vehicle is being operated at an insufficient
engine speed. In this aspect, the processor subsystem determines when to activate the
downshift notification circuit based upon data received from the sensors. In a related aspect
thereof, the processor subsystem determines when road speed for the vehicle is decreasing,
determines when throttle position for the vehicle is increasing, determines when manifold
pressure for the vehicle is increasing and determines when engine speed for the vehicle is
decreasing. In this aspect, the processor subsystem activates the downshift notification circuit if
both road speed and engine speed are decreasing and both throttle position and manifold
pressure for the vehicle are increasing.
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DRWDESC:

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood, and its numerous objects, features and
advantages will become apparent to those skilled in the art by reference to the accompanying
drawing, in which:

FIG, 1 is a block diagram of an apparatus for optimizing vehicle performance constructed in
accordance with the teachings of the present invention; and

FIGS. 2A-Bis a flow chart of a method for optimizing vehicle performance in accordance with
the teachings of the present invention.

DETDESC:

DETAILED DESCRIPTION

Referring first to FIG. 1, a system 10 for optimizing vehicle performance constructed in
accordance with the teachings of the present invention will now be described in greater detail.
The system 10 includes a processor subsystem 12, for example, a microprocessor, and a
memory subsystem 14, for example, the memory subsystem 14 may include a nonvolatile
random access memory (or "NVRAM"), coupled together by a bus 16 for bi-directional
exchanges of address, data and control signals therebetween. The system 10 is installed in a
vehicle (not shown) for which optimized performance and driver assist capabilities are desired.
Although it is contemplated that the system 10 is suitable for use with any type vehicle, most
commonly, the system 10 shall be installed in a truck.

Also coupled to the processor subsystem 12 are a series of sensors, each of which are
periodicaily polled by the processor subsystem 12, to determine the respective states or levels
thereof. The sensors include a road speed sensor 18, an RPM sensor 20, a manifold pressure
sensor 22, a throttle sensor 24, a windshield wiper sensor 30 and a brake sensor 32. The
sensors are selected to be either state or level sensors, depending on whether the information
to be collected thereby is a state, i.e., on/off or a level, for example, 35 mph. The road speed
sensor 18 and the RPM sensor 20 are level sensors which respectively provide the processor
subsystem 12 with signals which indicate the operating speed and engine speed for the vehicle.
The road speed sensor 18 and the RPM sensor 20 may derive such information from any oneof
a variety of sources. For example, the road speed sensor 18 may be-connected to receive the
speed input signal transmitted to the vehicle's speedometer while the RPM sensor 20 may be
connected to receive the RPM input signal to the vehicle's tachometer.

The manifold pressure sensor 22 is a level sensor which is positioned downstream of the
throttle valve in the intake manifold of the vehicle to measure manifold pressure thereat. The
throttle sensor 24 is a level sensor, attached to the throttie, which measures the extent to
which the throttle is opened. The windshield wiper sensor 30 is a state sensor which determines
whetherthe vehicle's windshield wipers are on or off. In alternate embodiments thereof, the
windshield wiper sensor 30 may be electrically coupled to the on/off switch for the windshield
wiper or to an output of the windshield wiper motor. Finally, the brake sensor 32 is a state
sensor which determines whether the brakes of the vehicle have been engaged. For example,
the brake sensor 32 may be electrically coupled to the brake system to detect the activation
thereof.
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Preferably, the memory subsystem 14 should include first and second registers 14a and 14b,
each having sufficient bits for holding the state/level of each of the sensors 18, 20, 22, 24, 30
and 32. The first register 14a is used to hold the present state or level of each of the sensors
18, 20, 22, 24, 30 and 32 while the second register 14b is used to hold the prior state or level
for each of the sensors 18, 20, 22, 24, 30 and 32. Each time the processor subsystem 12 writes
the present state or tevel of the sensors 18, 20, 22, 24, 30 and 32 to thefirst register 14a, the
prior contents of the first register 14a is written to the second register 14b which, in turn,
discards the prior content thereof. The memory subsystem 14 is also used to hold information
to be utilized by the processor subsystem 12 to determining whether to take corrective actions
and/or issue notifications. Typically, such information is placed in the memory subsystem 14
while the system 10 is being initialized. The information includes one or more speed/distance

~ tables which, when used in a manner which will be more fully described below in combination
with data collected by the system 10, enable the processor subsystem 12 to determineif the
vehicle is being operated unsafely and if corrective action is necessary. Speed/stopping distance
table. The information also includes two pre-set threshold values--a manifold psi set point and
an engine RPM set point. As will also be more fully described below, the processor subsystem
12 uses these threshold values to determine when to issue notifications as to recommended

changesin vehicle operation which, when executed by the driver, will optimize vehicle
operation. The speed/stopping distance table(s) are based upon National Safety Council
guidelines, vary according to the class of the vehicle and provide the relationship between the
speed at which a vehicle is travelling and the distance which the vehicle will require to come to
a complete stop if travelling at that speed. The manifold psi set point and RPM set point are
selected based upon the manufacturer's guidelines for proper operation of the vehicle, vary
based upon horsepower and enginesize for the vehicle and represent thresholds above which
the manifold pressure and engine rotation speed, respectively, for the vehicle should never
exceed.

The system 10 also includes a throttle controller 26 capable of opening and/or closing the
throttle, a radar detector 28 positioned to determine the distance separating the vehicle and an
object in front of the vehicle, for example, a second vehicte travelling in the same direction, a
series of circuits 34, 36, 38 and 40 for notifying the driver of the vehicle of recommended
corrections in vehicle operation and alerting the driver to unsafe operating conditions and a
power supply, for example a +12 v battery, for providing power to the energy-demanding
components of the system 10. Thecircuits 34, 36, 38 and 40 include an upshift notification
circuit 34 for notifying the driver that an upshift is recommended, a downshift notification
circuit 36 for notifying the driver that a downshift is recommended, an overinjection notification
circuit 38 for notifying the driver that too muchfuel is being supplied to the vehicle and a
vehicle proximity alarm circuit 40 for alerting the driver when an object in front of the vehicle is
too close. The circuits 34, 36 and 38 may be configured to provide visual and/or audible
notifications, for example, using lights and/or horns. For example, the upshift circuit 34, the
downshift notification circuit 36 and the overinjection notification circuit 38 may each include a
horn, or other tone generating device, from which an audible notification may be generated at a
selected pitch. Preferably, each of the notification circuits 34, 36 and 38 may be configured to
provide distinct audible notifications, for example, tones at distinct pitches, so that the driver

' may readily distinguish which of the notification circuits 34, 36 and 38 have been activated by
the processor subsystem 12. The proximity alarm circuit 40 may include one or more visual
and/or audible warning devices such as lights and/or horns. For example, the proximity alarm
circuit 40 may include a warning light and a warning horn. If desired, the proximity alarm
circuit may also include a display for displaying the speed of the object in the vehicle's path
and/or the stopping distance in feet. The proximity alarm circuit 40 may be further equipped to
provide audible indications of the speed of the object in the vehicle’s path and/or the stopping
distance in feed as well as selector circuitry for selecting both the information to be provided as
well as the manner in which the information is to be conveyed.

Finally, the processor subsystem 12 is further provided with one or more modeselect input
lines which enable operator configuration of the operation of the system 10. For example, as
described herein, the corrective operations consist of the combination of an automatic reduction
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of throttle and audio/visual alerts that the vehicle is being operated unsafely. It is specifically
contemplated, however, that the system 10 include a modeselect line for switching the system
10 between an "active" mode where both automatic throttle reduction and audio/visual alerts
are generated and an “inactive” mode where only audio/visual alerts are generated.

Referring next to FIGS. 2A-B, a method for optimizing vehicle performance in accordance with
the teachings of the present invention will now be described in greater detail. The method
commences by powering up the processor subsystem 12, for example, by closing switch 42,
thereby coupling the processor subsystem 12 to the power source 44 via line 43. Alternately,
the processor subsystem 12 may be connected to the electrical system of the vehicle such that
it will automatically power up when the vehicle is started. Of course, any of the other devices
which also form part of the system 10 and require power may also be coupled to the line 43.
Appropriate voltage levels for the processor subsystem 12, as well as any additional power-
demanding devices coupled to the power source 44, would be provided by voltage divider
circuitry (not shown).

Once the system 10 is powered up, the method begins at step 50 by the processor subsystem
12 polling the road speed sensor 18, the RPM sensor 20, the manifold pressure sensor 22, the
throttle sensor 24, the windshield wiper sensor 30 and the brake sensor 32 to determine their
respective levels or states and places the acquired information in the first data register 14a. Of
course, it should be noted, however, that polling of the sensors by the processor subsystem 12
is but one technique by which the processor subsystem 12 may acquire the requisite
information. Alternately, each sensor 20, 22, 24,30 and 32 may periodically place its level or
state in one or morebits of the first data register 14a. The processor subsystem 12 would then
acquire information by checking the contents ofthe first data register 14a at selected time
intervals.

Proceeding to step 52, the processor subsystem 12 examines the contents of thefirst data
register 14a to determine the operating speed of the vehicle. If the processor subsystem 12
determines that the vehicle is stationary, i.e., the operating speed of the vehicle is zero, the

processor subsystem 12 will return to step 50 where the road speed sensor 18, the RPM sensor
20, the manifold pressure sensor 22, the throttle sensor 24, the windshield wiper sensor 30 and
the brake sensor 32 will be repeatedly polled until an operating speed greater than zero is
detected at step 52. While polling may be conducted at a variety of time intervals, a polling
period of one second appears suitable for the uses contemplated herein.

Returning to step 52, once an operating speed greater than zero is detected by the processor.
subsystem 12, the method proceeds to step 54 where the processor subsystem 12 again polls
the operating speed sensor 18, the RPM sensor 20, the manifold pressure sensor 22, the

throttle sensor 24, the windshield wiper sensor 30 and the brake sensor 32, to determine their
respective levels or states and places the acquired information in the first data register 14a. In
turn, the contents of the first data register 14a is placed in the second data register 14b.

Proceeding now to step 56, from the polled value of the road speed sensor 18, the processor
_ subsystem 12 determines whether the vehicle is travelling faster than 20 mph. If the operating

speed of the vehicle is less than 20 mph, the method returns to step 54 where the sensors 18,
20, 22, 24, 30 and 32 will be repeatedly polled and the value of the road speed sensor
examined until the processor subsystem 12 determines that the vehicle is travelling faster than
20 mph. If, however, the processor subsystem 12 determines that the vehicle is travelling
faster than 20 mph, the method proceeds to step 58 where the processor subsystem 12 then
determinesif the vehicle is travelling faster than 50 mph, again by checking the contents of the
first data register 14a.

Past this juncture, the method of the presentinvention will proceed through a series of steps
designed to optimize vehicle operation. However, prior to optimizing vehicle operation, the
processor subsystem 12 will determine if the vehicle is being operated unsafely. If so, the
processor subsystem 12 will initiate corrective operations before commencing vehicle operation
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optimization. More specifically, if the processor subsystem 12 determines at step 58 that the
vehicle is travelling at a speed greater than 50 mph, the processor subsystem 12 will initiate a
process by whichit will determine whether the vehicle is being operated unsafely.

The processor subsystem 12 determines that the vehicle is being operated unsafely if the speed
of the vehicle is such that the stopping distance for the vehicle d is greater than the distance
separating the vehicle from an object, for example, a second vehicle, in its path. In order to
make this determination, the processor subsystem 12 is provided access to at least one
speed/distance table. For example, stored at location 14c within the memory subsystem 14 is a
first speed/stoppingdistance table. The speed/stopping distance table contains the relationship
between vehicle speed and stopping distance. Thus, for any given speed, the processor
subsystem 12 may look-up the stopping distance for that speed. Preferably, the memory
subsystem 14 should contain multiple speed/stopping distance tables so that differences in road
conditions and/or vehicle class may be taken into account. For example, the speed/stopping
distance table stored at location 14c may be a speed/stopping distance table for dry roads while
a speed/stopping distance table for wet roads may be stored at location 14d. If desired, the
memory subsystem 14 may also contain additional speed/stapping distance tables for other
vehicle classes. If such additional tables were provided, however, the disclosed method would
need to be modified to include additional steps in which the operator provides the vehicle's
class and the processor subsystem 12 selects the appropriate speed/stopping distance tables
for the indicated class of vehicle.

To make the aforementioned determination of unsafe vehicle operation, the method proceeds to
step 60 where the processor subsystem 12 sets the value of the expression ALARM to 1. The
method then proceeds to step 62 where the pracessor subsystem 12 examines the state of the
wiper sensor 32 and selects a speed/stopping distance table based upon the state of the wiper
sensor 32. If the state of the wiper sensor 32 indicates that the windshield wipéris off, the
processor subsystem 12 concludes that the vehicle is being operated ‘in dry conditions and
selects the speed/stopping distance table stored at the location 14c of the memory subsystem
14. If, however, the state of the wiper sensor 32 indicates that the windshield wiper is on, the
processor subsystem 12 concludes that the vehicle is being operated in wet conditions and
selects the speed/stopping distance table stored at the location 14d of the memory subsystem
14. From the selected speed/stopping distance table 14c¢ or 14d, the processor subsystem 12
then retrieves the stopping distance for the speed at which the vehicle is travelling.

Continuing on to step 64, the processor subsystem 12 determines the distance of the vehicle to
an object in its path, i.e., a second vehicle travelling in front of the vehicle and in the same
direction. To do so, the processor subsystem 12 instructs the radar device 28 to determine the
distance between the vehicle and the second vehicle in front of it. Upon determining the
distance separating the two vehicles, the radar device 28 transmits the determined separation
distance to the processor subsystem 12. At step 66, the processor subsystem 12 determinesif
the two vehicles are separated by a safe distance. To do so, the processor subsystem 12
compares the distance separating the two vehicles to the retrieved stopping distance for the
vehicle. If the determined distance separating the two vehicles is greater than the retrieved
stopping distance for the vehicle, the processor subsystem 12 determines that the vehicle is
being operated safely. If, however, the determined distance separating the two vehicles is less
than the retrieved stopping distance, the processor subsystem 12 determines that the vehicle is
being operated unsafely.

If the processor subsystem 12 determines at step 66 that the vehicle is being operated
unsafely, the processor subsystem 12 initiates appropriate corrective action. At step 68, the
processor subsystem 12 determines whether the vehicle brake is on by examining the state of
the brake sensor 32. If the brake is on, the processor subsystem 12 concludes that the driveris
taking corrective action and that further corrective action is not necessary. If, however, the
processor subsystem 12 determines that the vehicle brakeis off, the method proceeds to step
70 where the processor subsystem examinesthe level of the vehicle speed sensor to determine
if the speed of the vehicle is less than 35 mph. If the speed of the vehicle is fess than 30 mph,
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the processor subsystem 12 conciudes that no further corrective action will be taken.

If, however, the processor subsystem 12 determines that the speed of the vehicle is greater
than 35 mph, the method proceéds to step 72 where the processor subsystem 12 selects a
throttle reduction value based upon the value of the expression ALARM. Generally, the severity
of the corrective action to be initiated by the processor subsystem 12 is varied depending on
the numberof times that corrective action has been taken and, more specifically, the severity
of the selective corrective action increases with the value of the expression ALARM. For
example, in the embodiment of the invention disclosed herein, if ALARM=1, a 25%throttle
reduction is selected, if ALARM=2, a 50 throttle reduction is selected and, if ALARM.gtoreq.3, a
100%throttle reduction is selected. By reducing the throttle, the transport of fuel to the engine
is retarded and the vehicle will begin to decelerate.

