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Chapter 1

Intr oduction

In several countriessign languageis now acceptedas the first languagefor deafpeople. Sign
languagedoesnot have a generalwritten form anddocumentsarethereforeproducedusinglive
videoandvideo-tapes.Deafstudentswill for instancemake their exams,tests,homework etc. on
videocassettes.Theflexibility of this mediumis however very limited. Without advancedvideo
editingequipmentevensmallchangescanonly beobtainedby reshootingthesequence.

For writtenlanguage,wordprocessorshavemadethewriting processveryflexible comparedto old
technologybasedon typewriters. Texts caneasilybemanipulatedwith functionalityfor copying,
cutting,pastingandmoving text. For sign language,however, the toolsarestill at the typewriter
stage. Hence,new tools for handlingsign languageare needed. Møller Kompetansesenterin
Trondheimis acentrewhichamongothertasks,developseducationaltoolsandmaterialsfor deaf
people.They would now like to developa sign languageprocessorfor thedeafwith a flexibility
andfunctionalitycomparableto thatof wordprocessors.

As a sign languagedocumentis a video, basicvideo editing tools will obviously be neededfor
sucha tool. In additionto this, it would bedesirableto offer a few morehigherlevel tools. With
videoasthemedium,it canbedifficult to searchdocumentsandto getanoverview of thecontents
without playing throughthe whole video. Hence,tools which canproducean overview of the
contentsby automaticallyextractingbreaksandhighlights,couldbeveryuseful.Thiswill require
toolsbasedon methodsfrom imageandvideoanalysis,whichcanperformanintelligentanalysis
of thecontentsof thevideo.

The purposeof the work describedherehasbeento perform a preliminary study of potential
approachesto getan indicationof whetherdevelopmentof suchtools is possible.This is a very
smallstudy, andmostof theproblemswill not besolvedwithin this project.Our aim is therefore
ratherto find out throughsomeinitial experimentswhetherthis is a problemthatcanbesolved,
usingappropriatemethods.In addition,we wantto implementasimpleprototype.

Segmentationandextractionof highlightsfrom signlanguagevideosposea new problem.There
existssomework onsegmentingandextractinghighlightsfrom for instancebroadcastnews. How-
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ever, videosequencescontainingsignlanguagehave very differentcharacteristics,andarefor in-
stancemuchmorestaticcomparedto that of broadcastnews. Automaticsegmentationof news
andotherTV-programsareoftenperformedbasedon thedetectionof changesbetweenshotsand
scenes.Video sequenceswith sign languagewill however usuallycontainno cutsandno scene
changes,justonepersonsitting in front of thecamera,moving mainlyhis/hershands.Thismakes
theproblemmuchmoredifficult, andcloseranalysisof thecontentsarenecessary.

Someresearchhasbeendoneon theanalysisof signlanguagevideosin orderto try to recognise
signs[2, 3, 4, 5]. The gesturerecognitionprocess,in general,may be divided into two stages:
themotionsensing,which extractsusefuldatafrom handmotion; andtheclassificationprocess,
which classifiesthe motion sensingdataasgestures.Techniquesfor tracking hands,e.g. like
PentlandandStarner[4] have usedfor sign languagerecognition,couldprobablybeusefulalso
for thevideosegmentation.In this small preliminarystudy, therewashowever not enoughtime
to develop and implementthe methodsneededfor this. Also, the systemshouldtypically be
lightweight andbe ableto run on a standardPC.This meansthat computationallycomplex and
time-consumingmethodsshouldbeavoided. Our approachfor theprototypehasthereforebeen
to make it simple. If simplemethodscanbring ustowardsthegoal, it is very probablethat these
methodscanbeevenfurtherdevelopedandrefinedto give theresultsweneed.

In this reportwe will startin Chapter2 by describingthemethodswe have chosento usefor the
currentproblem. Chapter3 containsa documentationof thesoftwareprototypewhich hasbeen
developed.In Chapter4 we will describesomeinitial experimentsperformedwith thesemethods
andtheobtainedresults.Finally, a summaryanda discussionof thework is given in Chapter5.
Detailsof thesoftwareandthelistingsof theresultsaregivenin theappendices.
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Chapter 2

Methods

Therearetwo problemsto besolved.Firstwewantto detectbreaksto split thevideoupin natural
shortersequences.Thenwewantto extractkey framesfrom eachsequence,whichcanhelpto give
anoverview of thecontentsof thesequence.In this studywe have focusedon thefirst partof the
problem,i.e. to detectbreaks.This processis describedin Section2.1of this chapter. However,
someinitial experimentshave alsobeenperformedwith thesecondproblemin orderto getsome
knowledgeaboutwhatkind of methodsthatmightwork. This initial studyis describedin Section
2.2.

