
Making cars smarter: The growing role of electronics  
in automobiles
by Thomas H. Klier, senior economist, and James M. Rubenstein, professor, Miami University

Electronics make up nearly 40% of the content of today’s average new automobile, 
and their share will continue to grow. On June 2, 2011, as part of the eighteenth  
annual Automotive Outlook Symposium (AOS), the Chicago Fed hosted a panel of  
experts at its Detroit Branch to examine the current and future roles of electronics  
in motor vehicles.

ChicagoFedLetter

ESSAYS ON ISSUES                                              THE FEDERAL RESERVE BANK                         OCTOBER 2011
                                                                                OF CHICAGO                                                          NUMBER 291a

Panel presentations are 
available at www.chicagofed. 
org/webpages/events/2011/
automotive_outlook_ 
symposium/index.cfm.

Todayanaveragenewautomobilein-
cludesmorethan40electroniccontrol-
lers,fivemilesofwiring,andmorethan
10millionlinesofsoftwarecode.Are
carsbecomingmorelikecomputerson
wheels?Whatfactorsarebehindthein-
creasinguseofelectronicsinautomo-
biles?Andwhatshouldweexpectinthe
future?Forexample,willmotorvehicles
drivethemselvesoneday?Apanelof
autoindustryexpertsatthisyear’sAOS1
exploredtheseandrelatedquestions.
ThisChicago Fed Letter summarizesthepre-
sentationsanddiscussionofthepanelists,
whowereThomasKurfess,professor
andBMWChairofManufacturingat
ClemsonUniversity;JamesBuczkowski,
HenryFordTechnicalFellowanddirec-
torofelectricalandelectronicssystems
researchandadvancedengineeringat
FordMotorCompany;MichaelSmitka,
professorofeconomicsatWashington
andLeeUniversity;andThomasKlier,
senioreconomistattheFederalReserve
BankofChicago.

Functions supported by electronics

Thepanelistsexplainedthatvehicleper-
formanceandconnectivityarethetwo
primaryfunctionssupportedbythe
increasinguseofelectronicsinautomo-
biles.Thepanelmemberssaidtheycon-
sideredthegrowingroleofelectronics
inimprovingvehicleperformancetobe

consistentwithotherlong-termtrends
inmotorvehicleproduction,whereas
theynotedtherisinguseofelectronics
inenablingconnectivityinvehicleswould
likelycausesubstantialshiftsinlong-
standingindustrypractices.

Vehicle performance
Mostoftheelectroniccontentofmotor
vehiclessupportstheirperformance.
Motorvehiclesaremadeupoffourprin-
cipalsystems:powertrain(theengine
andtransmission);chassis(theframe,
includingaxles,wheels,andsteering);
exterior(thebody);andinterior.Forsev-
eraldecades,automakershaveassembled
thesefoursystemswithlargeintegrated
modulesorsubsystems,whicharesup-
pliedbyindependentpartsmanufactur-
ers.Ineachofthesefoursystems,onecan
observethattheroleofelectronicshas
beengrowing.Forexample,electronic
partshavereplacedmechanicallevers
foradjustingseatpositionsintheinterior.
Morerecently,electronicshavebegun
toreplacehydraulicsinsteeringcom-
ponentsofthechassis.

Electronicshavebeenespeciallyimpor-
tantinimprovingtwoaspectsofvehicle
performance:1)refiningthepowertrain
toreduceemissionsandimprovefuel
consumptionand2)refiningthechassis,
exterior,andinteriortoimprovevehicle
safetyandcomfort(seefigure1).Most



thebasisoftheirdistinctiveapproaches
toconnectivity.FordSyncisdesigned
todifferentiateFord’svehiclesfrom
thecompetition,saidBuczkowski,espe-
ciallyamongyoungerbuyerswhoex-
pecttocontinuemobilephonecallsas
theyentertheirvehiclesandsearchfor
nearbyrestaurantsonlinewhiledriving.

Theincreasinguseofelectronicstomeet
therisingdemandforin-carconnectiv-
itypresentsmanydifficultchallenges
forautomakersbeyondthoseofthe
initialdesignandintegrationofnewdash-
boards.Consumerelectronicsevolveat
apacethatismuchfasterthanwhatis
typicalforautomobiles:Consumerelec-
tronicscompaniesintroducenewversions
oftheirproductseveryyearortwo,
whereasautomanufacturersmakemajor
changesintheirvehiclesonlyonceevery
fourtosixyears.Furthermore,despite
thefactthatmostoftheconnectivity
hardwareandsoftwareapplicationsre-
sideinthevehicle’sdashboard,they
tendtooriginatefromagroupofsup-
pliersoutsidethetraditionalrealmof
automotivepartsmanufacturers.Con-
sequently,automakersneednotonly
tofundamentallyrestructuretheirin-
ternalelectronicscapabilities,butalso
tointeractwithelectronichardwareand
softwarecompaniesthatchangetheir
productsatamuchfasterratethan
autocompaniesareusedto.