Continuing on to step 74, the processor subsystem 12 determines the extent to which the
throttle is open using the throttle level provided by the throttle sensor 24 and, using throttle
control 26, reduces the throttle by the selected percentage. At step 76, the processor
subsystem 12 selects an alert mode, again based upon the value of the expression ALARM. As
before, the severity of the alert mode may increase with the value of ALARM. For example,
when ALARM=1, a warning light may be activated in a flash mode while, when
2.ltoreq. ALARM. Itoreq.3, an audible alert which lasts for a first selected time period, for .
example, two seconds, may be activated in combination with the flashing warning light and
when ALARM.gtoreq.4, an audible alert which lasts for a second, longer, time period, for
example, six seconds, may be activated in combination with the flashing light.

Proceeding to step 78, the processor subsystem 12 issues an alert to the operator of the vehicle
in accordance with the selected alert mode. To do so, the processor subsystem 12 activates
vehicle proximity alarm circuit 40 in accordance with the selected alert mode. After issuing the
alert at step 78, the method proceeds to step 80 where the processor subsystem 12 waits a
selected period before taking any further action. The wait period is intended to provide
sufficient time to see if the previously initiated corrective action eliminates the hazardous
condition. As disclosed herein, a wait period of 10 seconds is suitable. However, wait periods of
various lengths should be equally suitable for the uses contemplated herein.

Upon expiration of the wait period, the value of the expression ALARM is incremented by one at
step 82 and, at step 84, the processor subsystem 12 again polls the operating speed sensor 18,
the RPM sensor 20, the manifold pressure sensor 22, the throttle sensor 24, the windshield
wiper sensor 30 and the brake sensor 32, to determine their respective levels or states and
places the acquired information in the first data register 14a. The method returns to step 64
where the distance between the vehicle and the object in its path is re-determined. The
processor subsystem 12 continues to take corrective action until it determines that the vehicle
is no longer being operated in a hazardous manner. More specifically, the processor subsystem
12 will conclude that the hazardous condition has been corrected whenit either: determines at

step 66 that the distance separating the vehicle and the object is within the stopping distance
for the vehicle, determines at step68 that the vehicle brake is on or determines at step 70 that
the speed of the vehicle is less than 35 mph. Upon making such a determination, the method
proceeds to step 86 where the processor subsystem 12 deactivated the vehicle proximity alarm
circuit 40 to turn off the flashing light.

The method of optimizing vehicle operation in accordance with the teachings of the present
invention will now be described in greater detail. Returning now to step 58, if the processor
subsystem 12 determines that the vehicle is travelling slower than 50 mph, or if the processor
subsystem 12 determines at step 66 that the distance separating the vehicle and the object is
within the stopping distance for the vehicle or if the processor subsystem 12 determines at step
68 that the vehicle brake is on or if the processor subsystem 12 determines at step 70 that the
speed of the vehicle is less than 35 mph, the method proceeds, after deactivation of the vehicle
proximity alarm circuit 40, to step 88 where the processor subsystem 12 determinesif the road
speed of the vehicle is changing. To do so, the processor subsystem 12 compares the speed of
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the vehicle maintained in the first register 14a to the speed of the vehicle maintained in the
second register 14b.

If the vehicle speed maintained in the first register 14a is greater than the vehicle speed
maintained in the second register 14b, the vehicle is accelerating. If so, the method continues
to step 90 where the processor subsystem 12 determinesif the throttle position is increasing.
To do so, the processor subsystem 12 comparesthethrottle level, i.e., the extent to which the
throttled is opened; maintained in the first register 14a to the throttle level maintained in the
second register 14b. If the throttle position has not increased, the processor subsystem 12
determines that, since the vehicle is accelerating but fuel consumption is not increasing, no
modification of vehicle operation is necessary. Accordingly, the method returns to step 54 for a
next polling of the sensors 18, 20, 22 24, 30 and 32.

If, however, the processor subsystem 12 determines at step 90 that the throttle position has
increased, the method proceeds to step 92 where the processor subsystem 12 determines if the
manifold pressure level maintained in the first register 14a has exceeded the manifold pressure
set point for the vehicle. If the vehicle's road speed and throttle position are increasing and the
manifold pressure for the vehicle is at or below the manifold pressure set point, the processor
subsystem 12 proceeds to step 93 where the sensors 18, 20, 22, 24, 30 and 32 are again
polled and on to step 94 where the processor subsystem 12 compares the engine speed level
maintained in the first register 14a to the RPM set point stored in the memory subsystem 14 to
determineif the engine speed has reached the RPMset point. If the engine speed has not
reached the RPM set point, the method returns to step 93 where the sensors 18, 20, 22, 24, 30
and 32 are repeatedly polled until the processor subsystem 12 determines that the engine
speed has reached the RPM set point. Once the engine speed has reached the RPM set point,
the processor subsystem 12 determines that the vehicle needs to be upshifted and, proceeding
to step 95, the processor subsystem 12 will activate the upshift notification circuit 34 to issue
an audible alert for a selected time period, for example, 6 seconds, thereby notifying the driver
that, in order to optimize vehicle operation, an upshift should be performed. The method then
returns to step 54 for a next polling of the sensors 18, 20, 22 24, 30 and 32.

Returning to step 92,if the vehicle's road speed and throttle position are increasing and the
manifold pressure for the vehicle is above the manifold pressure set point, the processor
subsystem 12 determines that too much fuel is being provided to the engine and proceeding to
step 96, the processor subsystem 12 will activate the overinjection notification circuit 38 to
issue an audible alert for a selected time period, for example, 6 secands, thereby notifying the
driver that, in order to optimize vehicle operation, the amount of fuel being supplied to the
engine should be reduced. The method then returns to step 54 for a next polling of the sensors
18, 20, 22 24, 30 and 32.

Returning to step 88, if the processor subsystem 12 determines, when comparing the speed of
the vehicle maintained in the first register 14a to the speed of the vehicle maintained in the
second register 14b, that the speed of the vehicle is decreasing, the method proceeds to step
98 where the processor subsystem 12 determinesif the throttle position is changing. To do soa,
the processor subsystem 12 comparesthethrottle level, i.e., the extent to which the throttled
is opened, maintained in the first register 14a to the throttle level maintained in the second
register 14b. If the throttle position has either remained constant or decreased, the processor
subsystem 12 determines that, since fuel consumption is either constant or reduced, no
modification of vehicle operation is necessary. Accordingly, the method returns to step 54 for a
next polling of the sensors 18, 20, 22 24, 30 and 32. |

If, however, the processor subsystem 12 determines at step 98 that the throttle position has
increased, the method proceeds to step 100 where the processor subsystem 12 determinesif
the manifold pressure is increasing. To do so, the processor subsystem 12 compares the
manifold pressure level maintained in the first register 14a to the manifold pressure level
maintained in the second register 14b. If the manifold pressure level maintained in the first
register 14a is less than the manifold pressure level maintained in the second register 14b, the
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processor subsystem 12 determines that, since manifold pressure is decreasing, no modification
of vehicle operation is necessary. Accordingly, the method returns to step 54 for a next polling
of the sensors 18, 20, 22 24, 30 and 32.

If, however, the manifold pressure level maintained in the first register 14a is greater than the
manifold pressure level maintained in the second register 14b, the processor subsystem 12
determines that the manifold pressure for the vehicle is increasing and the method proceedsto
step 102 where the processor subsystem 12 determines if the engine speed is increasing. To do
so, the processor subsystem 12 compares the engine speed level maintained in the first register
14a to the engine speed level maintained in the second register 14b. If the engine speed level
maintained in the first register 14a is less than the engine speed level maintained in the second
register 14b, the processor subsystem 12 determinesthat, since engine speed is increasing, no
modification of vehicle operation is necessary. Accordingly, the method returns to step 54 for a
next polling of the sensors 18, 20, 22 24, 30 and 32.

If, however, the engine speed level maintained in the first register 14a is iess than the engine
speed level maintained in the second register 14b, the processor subsystem 12 determines
that, since the manifold pressure is increasing while the engine speed is decreasing, too much
fuel is being supplied to the engine. Accordingly, at step 104, the processor subsystem 12
activates the overinjection notification circuit 38 to issue an audible alert for a selected time
period, for example, 6 seconds, thereby notifying the driver that, in order to optimize vehicle
operation, the amountof fuel being supplied to the engine should be reduced.

Proceeding on to step 106, the sensors 18, 20, 22 24, 30 and 32 are again polled and, at step
108, the processor subsystem 12 determines if the engine speed is decreasing, again by
comparing the engine speed level maintained in the first and second registers 14a and 14b. If
the engine speed has not decreased, the method returns to step 104 where the processor
subsystem 12 again activates the overinjection notification circuit 38 to issue another audible
alert notifying the driver that, in order to optimize vehicle operation, the amountof fuel being
supplied to the engine should be reduced. Thus, the driver will be repeatedly notified of the”
overinjection condition until the processor subsystem 12 determines, at step 108, that the
engine speed is decreasing. The method will then proceed to step 110 where, since the
processor subsystem 12 has determined that, since the engine speed is decreasing, the vehicle
should be downshifted. Accordingly, at step 110, the processor subsystem 12 activates the
downshift notification circuit 36 to issue an audible alert for a selected time period, for example,
6 seconds, thereby notifying the driver that, in order to optimize vehicle operation, the vehicle
should be downshifted. The method then returns to step 54 for a next polling of the sensors 18,
20, 22 24, 30 and 32. The method will repeatedly loop through the aforementioned process to
continuously determine if the vehicle is being operated unsafely, take appropriate corrective
action and to provide notifications to the driver as to how operation of the vehicle may be
optimized until the processor subsystem 12 is powered down or the vehicle is turned off.

Thus, there has been described and illustrated herein, an apparatus for optimizing vehicle
operation which combines both operator notifications of recommended corrections in vehicle
operation with automatic modification of vehicle operation under certain circumstances. By
incorporating the disclosed apparatus in a vehicle, not only will certain hazardous operations of
the vehicle be prevented but also the driver will be advised of certain actions which will enable
the vehicle to be operated with greater fuel efficiency. However, those skilled in the art will
recognize that many modifications and variations besides those specifically mentioned herein
may be made without departing substantially from the concept of the present invention.
Accordingly, it should be clearly understood that the form of the invention described herein is
exemplary only and is not intended as a limitation on the scope of the invention.

ENGLISH-CLAIMS:

Return to Top of Patent
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1. Apparatus for optimizing operation of a vehicle, comprising: a plurality of sensors coupled to
a vehicle having an engine, said plurality of sensors, which collectively monitor operation of said
vehicle, including a road speed sensor, an engine speed sensor, a manifold pressure sensor and
a throttle position sensor; a processor subsystem, coupled to each oneof said plurality of
sensors, to receive data therefrom; a memory subsystem, coupled to said processor
subsystem, said memory subsystem storing therein a manifold pressure set point, an RPM set
point, and present and prior levels for each oneof said plurality of sensors; a fuel overinjection
notification circuit coupled to said processor subsystem, said fue! overinjection notification
circuit issuing a notification that excessive fuel is being supplied to said engine of said vehicle;
an upshift notification circuit coupled to said processor subsystem, said upshift notification
circuit issuing a notification that said engine of said vehicle is being operated at an excessive
speed; said processor subsystem determining, based upon data received from said plurality of
sensors, when to activate said fuel overinjection circuit and when to activate said upshift
notification circuit.

2. Apparatus for optimizing operation of a vehicle according to claim 1 wherein said processor
subsystem further comprises: means for determining when road speedfor said vehicle is
increasing; means for determining when throttle position for said vehicle is increasing; and

_ means for comparing manifold pressure to said manifold pressure set point; said processor
subsystem activating said fuel overinjection notification circuit if both road speed and throttle
position for said vehicle are increasing and manifold pressure for said vehicle is above said
manifold pressure set point.

3. Apparatus for optimizing operation of a vehicle according to claim 1 wherein said fue!
overinjection circuit further comprises a horn for issuing a-tone for a preselected time period.

4. Apparatus for optimizing operation of a vehicle according to claim 1 wherein said processor
subsystem further comprises: means for determining when road speed for said vehicle is
decreasing; means for determining when throttle position for said vehicle is increasing; means
for determining when manifold pressure for said vehicle is increasing; and means for
determining when engine speed for said vehicle is decreasing; said processor subsystem
activating said fuel overinjection notification circuit if both throttle position and manifold
pressure for said vehicle are increasing and road speed and engine speed for said vehicle are
decreasing. .

5. Apparatus for optimizing operation of a vehicle according to claim 1 wherein said processor
subsystem further comprises: means for determining when road speed for said vehicie is
increasing; means for determining when throttle position for said vehicle is increasing; means
for comparing manifold pressure to said manifold pressure set point; and means for comparing
engine speed to said RPM set point; said processor subsystem activating said upshift
notification circuit if both road speed and throttle position for said vehicle are increasing,
manifold pressure for said vehicle is at or below said manifold pressure set point and engine
speed for said vehicle is at or above said RPM set point.

6. Apparatus for optimizing operation of a vehicle according to claim 1 wherein said upshift
notification circuit further comprises a horn for issuing a tone for a preselected time period.

7. Apparatus for optimizing operation of a vehicle, comprising: a plurality of sensors coupled to
a vehicle having an engine, said plurality of sensors, which collectively monitor operation of said
vehicle, including a road speed sensor, a manifold pressure sensor and a throttle position
sensor; a processor subsystem, coupled to each one of said plurality of sensors, to receive data
therefrom; a memory subsystem, coupled to said processor subsystem, said. memory
subsystem storing therein a manifold pressure set point and present and prior levels for each
one ofsaid plurality of sensors; a fuel overinjection notification circuit coupled to said processor
subsystem, said fuel overinjection notification circuit issuing a notification that excessive fuel is
being supplied to said engine of said vehicle; a downshift notification circuit coupled to said
processor subsystem, said downshift notification circuit issuing a notification that said engine of
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said vehicle is being operated at an insufficient engine speed; and said processor subsystem
determining, based upon data received from said plurality of sensors, when to activate said fuel
overinjection circuit and when to activate said downshift notification circuit.

8. Apparatus for optimizing operation of a vehicle according to claim 7 wherein said processor
subsystem further comprises: means for determining when road speed for said vehicle is
increasing; means for determining when throttle position for said vehicle is increasing; and
means for comparing manifold pressure to said manifold pressure set point; said processor
subsystem activating said fuel overinjection notification circuit if both road speed and throttle
position for said vehicle are increasing and manifold pressure for said vehicle is above said
manifold pressure set point.

9. Apparatus for optimizing operation of a vehicle according to claim 7 wherein said fuel
overinjection circuit further comprises a horn for issuing a tone for a preselected time period.

10. Apparatus for optimizing operation of a vehicle according to claim 7 wherein said processor
subsystem further comprises: means for determining when road speed for said vehicle is
decreasing; means for determining when throttle position for said vehicle is increasing; means
for determining when manifold pressure for said vehicle is increasing; and meansfor
determining when engine speed for said vehicle is decreasing; said processor subsystem
activating said downshift notification circuit if both road speed and engine speed are decreasing
and both throttle position and manifold pressure for said vehicle are increasing.

11. Apparatus for optimizing operation of a vehicle according to claim 10 wherein said
downshift notification circuit further comprises a horn for issuing a tone for a preselected time
pericd.

12. Apparatus for optimizing operation of a vehicle according to claim 7 wherein said processor
subsystem further comprises: means for determining when road speed for said vehicle is
decreasing; means for determining when throttle position for said vehicle is increasing; means
for determining when manifold pressure for said vehicle is increasing; and meansfor
determining when engine speed for said vehicle is decreasing; said processor subsystem
activating said fuel overinjection notification circuit if both throttle position and manifold
pressure for said vehicle are increasing and road speed and engine speed for said vehicle are
decreasing.

