Perceptiorof HeadingandDriving Distance~=romOptic Flow
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Amongthesensorsignalsavailableto controldriving (or walking),theinducedvisual
motion pattern,the optic flow, is a powverful sourceof information. The role of optic
flow in visual navigation hasbeenincreasinglyresearchedver the lasttenyears. The
basicquestionsare: which informationcan be obtainedfrom the optic flow, and how
doesthehumanvisualsystendoit? | will concentrat®ntwo tasksfor which optic flow
analysiscanbe usedduringdriving. Thefirstis the perceptiorof heading(thedirection
of self-motion)from optic flow. Thesecondconcernghe perceptiorof driving distance
from optic flow.

Many perceptuakxperimentshave shavn that headingcan be perceved from optic
flow. They haveidentifiedimportantrequirementfor accuratenalysisaswell assources
of error A particularconcernare eye movementswhich areinducedby optic flow and
which, by distorting the structureof the flow field projectedin the eye, compromise
headingdetection.The natureof theseeye movementsandtheir influenceon optic flow
analysign thevisualsystemwill bediscussedThe perceptiorof driving distancerom
optic flow is lesswell studied. Recentexperimentshowever, shaved thathumanscan
reliably discriminatedriving distanceon the basisof optic flow providedthey canmalke
valid assumptionsiboutthe structureof the visualenvironment. This new finding may
pointto a previously overlookedrole for optic flow in driving.



Driving comprisesnary subtasksThedriver hasto monitorthestatusof theroadand
the car, hasto estimateandanticipatethe car’s headingwith respecto theroad, steey
analyseroad signs, obsere the behaior of otherdrivers or pedestriansand register
his own speedandtravel distance. In all of thesetasksthe generationof appropriate
behaior requiregheanalysisof sensorynformation. Aimostalwaysvisualinformation
is involved, oftenaccompaniethy othersensorysourcesuchassomestheticvestitular,
or auditory signals. Hence,an importantstepfor understandinglriving behaior —
andfor building realisticdriving simulators— liesin studyingthe perceptuaprocesses
thatsupportthe analysisof driving—relaed sensoryinformation. In thefollowing, | will
review recentresearclon the sensoryperceptiorof headinganddriving distance.l will
concentrateon visual information provided by the optic flow but alsoincluderelated
source®f informationthatarenotof visualorigin.

Optic flow is the patternof visual motion that one experiencesduring ones own
movement.Whendriving alongastraightroadandlooking straightaheadtheoptic flow
hasthe well-knavn characteristi structureof an optical expansion.All visual motion
is directedradially avay from the focusof expansionwhich lies in the directionof the
headingof thecar In thissituation,onemayaskwhetherthedriver canusethelocation
of the focus of expansionto estimatehis or her heading. Several studieshave shavn
thathumansanaccuratelyocatethefocusof expansionn theoptic flow andsuggested
thatthis capabilitymay contritute to driving behaior [1, 2, 3]. In orderto restrictthe
informationavailableto thesubjecto pureopticflow, thesestudieshave notusedrealistic
driving simulationsbut ratherimpoverishedcontrolleddisplaysthat consistedonly of
randomdotsmoving in anexpandingpattern.Obsenrerscanequallywell locateestimate
their headingin morerealisticdisplays[4]. But the obserationthatgoodperformance
canbe obtainedwith impoverisheddisplaysmakesclearthatsimply the visualmotions
in the optic flow containsuficientinformation.

Thestructureof theopticflow patternchangesvhencomponentsf rotationareadded
to the movement.Oneparticularsituationis driving in acurve. In this casethereis no
focusof expansionn theoptic flow. Rathertheflow resemblesf a collectionof curved
lines. Yet,humanobsenrersarequitecapableo estimatehedegreeof cunature[5] and
their curvilinearheading6, 7] from the optic flow.