2.1 Detectionof breaks

The initial assumptionwasthat pausescould be detectedbasedon the amountof movementin
the imageasthehandswill beat restduringpauses.However, thehandsarealsoat restat other
times,andevenwhenthehandsareat rest,thepersonmight bemoving his heador body. Hence,
althoughthe amountof movement,i.e. the differencebetweenimages,is an importantfeature,
this is notenoughto determinewhetherthereis abreak.

An additionalimportantcharacteristicof abreakis thatwhenusingsignlanguage,thepersonwill
restwith his/herhandsin the lap to mark a pause.We thereforeadjustedour goal to detectthe
frameswherethehandsareat restin thelap. To accomplishthisamethodto determineat leastthe
approximatepositionof thehandsis needed.We have obtainedthis by usinga simpleapproach
wherewe,ratherthanidentifyingtheexactpositionof thehands,identify afew regionsanddecide
whetherthehandsarepresentin theseregions.

The detectionof breaksis performedthroughtwo phases.First, an initialisation phasewhere
the regionsof interestare identifiedbasedon the hands’positionduring a break. In this phase
parametersspecificto thecurrentsequencearealsoestimated.Thisinitialisationtakesplaceduring
thefirst few framesof thevideo,andtheprocessis describedin Section2.1.1.
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In the secondphase,the actualanalysistakesplace. Here,eachframeof the video is analysed.
Theapproximatepositionof thehandsis determinedbasedon theregionsof interestandtheskin-
colourmodeldefinedduring the initialisation. Dependingon theassumedpositionof thehands,
eachframeis thenclassifiedasbreakor action.Thedetailsof this processis describedin Section
2.1.2.

2.1.1 Initialisation

The purposeof the initialisation phaseis to determinethe regions of interest,the skin colour
modelandestimateparametersneededfor classificationof framesduringtheanalysis.However,
to facilitatetheproblem,wefirst neededto make thefollowing assumptions:

1) Thebackgroundis homogeneousandstationary.

2) Thepersonis sitting in thepausepositionwhenthevideostarts.

3) Thehandsarebrighterthanthebackgroundwhenrestingin thepauseposition.

This is not ideal,but we hadto make somerestrictionsto beableto developtheprototypewithin
thisvery limited study.

Thesecondrequirementmeansthatwe assumethat in the framesduring the initialisationphase,
thepersonwill sit with his/herhandsin thelap. Hence,if weareableto identify thehandsduring
theinitialisationwecananalysethesameregionlater, to find if thehandsarein thepauseposition.
It canhowever bedifficult to determinewhethertherearetwo handsor just onehandin this area
asonehandwill oftenbecoveredby theotherduringapause.During theanalysisit will therefore
not besufficient to analysetheregioncoveredby thehandsin thepauseposition.Theareawhere
thehandsmoveduringsigningmustalsobeanalysed.Boththeseregionsof interestneedtherefore
bedeterminedduringinitialisation.

Defining regionsof interest

Theapproachfor locatingtheregionsof intereststartsby finding thepositionof thepersonwithin
the frame,andthenidentifying the two regionscorrespondingto theupperandlower partof the
person.Thelower regionshouldthencontainthehandswhenthey arein pause-position.

Theestimationof theregionsis performedasfollows. First theedgeimageis computed.This is
an imagewhich givesthe strengthof the gradientsin the image. The reasonfor usingthe edge
imageratherthanthe original colour image,is that we expectthe contourof the personto give
stronggradientsagainstthebackground.This meansthat to identify thepositionof thepersonin
the image,it is not necessaryto make any assumptionson the coloursof the backgroundor the
foreground.
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It is sufficient to computethe edgeimagefor onebandonly, andwe have usedthe red bandof
the colour image. Whenthe edgeimagehasbeencomputed,we thresholdit to emphasizethe
strongestedges.Weknow thattherewill befewerstrongedgepixelsthanbackgroundpixels,and
we have useda percentilethresholdingmethod.This methodwill setthespecifiedpercentageof
theweakestedge-pixelsto backgroundandtheremainingpercentageto foreground.Theresultof
thethresholdingis abi-level image,wherethestrongedgesarewhiteandthebackgroundis black.

Fromthis thresholdedimage,thecentrepointof all thestrongedges(whitepixels)arefound.The
assumptionis thatthecontourof thepersonis symmetric,whenhe/sheis sitting in pause-position
with bothhandsin thelap. Thismeansthatthecentreof theedgepixelsdescribingthissymmetric
contour, shouldcorrespondto thecentreof thefigure. Aroundthecentreline from thetop of the
headto thebottomof theimage,a rectanglewith awidth of approximately2/5of thewidth of the
imageis defined.This region is split horizontally, giving a lowerandanupperregion.