Giventhedisparityinproductcycles
formotorvehiclesversusconsumer
electronics,automakerswilllikelyneed
tomakesomedifficultadjustmentsin

ofthisgrowthintheuseofelectronics
hasbeenhiddenfromthedriver’sview.

Thegrowingroleofelectronicsinmak-
ingmotorvehicleperformancebetterhas
hadlittleeffectonthetraditionalrela-
tionshipsbetweenvehicleassemblersand
partssuppliers.2Thatis,thedevelopment
ofperformance-relatedelectronicparts
andsubsystemscontinuestofollowthe
traditionalindustrymodel,withtheauto-
makeratopthesupplypyramid,longlead
timespriortoproductlaunch,andvehi-
clespecificationsthatlastaboutfour
years.Aselectronicshavebecomemore
prevalent,traditionalsuppliersofmotor
vehicleparts(e.g.,producersofseats)
haveadaptedtoprovideelectroniccapa-
bilityintheirproducts.

Connectivity
Incontrasttoelectronics’increasing
roleinenhancingvehicleperformance,
thegreateruseofelectronicstoprovide
morein-carconnectivityismorelikely
toleadtofundamentalchangesinthe
autoindustry.Longgonearethedays
whentheradiointhedashboardwasthe
onlyconnectiontotheoutsideworld
whiledriving.Portableelectronicdevices
thatprovideconnectivity,likesmart-
phonesandtabletcomputers,havebe-
comenearlyubiquitous.Soconsumers
havecometoexpecttheabilitytostay
connectedviawirelessphoneorInter-
netwhiledrivingsafelyandlawfully.Such
expectationsforin-carconnectivityhave
beguntoshapethewayautomobilesare
beingused,designed,andmarketed.

Untilrecently,entertainmentwasthe
principalpurposeofin-carelectronics.
Kurfessreviewedthehistoryofin-car
entertainment.GalvinManufacturing
Corp.,whichbecametoday’sMotorola,
introducedafittedcarradiointhe1930s.
BlaupunktfirstofferedFMreceiversfor
carsin1952.The8-tracktapeplayer
wasintroducedasanoptionforin-car
entertainmentin1965,followedbythe
cassetteplayerinthe1970s,thecom-
pactdiskplayerinthe1990s,theDVD
playerin2002,andtheMP3player
andsatelliteradioin2003.

Entertainmentcontinuestobeoneof
themainreasonswhypeoplewanttech-
nologyintheirvehicles,accordingtoa
surveybytheConsumerElectronics

Association(CEA),
whichBuczkowski
summarized.For
example,theability
toconnectadigital
mediaplayertothe
carstereowascited
bymanyconsumers
asoneoftheirtop
wishesforin-caren-
tertainment.How-
ever,thetoptwoin-
carelectronicsitems
thatconsumerssaid
theymostwanted
werenotentertain-
mentrelated:Top-
pingtheirwishlists
werevoice-activatedwirelesscommuni-
cationsandadashboarddisplayofreal-
timelocalinformation.

Inreactiontoconsumersurveyslikethe
oneconductedbytheCEA,automakers
havehadtoredesignthedashboard.The
radioisstillthere,butcommunications
andinformationfunctions,including
navigation,havetakenupmoreofthe
dashboard’sspace.Designingandinte-
gratingtheseconnectivityfunctionshave
beenespeciallychallengingforauto-
makers.Insteadofgoingitalone,auto-
makershaveforgedpartnershipswith
establishedplayersinconsumerelec-
tronics.Forexample,Fordhasworked
withMicrosofttocreateaconnectivity
systemcalledFordSync.3Accordingto
Buczkowski,70%ofFordvehiclessold
in2011wereequippedwithSync.