A secondway by which rotationalcomponentsnay enterthe optic flow is through
the occurrenceof tracking eye movements. Although eye movementsclearly do not
influencethecourseof thecar, they doinfluencetheprojectionof therelatve movement



betweenthe world andthe driver (the optic flow) in the driver’'s eye. The visualinput
that the driver experiencess thereforethe retinal projectionof the optic flow, or the
retinal flow. The structureof theretinalflow is differentfrom the structureof the optic
flow becausef the additionaltransformatiordueto eye movements.In particulay the
retinal flow often doesnot containa focusof expansioneven for linear movement,or,

if it does,the focus of expansionis not synorymouswith heading[8, 9, 10]. Thus
it is not clearwhetherthe describedability of humanobserersto locatethe focus of

expansionn anexpandingopticflow hasary relevanceto thenormaldriving situationat
all. Twoimportantquestionsarisefrom theseconsiderationskirst, whateye movements
occurduringdriving? Secondif trackingeye movementsoccur canobserersestimate
headingrom theretinalflow?

Likemostbehaiorsdriving isaccompanietly eye movementsandgazeshifts. During
openroaddriving gazeis mostoftendirectedstraightaheadalower percenwof thetime
tothefarscenerynthesideorto othervehiclesor, veryinfrequently to thenearpartsof
theroad[11]. Butthepercentagef timespentiookingin thesadirectionsdependsnthe
sceneandon thetaskor objectve of thedriver. More gazeshiftsto eccentrigpositions
aremadewhenthedriver is asledfor instanceo attendto all theroadsigns,memorize
thetravel areaetc.[11, 12,13]. Frequentndlarge gazeshiftsoccur for instancewhen
crossinganintersectiorjl4]. A furthercharacteristiandconsistentelationshigetween
gazedirectionanddriving behaior hasbeendescribedor thenegotiationof curves[15].
During approachingnddriving a curwe, gazeis directedtowardsa specificpoint at the
inneredgeof theroad,the’tangenpoint’. Thisisthepointwherethetangento theedge
of theroadreversedlirection,theinnermosipoint of theroadedgeseerfrom thedriver.
Duringdriving in a curwe, gazeis directedtowardsthetangentpoint on average80% of
thetime.

Gazeshifts are usedto gatheressentialisual information throughscanningof the
scene. But in addition, eye movementsduring self—motionsene a further important
function, namelyto maintainstablevision in the presencef large—fieldvisual motion
(optic flow). Becauseof the retinalimagemotioninducedby optic flow the eye needs
to be moved alongto stabilizethe imageof the scene. Several typesof compensatory
eye movementreflexesattemptto counteracthe self-motioninducedvisualmotionand
keepthe retinal image stable[16]. They act on vestitular, proprioceptre, or visual
input. Whenhumanobsenrerslook atanoptic flow stimulustheir eye movementsshav
aregularalternationof gazeshiftsandslow trackingmovementsatafrequeng of about



2Hz [17, 18]. Eye movementdn the slow trackingphasedollow the averagedmotion
nearthe direction of gaze. Hencetheseslow phasesstabilizethe retinal imagein a
smallareaaroundthe directionof gaze. However, while suchtrackingeye movements
arebeneficialfor stablevision in the centralfield they createproblemsfor the analysis
of optic flow in the peripheralfield. Trackingeye movementsinduce motion of the
retinalimagesuchthatthe optic flow in the centralvisualfield is cancelled.However,
the sameimage motion is also addedto the peripheralparts of the visual field such
that the total retinal motion patternbecomesa combinationof radial optic flow with
retinal motion inducedby the eye movement. The resultingretinal motion patternis
quite differentfrom the simple expansionthat onenormally associatesvith optic flow.
In particulay eye movementsusuallydestrgy or transposehefocusof expansionon the
retina(e.g.[8, 10]). The questionthenbecomesvhethersuchdistortedflow patterns
still signalinformationrelevantfor driving, andin particularwhetherit is still possible
to perceve headingrrom suchretinalflow.