To beableto identify thehands,we werehereforcedto make theassumptionthat thehandsare
brighterthanthe backgroundwhenrestingin the pauseposition. Basedon this assumption,we
thresholdthelowerregionin theoriginalcolourimage.Thehandsshouldthenappearwhite,while
mostof thebackgroundis black.However, someof thewhitepixelsmaynotbepartof thehands.
Thewhite regionsarethereforeanalysedfurther. Areasof connectedwhite pixelsareidentified,
andthesizeof theareasaredetermined.Thelargestareaof connectedwhitepixelsareassumedto
correspondto thehands.For theidentifiedarea,thecircumscribedbox is determined,andthenthe
lower region is determinedasa box slightly largerthanthis. Finally, thesizeof theupperregion
is adjusted.Thenext stepis thento analysethe lower region to estimatea skin colourmodelfor
thehands.

Defining the colour model

Whenthelowerregionhasbeendefined,weneedto establishamodelfor thecolourof thehandsto
beableto determinewhetherthereareskin pixelsin thedifferentregionsduringanalysis.Ideally
wewould like to establishageneralskincolourmodelwhichcouldwork for all videos.Colouris
however not a physicalphenomenon,but a perceptualphenomenon.Thecolourrepresentationof
skin obtainedby a camerais influencedby many factors,suchasambientlight, objectmovement
etc.Differentcamerasproducesignificantlydifferentcolourvaluesevenfor thesamepersonunder
thesamelighting condition,andhumanskincoloursdiffer from personto person.Generalmodels
have theadvantageof beingrelatively user-independent,but they arenot asgoodasuser-specific
modelswould be. In orderto achieve thebestsegmentationresults,we thereforedecidedto usea
user-specificskin colourmodel.

Most video camerasusean RGB representation,however this is not necessarilythe bestcolour
representationfor characterisingskin-colour. Thehumanvisualsystemadaptsto differentbright-
nessandvariousilluminationsourcessuchthataperceptionof colouris maintainedwithin awide
rangeof lighting conditions.Thereforeit is possiblefor usto removebrightnessfrom skin-colour
representation,while preservingan accuratecolour information. However, in the RGB space,a
triple (r,g,b) representsnot only colour but alsobrightness.Thus,othercolour modelsmay be
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more suitable. Thereexists a lot of colour models,but we have chosento usea simple RGB
normalisation:

���������	��
��
���� and � ����������
��
����

This representationdefinesnormalisedchromaticcolours,andremovesthebrightnessdependent
informationwhile preservingthecolour. In additionthecomplexity of theRGB colourspaceis
simplifiedby dimensionalreductionof thecolourspace.

With a user-specificcolour model,we will in the initialisation phaseneeda way to identify the
pixels correspondingto the handswithout having a generalcolour model. We have therefore
assumedthatthewhitepixelsof thethresholdedregionof interestcorrespondto thehands(which
is why wehavemaderequirementnumber2 previously in thissection).Fromthisa2-dimensional
histogramis computed,wherethenumberof eachcolour(rg value)is countedfor thehands.Later,
duringtheanalysis,thishistogramcanbeusedasalook-up-table,wherethevaluein thehistogram
correspondsto theprobabilityof acolourbeingaskin colour.

Thedefinitionof theregionsandthecolourmodelis partof the initialisationof theanalysisof a
sequence.To make it robust to changesin colour thatoftenappearsduring thefirst few frames,
notonly oneframeis used,but several.

Parameter estimation

In additionto the skin colour model, therearealsoa few otherparametersthat needto be esti-
matedduringtheinitialisationphaseto adaptto thecurrentvideosequence.Theseareparameters
definingtheportionof skin pixelsexpectedin theupperandlower region duringa pause.Later,
theseareusedto determinethethresholdsneededto classifyframesasbreakor no-breakduring
theanalysis.

Theinitialisationphaseis necessarybecausetherearelargedifferencesbetweenthesequencesand
how thedifferentpersonbehave,andgeneralestimatescannot befound. Theinitialisationphase
laststhroughthefirst few frames,assumingtherecordingstartswith thepersonsittingin thepause
position.It thenlastsuntil thepersonstartsmoving.

2.1.2 Analysis

During theanalysiswe usecolour informationto identify pixelswith skin colourwithin eachof
thetwo identifiedregionsof interest.Theideais thata high portionof skin colouredpixelsin the
lower region combinedwith a low portionof skin colouredpixelsin theupperregion,meansthat
the handsarein the pauseposition. Basedon the countsof skin pixels,eachframecanthenbe
classifiedascorrespondingto abreakor not.
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Featureextraction

During thedetection,featuresareextractedfrom eachframe. Thefirst featuresarebasedon the
amountof handpixelsin eachof thetwo regionsdefinedduringinitialisation:

� Thenumberof skin pixelsin theupperregion.

� Thenumberof skin pixelsin thelower region.

In order to speedup the segmentationprocess,a look-up table is generatedwhich relateseach
normalisedchromaticcolourwith its correspondingareainsidetheRGB-cube.Thelook-uptable
is usedfor classificationof all pixels,whetherthey representskincolouror not.