13. Apparatus for optimizing operation of a vehicle, comprising: a plurality of sensors coupled
to a vehicle having an engine, said plurality of sensors, which collectively monitor operation of

“said vehicle, including a road speed sensor, an engine speed sensor, a manifold pressure sensor
and a throttle position sensor; a processor subsystem, coupled to each oneof said plurality of
sensors, to receive data therefrom; a memory subsystem, coupled to said processor
subsystem, said memory subsystem storing therein a manifold pressure set point, an engine
speed set point and present and prior levels for each one of said plurality of sensors; a fuel
overinjection notification circuit coupled to said processor subsystem, said fuel overinjection
notification circuit issuing a notification that excessive fuel is being supplied to said engine of
said vehicle; an upshift notification circuit coupled to said processor subsystem, said upshift
notification circuit issuing a notification that said engine of said vehicle is being operated at an
excessive engine speed; a downshift notification circuit coupled to said processor subsystem,
said downshift notification circuit issuing a notification that said engine of said vehicle is being
operated at an insufficient engine speed; said processor subsystem determining, based upon
data received from said plurality of sensors, when to activate said fuel overinjection circuit, said
upshift notification circuit and said downshift notification circuit.

14. Apparatus for optimizing operation of a vehicle according to claim 13 wherein: said fuel
overinjection circuit further comprises a first horn for issuing a first tone for a first preselected
time period; said upshift notification circuit further comprises a second hornfor issuing a
second tone for a second preselected time period; and said downshift notification circuit further
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comprises a third horn for issuing a third tone for a third preselected time period.

15. Apparatus for optimizing vehicle performance according to claim 13 wherein said processor
subsystem further comprises: means for determining when road speed for said vehicle is
increasing or decreasing meansfor determining when throttle position for said vehicle is
increasing; means for comparing manifold pressure to said manifold pressure set point; means
for comparing engine speed to said RPM set point; means for determining when manifold
pressure is increasing; and meansfor determining when engine speedis increasing or
decreasing; said processor subsystem activating said fuel overinjection notification circuit if
both road speed and throttle position for said vehicle are increasing and manifold pressure for
said vehicle is above said manifold pressure set or if both throttle position and manifold
pressure for said vehicle are increasing and road speed and engine speed for said vehicle are
decreasing; said processor subsystem activating said upshift notification circuit if both road
speed and throttle position for said vehicle are increasing, manifold pressure for said vehicle is
at or below said manifold pressure set point and engine speed for said vehicle is at or above
said RPM set point; and said processor subsystem activating said downshift notification circuit if
both road speed and engine speed are decreasing and both throttle position and manifold
pressurefor said vehicle are increasing.

16. Apparatus for optimizing operation of a vehicle according to claim 15 wherein: said fuel
overinjection circuit further comprises a first horn for issuing a first tone for a first preselected
time period; said upshift notification circuit further comprises a second horn for issuing a
second tone for a second preselected time period; and said downshift notification circuit further
comprises a third horn for issuing a third tone for a third preselected time period.

17. Apparatus for optimizing operation of a vehicle, comprising: a radar detector, said radar
detector determining a distance separating a vehicle having an engine and an objectin front of
said vehicle; at least one sensor coupled to said vehicle for monitoring operation thereof, said
at least one sensor including a road speed sensor, a manifold pressure sensor, a throttle
position sensor and an engine speed sensor; a processor subsystem, coupled to said radar
detector and said at least one sensor, to receive data therefrom, a memory subsystem, coupled
to said processor subsystem, said memory subsystem storing a first vehicle speed/stopping
distance table, a manifold pressure set point, an RPM set point, a present level for each one of
said at least one sensor andaprior level for each one of said at least one sensor; a vehicle
proximity alarm circuit coupled to said processor subsystem, said vehicle proximity alarm circuit
issuing an alarm that said vehicle is too close to said object; a fuel overinjection circuit coupled
to said processor subsystem, said fuel overinjection circuit issuing a notification that excessive
fuel is being supplied to said engine of said vehicle; an upshift notification circuit coupled to
said processor subsystem, said upshift notification circuit issuing a notification that said engine
of said vehicle is being operated at an excessive speed; said processor subsystem determining,
based upon data received from said radar detector, said at least one sensor and said memory
subsystem, when to activate said vehicle proximity alarm circuit, when to activate said fuel
overinjection circuit, and when to activate said upshift notification circuit.

18. Apparatus for optimizing operation of a vehicle according to claim 17 wherein: said at least
one sensorfurther includes a windshield wiper sensor for indicating whether a windshield wiper
of said vehicle is activated; and said memory subsystem further storing a second vehicle
speed/stopping distancetable.

19. Apparatus for optimizing operation of a vehicle according to claim 17 and further
comprising: a throttle controller for controlling a throttle of said engine of said vehicle; and said
processor subsystem selectively reducing said throttle based upon data received from said
radar detector, said at least one sensor and said memory subsystem.

20. Apparatus for optimizing operation of a vehicle according to claim 19 wherein said at least
one sensorfurther includes a brake sensor for indicating whether a brake system of said vehicle
is activated.
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21. Apparatus for optimizing operation of a vehicle according to claim 19 wherein said
processor subsystem further comprises: means for counting a total number of vehicle proximity
alarms determined by said processor subsystem; means for selectively reducing said throttle
based upon said total number of vehicle proximity alarms.

22. Apparatus for optimizing operation of a vehicle according to claim 17 and further
‘comprising: a downshift natification circuit coupled to said processor subsystem, said downshift

‘ notification circuit issuing a notification that said engine of said vehicle is being operated at an
insufficient engine speed; and said processor subsystem determining, based upon data received
from said plurality of sensors, when to activate said downshift notification circuit.

23. Apparatus for optimizing operation of a vehicle, comprising: a radar detector, said radar
detector determining a distance separating a vehicle having an engine and an object in front of
said vehicle; a plurality of sensors coupled to a vehicle having an engine, said plurality of
sensors, which collectively monitor operation of said vehicle, including a road speed sensor, and
engine speed sensor, a manifold pressure sensor and a throttle position sensor; a processor
subsystem, coupled to said radar detector and each one ofsaid plurality of sensors, to receive
data therefrom; a memory subsystem, coupled to said processor subsystem, said memory
subsystem storing therein a first vehicle speed/stopping distance table, a manifold pressure set
point, an RPM set point, and present and prior levels for each one of said plurality of sensors; a
fuel overinjection notification circuit coupled to said processor subsystem,said fuel
overinjection notification circuit issuing a notification that excessive fuel is being supplied to
said engine of said vehicle; an upshift notification circuit coupled to said processor subsystem,
said upshift notification circuit issuing a notification that said engine of said vehicle is being
operated at an excessive engine speed; said processor subsystem determining, based upon
data received from said plurality of sensors, when to activate said fuel overinjection circuit and
whento activate said upshift notification circuit; a vehicle proximity alarm circuit coupled to
said processor subsystem, said vehicle proximity alarm circuit issuing an alarm that said vehicle
is too close to said object; said processor subsystem determining, based upon data received
from said radar detector, said at least one sensor and said memory subsystem, when to
activate said vehicle proximity alarm circuit. .

24. Apparatus for optimizing operation of a vehicle according to claim 23 wherein said
processor subsystem further comprises: means for determining when road speed for said
vehicle is increasing or decreasing; means for determining when throttle position for said
vehicle is increasing or decreasing; and means for comparing manifold pressure to said
manifold pressure set point; means for determining when manifold pressure for said vehicle is
increasing or decreasing; and means for determining when engine speed for said vehicle is
increasing or decreasing; said processor subsystem activating said fuel overinjection notification
circuit if both road speed and throttle position for said vehicle are increasing and manifold
pressure for said vehicle is above said manifold pressure set point or if both throttle position
and manifold pressure for said vehicle are increasing and road speed and engine speed for said
vehicle are decreasing.

25. Apparatus for optimizing operation of a vehicle according to claim 23 wherein said
processor subsystem further comprises: means for determining when road speed for said
vehicle is increasing; means for determining when throttle position for said vehicle is
increasing; means for comparing manifold pressure to said manifold pressure set point; and
means for comparing engine speed to said RPM set point; said processor subsystem activating
said upshift notification circuit if both road speed and throttle position for said vehicle are
increasing, manifold pressure for said vehicle is at or below said manifold pressure set point
and engine speed for said vehicle is at or above said RPM set point.

26. Apparatus for optimizing operation of a vehicle, comprising: a radar detector, said radar
detector determining a distance separating a vehicle having an engine and an object in front of
said vehicle; a plurality of sensors coupled to a vehicle having an engine, said plurality of
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sensors, which collectively monitor operation of said vehicle, including a road speed sensor, and
engine speed sensor, a manifold pressure sensor and a throttle position sensor; a processor
subsystem, coupled to said radar detector and each one ofsaid plurality of sensors, to receive
data therefrom; a memory subsystem, coupled to said processor subsystem, said memory
subsystem storing therein a first vehicle speed/stopping distance table, a manifold pressure set
point, RPM set point, and present and prior levels for each one of said plurality of sensors; a
fuel overinjection notification circuit coupled to said processor subsystem, said fuel
overinjection notification circuit issuing a notification that excessive fuel is being supplied to
said engine of said vehicle; a downshift notification circuit coupled to said processor subsystem,
said downshift notification circuit issuing a notification that said engine of said vehicle is being
operated at an insufficient engine speed; said processor subsystem determining, based upon
data received from said plurality of sensors, when to activate said fuel overinjection circuit and
whento activate said downshift notification circuit; a vehicle proximity alarm circuit coupled to
said processor subsystem, said vehicle proximity alarm circuit issuing an alarm that said vehicle
is too close to said object; said processor subsystem determining, based upon data received
from said radar detector, said at least one sensor and said memory subsystem, when to
activate said vehicle proximity alarm circuit.

27. Apparatus for optimizing operation of a vehicle according to claim 26 wherein said
processor subsystem further comprises: means for determining when road speed for said
vehicle is decreasing; means for determining when throttle position for said vehicle is
increasing; means for determining when manifold pressure for said vehicle is increasing; and
meansfor determining when engine speed for said vehicle is decreasing; said processor
subsystem activating said downshift notification circuit if both road speed and engine speed are
decreasing and both throttle position and manifold pressure for said vehicle are increasing.

28. Apparatus for optimizing operation of a vehicle, comprising: a plurality of sensors coupled
to a vehicle having an engine, said plurality of sensors, which collectively monitor operation of
said vehicle, including a road speed sensor, a manifold pressure sensor and a throttle position
sensor; a processor subsystem, coupled to each one of said plurality of sensors, to receive data
therefrom; a fuel overinjection notification circuit coupled to said processor subsystem, said fuel
overinjection notification circuit issuing a notification that excessive fuel is being supplied to
said engine of said vehicle; said processor subsystem determining whether to activate said fuel
overinjection notification sensor based upon data received from said road speed sensor,said
throttle position sensor and said manifold pressure sensor.

29. Apparatus according to claim 28 and further comprising: a memory subsystem, coupled to
said processor subsystem, said memory subsystem maintaining a manifold pressure set point;
said processor subsystem activating said fuel overinjection notification circuit upon determining
that: (1) based upon data received from said road speed sensor, road speed of said vehicle is
increasing; (2) based upon data received from said throttle position sensor, throttle position for
said vehicle is increasing; and (3) based upon data received from said manifold pressure
sensor, manifold pressure for said vehicle exceeds said manifold pressure set point.

30. Apparatus according to claim 28, wherein: said plurality of sensors coupied to said vehicle
further include an engine speed sensor; said processor subsystem activating said fuel
overinjection notification circuit upon determining that: (1) based upon data received from said
road speed sensor, road speed of said vehicle is decreasing; (2) based upon data received from’
said throttle position sensor, throttle position for said vehicle is increasing; (3) based upon data
received from said manifold pressure sensor, manifoid pressure for said vehicle is increasing;
and (4) based upon data received from said engine speed sensor, engine speed for said vehicle
is decreasing.

31. Apparatus for optimizing operation of a vehicle, comprising: a radar detector, said radar
detector determining a distance separating a vehicle having an engine and an object in front of
said vehicle; at least one sensor coupled to said vehicle for monitoring operation thereof, said
at least one sensor including a road speed sensor; a processor subsystem, coupled to said radar
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detector and said at least one sensor, to receive data therefrom; a memory subsystem, coupled
to said processor subsystem, said memory subsystem storing a first vehicle speed/stopping
distance table; a vehicle proximity alarm circuit coupled to said processor subsystem, said
vehicle proximity alarm circuit issuing an alarm that said vehicle is too close to said object; said
processor subsystem determining whether to activate said vehicle proximity alarm circuit based
upon separation distance data received from said radar detector, vehicle speed data received
from said road speed sensor and said first vehicle speed/stopping distance table stored in said
memory subsystem.

32. Apparatusfor optimizing operation of a vehicle according to claim 31 wherein: said at least
one sensor further includes a windshield wiper sensorfor indicating whether a windshield wiper
of said vehicle is activated; and said memory subsystem further storing a second vehicle
speed/stopping distance table; if said windshield wiper sensor indicates that said windshield
wiper is deactivated, said processor subsystem determining whether to activate said vehicle
proximity alarm circuit based upon data received from said radar detector, said road speed
sensor and said first vehicle speed/stopping distance table stored in said memory subsystem; if
said windshield wiper sensor indicates that said windshield wiper is activated, said processor
subsystem determining whether to activate said vehicle proximity alarm circuit based upon data.
received from said radar detector, said road speed sensor and said second vehicle
speed/stopping distance table stored in said memory subsystem.
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For Mercedes-Benz U.S. International Inc., Mercedes-Benz USA, LLC, Counter Claimants: Celine
J Crowson, LEAD ATTORNEY, Raymond A Kurz, Hogan Lovells Us Llp, Washington, DC; Anand
C. Mathew, David L DeBruin, Steven A. Weiss, Schopf & Weiss LLP, Chicago, IL.
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Velocity owns U.S. Patent No. 5,954,781 ("the '781 patent"). On November 21, 2014, Velocity
filed the instant action against Mercedes-Benz, alleging infringement of the 781 patent. On the
same day, Velocity filed separate actions in this district against Defendants
BMW of North America, LLC wand BMW Manufacturing ~+Co., LLC (collectively, "BMW");
Audi of America, Inc. »("Audi"); Chrysler Group, wLLC ("Chrysler"); [*2] and Jaguar Land
Rover North America, LLC ("Jaguar"), alleging infringement of the same patent at issue in the
Mercedes-Benzlitigation. Pursuant to Local Rule 40.1, each of the suits was randomly assigned.
On December 30, 2013, Velocity moved to reassign all cases to Judge Darrah wv, pursuant to
Local Rule 40.4. On January 7, 2014, Velocity's motion was granted with respect to the cases
against Chrysler and Jaguar, and a briefing schedule was set to allow BMW and Audi to
respond. On January 23, 2014, BMW responded without objection to reassignment. Audi, in No.

13-cv-8418, persists in its opposition to Velocity's Motion to Reassign. For the reasons set forth
below, the Motion is granted.

LEGAL STANDARD

Random assignment of cases is the normal process within the Northern District of Illinois. Local
Rule 40.1. However, Local Rule 40.4 provides for cases to be reassigned to a particular court.
Such reassignment requires two showings.

