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1 Introduction

Opticalmeasuremertechniquexsombinedwith imageanalysis gnablethe extractionof
detailedinformationfrom crashexperimentsor componentestsin automotve industry
With this information modernsecuritysystemscan be developedandthe quality of the
end-productganbe controlled. Comparingthe experimentakresultswith simulateddata
further allows the improvementof the theoreticalmodelsand thereforeleadsto better
accuray in futuresimulations.

The marker tracking techniqueis a methodto obtain information about the 2D-
coordinatesof marked pointsin a time sequencef images. This positioninformation
is the basefor the calculationof e.g. track length, distancedo othermarkers,velocities
andaccelerationsf the marked points. For the classicalmarker trackingtechniquespe-
cial markers(e.g. 5 point markers) mustbe attachedo the object. Problemsariseif the
marker quality in the imagesequencevaries,e.g. if a partof the marker is coveredby
otherobjects the marker getsdistortedor the normalvectorof the markerturnsout of the
cameradirection.

Thisnew approachof usingapatternrecognitionrmethodcanbeappliedto ary pattern,
e.g.holesor edgesn acarbodyor attachedetters.

2 Experimental procedure

2.1 Measuring setup

The marker trackingis animageanalysismethodandthereforerequiresthe usageof a
camerato recordthe experiments.To increasethe time resolutionof the measurements
high speedcamerasrerequiredin thefield of crashanalysisandfor automotve security



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

2.2 Pattern Recognition Method

The patternrecognitionmethodwasusedin [Lichtenbeger] to measurehe in-planede-
formation vectorfield of an airbagcover andis basedon a digital correlationmethod
[VanderLugt].In the deformationanalysisthe imageshave beendividedinto small sub-
setsin which the displacementectorsof thelocal imagepatternhave beencalculated.

In contrasto this globalapplicationof the patternrecognitionmethod,in the caseof
marker trackingwe are only interestedn the determinatiorof the displacementector
of oneor afew interestingimagepoints. The surroundingof suchaninterestingpointis
definedasreferencepatternandcanhave ary size. Theimagedatain this surroundings
copiedin areferencesubse(usually16x16pixelsor 32x32pixelssize).

Thesurroundingf thesamepixel positionin thenext imageof thesequences copied
in the searchsubset. The patternin the referencesubsetis thensearchedn the search
subsetaccordingo thefollowing method:

If the grey level of the referencesubsetat pixel positionm, n is givenby f(m,n) and
the grey level of thesearchsubseby g(m, n) thenthe Fouriertransformof f andg are

Fuv) =7 {f(mn)} (1)

G(U,V) = f{g(ma n)} (2)

Thecorrelationfunctionfollows from
Kgf (m7 n) = g:_l[F (U,V) ) G*(U,V)] (3)

with G* beingtheconjugatecomplex of thefunctionG. In patternrecognitionG* is called
amatchedfilter. It is known thatfor patternswhich have nearly uniform distribution of

amplitudesin the frequeng spacethe relevantinformationis containedin the phased

of the Fouriertransformof the pattern. Thereforefilters which primarily aresensitve to

phaseinformationseemto be of greatbenefitfor solving patternrecognitionproblems.
Oneof thesdfilters is the phase-onlyilter (POF)[Hornel. It is definedby

Ghor(uv) =& (e —

(4)



With thisfilter the correlationfunctionfollows from

G*(u,v
Kpor(mn) = F 1{ ) -F(u,v)}- )
This filter we usedsucessfullyfor the evaluationof specklepatterngGutmanr]. There-
fore we alsoappliedit in thisinvestigation.

To enhancdhe imagecontrastlocally specialmarker stickerscanbe gluedat inter-
estingpositionsof the objects. This is also necessarfyor homogenou®bject surfaces
without structures.

2.3 Analysisimprovements

Thereexist numerousapproachegor the improvementof the analysisprocedure. An
extractof theseare:

e Usageof asubpixel algorithmto measurehe positionmoreprecisely
e Automaticadaptionof the searclpatternfor everyimage.

e Automaticlocking to markerswith a centralwhite peakduringinitialisation.

3 Resaults

A bodyblock testdemonstratethe applicability of the patternrecognitionmethod.This
testis usedto measuraghe impactforce of a body andto validatethatthe steeringwheel
keepsheregulationsof the ECE-R-12.

Figurel shavsthe principalsetupof suchabodyblock teststandfrom top view. The
body (mass35kg) hits horizontallyon the steeringwheelwith avelocity of vp = 24km/h.

Usingthe marker trackingin this field of applicationadditionallyallows the accurate
determinatiorof theposition,velocity andacceleratiorvectors.e.g. of thesteeringwheel
andof thebody.

Figure 2 shavs an extract (every 207. image)of a sequencevhich was originally
recordedwvith a framerateof 4500/s [TRW]. Onthebodyandonthe steeringwvheeltwo
5 point markers are attached. In this casethe markers are usedto locally improve the
contrastof theimage.In awell illuminatedernvironmentthesemarkersareredundant.
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Figurel: Top view from abodyblock testsetup.

Figure3 showvsthefirst andthelastimageof thesequenceavith visualizediracks.Due
to nonuniformillumination the marker contrastis very poorontheleft sidein theimage
andthe markeris nearlyinvisible. Becausdhe searchpatternis updatedor everyimage
small variationsof the pattern(e.g. rotations,reflections,overlappingby otherobjects)
areallowedfrom imageto image.Althoughsmallpatternvariationsfrom imageto image
canleadto big differencedetweenthe patternin the first andlastimageof a sequence
the patternwill besucessfullytracked.

Fromthe sequencef imagesthetracklengthandvelocity of the patternonthe body
aswell asthe distancebetweenthe patternon the body andthe patternon the steering
columncanbe calculated.Figure4 shows the resultingdiagram. The datawasfiltered
with a CFC 1000filter. The valuesare consistentwith the light barrier measurement
during the free flight of the body. The scatterof the velocity resultsfrom the fact, that
the velocity is calculatedrom the slightly noisy positiondatavia differentiation. Using
other dataformat for the raw image (lessnoiseand compressoarteficts)the position
determinatiorwill beimproved.

4 Conclusion

In this paperwe presentedh new approachfor a marker tracking techniqguebasedon
patternrecognition.

First testswith imagesof a body block experimentshav that this techniquecanbe
usedintuitivly without explicit patterntype definition andthatit yields reliableresults.
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Figure2: Extractof original sequencef imageswith time interval of 46ms

Thepositiondeterminations performedwith subpixel accurag.

Becausdhe methodworks on the baseof patternsandnot on predefinedmarkersit
canbeusedflexibly onary smallimageregion consistingof a certainpattern.Theusage
of markersenableghe trackingof regionswith low contrast. Due to the searchpattern
adaptionin every imagethe patterncanbe tracked automaticallyeven whenthe pattern
variesduringthe sequence.

Futureexperimentswith othermeasuremertechniquese.g. acceleratiorsensorsn
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Figure 3: First andlastimageof the sequencavith visualizedtrackinglines. In the 3.
imagethe positionsof the patternarevisualized.
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Figure4: Tracklengthandvelocity of thebodyanddistancebetweemmarker onthe body
andonthe steeringcolumnthe asa functionof time.

sledgeexperimentswill give moredetaileddatafor quantitatve comparison.
Many thanksto TRW Automotive SafetySystems€GmbH & Co. KG for placingthe
imagesequenceat our disposal.
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