FourprinciplesunderlieFord’scon-
nectivitystrategy,Buczkowskiexplained.
First,Fordhasdecidedtoleverageex-
istingtechnologystandardsandformats
ratherthaninventuniqueelectronics
systemsforitsvehicles.Second,the
companywill“ridealong”withtech-
nologychanges,suchastheswitchfrom
3Gto4Gmobilephonetechnology.
Third,Fordwillprovideconsumers
withawiderangeofoptionssothat
theycanexpresstheirpreferences—
suchastheabilitytoreconfigureand
personalizedisplays.Fourth,Ford’sin-
carconnectivitymustoperateseam-
lesslywiththeconsumer’shome,office,
andportableelectronics.Automakers
increasinglymarkettheirvehicleson

1. Performance-related automotive applications of electronics

Category Examples

Passive safety restraints Multiple airbags
 Tensioning seat belts  
  Sensors (e.g., measuring tire pressure)

Active safety systems Electronic stability control
 Adaptive cruise control
 Blind spot detection
 Lane departure detection

Drivetrain controls Multiple sensors linking engine  
   and transmission
 Electrically activated turbocharging

Fuel efficiency Electronic steering
 Rapid start/stop systems

Source: Michael Smitka, 2011, “Vehicular electronics: Supplier issues,” presentation at 
Automotive Outlook Symposium, Detroit, MI, June 2, available at www.chicagofed.org/
digital_assets/others/events/2011/automotive_outlook_symposium/smitka_0602211.pdf.
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amongthemshouldbetobuildgreater
flexibilityintotheirvehicles’consumer
electronicsinterfacessothatconsumers
canswapinsuccessivegenerationsof
electronicdevices.Achievingflexibility
intheconsumerelectronicsinterfaces
willaddressnotonlythedisparityin
productcycles,butalsothefactthat
consumerstypicallykeeptheircarsfor

turnsouttobethemostimportantfactor
behindtheincreaseduseofelectronics
inautomobiles.Thistrendstartedwith
theCleanAirAct,whichwasfirstpassed
in1963andthensignificantlyamended
in1970.Motivatedbytherecurrentsmog
experiencedintheLosAngelesbasin,
legislators,throughtheact,prescribed
thatcarsbeequippedwithcatalytic
converterstocontroltheiremission

electronicsinvehiclesisbeingdriven
byconsumerdemand,ratherthangov-
ernmentregulation.Infact,regulation
maybecomplicatingtheabilityofauto-
makersandtheirsupplierstoincrease
in-carconnectivitywithelectronics.For
example,therapidexpansionofin-car
connectivityhasraisedanumberofsafety
concerns.Thus,theNationalHighway
TrafficandSafetyAdministrationcon-
sidersdriverdistractionfromin-carelec-
tronicstobeakeypolicyissue.5While
consumerdemandforin-carconnec-
tivityislikelytogrow,theautoindustry
mayhavetoclearnewregulatoryhurdles
tomeetthisdemand.

What is ahead?

Ingeneral,thepanelistsagreedthat
theshareofelectroniccontentinvehi-
cleswouldcontinuetogrowforsome
time.Forexample,Kurfesssaidthat
thenumberofprocessorsincarswould
doubleoverthenextfiveyears.What
willtheadditionalelectroniccapability
likelybeusedfor?Currenttestingand
producttrialssuggestratherfuturistic
applications—suchasvehicle-to-vehicle
communicationthatreducesthechance
ofcollisions;advancednavigationsystems
thatadjustacar’senginetofeaturesof

Vehicle performance and connectivity are the two primary 
functions supported by the increasing use of electronics in 
automobiles.

muchlongerthantheirpersonalelec-
tronics.Becauseofsuchfactors,auto-
makersarenowhardpressedtoavoid
obsolescenceandtoanticipatefuture
trendsinpersonalelectronics.

Atthistime,itisunclearwhosebrands
willcometotheforeintomorrow’sauto-
motivevaluechain.Competingwiththe
autoassemblers(likeFordandToyota)
arethetraditionalsuppliers(likeVisteon
andRenesas),aswellasnonautomotive
electronichardwarecompanies(like
PioneerandApple)andsoftwarecom-
panies(likeMicrosoftandQNX).Inthe
past,thebrandingpoweroftheauto-
makerstriumphedoverthatoftheparts
makers.Forexample,Chevrolet,Chrysler,
andFordremainpopularbrandstothis
day,whereasDelcoradios,Boschanti-
lockbrakes,andHydramatictransmis-
sionshavelongsincedisappearedfrom
mostconsumers’minds.Inthepast,parts
makers’productschangedfromnovel,
brandedtechnologytogenericparts.
Itistooearlytotellifin-carconsumer
electronicswillsharethesamefate.For
example,ifconsumerelectronicsbrands
remainprominentinsideanautomobile,
ultimatecontrolofautomotivebranding
andmarketingmaychangefromauto-
makerstoconsumerelectronicsfirms.
Inthefuture,wemayevenseeadvertise-
mentsforan“iCar.”

What drives the growth of vehicle 
electronics?

Smitkarecappedtheoriginsofperfor-
mance-relatedelectronicsinmotorve-
hicles,whichgobackto1970.Regulation

ofpollutants.Yetthethree-stagecatalytic
converternecessarytocontrolemissions
tomandatedlevelsrequiredtheoxygen
leveltobewithinarathernarrowrange
inorderforthevehicle’sexhaustcon-
troltofunctionwell.Suchprecisecali-
brationoftheoxygenlevelcouldonly
beachievedthroughtheuseofelec-
tronicsensors.