First, the moving party must establish the cases are related. This is achieved by showing one or
more of the following conditions are met: (1) the cases involve the same property; (2) the
cases involve someof the sameissues of fact or law; (3) the cases grow [*3] out of the same
transaction or occurrence; or (4) in class action suits, one or moreof the classes involved in the
casesis or are the same. L.R. 40.4(a). .

If related, a case may be reassigned to the calendar of a judge hearing an earlier-numbered
case only if (1) both cases are pending in this Court; (2) the handling of both cases by the
same judgeis likely to result in a substantial saving of judicial time and effort; (3) the earlier
case has not progressed to the point where designating a later filed case as related would be
likely to substantially delay the proceedings in the earlier case; and (4) the cases are
susceptible of disposition in a single proceeding. L.R. 40.4(b).

ANALYSIS

Velocity argues that the Audi case is related to the Mercedes-Benz case because both allege
infringement of the '781 patent. (Pl.'s Mot. to Reassign at 2.) Alleging infringement of a single
patent is not, on its own, enough to establish relatedness. He/ferich Patent Licensing v. New
York Times Co., No. 10-cv-04387, 2012 U.S, Dist. LEXIS 56151, 2012 WL 1368193, at *2 (N.D.
Ill. April 19, 2012) (citing Global Patent Holdings, LLC v. Green Bay Packers, Inc., No. 00 C
4623, 2008 U.S. Dist. LEXIS 33296, 2008 WL 1848142, at *3 (N.D. Ill. April 23, 2008)).
However, [*4] Velocity alleges more: that the nature of the alleged infringementwill likely
result in "common factual and legal issues relating to claim construction and the scope and
content of prior art." (Pl.'s Mot. to Reassign at 2.) Velocity contends this allegation satisfies the
condition that "the cases involve some of the same issues of fact or law." Audi does not argue
this point.

Rather, Audi arguesfirst that Velocity has not demonstrated that reassignment would result in
a substantial saving of judicial time and effort. Specifically, Audi argues that, because each of
the Defendants is an "unrelated competitor in the automotive industry and sell{s] different,
unrelated consumer automotive products," that "each lawsuit will present at least different
claim construction, non-infringement, and damage issues... ." (Def.'s Resp. at 4-5.) Yet, the
mere existence of differences between cases does not preclude substantial savings. “Patent
cases often require a significant investment of the Court's time due to the potentially
complicated nature of the subject matter underlying the litigation.” 21 sri v. Enable Holdings,
Inc., No. 09 C 3667, 2009 U.S. Dist. LEXIS 115530, 2009 WL 4884177, at *2 (N.D. Ill. Dec. 9,
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2009). Although [¥*5]it is true that claim construction "takes place in the context of a specific
accused infringing device or process," this context simply enriches the court's ability to properly
construe the claim. Wilson Sporting Goods Co. v. Hillerich & Bradsby Co., 442 F.3d 1322, 1326-
27 (Fed. Cir. 2006). Indeed, "claims may not be construed with reference to the accused
device." Id. at 1330. By avoiding claim construction in multiple courts, substantial judicial time
and effort can be achieved by reassignment.

Audi also arques that the requirement that the cases “be susceptible of disposition in a single
proceeding" has not been met. (Def.'s Resp. at 5.) This argument’s basis echoes that of Audi's
argument against judicial savings: that Audi is a separate company with its own product at
issue. But this fact is not dispositive of an inability to dispose of two cases ina single
proceeding. Pactiv Corp. v. Multisorb Technologies, Inc., No. 10 C 461, 2011 U.S. Dist. LEXIS
15991, 2011 WL 686813, at *5 (N.D. Ill. Feb. 15, 2011.) "Rather, the issue is whether both
actions involve fundamentally similar claims and defenses that will likely be amendable to
dispositive treatment in unified proceedings, whether in claim construction, summary
[*6] judgmentortrial." Id. (citations and quotation marks omitted). Velocity has alleged an

infringement of the '781 patent thatis likely to feature similar issues in each of the cases. This
is not to say that the cases willbe disposed of at the same time, but only that they are
susceptible. This has been shown here.

CONCLUSION

For all of the foregoing reasons, the Audi case and the Mercedes-Benz case are deemedrelated,
and all conditions of reassignment required by Local Rule 40.4(b) are met. Velocity’s Motion to
Reassign is granted. Case No. 1:13-cv-8416, Velocity Patent LLC v.
BMWof North America, LLC +; Case No. 1: 13-cv-8418, Velocity Patent LLC v.
Audi of America, Inc. ~; Case No. 1:13-cv-8419, Velocity Patent LLC v. Chrysler Group, wlLC;
and Case No. 1:13-cv-8421, Velocity Patent LLC v. Jaguar Land Rover North America, LLC, are
reassigned to Judge Darrah +.

Date: 4/24/2014

/s/ John W. Darrah +

JOHN W. DARRAH w+

United States District Court Judge
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USA

(312) 216-1627
Email:Ataggart@mavllp.com

Adam Robert Brausa
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 North Lasalle Street Suite 2215
Chicago , IL 60601
USA ~

(312) 216-1626
Email: Abrausa@mavllp.Com

Howard E Levin
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215
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Date

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/21/2013 -

11/21/2013

11/21/2013

11/21/2013

11/25/2013

11/25/2013

11/26/2013

12/02/2013

10

11

Chicago , IL 60601
USA
312-216-1620

Fax: (630) 881-7438
Email: Hlevin@mavllp.cCom

James A Shimota
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215

Chicago , IL 60601
USA

(312) 216-1626
Fax: (773)661-2555
Email: Jshimota@mavllp.com

Proceeding Text Source

COMPLAINTfiled by Velocity Patent LLC; Jury Demand. Filing fee $ 400,
receipt number 0752-8957333. (Attachments: # 1 Exhibit Ex. A}(Shimota,
James) (Entered: 11/21/2013)

ATTORNEY AppearanceforPlaintiff Velocity Patent LLC by James A
Shimota (Shimota, James) (Entered: 11/21/2013)

CIVIL Cover Sheet (Shimota, James) (Entered: 11/21/2013)

CASE ASSIGNEDto the Honorable Samuel Der-Yeghiayan. Designated as
Magistrate Judge the Honorable Michael T. Mason. (nsf, ) (Entered:
11/21/2013)

ATTORNEYAppearancefor Plaintiff Velocity Patent LLC by Howard E Levin
(Levin, Howard) (Entered: 11/21/2013)

ATTORNEY Appearancefor Plaintiff Velocity Patent LLC by Adam Robert

Brausa (Brausa, Adam) (Entered: 11/21/2013)
SUMMONSIssued as to Defendants Mercedes-Benz U.S. International Inc.,
Mercedes-Benz USA, LLC (pg, ) (Entered: 11/21/2013)

NOTIFICATIONofAffiliates pursuant to Local Rule 3.2 by Velocity Patent
LLC (Shimota, James) (Entered: 11/21/2013)

Rule 3.4 Notice of Claims Involving Patents by Velocity Patent LLC
(Shimota, James) (Entered: 11/21/2013) |

MINUTE entry before the Honorable Samuel Der-Yeghiayan: The Clerk of
Court is to arrange for this case to be transferred to the Patent Case Pilot
Program. Mailed notice (mw, ) (Entered: 11/25/2013)

MAILED patent report to Patent Trademark Office, Alexandria VA. (mb, )
(Entered: 11/25/2013)

EXECUTIVE COMMITTEE ORDER: It appearing that 13 C 8413, Velocity
Patent LLC v. Mercedes-Benz USALLC,et al., pending before the Hon.
Samuel Der-Yeghiayan, has been identified for transfer to the Patent Case
Pilot Program in which this Court is participating, therefore It is hereby
ordered that 13 C 8413, Velocity Patent LLC v. Mercedes-Benz USA LLC, et
al., is to be reassigned by lot to one ofthe district judges participating in
the pilot program. Case reassigned to the Honorable John W. Darrah for
all further proceedings. Signed by Executive Committee on 11/26/2013.
(td, ) (Entered: 11/26/2013)

SUMMONSReturned Executed by Velocity Patent LLC as to Mercedes-Benz
USA, LLC on 11/22/2013, answer due 12/13/2013. (Shimota, James)
(Entered: 12/02/2013)

https://courtlink.lexisnexis.com/Control]Support/UserControls/ShowDocket.aspx?Key=163... 5/22/2014
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12/04/2013

12/04/2013

12/04/2013

12/11/2013

12/11/2013

12/11/2013

12/11/2013

12/11/2013

12/13/2013

12/16/2013

12/16/2013

12/16/2013

12/16/2013

12/20/2013

12/20/2013

12/30/2013

12/30/2013

12/31/2013

https://courtlink.lexisnexis.com/ControlSupport/UserControls/ShowDocket.aspx?Key=163...

12

13

14

15°

16

17

19

20

21

22

23

24

25

26

27

28

29
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ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Aaron Charles
Taggart (Taggart, Aaron) (Entered: 12/04/2013)

SUMMONSReturned Executed by Velocity Patent LLC as to Mercedes-Benz
U.S. International Inc. on 11/22/2013, answer due 12/13/2013. (Shimota,
James) (Entered: 12/04/2013)

order: Initial status hearing set for January 21, 2014, at 9:30 a.m. Signed
by the Honorable John W. Darrah on 12/4/2013:(mb, ) (Entered:
12/05/2013)

ATTORNEY Appearance for Defendants Mercedes-Bénz U.S. International
Inc., Mercedes-Benz USA, LLC by Anand C. Mathew (Mathew, Anand)
(Entered: 12/11/2013)

ATTORNEY Appearance for Defendants Mercedes-Benz U.S. International
Inc., Mercedes-Benz USA, LLC by David L DeBruin (DeBruin, David)
(Entered: 12/11/2013)

ATTORNEY Appearance for Defendants Mercedes-Benz U.S. International
Inc., Mercedes-Benz USA, LLC by Steven A. Weiss (Weiss, Steven)
(Entered: 12/11/2013)

MOTION by Defendants Mercedes-Benz U.S. International Inc., Mercedes-
Benz USA, LLC for extension of time to file Unopposed Motionfor
Extension of Time to Respond to Plaintiff's Complaint (Mathew, Anand)
(Entered: 12/11/2013)

NOTICEof Motion by Anand C. Mathew for presentment of motion for
extension of time to file 18 before Honorable John W. Darrah on 1/8/2014

at 09:30 AM. (Mathew, Anand) (Entered: 12/11/2013)

ORDER Defendants’ Unopposed Motion for an Extension of Time to Answer
or Otherwise Plead 18 is granted. Defendantsto file their responsive
pleadings on or before January 27, 2014. No appearanceis necessary on
January 8, 2014. Theinitial status hearing of January 21, 2014, is reset to
January 28, 2014, at 9:30 a.m. Signed by the Honorable John W. Darrah
on 12/13/2013: (mb, ) (Entered: 12/16/2013)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9029306. (Kurz, Raymond) (Entered: 12/16/2013)

MOTIONfor Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9029608. (Crowson, Celine) (Entered: 12/16/2013)

SUMMONSReturned Executed by Velocity Patent LLC (Shimota, James)
(Entered: 12/16/2013)

MOTIONfor Leave to Appear Pro HacVice Filing fee $ 50, receipt number
0752-9029764. (Weinschenk, Robert) (Entered: 12/16/2013)

NOTIFICATION of Affiliates pursuant to Local Rule 3.2 by Mercedes-Benz
USA, LLC and Corporate Disclosure Statement (Mathew, Anand) (Entered:
12/20/2013)

NOTIFICATION of Affiliates pursuant to Local Rule 3.2 by Mercedes-Benz
U.S. International Inc. and Corporate Disclosure Statement (Mathew,
Anand) (Entered: 12/20/2013)

MOTIONbyPlaintiff Velocity Patent LLC to reassign case (Attachments: #
1 Exhibit A, # 2 Exhibit B, # 3 Exhibit C, # 4 Exhibit D)(Shimota, James)
(Entered: 12/30/2013)

NOTICE of Motion by James A Shimota for presentment of motion to
reassign case 27 before Honorable John W. Darrah on 1/7/2013 at 09:30
AM. (Shimota, James) (Entered: 12/30/2013) .

NOTICE of Motion by James A Shimota for presentment of motion to
reassign case 27 before Honorable John W. Darrah on 1/7/2014 at 09:30
AM. (Shimota, James) (Entered: 12/31/2013)

5/22/2014
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01/06/2014

01/07/2014

01/07/2014

01/23/2014

01/27/2014

01/27/2014

01/29/2014

01/29/2014

01/29/2014

01/31/2014

02/04/2014

02/04/2014

02/04/2014

02/04/2014

02/18/2014

02/18/2014

02/20/2014

02/20/2014

https://courtlink.lexisnexis.com/ControlSupport/UserControls/ShowDocket.aspx?Key=163...

30

31

32

33

34.

35

36

37

38

39

40

41

42

43

44

45

46

47
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RESPONSE by Defendants Mercedes-Benz U.S. International Inc.,
Mercedes-Benz USA, LLC to motion to reassign case 27 (Mathew, Anand)
(Entered: 01/06/2014)

ORDER Entered by the Honorable John W. Darrah: Pro hac vice motions
are granted [21, 22, 24]. Mailed notice (tlm) (Entered: 01/08/2014)

ORDER Entered by the Honorable John W. Darrah on 1/7/2014: Plaintiff's
motion to reassign cases is granted in part 27 . 13 C 8419 and 13 C 8421
will be reassigned to this Courts calendar. 13 C 8416 and 13 C 8418 will
not be reassigned at this time. Objections/responses for 13 C 8416 and 13
C 8418 to be filed by 1/29/14, reply by 2/5/14. Status hearing set for
1/28/14 is re-set to 4/10/14 at 9:30 a.m. Mailed notice (tlm) (Entered:
01/08/2014)

- BMW of North America, LLC &amp; BMW Manufacturing Co., LLC's
Responseto Velocity's Motion to Reassign - by BMW of North America,
LLC, BMW Manufacturing Co., LLC (Reynolds, Steven) (Entered:
01/23/2014)

Mercedes-Benz U.S. International, Inc.'s ANSWER to Complaint Affirmative
Defenses, and COUNTERCLAIMfiled by Mercedes-Benz U.S. International
Inc. against Velocity Patent LLC . by Mercedes-Benz U.S. International Inc.
(Weiss, Steven) (Entered: 01/27/2014)

Mercedes-Benz USA, LLC's ANSWER to Complaint Affirmative Defenses,
and COUNTERCLAIMfiled by Mercedes-Benz USA, LLC against Velocity
Patent LLC . by Mercedes-Benz USA, LLC(Weiss, Steven) (Entered:
01/27/2014)

ATTORNEY Appearance for Objectors Audi of America, Inc., Audi of
America, LLC by Jeffrey Mark Drake NON-PARTY (Drake, Jeffrey) (Entered:
01/29/2014)

ATTORNEYAppearance for Objectors Audi of America, Inc., Audi of
America, LLC by Ryan Christopher Williams NON-PARTY (Williams, Ryan)
(Entered: 01/29/2014)

RESPONSEby Objectors Audi of America, Inc., Audi of America, LLC to
notice of motion 29 and Motion to Reassign (dkt no 27) (Williams, Ryan)
(Entered: 01/29/2014)

REPLY by Velocity Patent LLC to Response 38 (Shimota, James) (Entered:
01/31/2014)

NOTICE by James A Shimota of Change of Address (Shimota, James)
(Entered: 02/04/2014)

NOTICE by Howard E Levin of Change of Address (Levin, Howard)
(Entered: 02/04/2014)

NOTICE by Aaron Charles Taggart of Change ofAddress (Taggart, Aaron)
(Entered: 02/04/2014)