In additionto the numberof skin pixels,a featurerelatedto the amountof activity is extracted.
This featureis however, mainly usedto determinekey frames(seeSection2.2):

� Thedifferencefrom oneframeto thenext.

Theanalysisis basedon thesethreefeatures.

Classificationof frames

To classifyeachframebasedon the valuesof thesefeatures,therearea numberof methodsto
choosefrom. A methodbasedon hiddenMarkov modelswould probablybewell suitedfor this
problem,asthis methodcantreata sequenceasa time seriesandmake theclassificationof one
framedependentonwhathappenedin thepreviousframe.HiddenMarkov modelshavealsobeen
usedfor recognitionof signlanguageby PentlandandStarner.

Dueto thelimitationsof our study, we werehowever forcedto usea simplerapproachwherewe
usethresholdsto determinefrom the featureswhetherthe frameshouldbe classifiedasa break
or not. The thresholdsarebasedon the parametersestimatedduring the initialisation, and the
pre-classificationis basedon theamountof skin pixelsin theupperandlower region. Theideais
that,ahighnumberof skinpixelsin thelowerregioncombinedwith a low numberof pixelsin the
upperregion,meansthatbothhandsarein thelower regionandthatthereis a break.

Wheneachframehasbeenpreclassifiedin this way, the resultsarefiltered to smooththe result
andremovespuriouserrors.Thebreakstypically lastfor 12 framesandupwards.It washowever,
desirableto identify a breakwith oneframeonly. Themiddleframeof a consecutive segmentof
framesclassifiedasbreaksis thereforeusedto markthebreak.
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2.2 Extraction of key frames

For the extractionof key frameswe have only developeda very simplemethod,extractingkey
framesbasedon theamountof movement.Theideais that frameswith muchactivity areimpor-
tant.

Featureextraction

Whenfinding theamountof movementin animage,thesimplestapproachis to useadifferencing
technique.This meansthatthedifferencebetweentwo consecutive framesarecomputed,andthe
amountof changebetweenthe framescanbeusedasa measurefor movementbetweenthe two
frames.

The coloursof the video arenot absolutelystable,andcanchangesomewhat betweenframes.
Somecodecswill make artefactslike blockingappearin theimage.This meansthattherewill be
somevariationin colouror grey level betweenframes,evenwhenthereis no movement.Hence,
ratherthanusingthedifferencebetweentwo framesdirectly, we computetheedgesin thediffer-
enceimage.Hencetheeffectof homogeneousshiftsin lighting will bereduced.

The edgeimageis thentresholdedandthe foregroundpixels (strongedges)arecounted.Many
strongedgepixels indicatemuchmovement.We have lookedonly at themovementin theupper
box,asmuchmovementheremeansthatthehandsareprobablyin thisarea,andthis indicatesthat
wedonothaveapause.(Theoppositeneednotnecessarilybetrue.Theremaybenomovementin
theupperbox,withouttherebeingapause.)Thenumberof strongedgepixelsis computedrelative
to thesizeof theupperregion,andthisnumberis thenuseddirectlyasamovementfeature.

Classification

Whenextractingthe key frames,we want to extract a suitablenumberof framesper sequence.
Accordingto thesignlanguageexpertsonesigntypically takesonesecond.Initially they therefore
suggestedto extractonekey framepersecond.However, to getsomemoreflexibility we instead
decidedto extractapproximately10key framesper10 seconds.

Althoughthemovementfeaturesarecomputedfor eachframe,theselectionof thekey framesis
notdoneuntil all theframeshavebeenprocessed.Theapproachis asfollows. For eachinterval of
10 secondstheamountof motionextractedasa featurefrom eachframe,is sortedin decreasing
order. Then the framescorrespondingto the N highestvaluesare selected. As several of the
framesamongthehighestmotionvalueswill resultfrom thesamemaximum,we selecta number
which is approximately4 timesashighasthedesirednumberof framesfor thetime interval. The
selectedframesaremarkedaspotentialkey-frames,andthena filtering is performedin thesame
wayasfor thepauseframes,to selectonly themidpointof asequenceof consecutivekey-frames.
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Chapter 3

Implementation

3.1 Platform

The programis implementedasa consoleapplicationin C, usingMicrosoft Visual C++/C and
their Videofor Windows. Videofor Windows is anentiresystemfor handlingvideoin Microsoft
Windows,wheretheAVI file andfile formatis a centralpart.

Video for Windows alsoprovides libraries,which canbe usedto manipulateframesin an AVI
video stream. To be able to usethe necessaryAVIFile functionsa link to the winmm.lib and
vfw32.lib is needed.Theselibrariesareincludedwith MSVC++ 6.0,andshouldbeavailablealso
for versionsaslow as4.0. Newerversionsof thelibrariesarealsopartof thelatestPlatformSDK
releasefrom Microsoft.

