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1 Introduction

Opticalmeasurementtechniquescombinedwith imageanalysis,enabletheextractionof

detailedinformationfrom crashexperimentsor componenttestsin automotive industry.

With this informationmodernsecuritysystemscanbe developedandthe quality of the

end-productscanbecontrolled.Comparingtheexperimentalresultswith simulateddata

further allows the improvementof the theoreticalmodelsand thereforeleadsto better

accuracy in futuresimulations.

The marker tracking techniqueis a methodto obtain information about the 2D-

coordinatesof marked points in a time sequenceof images. This position information

is thebasefor thecalculationof e.g. track length,distancesto othermarkers,velocities

andaccelerationsof themarkedpoints. For theclassicalmarker trackingtechniquespe-

cial markers(e.g. 5 point markers)mustbeattachedto theobject. Problemsariseif the

marker quality in the imagesequencevaries,e.g. if a part of the marker is coveredby

otherobjects,themarkergetsdistortedor thenormalvectorof themarker turnsoutof the

cameradirection.

Thisnew approachof usingapatternrecognitionmethodcanbeappliedto any pattern,

e.g.holesor edgesin acarbodyor attachedletters.

2 Experimental procedure

2.1 Measuring setup

The marker trackingis an imageanalysismethodandthereforerequiresthe usageof a

camerato recordtheexperiments.To increasethe time resolutionof themeasurements

highspeedcamerasarerequiredin thefield of crashanalysisandfor automotivesecurity



systems. Typical camerashave frame ratesfrom 1000 to more than 4.500 full frame

imagespersecond.

2.2 Pattern Recognition Method

Thepatternrecognitionmethodwasusedin [Lichtenberger] to measurethe in-planede-

formation vectorfield of an airbagcover and is basedon a digital correlationmethod

[VanderLugt].In thedeformationanalysisthe imageshave beendividedinto small sub-

setsin which thedisplacementvectorsof thelocal imagepatternhavebeencalculated.

In contrastto this globalapplicationof thepatternrecognitionmethod,in thecaseof

marker trackingwe areonly interestedin the determinationof the displacementvector

of oneor a few interestingimagepoints.Thesurroundingof suchaninterestingpoint is

definedasreferencepatternandcanhave any size.Theimagedatain this surroundingis

copiedin a referencesubset(usually16x16pixelsor 32x32pixelssize).

Thesurroundingof thesamepixel positionin thenext imageof thesequenceis copied

in the searchsubset.The patternin the referencesubsetis thensearchedin the search

subsetaccordingto thefollowing method:

If thegrey level of thereferencesubsetat pixel positionm� n is givenby f
�
m� n� and

thegrey level of thesearchsubsetby g
�
m� n� thentheFouriertransformof f andg are

F
�
u � v������� f

�
m� n�
	 (1)

G
�
u � v������� g � m� n�
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Thecorrelationfunctionfollows from

Kgf
�
m� n������ 1 � F �

u � v��� G� � u � v��� (3)

with G� beingtheconjugatecomplex of thefunctionG. In patternrecognitionG� is called

a matchedfilter. It is known that for patternswhich have nearlyuniform distribution of

amplitudesin the frequency spacethe relevant information is containedin the phaseϕ
of theFourier transformof thepattern.Thereforefilters which primarily aresensitive to

phaseinformationseemto be of greatbenefitfor solving patternrecognitionproblems.

Oneof thesefilters is thephase-onlyfilter (POF)[Horner]. It is definedby

G�POF
�
u � v��� e iϕ � u � v� � G� � u � v��

G
�
u � v� � � (4)



With this filter thecorrelationfunctionfollows from

KPOF
�
m� n�����  1 � G� � u � v��

G
�
u � v� � � F �

u � v����� (5)

This filter we usedsucessfullyfor theevaluationof specklepatterns[Gutmann]. There-

forewealsoappliedit in this investigation.