NOTICE by Adam Robert Brausa of Change of Address (Brausa, Adam)
(Entered: 02/04/2014)

ANSWERto counterclaim by Velocity Patent LLC(Shimota, James)
(Entered: 02/18/2014)

ANSWERto counterclaim by Velocity Patent LLC(Shimota, James) ©
(Entered: 02/18/2014)

MOTION by counsel for Defendants Mercedes-Benz U.S. International Inc.,
Mercedes-Benz USA, LLC, Counter Claimants Mercedes-Benz U.S.
International Inc., Mercedes-Benz USA, LLC to withdraw as attorney
Unopposed Motion to Withdraw as Attorney of Record (DeBruin, David)
(Entered: 02/20/2014)

NOTICE of Motion by David L DeBruin for presentment of motion to

5/22/2014
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02/24/2014

04/03/2014

04/03/2014

04/10/2014

04/11/2014

04/17/2014

04/23/2014

04/24/2014

04/24/2014

05/07/2014

05/12/2014

48

49

50

51

52

53

54

55

56

57

58

withdraw as attorney, 46 before Honorable John W. Darrah on 2/26/2014
at 09:30 AM. (DeBruin, David) (Entered: 02/20/2014)

MINUTEentry before the Honorable John W. Darrah: Defendants’ motion
to allow Robert J. Weinschenk to withdraw as attorney of record 46 is
granted. No appearances necessary on February 26, 2014. Status hearing
set for April 10, 2014, at 9:30 a.m. remains as scheduled. Mailed notice
(maf) (Entered: 02/24/2014) ‘

NOTICE by David L DeBruin of Change of Address (DeBruin, David)
(Entered: 04/03/2014)

REPORT of Rule 26(f) Planning Meeting (Attachments: # 1 Exhibit 1)
(Shimota, James) (Entered: 04/03/2014)

ORDER: Status hearing held and continued to 4/17/14 at 9:30 a.m. Joint
claim construction chart and status report to be filed by 2/15/15. Claim
construction hearing is set for 3/11/15 at 1:30 p.m. Signed by the
Honorable John W. Darrah on 4/10/2014. Mailed notice. (et, ) (Entered:
04/10/2014)

MINUTE entry before the Honorable John W. Darrah: The Court's 4/10/14
order is amended to reflect the following: Joint claim construction chart
and status report to be filed by 2/25/15. Mailed notice(maf) (Entered:
04/11/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 4/24/14 at 9:30 a.m. Opinion to follow. Counsel for BMW
in case 13 C 8416, and counsel for Audi in 13 C 8418 shall be present at
the 4/24/14 status. Plaintiff shall notify them of the 4/24/14 date, Maited
notice(maf) (Entered: 04/17/2014)

TRANSCRIPT OF PROCEEDINGSheld on 04/10/14 before the Honorable

John W. Darrah. Court Reporter Contact Information: Mary M. Hacker,
(312) 435-5564, Mary_Hacker@ilnd.uscourts.gov. IMPORTANT: The
transcript may be viewed at the court's public terminal or purchased
through the Court Reporter/Transcriber before the deadline for Release of
Transcript Restriction. After that date it may be obtained through the

_Court Reporter/Transcriber or PACER. For further information on the
redaction process, see the Court's web site at www.ilnd.uscourts.gov
under Quick Links select Policy Regarding the Availability of Transcripts of
Court Proceedings. Redaction Request due 5/14/2014. Redacted Transcript
Deadline set for 5/26/2014. Release of Transcript Restriction set for
7/22/2014. (Hacker, Mary) (Entered: 04/23/2014)

ORDER: Status hearing and ruling on motion hearing held. For the reasons
stated in the attached memorandum opinion and order, the Audi case and
the Mercedes-Benz case are deemedrelated, and all conditions of
reassignment required by Local Rule 40.4(b) are met. Velocity's Motion to
Reassign is granted. Case No. 1:13-cv-8416, Velocity Patent LLC v. BMW
of North America, LLC; Case No. 1:13-cv-8418, Velocity Patent LLC v.
Audi of America, Inc.; Case No. 1:13-cv- 8419, Velocity Patent LLC v.
Chrysler Group, LLC; and Case No, 1:13-cv-8421, Velocity Patent LLC v.
Jaguar Land Rover North America, LLC, are reassigned to Judge Darrah.
Enter Memorandum Opinion and Order. Status hearing set for 5/7/14 at
9:30 a.m. Signed by the Honorable John W. Darrah on 4/24/2014. Mailed
notice (td, } (Entered: 04/25/2014)

MEMORANDUM Opinion and Order Signed by the Honorable John W.
Darrah on 4/24/2014.Mailed notice (td, ) (Entered: 04/25/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 8/19/14 at 9:30 a.m. Mailed notice(maf) (Entered:
05/07/2014)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9472073. (Raffetto, Joseph) (Entered: 05/12/2014)
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US District Court Civil Docket

U.S. District - Hlinois Northern

(Chicago)

1:13cv8416

Velocity Patent Lic v. Bmw of North America, LIc et al

This case was retrieved from the court on Monday, May 12, 2014
 

Date Filed: 11/21/2013

Assigned To: Honorable John W. Darrah . Class Code: OPEN

Referred To: ; Closed:
Nature of suit: Patent (830) Statute: 35:271

Cause: Patent Infringement Jury Demand: Both

Lead Docket: None — Demand Amount: $0

Other Docket: 1:13cv08413 NOS Description: Patent

Jurisdiction: Federal Question

Litigants : Attorneys

Velocity Patent Lic James A Shimota
Plaintiff : LEAD ATTORNEY;ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215

Chicago , IL 60601
USA

(312) 216-1626
Fax: (773)661-2555
Email: Jshimota@mavllp.cCom

Aaron Charles Taggart
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215

Chicago , IL. 60601
USA

(312) 216-1627
Email: Ataggart@mavlip.Com .

Adam Robert Brausa /
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 North Lasalle Street Suite 2215

Chicago , IL 60601
USA

(312) 216-1626
Email:Abrausa@mavllp.Com

Howard E Levin
ATTORNEYTO BE NOTICED

Mavrakakis Law Group LLP
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Bmw of North America, Lic
Defendant

Bmw Manufacturing Co., Lic
‘Defendant

Page 2 of 6

180 N. Lasalle Suite 2215

Chicago , IL 60601
USA
312-216-1620

Fax: (630) 881-7438
Email: Hlevin@mavllp.com

Andrew Neal Stein

PRO HAC VICE;ATTORNEY TO BE NOTICED >
Dia Piper Llp (us)
500 Eighth Street, Nw Suite 5026.
Washington , DC 20004
USA

(202) 799-4782
Email: Andrew.Stein@dlapiper.cCom

Joseph P. Lavelle
PRO HAC VICE;ATTORNEY TO BE NOTICED
DLA Piper LLP
500 Eighth Street, Nw Suite 5034
Washington , DC 20004
USA

(202) 799 4780
Fax: 202 799 5022

Email:Joe.Lavelle@dlapiper.com

Steven John Reynolds
ATTORNEY TO BE NOTICED

DLA Piper US LLP IL
203 North Lasalle Street 20th Floor

Chicago , IL 60601
USA
312 368 3467

Email: Steven.Reynolds@dlapiper.com’

Andrew Neal Stein

PRO HAC VICE;ATTORNEY TO BE NOTICED
Dla Piper Llp (us)
900 Eighth Street, Nw Suite 5026
Washington , DC 20004
USA

(202) 799-4782
Email: Andrew.Stein@dlapiper.Com

Joseph P. Lavelle
PRO HAC VICE;ATTORNEY TO BE NOTICED
DLA Piper LLP .
500 Eighth Street, Nw Suite 5034
Washington , DC 20004
USA

(202) 799 4780
Fax: 202 799 5022

Email:Joe.Lavelle@dlapiper.com

Steven John Reynolds
ATTORNEY TO BE NOTICED

DLA Piper US LLP IL
203 North Lasalle Street 20th Floor

Chicago , IL 60601
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Bmwof North America, Lic
Counter Claimant

Velocity Patent Llc
Counter Defendant

’ Page 3 of 6

USA
312 368 3467

Emait:Steven.Reynolds@dlapiper.com

Joseph P. Lavelle
PRO HAC VICE;ATTORNEY TO BE NOTICED
DLA Piper LLP
500 Eighth Street, Nw Suite 5034
Washington , DC 20004
USA

(202) 799 4780
Fax: 202 799 5022

- Email:Joe.Lavelle@dlapiper.com

Steven John Reynolds
ATTORNEY TO BE NOTICED

DLA Piper US LLP IL
203 North Lasalle Street 20th Floor

Chicago , IL 60601
USA
312 368 3467

Email:Steven.Reynolds@dlapiper.com

James A Shimota

LEAD ATTORNEY;ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215

Chicago , IL 60601
USA

(312) 216-1626
Fax: (773)661-2555
Email:Jshimota@mavllp.Com

Aaron Charles Taggart
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215

Chicago , IL 60601
USA

(312) 216-1627
Email:Ataggart@mavllp.com

Adam Robert Brausa
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 North Lasalle Street Suite 2215

Chicago , IL 60601
USA

(312) 216-1626
Email:Abrausa@mavlip.com

Howard E Levin
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215

Chicago , IL 60601
USA
312-216-1620

Fax: (630) 881-7438
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Bmw Manufacturing Co., Lic
Counter Claimant

Velocity Patent Llc
Counter Defendant

Page 4 of 6

Email:Hlevin@mavlilp.cCom

Joseph P. Lavelle
PRO HAC VICE;ATTORNEY TO BE NOTICED
DLA Piper LLP
500 Eighth Street, Nw Suite 5034
Washington , DC 20004
USA

(202) 799 4780
Fax: 202 799 5022

Email:Joe.Lavelle@dlapiper.com

Steven John Reynolds
ATTORNEY TO BE NOTICED

DLA Piper US LLP IL
203 North Lasalle Street 20th Floor

Chicago , IL 60601
USA
312 368 3467

Email:Steven.Reynolds@dlapiper.com

James A Shimota

LEAD ATTORNEY;ATTORNEY TO BE NOTICED
Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215

Chicago , IL 60601
USA

(312) 216-1626
Fax: (773)661-2555
Email: Jshimota@mavilp.Com

Aaron Charles Taggart
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215

Chicago , IL 60601
USA

(312) 216-1627
Email: Ataggart@mavilp.Com

Adam Robert Brausa
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 North Lasalle Street Suite 2215

Chicago , IL 60601
USA

(312) 216-1626
Email: Abrausa@mavlip.cCom

Howard E Levin
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215

Chicago , IL 60601
USA
312-216-1620

Fax: (630) 881-7438
Email: Hlevin@mavlilp.com
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Date

11/21/2013

11/21/2013.

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/21/2013

| 11/21/2013

11/27/2013

12/02/2013

12/02/2013

12/02/2013

12/04/2013

12/09/2013

12/09/2013

12/09/2013

12/09/2013:

12/12/2013

12/17/2013

me

WN

13

14

15

16

18

17

Proceeding Text , Source

COMPLAINTfiled by Velocity Patent LLC; Jury Demand. Filing fee $ 400,
receipt number 0752-8957703. (Attachments: # 1 Exhibit Ex. A)(Shimota,
James) (Entered: 11/21/2013)

CIVIL Cover Sheet (Shimota, James) (Entered: 11/21/2013)
ATTORNEYAppearance for Plaintiff Velocity Patent LLC by James A
Shimota (Shimota, James) (Entered: 11/21/2013)

CASE ASSIGNED Designated as Magistrate Judge the Honorable Arlander
Keys. (Entered in error) (nsf, ) Modified on 11/21/2013 (Iw,). (Entered:
11/21/2013)

CASE ASSIGNED to the Honorable Harry D. Leinenweber. Designated as
Magistrate Judge the Honorable Arlander Keys. (nsf, ) (Entered:
11/21/2013)

ATTORNEYAppearanceforPlaintiff Velocity Patent LLC by Howard E Levin
(Levin, Howard) (Entered: 11/21/2013)

SUMMONSIssued as to Defendants BMW Manufacturing Co., LLC, BMW of
North America, LLC (pg, ) (Entered: 11/21/2013)

ATTORNEYAppearanceforPlaintiff Velocity Patent LLC by Adam Robert
Brausa (Brausa, Adam) (Entered: 11/21/2013)

NOTIFICATIONofAffiliates pursuant to Local Rule 3.2 by Velocity Patent
LLC (Shimota, James) (Entered: 11/21/2013)

Rule 3.4 Notice of Claims Involving Patents by Velacity Patent LLC
(Shimota, James) (Entered: 11/21/2013)

Entered in error. (mgh, ). (Entered: 11/27/2013)

NOTICEof Correction (mgh, ) (Entered: 12/02/2013)

SUMMONSReturned Executed by Velocity Patent LLC as to BMW of North

America, LLC on 11/22/2013, answer due 12/13/2013. (Shimota, James)
(Entered: 12/02/2013)

MAILED patent report to Patent Trademark Office, Alexandria VA (mgh,)

(Entered: 12/02/2013) Y
ATTORNEYAppearanceforPlaintiff Velocity Patent LLC by Aaron Charles
Taggart (Taggart, Aaron) (Entered: 12/04/2013)

ATTORNEY Appearance for Defendants BMW Manufacturing Co., LLC, BMW
of North America, LLC by Steven John Reynolds (Reynolds, Steven)
(Entered: 12/09/2013)

NOTIFICATIONofAffiliates pursuant to Local Rule 3.2 by BMW
Manufacturing Co., LLC, BMW of North America, LLC (Reynolds, Steven)
(Entered: 12/09/2013)

MOTION by Defendants BMW Manufacturing Co., LLC, BMW of North
America, LLC for extension of time to file answer regarding complaint 1
Unopposed Motion For Extension of Time to Answer or Otherwise Plead to
Complaint (Reynolds, Steven) (Entered: 12/09/2013)

NOTICE of Motion by Steven John Reynolds for presentment of motion for
extension of time to file answer, motion for relief 15 before Honorable
Harry D. Leinenweber on 12/12/2013 at 09:30 AM. (Reynolds, Steven)
(Entered: 12/09/2013)

MINUTEentry before the Honorable Harry D. Leinenweber:The Unoposed
Motion for extension of time to1/27/2014 in which to answeror otherwise

plead 15 is granted.Mailed notice (wp, ) (Entered: 12/18/2013)

SUMMONSReturned Executed by Velocity Patent LLC as to BMW
Manufacturing Co., LLC on 11/22/2013, answer due 12/13/2013.
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(Shimota, James) (Entered: 12/17/2013)

BMW of North America, LLC &amp; BMW Manufacturing Co., LLC’s
Response to Velocity's Motion to Reassign by BMW Manufacturing Co.,
LLC, BMW of North America, LLC (Reynolds, Steven) (Entered:
01/23/2014)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9139260. (Lavelle, Joseph) (Entered: 01/27/2014)

ANSWERto Complaint with Jury Demand , COUNTERCLAIMfiled by BMW
of North America, LLC against Velocity Patent LLC . by BMW of North
America, LLC(Reynolds, Steven) (Entered: 01/27/2014)

ANSWERto Complaint with Jury Demand , COUNTERCLAIM filed by BMW
Manufacturing Co., LLC against Velocity Patent LLC . by BMW
Manufacturing Co., LLC(Reynolds, Steven) (Entered: 01/27/2014)

MOTION for Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9142672. (Stein, Andrew) (Entered: 01/28/2014)

NOTICE by James A Shimota of Change of Address (Shimota, James)
(Entered: 02/04/2014)