3.2 Syntaxand parameters

Thesyntaxof theprogramis asfollows:

Usage: signed <AVI-file> <Result file>
[-Plength <pause length>] [-Pfactor <pause factor>]
[-Nkeys <Nof key frames>] [-Nsecs <interval length>]

Here,thefirst two argumentsarerequiredasthey areusedto specifytheinput andtheoutputfile.
The last four argumentsareoptionalswitches,which canbe usedto adjustthe performanceof
thepausedetectionandkey frameextraction.In thefollowing we will describeeachparameterin
somemoredetail.

AVI-file: Thename(andpath)of theAVI-video to beanalysed.
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Resultfile: Thenameof thefile whichwill containtheresults.Thiswill bea text file giving the
identifiedframetypes(pauseor key frame),the framenumberandthecorrespondingtime code
computedfrom theframenumber. Therewill beoneline for eachclassifiedframe,andtheformat
of eachline is asfollows:

<Frame type> <Frame number> <Time-code for frame>

The frametype will be identifiedwith the characterP (Pause)or K (Key frame). Examplesof
thesefilescanbeseenin AppendixB, wherewehave listedtheresultsfrom someexperiments.

Pauselength: Thisparametercanbeusedto specifytheminimumlengthof abreak.Thelength
shouldbe given in numberof frames. If no lengthis specified,the parameteris setto a default
valueof 8 frames,which correspondsto 1/3 of a second.This seemsto work well, andshorter
periodsthanthis thatareclassifiedasbreaks,areoftenfalseclassifications.

Pausefactor: This parametercanbe usedto tunethenumberof pausesdetected.Thedefault
valueis 1.0. If this factoris increased,morepauseswill be detected,but this alsoincreasesthe
possibilityof detectingfalsepauses.If thefactoris decreasedfewerpauseswill bedetected.This
canmeanfewer falsepauses,but alsomoremissedpauses.

Nkeysand Nsecs: Theseparametersareusedto specifythedesirednumberof key framesex-
tractedfor a time interval. The default valuesare,Nkeys=10andNsecs=10,which meansthat
therewill beextractedapproximately10key framesper10 seconds.
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Chapter 4

Experimentsand Results

4.1 Data

For theexperimentswe hadcolourvideosof threedifferentpersons.EachsequencewasanAVI-
video(Indeo3.2)with 25 framespersecond,andwith a framesizeof 640x480pixels.

We hadonesequencefrom eachof the threepersons.Eachpersonwastelling a differentstory
usingsign language,andthe lengthvariedfor eachvideo (seeTable4.1). The videoswereall
recordedwith a homogeneousbackground.An imagefrom eachsequencecanbeseenin Figure
4.1. Wewill referto thevideosby thenameof thepersonappearingin eachvideo.

Name Length No. of frames

Georg 02:54 4361
Gudmund 03:41 5541
Torkil 11:04 16609

Table4.1: Lengthsof thethreevideosusedin theexperiment.

4.2 Experiments

In Figure4.2plotsof thefeaturesextractedfrom thefirst 1500framesof thevideosequenceGeorg
areshown. Theupperplot shows thevariationin thenumberof skin pixelsin thelower region of
interest.Thedottedline in thesameplot indicatesthe locationof the truepauses(zerowhenno
pause).Fromthis we canseethatthereis a correspondencebetweenhigh countsof skin pixelsin
thelower region andpauses.However, ascanalsobeseen,it is difficult to determinea threshold
whereall framesabove thethresholdcorrespondsto apause,andall below to action.
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Torkil Georg

Gudmund

Figure4.1: Pause-positionfor each of thepersons.

Thesecondplot in Figure4.2givesthenumberof skinpixelsin theupperregion. Thecorrespon-
dencewith thepausesis not soclearhere.Thecountis usuallylow whenthereis a pause,but the
countcanalsobelow atotherpoints.Thethird plot in Figure4.2shows theamountof movement
betweenframes.Here,thereis little correspondencebetweenpausesandthelevelsof motion,and
this is why we decidedto usethis featureonly for thekey frameextraction.

In Figure4.3 we have shown the resultsof the classificationfor the samesequence.The upper
plot shows the resultsof theclassification.Thehigh peaksidentify the framescorrespondingto
themidpointsof thedetectedpauses,while the low peaksidentify the frameswherekey frames
wereextracted.Thelowerplot showsthepositionandlengthof themanuallyidentifiedpausesfor
thesequence.

Thepause-classificationandthekey frameextractionwererun on all the threevideosequences.
A detailedlisting of the resultsis given in AppendixB. In Table4.2 we have summarisedthe
resultsof thepause-detection.Thetablegivesthenumberof pausesthatwerecorrectlydetected,
andthenumberof falselydetectedpauses.Ideally thenumberof correctlydetectedpausesshould
correspondto the numberof manually identified pauses,while the numberof falsely detected
pausesshouldbezero.
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Theeffectsof adjustingthepause-factoris alsodemonstratedin Table4.2. As expected,it canbe
seenthatby increasingthepausefactorthenumberof correctlyclassifiedpausesis increased,but
alsothenumberof falselyclassifiedpauses.