Afewyearslater,in1973,vehiclesafety
regulationrequiredpassiverestraint
systems.Bythemid-1980s,airbagshad
becomethesafetytechnologyofchoice
tosupplementseatbelts.4Today’sair-
bagsincludeanumberofsensorsnot
onlytoassurefastandaccuratedeploy-
ment,butalsotopreventunnecessary
deployment.

Fuelefficiencyregulationwasputinto
effectfollowingthepassageofthefirst
lawoncorporateaveragefueleconomy
(CAFE)ofnewvehiclesin1975.What
transpiredafterimplementingthisreg-
ulationrepresentsanotherexampleof
howthestandardsrequiredbylawcould
ultimatelyonlybemetbyusingelectron-
ics.Automakersemployedtechnology
suchasfuelinjectorsandelectronic
enginecontrolunitstoachieveCAFE
standards.Theuseofthesetypesof
technologywaspossiblebecauseofthe
progressmadeinelectronics—e.g.,the
developmentofearlyintegratedcircuits,
aswellassolid-statesensors(sensors
withoutanymovingparts).

Incontrasttotheincreasinguseofper-
formance-relatedelectronics,thecur-
rentexpansionofconnectivity-related



theterrainaccordingtoinformationon
theroutetraveled;andsystemsthatfind
andreserveparking,aswellasplace
vehiclesintotightparkingspaces.Ulti-
mately,carsmaydrivethemselves(one
possibleapplicationofthiscapability
wouldbe“platooning,”whereself-
drivingvehiclestravelintightlyspaced
groupsonhighways).6Theimportance
ofsuchapplicationswillriseastrafficcon-
gestionandurbanizationincreaseinboth
developedanddevelopingeconomies.

Whilesuchapplicationsofferalarge
potentialforautomakerstodifferentiate
theirproductsfromthecompetition,
therisinguseofelectronicsinvehicles
alsopresentsasetoforganizationaland
managementchallengesforthem.For
example,whatbestrepresentsthecore
competencyofvehicleproducerswhen
someoftheirautomobiles’keyfeatures
aredefinedbyelectronics?Willitcon-
tinuetobemainlymechanicalengi-
neering?Orshouldautomakersstrive
todefinethemselvesastechnology

companiestocomplementtheiridenti-
tiesasengineeringanddesignfirms?
Andbyacceptingthestrategicimpor-
tanceofelectronicstoautomobiles,how
canautomakersmosteffectivelyinte-
grateelectroniccapabilitiesintotheir
organizations?Thesearejustsomeof
thetoughquestionsautomakerswill
havetoanswerinthecomingyears.

Inaddition,thegrowingpresenceof
electronicsinvehicleswilllikelylead
tochangesintheautomotivesupply
chain—inparticular,theautoassemblers’
well-establishedrelationshipswiththeir
independentpartssuppliers.Automakers
havealreadystartedtointeractdirectly
withcomputerhardwareandsoftware
providers,circumventingtheirtraditional
partssuppliernetworks.Thegrowing
roleofelectronicsinautomobileswill
ultimatelyrequirelotsofcomplexinno-
vation,whichinturnwillleadtothe
developmentofnewskillsetsforboth
automakersandindependentpartssup-
pliers,aswellasmorepartnershipswith
consumerelectronicsmanufacturers.

1TherestoftheAOSissummarizedin
WilliamA.StraussandNormanWang,
2011,“Economytokeepcruisingalong
in2011and2012,”Chicago Fed Letter,
FederalReserveBankofChicago,No.289a,
August.

2Since1980,theshareofavehicle’scon-
tentthatisprovidedbyindependentparts
suppliershasgrownsubstantially,butnot
becauseoftheincreaseduseofelectronics.
SeeThomasKlierandJamesRubenstein,
2008,Who Really Made Your Car? Restructuring 
and Geographic Change in the Auto Industry,
Kalamazoo,MI:W.E.UpjohnInstitutefor
EmploymentResearch.

3Thesystem’sfullnameisSYNCpoweredby
Microsoft.SyncispartofFord’selectronic
interfacecalledMyFordTouch.

4 IntheUnitedStates,airbagsdidnotbecome
mandatoryuntilthelate1990s.

5Seewww.distraction.gov.
6SeealsoJohnMarkoff,2011,“Google

lobbiesNevadatoallowself-drivingcars,”
New York Times,May10,availableat
www.nytimes.com/2011/05/11/science/
11drive.html.