NOTICE by Howard E Levin of Change of Address (Levin, Howard)
(Entered: 02/04/2014)

NOTICE by Aaron Charles Taggart of Change of Address (Taggart, Aaron)
(Entered: 02/04/2014)

NOTICE by Adam Robert Brausa of Change of Address (Brausa, Adam)
(Entered: 02/04/2014)

ANSWERto counterclaim byVelocity Patent LLC(Shimota, James)
(Entered: 02/18/2014)

ANSWERto counterclaim by Velocity Patent LLC(Shimota, James)
(Entered: 02/18/2014)

REPORTof Rule 26(f) Planning Meeting (Attachments: # 1 Exhibit 1)
(Shimota, James) (Entered: 04/03/2014)

EXECUTIVE COMMITTEE ORDER: Case reassigned to the Honorable John
W. Darrah forall further proceedings, in accordance with the provisions of
Local Rule 40.4 of this Court. Signed by Executive Committee on
4/24/2014. (For further details see order). (mgh, ) (Entered: 04/25/2014)

ORDERSigned by the Honorable John W. Darrah on 4/24/2014: Ruling on
motion hearing held. Pro hac vice motions are granted [20, 23]. Status
hearing set for 5/7/14 at 9:30 a.m.Mailed notice (mgh, ) (Entered:
04/28/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 8/19/14 at 9:30 a.m. Mailed notice(maf) (Entered:
05/07/2014)

Copyright © 2014 LexisNexis CourtLink, Inc. All rights reserved.
*** THIS DATA IS FOR INFORMATIONAL PURPOSES ONLY ***
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US District Court Civil Docket

U.S. District - I!linois Northern

(Chicago)

1:13cv8418

Velocity Patent Lic v. Audi of America, Inc. et al

This case wasretrieved from the court on Thursday, May 22, 2014
 

Date Filed: 11/21/2013

Assigned To: Honorable John W. Darrah Class Code: OPEN
Referred To: Honorable Michael T. Mason Closed:

Nature of suit: Patent (830)

Cause: Patent Infringement
Lead Docket: None

Other Docket: 1:13cv08413

Statute: 35:271

Jury Demand: Both

Demand Amount: $0

. NOS Description: Patent

Jurisdiction: Federal Question

Litigants Attorneys

Velocity Patent Llc Aaron Charles Taggart
Plaintiff , ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215

Chicago , IL 60601
USA

(312) 216-1627
Email:Ataggart@mavlip.com

Adam Robert Brausa
, ATTORNEY TO BE NOTICED

- Mavrakakis Law Group LLP
180 North Lasalle Street Suite 2215

Chicago , IL 60601
USA

(312) 216-1626
Email: Abrausa@mavllp.com

Howard E Levin
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215

Chicago , IL 60601
USA
312-216-1620

Fax: (630) 881-7438
Email: Hlevin@mavllp.cCom

James A Shimota
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
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Audi of America, Inc.
Defendant

Audi of America, Llc
[Term: 01/30/2014]
Defendant

Page 2 of 8

180 N. Lasalle Suite 2215

Chicago , IL 60601
USA

(312) 216-1626
Fax: (773)661-2555
Email: Jshimota@mavllp.com

Georg Reitboeck
LEAD ATTORNEY;PRO HAC VICE;ATTORNEY TO BE
NOTICED

Kenyon & Kenyon
One Broadway
New York , NY 10004
USA

(212) 908-6439
Email:Greitboeck@kenyon.Com

Jeffrey Mark Drake
ATTORNEYTO BE NOTICED

Miller, Canfield, Paddock and Stone
225 W. Washington Suite 2600
Chicago , IL 60606
USA
3124604234
Fax: 3124604201

Email: Drakej@millercanfield.Com

Michael ] Lennon
ATTORNEY TO BE NOTICED

Kenyon & Kenyon
One Broadway
New York , NY 10004
USA

(212) 425-7200
Email:Mlennon@kenyon:Com

Ryan Christopher Williams
ATTORNEY TO BE NOTICED
Miller Canfield Paddock and Stone PLC

225 West Washington Street Suite 2600
Chicago , IL 60606
USA
312 460 4200

Email: Williamsr@millercanfield.Com

Susan Ann Smith

PRO HAC VICE;ATTORNEY TO BE NOTICED
Kenyon & Kenyon LLP
1500 K Street, N.W., Suite 700
Washington , DC 20005
USA

(202) 220-4321
Email:Ssmith@kenyon.Com

Jeffrey Mark Drake
ATTORNEY TO BE NOTICED

Miller, Canfield, Paddock and Stone
225 W. Washington Suite 2600
Chicago , IL 60606
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Date

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/25/2013

USA
3124604234
Fax: 3124604201

Email: Drakej@millercanfield.Com

Michael J] Lennon
ATTORNEY TO BE NOTICED

Kenyon & Kenyon
One Broadway
New York , NY 10004
USA

(212) 425-7200
Email: Mlennon@kenyon.Com

Ryan Christopher Williams
ATTORNEY TO BE NOTICED
Miller Canfield Paddock and Stone PLC

225 West Washington Street Suite 2600
Chicago , IL 60606
USA .
312 460 4200

Email: Williamsr@millercanfield.cCom

Susan Ann Smith

PRO HAC VICE;ATTORNEY TO BE NOTICED
Kenyon & Kenyon LLP
1500 K Street, N.W., Suite 700
Washington , DC 20005
USA

(202) 220-4321
Email: Ssmith@kenyon.Com

Proceeding Text Source

COMPLAINTfiled by Velocity Patent LLC; Jury Demand. Filing fee $ 400,
receipt number 0752-8957811. (Attachments: # 1 Exhibit Ex. A)(Shimota,
James) (Entered: 11/21/2013)

CIVIL Cover Sheet (Shimota, James) (Entered: 11/21/2013)
ATTORNEY AppearanceforPlaintiff Velocity Patent LLC by James A

Shimota (Shimota, James) (Entered: 11/21/2013)
CASE ASSIGNED to the Honorable Joan B. Gottschall. Designated as
Magistrate Judge the Honorable Geraldine Soat Brown. (nsf, ) (Entered:
11/21/2013)

ATTORNEY Appearancefor Plaintiff Velocity Patent LLC by Howard E Levin
(Levin, Howard) (Entered: 11/21/2013)

ATTORNEY AppearanceforPlaintiff Velocity Patent LLC by Adam Robert
Brausa (Brausa, Adam) (Entered: 11/21/2013)

SUMMONSIssued as to Defendants Audi of America, Inc., Audi of America,
LLC (pg, ) (Entered: 11/21/2013)

NOTIFICATIONof Affiliates pursuant to Local Rule 3.2 by Velocity Patent
LLC (Shimota, James) (Entered: 11/21/2013)

Rule 3.4 Notice of Claims Involving Patents by Velocity Patent LLC
(Shimota, James) (Entered: 11/21/2013)

ORDER: Status Hearing set for 01/17/14 at 9:30 AM. Plaintiff is directed to
advise the defendants of the status hearing forthwith. Pursuant to LR 5.2

https://courtlink.lexisnexis.com/ControlSupport/UserControls/ShowDocket.aspx?Key=163... 5/22/2014
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12/02/2013

12/04/2013

12/06/2013

12/06/2013

12/06/2013

12/06/2013

12/06/2013

12/06/2013

12/06/2013

12/09/2013

12/16/2013

12/18/2013

01/09/2014

01/27/2014

01/27/2014

10

11

12

13

14

15

16

17

18

19

20

21

22

23
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(f), a stapled and/or bound papercopyofall electronically filed
documents, must be delivered to chambers (2356) within one business
day. Noncompliance with LR 5.2(f) will result in the imposition of a
$200.00 fine payable to the Clerk of the Court, 219 South Dearborn
Street, 20th Floor, Chicago,Illinois 60604. Parties are directed to discuss
settlement of case, consent to proceed before the Magistrate Judge, and a
proposed discovery plan. See Judge Gottschall’s civil case management
information regarding pretrial case management proceduresat
http://www. ilnd.uscourts.gov., Set/reset hearings. Mailed notice(vcf, )
(Entered: 11/26/2013)

SUMMONS Returned Executed by Velocity Patent LLC as to Audi of
America, LLC on 11/22/2013, answer due 12/13/2013. (Shimota, James)
(Entered: 12/02/2013)

ATTORNEY Appearancefor Plaintiff Velocity Patent LLC by Aaron Charles

Taggart (Taggart, Aaron) (Entered: 12/04/2013)
ATTORNEY Appearance for Defendants Audi of America, Inc., Audi of
America, LLC by Jeffrey Mark Drake (Drake, Jeffrey) (Entered:
12/06/2013) -

ATTORNEY Appearancefor Defendants Audi of America, Inc., Audi of
America, LLC by Ryan Christopher Williams (Williams, Ryan) (Entered:
12/06/2013)

PAYMENTby Audi of America, Inc., Audi of America, LLC of Pro Hac Fee $
50, receipt number 0752-8998643. (Lennon, Michael) (Entered:
12/06/2013)

MOTIONfor Leave to Appear Pro Hac Vice (Lennon, Michael) (Entered:
12/06/2013)

MOTIONfor Leave to AppearPro HacVice Filing fee $ 50, receipt number
0752-8998762. (Smith, Susan) (Entered: 12/06/2013)

MOTION by Defendants Audi of America, Inc., Audi of America, LLC for
extension of time to file answer regarding complaint 1 UNOPPOSED
MOTION (Drake, Jeffrey) (Entered: 12/06/2013)

NOTICE of Motion by Jeffrey Mark Drake for presentment of motion for
extension of time to file answer, motion for relief 16 before Honorable
Joan B. Gottschall on 12/18/2013 at 09:30 AM. (Drake, Jeffrey) (Entered:
12/06/2013)

MINUTEentry before the Honorable Joan B. Gottschall:Attorney Michael J.
Lennon's application to appear pro hac vice 14 on behalf of the defendants
is granted. Attorney Susan A. Smith's application to appear pro hac vice
15 on behalf of the defendants is granted. Mailed notice (ef, ) (Entered:
12/09/2013)

MINUTE entry before the Honorable Joan B. Gottschall: Defendants’
motion for extension of time to file answer 16 is granted. Defendants to
answeror otherwise plead by January 27, 2014. Motion hearing set for
12/18/2014 at 9:30 is stricken. Mailed notice (ef, ) (Entered: 12/16/2013)

SUMMONSReturned Executed by Velocity Patent LLC as to Audi of
America, Inc. on 11/26/2013, answer due 12/17/2013. (Shimota, James)
(Entered: 12/18/2013)

MINUTE entry before the Honorable Joan B. Gottschall: By the agreement
of parties, status hearing set for 01/17/2014 is stricken and reset for
2/14/2014 at 09:30 a.m. Mailed notice (ef, ) (Entered: 01/09/2014)

NOTIFICATIONofAffiliates pursuantto Local Rule 3.2 by Audi of America,
Inc., Audi of America, LLC (Drake, Jeffrey) (Entered: 01/27/2014)

MOTION TO DISMISS FOR FAILURE TO STATE A CLAIM (Drake, Jeffrey)
(Entered: 01/27/2014)
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01/27/2014

01/27/2014

01/30/2014

01/30/2014

01/30/2014

01/30/2014

02/04/2014

02/04/2014

02/04/2014

02/04/2014

02/07/2014

02/14/2014

02/18/2014

02/18/2014

02/18/2014

03/04/2014

03/04/2014

03/04/2014

03/11/2014
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MEMORANDUM byAudi of America, Inc., Audi of America, LLC in support
of Motion to Dismiss for Failure to State a Claim 23 (Drake, Jeffrey)
(Entered: 01/27/2014)

NOTICE of Motion by Jeffrey Mark Drake for presentment of Motion to
Dismiss for Failure to State a Claim 23 before Honorable Joan B. Gottschail_
on 1/31/2014 at 09:30 AM. (Drake, Jeffrey) (Entered: 01/27/2014)

MINUTE entry before the Honorable Joan B. Gottschall: Plaintiff's
Responses to Motion to Dismiss 23 due by 2/21/2014; replies due by
3/7/2014. Motion hearing set for 1/31/2014 is stricken. No appearanceis
required. Mailed notice (ef, ) (Entered: 01/30/2014) —

NOTICE of Voluntary Dismissal! by Velocity Patent LLC (Shimota, James)
(Entered: 01/30/2014)

AMENDED complaint by Velocity Patent LLC against Audi of America, Inc.
and terminating Audi of America, LLC (Attachments: # 1 Exhibit Ex. A)
(Shimota, James) (Entered: 01/30/2014)

First Amended Rule 3.4 Notice of Claims Involving Patents by Velocity
Patent LLC (Shimota, James) (Entered: 01/30/2014)

NOTICE by James A Shimota of Change of Address (Shimota, James)
(Entered: 02/04/2014)

NOTICE by Howard E Levin of Changeof Address (Levin, Howard)
(Entered: 02/04/2014)

NOTICE by Aaron Charles Taggart of Change of Address (Taggart, Aaron)
(Entered: 02/04/2014)

NOTICE by Adam Robert Brausa of Change of Address (Brausa, Adam)
(Entered: 02/04/2014)

REPORTof Rule 26(f) Planning Meeting (Attachments: # 1 Exhibit 1)
(Shjmota, James) (Entered: 02/07/2014)

MINUTEentry before the Honorable Joan B. Gottschall: Status hearing
held. Defendant's motion to dismiss 23 is moot. Status hearing set for

5/16/2014 at 9:30 a.m. Mailed notice (ef, ) (Entered: 02/14/2014)
Second MOTION TO DISMISS FOR FAILURE TO STATE A CLAIM (Williams,
Ryan) (Entered: 02/18/2014)

MEMORANDUMby Audi of America, Inc. in support of Motion to Dismiss for
Failure to State.a Claim 36 (Williams, Ryan) (Entered: 02/18/2014)

NOTICE of Motion by Ryan Christopher Williams for presentment of Motion
to Dismiss for Failure to State a Claim 36 before Honorable Joan B.