Georg Gudmund Torkil
Pausefactor 0.8 1.0 1.2 0.8 1.0 1.2 0.8 1.0 1.2
Manuallyidentifiedpauses 15 15 15 23 23 23 23 23 23
Correctlydetectedpauses 7 10 13 21 23 23 20 22 22
Falselydetectedpauses 0 1 5 1 1 4 3 7 35

Table4.2: Resultsof thepausedetectionfor each of thethreevideos.

In video analysis,speedcan also be a very importantfactor, and for the currentprototypethe
analysisis performedat aspeedof approximately10 framespersecondonastandardNT PC.

4.3 Evaluation of results

For thebreakdetection,the resultsseemquitegood. Fromtheplotsof the features,we seethat
thesefeaturescombinedwith hardthresholdswork well but someerrorsareunavoidable. This
meansthat lower thresholds,may meanthat fewer pauseswill bemissed,but morefalsepauses
will bedetected.A higherthresholdmeansthat the risk of detectingfalsepausesdecreases,but
thenmorepausesmaybemissed.

The resultscould probablybe further improvedby usinga statisticalclassificationmethod.The
hiddenMarkov modeldiscussedearliercouldfor instancebeusedto incorporateinformationfrom
morethanoneframe. It would bevery interestingto studythesetechniquesmorecloselyfor this
application.Theinitial resultsobtainedwith our very simpleclassificationschemes,indicatethat
evenbetterresultscouldbeobtainedwith moresophisticatedmethods.

For the key frame extraction, we needsign languageexpertiseto evaluatethe results,but the
initial feedbackon theresultsindicatethatthey seemvery interesting.However, closerevaluation
is necessary.

The testvideosin theseexperimentsshouldrepresentthe expectedquality of homemadesign
languagevideos.Thethreesequenceswehaveusedarealsoquitedifferentin how thepersonsuse
theirhands.Still, it shouldbenotedthatthemethodshavebeentrainedandtestedonthesameset,
andexperimentson largersetsshouldbeperformed.
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Figure4.2: Top: Numberof skinpixelsin thelower region andthepauses(dottedline), Middle:
Numberof skin-pixelsin upperregion,Bottom: Movement.
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Figure4.3: Top: Identifiedpausesandextractedkeyframes.Bottom: Manuallyidentifiedpauses.
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Chapter 5

Summary and Discussion

In this reportwe have describedaninitial studyon theanalysisof signlanguagevideosbasedon
imageanalysis.The purposeof this studyhasbeento performa preliminarystudyof potential
approachesto theproblemof detectingbreaksandextractinghighlightsfrom signlanguagevideos.

The reasonfor looking into this problemis that Møller Kompetansesenterin Trondheim,which
is a centrethatdevelopseducationaltoolsandmaterialsfor deafpeople,wantsto developa sign
languageprocessorfor thedeafwith aflexibility andfunctionalitycomparableto thatof wordpro-
cessors.In additionto basicvideoeditingtools,they wantsuchasystemto offer higherlevel tools
thatcanproduceanoverview of thecontentsby automaticallyextractingbreaksandhighlights.

This hasbeena very limited study, andour aim hasbeento find out throughsomeinitial experi-
mentswhetherthis is aproblemthatcanbesolvedusingappropriatemethodsandto implementa
simpleprototype.Therearetwo problemsto besolved.First we wantto detectbreaksto split the
videoup in naturalshortersequences.Thenwe want to extractkey framesthat canhelp to give
anoverview of thecontentsof thesequence.In this studywe have focusedon thefirst partof the
problem,i.e. to detectbreaks.However, someinitial experimentshave alsobeenperformedwith
thesecondproblem

An importantcharacteristicof a breakis thatwhenusingsignlanguage,thepersonwill restwith
his/herhandsin the lap to marka pause.Thedetectionof breaksis thereforebasedon detecting
the frameswherethe handsare at rest in the lap. To accomplishthis we have useda simple
approachwherewe, ratherthanidentifying theexactpositionof thehands,identify a few regions
of interestanddecidewhetherthehandsarepresentin theseregions.To beableto dothiswemade
the following requirements:(i) thebackgroundis homogeneousandstationary, (ii) thepersonis
sittingin thepausepositionwhenthevideostarts,and(iii) thebackgroundis darkerthanthehands
whenrestingin thelap of theperson.