Humanobserershavebeerasked to estmatheadingwhile theywatched anoptic flow
stimulusandperformedrackingeye movements.Headingaccurag wasalmostasgood
aswhensubjectdocatedthefocusof expansiorduringfixation[8, 19]. However, in this
conditiontwo sourcef informationareavailableto thesubject. Thefirstis themotion
patterrof theretinalflow. Theseconds non—visuainformationaboutheeye movement,
which maybe provided by eye muscleproprioceptioror by anefferencecopy signalof
the brain commanddriving the eye movement. Therefore,it is not clearwhetherthe
ability to estimateheadingn this situationis basedntheopticflow or anacombination
of opticflow with non—visuakye movemensignals.To tearthesewo possibilitiesapart,
investigatordave usedthe paradigmof simulatedeye movementsIn this paradigmthe
visual displaydoesnot only simulatethe forward movementof the obserer but alsoa
trackingeye movement. To the fixating eye, the displaywould presenthe sameretinal
flow asa real eye movement,but the eye proporioceptionand efferencecopy signals
areeliminatedbecausehe eye is physicallymotionless. Datafrom theseexperiments
aremixed. Someresearcherfound thatthe lack of non—visualeye movementsignals
preventedcorrectestimateof heading(e.g.[19]). Othersfound accuratgudgements,
supportingtheview thatretinalflow alonecontainssufficientinformation(e.g.[8, 20Q)).
A detailedoverview of thediscussiorcanbefoundin [10].

To take the rotation problema stepfurther we have recentlybegun to investigate
the perceptiorof entiremovementtrajectoriesn the presencef rotationalcomponents



[21]. Obsererswereasledto estimatehetrajectoryof a simulatedmovementfrom an
optic flow display Thetrajectorywaseitherstraightor semicircular In sometrials, a
rotationaboutthe vertical axiswasaddedasif subjectsurnedduringtheir movement.
In this situation,the changein heading,or, equvalenty, the trajectorycunature, must
be dissociatedrom a true changen orientation,i.e., a rotationaboutthe vertical axis.
It turnedout thatsubjectdn someconditionwereunableto performthis task. Accurate
performanceaequiredthat the simulatedorientationeither stayedconstantlytangential
to thetrajectory or remainedconstantn space Whenneitherof theserequirementsvas
fulfilled, subjectsstrongly overestimatedhe curvatureof the trajectory This suggests
that assumptionsaboutnormal conditionsin locomotionand driving ("orientationis
mostly tangentialto the path") can strongly influenceour interpretationof the visual
input.

Next to heading,the optic flow may provide otherinformationrelevant for driving.
Speed,travel distance,and time—to—contactvith obstaclesn the scenewould all be
of interestto the driver. Strictly speaking,optic flow alonecarriesonly information
aboutthe last, time—to—contacf22, 23]. Becauserisualvelocitiesin the optic flow are
determinedrom the productof forward speedandthe distanceof therespectie visible
objectfrom the obserer, neitherspeednor distancecan directly be inferred without
knowing theother However, if onecanmale valid assumptionaboutthespeedr about
the structureof theervironmentit maybecomegpossible.

We have recentlystartedo evaluatethe conditionsunderwhich humanobsererscan
male reliable estimatesf travel distancefrom optic velocities[24, 25]. Testpersons
werepresentedvith two successke optic flow displaysthat simulatedforward motion
with variablespeedsndduration. Their taskwasto comparehetravel distance®f the
two movementsandtell whetherthe secondnovementwentfurtheror lessfar thanthe
first. Fromasequencef trialswe calculatedhe pointof subjectve equality(PSE)of the
two distancegi.e.,whenbothappeato beof thesamdength). In aserieof experiments
we determinedhe dependencef the PSE ,andhencethe distancesstimatiorability, on
the speedanddurationof the two movementsandon the structureof the environment.
Wefoundthatobsererscouldconsistenthydiscriminatebetweermovementof different
distancegvenif thespeedn thetwo movementsvasdifferent. Somesubjectsexhibited
individual over- or underestimatiorof driving distancewhen speedchanged but the
averagedatawas quite accurate. Variation of the structuralcuesin the ervironment
revealedthatthe maincontrikution to this ability wasanintegrationof opticalvelocities



experiencedverthedurationof thesequenceTheseresultssuggesthatoptic flow may
play arole alsoin the perceptiorof driving distance.
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