Gottschall on 3/5/2014 at 11:00 AM. (Williams, Ryan) (Entered:
02/18/2014)

MINUTEentry before the Honorable Joan B. Gottschall: Plaintiff's
Responsesto Motion to Dismiss for Failure to State a Claim 36 due by
3/19/2014; replies due by 4/2/2014. Motion hearing set for 3/5/2014is
stricken. No appearance is required. Mailed notice (ef, ) (Entered:
03/04/2014)

MOTION by Defendant Audi of America, Inc. to amend/correct , MOTION
by Defendant Audi of America, Inc. for protective order (Attachments: # 1
Exhibit 1 - Proposed Protective Order, # 2 Exhibit 2 - Redlined Protective
Order, # 3 Exhibit 3 - Assignment, # 4 Exhibit 4 - Mavrakakis Bio, # 5
Exhibit 5 - Velocity Patents)(Williams, Ryan) (Entered: 03/04/2014)

NOTICE of Motion by Ryan Christopher Williams for presentment of motion
to amend/correct,, motion for protective order, 40 before Honorable Joan

B. Gottschall on 3/12/2014 at 11:00 AM. (Williams, Ryan) (Entered:
03/04/2014)

MINUTEentry before the Honorable Joan B. Gottschall: Plaintiff's Response

5/22/2014
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03/17/2014

03/18/2014

03/19/2014

03/25/2014
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04/09/2014

04/09/2014
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04/10/2014

04/10/2014
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04/24/2014
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to defendant's motion to amend protective order 40 due by 3/18/2014 ;
replies due by 3/25/2014. Motion hearing set for 3/12/2014is stricken.
Mailed notice (ef, ) (Entered: 03/11/2014)

MINUTE entry before the Honorable Joan B. Gottschall: On the court's own
motion, Status hearing set for 5/16/2014 is reset for 5/30/2014 at 09:30
AM. Mailed notice (ef, ) (Entered: 03/17/2014)

RESPONSEby Velocity Patent LLCin Opposition to MOTION by Defendant
‘Audi of America, Inc. to amend/correct MOTION by Defendant Audi of
America, Inc. for protective order 40 (Attachments: # 1 Exhibit A, # 2
Exhibit B)(Shimota, James) (Entered: 03/18/2014)

RESPONSE byVelocity Patent LLCin Opposition to Second MOTION TO
DISMISS FOR FAILURE TO STATE A CLAIM 36 (Shimota, James) (Entered:
03/19/2014)

REPLY by Audi of America, Inc. to response in opposition to motion, 44 to
Amend/Correct Protective Order (Williams, Ryan) (Entered: 03/25/2014)

REPLY by Audi of America, Inc. to response in opposition to motion 45 to
dismiss First Amended Complaint (Williams, Ryan) (Entered: 04/02/2014)

NOTICE of Motion by James A Shimota for presentment of before
Honorable Joan B. Gottschall on 4/11/2014 at 09:30 AM. (Shimota,
James) (Entered: 04/08/2014)

MOTIONbyPlaintiff Velocity Patent LLC to compel LOCAL PATENT RULE
2.1(b)(1) DISCLOSURES AND RESPONSES TO DISCOVERY(Attachments:
# 1 Exhibit A, # 2 Exhibit B, # 3 Exhibit C, # 4 Exhibit D, # 5 Exhibit E, #
6 Exhibit F, # 7 Exhibit G)(Shimota, James) (Entered: 04/08/2014)

MOTION by Defendant Audi of America, Inc. to transfer case to Eastern
District of Michigan (Drake, Jeffrey) (Entered: 04/09/2014) |

MEMORANDUM byAudi of America, Inc. in support of motion to transfer
case 50 (Attachments: # 1 Exhibit 1 - 16)(Drake, Jeffrey) (Entered:
04/09/2014)

DECLARATIONof Robert A. Arturi regarding memorandum in support of
motion 51, motion to transfer case 50 (Drake, Jeffrey) (Entered:
04/09/2014)

NOTICEof Motion by Jeffrey Mark Drake for presentment of motion to
transfer case 50 before Honorable Joan B. Gottschall on 4/16/2014 at

09:30 AM. (Drake, Jeffrey) (Entered: 04/09/2014)
MOTION by Defendant Audi of America, Inc. to stay and limit discovery
(Williams, Ryan) (Entered: 04/10/2014)

MEMORANDUM byAudi of America, Inc. in support of motion to stay 54
and limit discovery (Attachments: # 1 3-4-14 Velocity RFPs to Audi, # 2
3-4-14 Velocity Rogs to Audi)(Williams, Ryan) (Entered: 04/10/2014)

NOTICE of Motion by Ryan Christopher Williams for presentment of motion
to stay 54 before Honorable Joan B. Gottschall on 4/16/2014 at 09:30 AM.
(Williams, Ryan) (Entered: 04/10/2014)

‘MINUTEentry before the Honorable Joan B. Gottschall: Motion hearing
held. Responsesto Plaintiff's Motion to Compel 49 , Motion to Transfer 50,
and Motion to Stay 54 due 5/9/2014. Replies due 5/23/2014. Motion
hearings set for 4/16/2014 are stricken. Mailed notice (ef, ) (Entered:
04/11/2014)

MOTIONfor Leave to Appear Pro Hac Vice Filing fee $ 50, receipt number
0752-9419562. for Georg Reitboeck (Reitboeck, Georg) (Entered:
04/24/2014)

EXECUTIVE COMMITTEE ORDER: Casereassigned to the Honorable John
W. Darrah forall further proceedings pursuant to local! rule 40.4. Signed
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by Executive Committee on 4/24/2014. (vcf, ) (Entered: 04/25/2014)

ORDER: Ruling on motion hearing held. Pro hac vice motion is granted
58 . Defendant's motion to transfer 50 is entered and briefed as follows:
response by 5/9/14, reply by 5/23/14. In court hearing/ruting is set for
8/19/14 at 9:30 a.m. Defendant's second motion to dismiss 36 ,
defendant's motion to amend the protective order 40 , and defendant's
motion to stay and for limited discovery 54 are entered and continued to
5/7/14 at 9:30 a.m. Status hearing set for 5/7/14 at 9:30 a.m. Signed by
the Honorable John W. Darrah on 4/24/2014. Mailed notice(vcf, )
(Entered: 04/28/2014)

Pursuant to Local Rule 72.1, this case is hereby referred to the calendarof
Honorable Michael T. Mason for the purpose of holding proceedings related
to: discovery motions and discovery disputes, including plaintiff's motion
to compel 49 . Any extension to the discovery deadline must be heard by
Judge Darrah. Mailed notice. (maf) (Entered: 04/28/2014)

MINUTE entry before the Honorable Michael T. Mason: This case has been
referred to Magistrate Judge Mason. Aninitial status hearing is set for
05/13/14 at 9:00 a.m. in courtroom 2266. Counsel shall confer with each
other and submit an Agreed Proposed Scheduling Order to the proposed
order inbox at: Proposed_Order_Mason@ilnd.uscourts.gov by 05/08/14.
The response and reply dates previously set 57 stand for plaintiff's motion
to compel 49 . Pursuant to Local Rule 5.2(f}, the parties are reminded to
submit courtesy copies to chambers, room 2270, within one business day
of filing. (rbf, } (Entered: 04/28/2014)

ATTORNEY Appearance for Defendant Audi of America, Inc. by Michael J
Lennon (Lennon, Michael) (Entered: 04/29/2014)

ATTORNEY Appearance for Defendant Audi of America, Inc. by Georg
Reitboeck (Reitboeck, Georg) (Entered: 04/29/2014)

ATTORNEY Appearancefor Defendant Audi of America, Inc. by Susan Ann
Smith (Smith, Susan) (Entered: 05/05/2014)

ORDER: Status hearing held. The Court being advised from the parties
that the following motions are fully briefed: defendant's second motion to
dismiss 36 and defendant's motion to amend the protective order 40 , a
status hearing/ruling is set for 8/19/14 at 9:30 a.m. Defendant's motion
to stay and for limited discovery 54 is entered and continued to 8/19/14 at
9:30 a.m. Signed by the Honorable John W. Darrah on 5/7/2014. Mailed
notice(vcf, ) (Entered: 05/08/2014)

STATUS Report by Velocity Patent LLC (Shimota, James) (Entered:
05/08/2014)

REPORTof Rule 26(f) Planning Meeting (Attachments: # 1 Exhibit 1)
(Shimota, James) (Entered: 05/08/2014)

RESPONSE byVelocity Patent LLCin Opposition to MOTION by Defendant
Audi of America, Inc. to transfer case to Eastern District of Michigan 50
(Attachments: # 1 Exhibit 1, # 2 Exhibit 2, # 3 Exhibit 3, # 4 Exhibit 4, #
5 Exhibit 5, # 6 Exhibit 6, # 7 Exhibit 7, # 8 Exhibit 8, # 9 Exhibit 9, # 10
Exhibit 10, # 11 Exhibit 11, # 12 Exhibit 12, # 13 Exhibit 13, # 14 Exhibit
14, # 15 Exhibit 15)(Shimota, James) (Entered: 05/09/2014)

RESPONSEby Audi of America, Inc.in Opposition to MOTION byPlaintiff
Velocity Patent LLC to compel LOCAL PATENT RULE 2.1(b)(1)
DISCLOSURES AND RESPONSES TO DISCOVERY 49 (Attachments: # 1
Exhibit 1, # 2 Exhibit 2, # 3 Exhibit 3, # 4 Exhibit 4)(Drake, Jeffrey)
(Entered: 05/09/2014)

MINUTE entry before the Honorable Michael T. Mason: Magistrate Judge
Status hearing held on 5/13/14. The Court will rule by mail on plaintiff's
motion to compel 49 and set a future status hearing at that time,if

https://courtlink.lexisnexis.com/ControlSupport/UserControls/ShowDocket.aspx?Key=163... 5/22/2014
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necessary. (rbf, ) (Entered: 05/13/2014)

05/22/2014 72 REPLY by Velocity Patent LLC to response in opposition to motion, 70
(Attachments: # 1 Exhibit 1, # 2 Exhibit 2, Part A, # 3 Exhibit 2, Part B, #
4 Exhibit 3, Part A, # 5 Exhibit 3, Part B)(Shimota, James) (Entered:
05/22/2014)

Copyright © 2014 LexisNexis CourtLink, Inc. All rights reserved.
*** THIS DATA IS FOR INFORMATIONAL PURPOSES ONLY ***
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US District Court Civil Docket

U.S. District - Illinois Northern

(Chicago)

1:13cv8419

Velocity Patent Lic v. Chrysler Group, Lic

This case wasretrieved from the court on Thursday, May 22, 2014
 

Date Filed: 11/21/2013

Assigned To: Honorable John W.Darrah Class Code: OPEN
Referred To: Closed:

Nature of suit: Patent (830) Statute: 35:271

‘ Cause: Patent Infringement Jury Demand: Both
Lead Docket: None Demand Amount: $0

Other Docket: 1:13cv08413 NOS Description: Patent
Jurisdiction: Federal Question

Litigants Attorneys

Velocity Patent Llc Aaron Charles Taggart
Plaintiff ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215

Chicago , IL 60601
USA

(312) 216-1627
Email:Ataggart@mavllp.Com

Adam Robert Brausa
ATTORNEYTO BE NOTICED

Mavrakakis Law Group LLP
180 North Lasalle Street Suite 2215

Chicago , IL 60601
USA

(312) 216-1626
Email: Abrausa@mavllp.cCom

Howard E Levin
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215

Chicago , IL 60601
USA
312-216-1620

Fax: (630) 881-7438
Email: Hlevin@mavilp.Com

James A Shimota
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
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180 N. Lasalle Suite 2215

Chicago , IL 60601
USA

(312) 216-1626
Fax: (773)661-2555
Email:Jshimota@mavlip.Com

Chrysler Group,Lic Brian William Bell
Defendant _ ATTORNEY TO BE NOTICED

Swanson, Martin & Bell
330 North Wabash Suite 3300

Chicago , IL 60611 ‘
USA

(312) 321-9100
Email: Bbell@smbtrials.Com

Charles J. Monterio , Jr.
PRO HAC VICE;ATTORNEY TO BE NOTICED
Dickstein Shapiro Llp
1825 Eye Street Nw
Washington , DC 20006
USA

(202) 420-2200
Email: Monterioc@dicksteinshapiro.cCom

Frank C Cimino, Jr.
ATTORNEYTO BE NOTICED

Dickstein Shapiro LLP
1825 Eye Street Nw
(202) 912 - 5000
Washington , DC 20006
USA

Email: Ciminof@dicksteinshapiro.Com

Marla Harumi Kanemitsu
ATTORNEY TO BE NOTICED

Dickstein Shapiro LLP
1825 Eye Street, Nw
Washington , DC 20006.
USA

(202) 420-4859
Email: Kanemitsum@dicksteinshapiro.Com

P. Stephen Fardy
ATTORNEY TOBE NOTICED
Swanson, Martin & Bell
330 North Wabash Suite 3300

Chicago , IL 60611
USA

(312) 321-9100
Email:Sfardy@smbtrials.Com

Date # Proceeding Text Source

11/21/2013. 1 COMPLAINTfiled by Velocity Patent LLC; Jury Demand. Filing fee $ 400,
receipt number 0752-8957934. (Attachments: # 1 Errata Ex. A)(Shimota,
James) (Entered: 11/21/2013)

11/21/2013 2 CIVIL Cover Sheet (Shimota, James) (Entered: 11/21/2013)
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11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/22/2013

11/22/2013

12/02/2013

12/02/2013

12/03/2013

12/04/2013

12/11/2013

12/11/2013

12/12/2013

12/19/2013

12

13

14

15

16

17

ATTORNEY AppearanceforPlaintiff Velocity Patent LLC by James A
Shimota (Shimota, James) (Entered: 11/21/2013)

CASE ASSIGNEDto the Honorable Edmond E. Chang. Designated as
Magistrate Judge the Honorable Maria Valdez. (nsf, ) (Entered:
11/21/2013)

ATTORNEY AppearanceforPlaintiff Velocity Patent LLC by Howard E Levin
(Levin, Howard) (Entered: 11/21/2013)

ATTORNEYAppearanceforPlaintiff Velocity Patent LLC by Adam Robert
Brausa (Brausa, Adam) (Entered: 11/21/2013)

SUMMONSIssued as to Defendant Chrysler Group, LLC (pg, ) (Entered:
11/21/2013) .

NOTIFICATION of Affiliates pursuant to Local Rule 3.2 by Velocity Patent
LLC (Shimota, James) (Entered: 11/21/2013)

Notice of Claims Involving Patents Pursuant to Rule 3.4 by Velocity Patent
LLC (Shimota, James) (Entered: 11/21/2013)

MAILED patent report to Patent Trademark Office, Alexandria VA (tg, )
(Entered: 11/22/2013)

MINUTE entry before the Honorable Edmond E. Chang: Status hearing set
for February 6, 2014 at 8:30 a.m. The parties mustfile a joint initial
status report with the content described in the attached status report
requirements at least 3 business days before the initial status hearing.
Plaintiff muststill file the report even if not all Defendants have been
served or have responded to requests to craft a joint report. Additionally,
the parties must read Judge Chang's Case Management Procedures on the
Court's website; those Procedures are considered standing ordersin this
case.Mailed notice (Attachments: # 1 Status Report Requirements) (slb, )
(Entered: 11/22/2013)

SUMMONSReturned Executed by Velocity Patent LLC as to Chrysler
Group, LLC on 11/22/2013, answer due 12/13/2013. (Shimota, James)
(Entered: 12/02/2013)

MINUTEentry before the Honorable Edmond E. Chang: The status hearing
of 2/6/2014 is reset to 1/7/2014 at 9:30 a.m. The status report is due at
least 3 business days beforetheinitial status hearing. Mailed notice (slb, )
(Entered: 12/02/2013)

MINUTEentry before the Honorable Edmond E. Chang: Plaintiff's counsel
called the courtroom deputy to say that Plaintiff had intended to check the
box on the Civil Cover Sheet form that states there is a related case (13 C
08413) in Section IX of the form. Counsel asked whether there was a way
to administratively correct the form in order to have the case reassigned
as related; counsel was instructed to file a motion (where all parties may
weigh in) rather than rely on some other mechanism. Mailed notice (slb, )
(Entered: 12/03/2013)

ATTORNEY Appearancefor Plaintiff Velocity Patent LLC by Aaron Charles
Taggart (Taggart, Aaron) (Entered: 12/04/2013)

ATTORNEYAppearancefor Defendant Chrysler Group, LLC by Marla
Harumi Kanemitsu (Kanemitsu,~Marla) (Entered: 12/11/2013)

MOTION by Defendant Chrysler Group, LLC for extension of time tofile
answer regarding complaint 1 (Attachments: # 1 Unopposed Motion for a
45 day Extension of Time)(Kanemitsu, Marla) (Entered: 12/11/2013)

MOTION for Leave to Appear Pro HacVice Filing fee $ 50, receipt number
0752-9017144. (Cimino, Frank) (Entered: 12/12/2013)

MINUTEentry before the Honorable Edmond E. Chang: Defendant's
unopposed extension motion 15 to answeris granted to 01/27/2014. The
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12/23/2013