During an initialisation phase,two regions of interestare determinedand a user-specificskin-
colourmodelis estimated.Thefirst region of interestis chosenastheareacoveredby thehands
duringapause,while theotherregionis theareawherethehandsmoveduringsigning.Duringthe
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analysisthecolourmodelis usedto identify pixelswith skin colourwithin eachof the identified
regionsof interest. The idea is that a high portion of skin colouredpixels in the pauseregion
combinedwith a low portionof skin colouredpixelsin theotherregion,meansthatthehandsare
in the pauseposition. Basedon the countsof skin pixels, eachframecanthenbe classifiedas
correspondingto a breakor not. For theextractionof key frameswe have only developeda very
simplemethod,extractingkey framesbasedon theamountof movement.Theideais thatframes
with muchactivity areimportant.

Someexperimentson threevideo sequenceswith threedifferentpeople,have beenperformed.
For thebreakdetection,theresultsseemquitegood.Theclassificationis however basedon hard
thresholdsandsomeerrorsarethereforeunavoidable. Even betterresultscould possiblybe ob-
tainedusinga statisticalclassificationmethod. For the key frameextraction,we needsign lan-
guageexpertiseto evaluatetheresults,but initial feedbackon theresultsindicatethat they seem
interesting.

The testvideosin theseexperimentsshouldrepresentthe expectedquality of homemadesign
languagevideos,and the threesequenceswe have usedarequite different in how the persons
usetheir hands. Still, it shouldbe notedthat the methodshave beentrainedand testedon the
sameset,andexperimentson largersetsshouldbeperformed.Futurework shouldalsoincludea
studyof moresophisticatedtechniquesfor motiontrackingandfor classification.Thegoodresults
obtainedwith simpleapproaches,indicatethatbreakdetectionshouldbepossible.Whenit comes
to key frameextractiona closerevaluationof theresultsis however neededbeforewe candraw a
conclusion.
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Appendix A

Software

Thesoftwareof this prototypeconsistsof thefollowing files:

C-files:

� AVIparse.c

� AVItools.c

� RGBmethods.c

� RGBtools.c

� colour.c

� region.c

� sobel.c

� readswitch.c

� mmatrix.c

h-files:

� GENdef.h

� AVIdef.h

� RGBdef.h

� region.h

In additionVideofor Windows is required.
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Appendix B

Results

In the following we will give someresultsfrom theexperiments.Thesearelistingsof theresult
files for eachof thethreevideosGeorg, Gudmund, andTorkil .

Theresultswereobtainedwith thedefault settingof parameters:

Plength = 8
Pfactor = 1.0
Nsecs = 10
Nkeys = 10

The resultscontainone line for eachdetectedpauseand eachkey frame. The frame type is
identified with the characterP (Pause)or K (Key frame), and then the frame numberand the
correspondingtime codearegivenfor theidentifiedframes.
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Georg

P 13 0:00:00:52
K 28 0:00:01:12
K 43 0:00:01:72
K 64 0:00:02:56
K 71 0:00:02:84
K 84 0:00:03:36
K 148 0:00:05:92
K 162 0:00:06:48
K 191 0:00:07:64
K 228 0:00:09:12
K 252 0:00:10:08
K 260 0:00:10:40
K 309 0:00:12:36
K 318 0:00:12:72
K 325 0:00:13:00
K 328 0:00:13:12
K 435 0:00:17:40
K 440 0:00:17:60
K 460 0:00:18:40
K 476 0:00:19:04
K 479 0:00:19:16
K 485 0:00:19:40
K 491 0:00:19:64
K 510 0:00:20:40
K 516 0:00:20:64
K 537 0:00:21:48
K 549 0:00:21:96
K 567 0:00:22:68
K 657 0:00:26:28
P 669 0:00:26:76
K 679 0:00:27:16
K 716 0:00:28:64
K 722 0:00:28:88
K 782 0:00:31:28
P 792 0:00:31:68
K 803 0:00:32:12
K 813 0:00:32:52
K 856 0:00:34:24
K 903 0:00:36:12
K 908 0:00:36:32
K 931 0:00:37:24
K 978 0:00:39:12
K 992 0:00:39:68
K 1038 0:00:41:52
K 1129 0:00:45:16
P 1140 0:00:45:60
K 1151 0:00:46:04
K 1168 0:00:46:72