To enhancethe imagecontrastlocally specialmarker stickerscanbe gluedat inter-

estingpositionsof the objects. This is alsonecessaryfor homogenousobjectsurfaces

withoutstructures.

2.3 Analysis improvements

Thereexist numerousapproachesfor the improvementof the analysisprocedure. An

extractof theseare:

� Usageof asubpixel algorithmto measurethepositionmoreprecisely.� Automaticadaptionof thesearchpatternfor every image.� Automaticlocking to markerswith a centralwhitepeakduringinitialisation.

3 Results

A bodyblock testdemonstratestheapplicabilityof thepatternrecognitionmethod.This

testis usedto measuretheimpactforceof a bodyandto validatethat thesteeringwheel

keepstheregulationsof theECE-R-12.

Figure1 showstheprincipalsetupof suchabodyblock teststandfrom topview. The

body(mass35kg) hitshorizontallyon thesteeringwheelwith avelocityof v0 � 24km� h.

Usingthemarker trackingin this field of applicationadditionallyallows theaccurate

determinationof theposition,velocityandaccelerationvectors,e.g.of thesteeringwheel

andof thebody.

Figure 2 shows an extract (every 207� image)of a sequencewhich was originally

recordedwith a framerateof 4500� s [TRW]. On thebodyandon thesteeringwheeltwo

5 point markersareattached.In this casethe markersareusedto locally improve the

contrastof theimage.In awell illuminatedenvironmentthesemarkersareredundant.
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Figure1: Top view from a bodyblock testsetup.

Figure3 showsthefirst andthelastimageof thesequencewith visualizedtracks.Due

to nonuniform illumination themarker contrastis verypooron theleft sidein theimage

andthemarker is nearlyinvisible. Becausethesearchpatternis updatedfor every image

small variationsof the pattern(e.g. rotations,reflections,overlappingby otherobjects)

areallowedfrom imageto image.Althoughsmallpatternvariationsfrom imageto image

canleadto big differencesbetweenthe patternin the first andlast imageof a sequence

thepatternwill besucessfullytracked.

Fromthesequenceof imagesthetracklengthandvelocity of thepatternon thebody

aswell asthe distancebetweenthe patternon the body andthe patternon the steering

columncanbe calculated.Figure4 shows the resultingdiagram. The datawasfiltered

with a CFC 1000 filter. The valuesare consistentwith the light barrier measurement

during the free flight of the body. The scatterof the velocity resultsfrom the fact, that

thevelocity is calculatedfrom theslightly noisypositiondatavia differentiation.Using

other dataformat for the raw image(lessnoiseandcompressorartefacts)the position

determinationwill beimproved.

4 Conclusion

In this paperwe presenteda new approachfor a marker tracking techniquebasedon

patternrecognition.

First testswith imagesof a body block experimentshow that this techniquecanbe

usedintuitivly without explicit patterntype definition andthat it yields reliableresults.



Figure2: Extractof original sequenceof imageswith time interval of 46ms.

Thepositiondeterminationis performedwith subpixel accuracy.

Becausethe methodworks on the baseof patternsandnot on predefinedmarkersit

canbeusedflexibly on any small imageregionconsistingof a certainpattern.Theusage

of markersenablesthe trackingof regionswith low contrast.Due to the searchpattern

adaptionin every imagethepatterncanbe tracked automaticallyevenwhenthe pattern

variesduringthesequence.

Futureexperimentswith othermeasurementtechniques,e.g. accelerationsensorsin



Figure3: First andlast imageof the sequencewith visualizedtracking lines. In the 3.
imagethepositionsof thepatternarevisualized.

Figure4: Tracklengthandvelocityof thebodyanddistancebetweenmarkeron thebody
andon thesteeringcolumntheasa functionof time.

sledgeexperiments,will givemoredetaileddatafor quantitativecomparison.

Many thanksto TRW Automotive SafetySystemsGmbH& Co. KG for placingthe

imagesequencesat our disposal.
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