01/06/2014

01/07/2014

01/07/2014

01/07/2014

01/10/2014

01/27/2014

02/04/2014

02/04/2014

02/04/2014

02/04/2014

02/24/2014

04/03/2014

04/10/2014

04/17/2014

04/21/2014

04/24/2014

05/07/2014

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

motion to proceed pro hac vice 16 is granted. With regard to noticing-up
motions, the extension motion did not appear on the CM/ECF system for
some reason. (Icw, ) (Entered: 12/19/2013)

MINUTE entry before the Honorable Edmond E. Chang: In light of the new
answer deadline, the status hearing of 01/07/2014 is reset to 02/06/2014
at 8:30 a.m. The joint written status report is due on 02/03/2014. (Icw, )
(Entered: 12/23/2013)

MOTIONfor Leave to Appear Pro HacVice Filing fee $ 50, receipt number
0752-9073340. (Monterio, Charles) (Entered: 01/06/2014) -

ATTORNEYAppearance for Defendant Chrysler Group, LLC by P. Stephen
Fardy (Attachments: # 1 Certificate of Service)(Fardy, P.) (Entered:
01/07/2014)

ATTORNEY Appearance for Defendant Chrysler Group, LLC by Brian
William Bell (Attachments: # 1 Certificate of Service)(Bell, Brian)
(Entered: 01/07/2014)

EXECUTIVE COMMITTEE ORDER: Case reassigned to the Honorable John

W. Darrah forall further proceedings. Signed by Executive Committee on
1/7/2014. (tg, ) (Entered: 01/08/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing set
for 4/10/14 at 9:30 a.m. Mailed notice(maf) (Entered: 01/10/2014)

ANSWERto Complaint with Jury Demand by Chrysler Group, LLC(Fardy,
P.) (Entered: 01/27/2014)

NOTICE by James A Shimota of Change of Address (Shimota, James)
(Entered: 02/04/2014)

NOTICE by Howard E Levin of Change of Address (Levin, Howard)
(Entered: 02/04/2014)

NOTICE by Aaron Charles Taggart of Change of Address (Taggart, Aaron)
(Entered: 02/04/2014)

NOTICE by Adam Robert Brausa of Change ofAddress (Brausa, Adam)
(Entered: 02/04/2014)

Updated Corporate Disclosure by Chrysler Group, LLC (Fardy, P.)
(Entered: 02/24/2014)

REPORTof Rule 26(f) Planning Meeting (Attachments: # 1 Exhibit 1)
(Shimota, James) (Entered: 04/03/2014)

ORDER: Status hearing held and continued to 4/17/14 at 9:30 a.m. Joint
claim construction chart and status report to befiled by 2/15/15. Claim
construction hearing is-set for 3/11/15 at 1:30 p.m. Signed by the
Honorable John W. Darrah on 4/10/2014. Mailed notice (tg, ) (Entered:
04/11/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 4/24/14 at 9:30 a.m.Mailed notice(maf) (Entered:
04/17/2014)

ORDER: Pro hac vice motion is granted 19 . Signed by the Honorable John
W. Darrah on 4/21/2014. Mailed notice (tg, ) (Entered: 04/21/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 5/7/14 at 9:30 a.m. Mailed notice(maf) (Entered:
04/24/2014)

MINUTEentry before the Honorable John W. Darrah: Status hearing held
and continued to 8/19/14 at 9:30 a.m. Mailed notice(maf) (Entered:
05/07/2014)
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US District Court Civil Docket

U.S. District - Illinois Northern

(Chicago)

1:13cv8421

Velocity Patent Lic v. Jaguar Land Rover North America, Lic

This case was retrieved from the court on Thursday, May 22, 2014
 

Date Filed: 11/21/2013

Assigned To: Honorable John W. Darrah Class Code: OPEN
Referred To: , Closed:

Nature of suit: Patent (830) ‘ Statute: 35:271

. Cause: Patent Infringement _ Jury Demand: Both
Lead Docket: None Demand Amount: $0

Other Docket: None NOSDescription: Patent

Jurisdiction: Federal Question

Litigants Attorneys

Velocity Patent Lic James A Shimota
Plaintiff LEAD ATTORNEY;ATTORNEYTO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215

Chicago , IL 60601
USA

(312) 216-1626
Fax: (773)661-2555
Email: Jshimota@mavllp.com

Aaron Charles Taggart
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
180 N. Lasalle Suite 2215

Chicago , IL 60601
USA

(312) 216-1627
Email:Ataggart@mavllp.com

Adam Robert Brausa
ATTORNEYTO BE NOTICED

Mavrakakis Law Group LLP
180 North Lasalle Street Suite 2215

Chicago , IL 60601
USA

(312) 216-1626
Email:Abrausa@mavilp.Com

Howard E Levin
ATTORNEY TO BE NOTICED

Mavrakakis Law Group LLP
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180 N. Lasalle Suite 2215

Chicago , IL 60601
USA
312-216-1620

Fax: (630) 881-7438
Email: Hlevin@mavilp.com

Jaguar Land Rover North America, Lic Cassius K. Sims
Defendant

Date

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/21/2013

PRO HAC VICE;ATTORNEY TO BE NOTICED
Latham & Watkins LLP
885 Third Avenue

New York , NY 10022
USA

(212) 906-1200
Email:Cassius.Sims@Iw.Com

Clement Joseph Naples
PRO HAC VICE;ATTORNEY TO BE NOTICED
Latham & Watkins LLP
885 Third Avenue

New York , NY 10022
USA

(212) 906-1200
Email:Clement.Naples@|lw.Com

Kristopher R. Davis
ATTORNEY TO BE NOTICED
Latham & Watkins LLP
330 N. Wabash Avenue Suite 2800

Chicago , IL 60611
USA

(312) 876-7700
Fax: (312) 993-9767
Email: Kris. Davis@lw.Com

Matthew John Moore

PRO HAC VICE;ATTORNEY TO BE NOTICED
Latham & Watkins LLP
555 Eleventh Street Nw Suite 1000

Washington , DC 20004
USA

(202) 637-2200
Email: Matthew.Moore@Iw.Com

Proceeding Text Source

COMPLAINTfiled by Velocity Patent LLC; Jury Demand. Filing fee $ 400,
receipt number 0752-8958007. (Attachments: # 1 Exhibit Ex. A)(Shimota,
James) (Entered: 11/21/2013) :

CIVIL Cover Sheet (Shimota, James) (Entered: 11/21/2013)

ATTORNEY Appearancefor Plaintiff Velocity Patent LLC by James A
Shimota (Shimota, James) (Entered: 11/21/2013)

CASE ASSIGNEDto the Honorable Robert W. Gettleman. Designated as
Magistrate Judge the Honorable Jeffrey T. Gilbert. (nsf, ) (Entered:
11/21/2013)

ATTORNEY Appearance for Plaintiff Velocity Patent LLC by Howard E Levin
(Levin, Howard) (Entered: 11/21/2013)

https://courtlink.lexisnexis.com/ControlSupport/UserControls/ShowDocket.aspx?Key=163.... 5/22/2014

1987



1988

LexisNexis CourtLink - Show Docket

11/21/2013

11/21/2013

11/21/2013

11/21/2013

11/22/2013

11/25/2013

11/26/2013

12/02/2013

12/04/2013

12/10/2013.

12/10/2013

12/10/2013

12/10/2013

12/11/2013

12/11/2013

12/11/2013

12/16/2013

01/07/2014

https://courtlink.]exisnexis.com/ControlSupport/UserControls/ShowDocket.aspx?Key=163...
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14

15

16

17

18

19

20

21
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ATTORNEYAppearanceforPlaintiff Velocity Patent LLC by Adam Robert
Brausa (Brausa, Adam) (Entered: 11/21/2013)

SUMMONSIssued as to Defendant Jaguar Land Rover North America, LLC
(pg, ) (Entered: 11/21/2013)

NOTIFICATIONofAffiliates pursuant to Local Rule 3.2 by All Plaintiffs
(Shimota, James) (Entered: 11/21/2013)

Rule 3.4 Notice of Claims Involving Patents by Velocity Patent LLC
(Shimota, James) (Entered: 11/21/2013)

MAILED patent report to Patent Trademark Office, Alexandria VA. (tim)
(Entered: 11/22/2013)

ORDERtheClerk is to arrange for this case to be transferred to the Patent
Case Pilot Program, signed by the Honorable Robert W. Gettleman on
11/25/2013: Mailed notice (gds) (Entered: 11/25/2013)

EXECUTIVE COMMITTEE ORDER:It appearing that 13 C 8421, Velocity
Patent LLC v. Jaguar Land Rover North America LLC, pending before the
Hon. Robert W. Gettleman, has been identified for transfer to the Patent
Case Pilot Program in which this Court is participating, therefore It is
hereby ordered that 13 C 8421, Velocity Patent LLC v. Jaguar Land Rover
North America LLC,, is to be reassigned by lot to one of the district judges
participating in the pilot program. Case reassigned to the Honorable Elaine
E. Bucklo for all further proceedings. Signed by Executive Committee on
11/26/2013. (td, }) (Entered: 11/26/2013)

SUMMONS Returned Executed by Velocity Patent LLC as to Jaguar Land
Rover North America, LLC on 11/22/2013, answer due 12/13/2013.
(Shimota, James) (Entered: 12/02/2013)

ATTORNEYAppearanceforPlaintiff Velocity Patent LLC by Aaron Charles
Taggart (Taggart, Aaron) (Entered: 12/04/2013)

ATTORNEY Appearance for Defendant Jaguar Land Rover North America,
LLC by Kristopher R. Davis (Davis, Kristopher) (Entered: 12/10/2013)

NOTIFICATIONofAffiliates pursuant to Local Rule 3.2 by Jaguar Land
Rover North America, LLC (Davis, Kristopher) (Entered: 12/10/2013)

MOTION by Defendant Jaguar Land Rover North America, LLC for
extension of time to file answer regarding complaint 1 - Defendant's
Unopposed Motion for Extension of Time to Answer or Otherwise Plead
(Davis, Kristopher) (Entered: 12/10/2013)

NOTICE of Motion by Kristopher R. Davis for presentment of motion for
extension of time to file answer, motion for relief 15 before Honorable

Elaine E. Bucklo on 12/17/2013 at 09:30 AM. (Davis, Kristopher)
(Entered: 12/10/2013)

MOTION for Leave to Appear Pro HacVice Filing fee $ 50, receipt number
0752-9012819. (Sims, Cassius) (Entered: 12/11/2013)

MOTION for Leave to Appear Pro HacVice Filing fee $ 50, receipt number
0752-9013079. (Naples, Clement) (Entered: 12/11/2013)

MOTION for Leave to Appear Pro HacViceFiling fee $ 50, receipt number
0752-9014790. (Moore, Matthew) (Entered: 12/11/2013)

“MINUTE entry before the Honorable Elaine E. Bucklo: Defendant's
Unopposed Motion for extension of time until 1/27/2014 to answeror
otherwise plead 15 is granted. Application to appear pro hacvice of
Cassius Sims 17 , Clement J. Naples 18 and Matthew J. Moore 19 as
counsel for defendant are granted. Scheduling Conference set for
1/31/2014 at 9:30 AM. Mailed notice (jdh) (Entered: 12/16/2013)

EXECUTIVE COMMITTEE ORDER: Case reassigned to the Honorable John
W. Darrah forall further proceedings. Related Case No. 13cv8413. Entered

$/22/2014
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01/10/2014

01/27/2014

01/28/2014

02/04/2014

02/04/2014

02/04/2014

02/04/2014

04/03/2014

04/10/2014

04/11/2014

04/17/2014

04/24/2014

05/07/2014

22

23

24

25

26

27

28

29

30

31

32

33

34
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by Executive Committee on 1/7/14.(gcy, ) (Entered: 01/08/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing set
for 4/10/14 at 9:30 a.m. Mailed notice(maf) (Entered: 01/10/2014)

ANSWERto Complaint with Jury Demand by Jaguar Land Rover North
America, LLC(Davis, Kristopher) (Entered: 01/27/2014)

MINUTE entry before the Honorable Elaine E. Bucklo: This case having
been reassigned to Judge Darrah, the scheduling conference set for
1/31/2014 before Judge Bucklo is stricken. Mailed notice (jdh) (Entered:
01/28/2014)

NOTICE by James A Shimota of Change of Address (Shimota, James)
(Entered: 02/04/2014)

NOTICE by Howard E Levin of Change of Address (Levin, Howard)
(Entered: 02/04/2014)

NOTICE by Aaron Charles Taggart of Change of Address (Taggart, Aaron)
(Entered: 02/04/2014)

NOTICE by Adam Robert Brausa of Change of Address (Brausa, Adam)
(Entered: 02/04/2014)

REPORTof Rule 26(f) Planning Meeting (Attachments: # 1 Exhibit 1)
(Shimota, James) (Entered: 04/03/2014)

ORDER: Status hearing held and continued to 4/17/14 at 9:30 a.m. Joint
claim construction chart and status report to be filed by 2/15/15. Claim
Construction hearing is set for 3/11/15 at 1:30 p.m. Signed by the
Honorable John W. Darrah on 4/10/2014.(gcy, ) (Entered: 04/11/2014)

MINUTE entry before the Honorable John W. Darrah: The Court's 4/10/14
order is amendedto reflect the following: Joint claim construction chart
and status report to be filed by 2/25/15. Mailed notice(maf) (Entered:
04/11/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 4/24/14 at 9:30 a.m.Mailed notice(maf) (Entered:
04/17/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 5/7/14 at 9:30 a.m. Mailed notice(maf) (Entered:
04/24/2014)

MINUTE entry before the Honorable John W. Darrah: Status hearing held
and continued to 8/19/14 at 9:30 a.m. Mailed notice(maf) (Entered:
05/07/2014)
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark OfficeAddress: COMMISSIONER FOR PATENTSPO. Box 1450

: Alexendria, Virginia 22313-1450www.uspto.gov 
CONFIRMATION NO. 9999

Bib Data Sheet

FILING OR 371(c)

SERIALNUMBER |. __—DATE GROUPART UNIT ATTORNEY
90/013,252. 05/22/2014 3993 DOCKET NO.

RULE

AIA (First Inventorto File): YES

INVENTORS

5,954,781, Residence Not Provided; .
VELOCITY PATENT LLC. (OWNER), ATHERTON, CA;
VOLKSWAGEN GROUP OF AMERICA,INC. (3RD PTY. REQ.), HERNDON, VA;

_ [APPLICANTS
KENYON & KENYONLLP, NEW YORK, NY

ak CONTINUING DATA EKAAEKRENAARAAREEEREEARAEK

This application is aREX of 08/813,270 03/10/1997 PAT 5954781

ak FOREIGN APPLICATIONS RAKKKAEEAAEREKEE EEE

Foreign Priority claimed CQ) yes Oo no
35 USC 119 (a-d) conditions CJ yes LO no EO) met ater =~|STATEOR| SHEETS
met Allowance COUNTRY|DRAWING

TOTAL |INDEPENDEN
CLAIMS CLAIMS ©

32 8
Examiner's Signature Initials

HAYNES AND BOONE LLP
3100 NATIONSBANK PLAZA
901 MAIN STREET

DALLAS, TX75202-3789

ITLE

Method and Apparatus for Optimizing Vehicle Operation

C) All Fees

CL) 4.16 Fees(Filing )

FILING FEE |FEES: Authority has been given in Paper Q) 4.17 Fees ( Processing Ext. of
RECEIVED No. to charge/credit DEPOSIT ACCOUNT |
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