K 1206 0:00:48:24
K 1220 0:00:48:80
K 1244 0:00:49:76
K 1254 0:00:50:16
K 1270 0:00:50:80
K 1304 0:00:52:16
K 1324 0:00:52:96
K 1356 0:00:54:24
P 1373 0:00:54:92
K 1391 0:00:55:64
K 1418 0:00:56:72
K 1517 0:01:00:68
K 1525 0:01:01:00
K 1536 0:01:01:44
K 1547 0:01:01:88
K 1553 0:01:02:12
P 1588 0:01:03:52
K 1619 0:01:04:76
K 1632 0:01:05:28
K 1669 0:01:06:76
K 1722 0:01:08:88
K 1740 0:01:09:60
K 1775 0:01:11:00
K 1808 0:01:12:32
K 1823 0:01:12:92
K 1836 0:01:13:44
K 1876 0:01:15:04
K 1905 0:01:16:20
K 1937 0:01:17:48
K 1949 0:01:17:96
P 1964 0:01:18:56
K 1980 0:01:19:20
K 1999 0:01:19:96
K 2039 0:01:21:56
P 2073 0:01:22:92
K 2106 0:01:24:24
K 2115 0:01:24:60
K 2139 0:01:25:56
K 2146 0:01:25:84
K 2149 0:01:25:96
K 2185 0:01:27:40
K 2188 0:01:27:52
K 2237 0:01:29:48
K 2245 0:01:29:80
K 2257 0:01:30:28
K 2318 0:01:32:72
K 2335 0:01:33:40
K 2375 0:01:35:00
K 2380 0:01:35:20
K 2422 0:01:36:88
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K 2439 0:01:37:56
K 2452 0:01:38:08
K 2469 0:01:38:76
K 2582 0:01:43:28
K 2593 0:01:43:72
K 2624 0:01:44:96
K 2636 0:01:45:44
K 2687 0:01:47:48
K 2695 0:01:47:80
K 2723 0:01:48:92
K 2740 0:01:49:60
K 2749 0:01:49:96
K 2796 0:01:51:84
K 2832 0:01:53:28
K 2837 0:01:53:48
K 2841 0:01:53:64
P 2854 0:01:54:16
P 2885 0:01:55:40
K 2925 0:01:57:00
K 2941 0:01:57:64
K 2949 0:01:57:96
K 2959 0:01:58:36
K 2969 0:01:58:76
K 2997 0:01:59:88
K 3022 0:02:00:88
K 3028 0:02:01:12
K 3035 0:02:01:40
K 3076 0:02:03:04
K 3082 0:02:03:28
K 3088 0:02:03:52
K 3096 0:02:03:84
K 3110 0:02:04:40
K 3131 0:02:05:24
K 3159 0:02:06:36
K 3273 0:02:10:92
K 3279 0:02:11:16
K 3282 0:02:11:28
K 3289 0:02:11:56
K 3296 0:02:11:84
K 3304 0:02:12:16
K 3341 0:02:13:64
K 3360 0:02:14:40
P 3388 0:02:15:52
K 3415 0:02:16:60
K 3486 0:02:19:44
K 3497 0:02:19:88
K 3540 0:02:21:60
K 3555 0:02:22:20
K 3593 0:02:23:72

K 3608 0:02:24:32
K 3632 0:02:25:28
K 3659 0:02:26:36
K 3683 0:02:27:32
K 3703 0:02:28:12
K 3731 0:02:29:24
K 3752 0:02:30:08
P 3765 0:02:30:60
K 3779 0:02:31:16
K 3811 0:02:32:44
K 3852 0:02:34:08
K 3870 0:02:34:80
K 3885 0:02:35:40
K 3897 0:02:35:88
K 3929 0:02:37:16
K 3961 0:02:38:44
K 4039 0:02:41:56
K 4120 0:02:44:80
K 4139 0:02:45:56
K 4152 0:02:46:08
K 4171 0:02:46:84
K 4176 0:02:47:04
K 4183 0:02:47:32
K 4190 0:02:47:60
K 4196 0:02:47:84
K 4202 0:02:48:08
K 4231 0:02:49:24
K 4241 0:02:49:64
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Gudmund

P 8 0:00:00:32
K 19 0:00:00:76
K 31 0:00:01:24
K 36 0:00:01:44
K 105 0:00:04:20
K 112 0:00:04:48
K 125 0:00:05:00
P 142 0:00:05:68
K 157 0:00:06:28
K 185 0:00:07:40
K 230 0:00:09:20
K 252 0:00:10:08
K 269 0:00:10:76
K 279 0:00:11:16
K 319 0:00:12:76
P 334 0:00:13:36
K 347 0:00:13:88
K 415 0:00:16:60
K 482 0:00:19:28
K 520 0:00:20:80
K 528 0:00:21:12
K 532 0:00:21:28
K 564 0:00:22:56
K 614 0:00:24:56
P 624 0:00:24:96
K 640 0:00:25:60
K 671 0:00:26:84
K 680 0:00:27:20
K 689 0:00:27:56
K 715 0:00:28:60
K 728 0:00:29:12
K 741 0:00:29:64
K 752 0:00:30:08
P 758 0:00:30:32
K 822 0:00:32:88
K 829 0:00:33:16
K 839 0:00:33:56
K 846 0:00:33:84
K 851 0:00:34:04
K 879 0:00:35:16
K 884 0:00:35:36
P 990 0:00:39:60
K 1099 0:00:43:96
K 1106 0:00:44:24
K 1111 0:00:44:44
K 1114 0:00:44:56
K 1136 0:00:45:44
K 1180 0:00:47:20

K 1184 0:00:47:36
K 1188 0:00:47:52
K 1201 0:00:48:04
P 1210 0:00:48:40
P 1227 0:00:49:08
K 1242 0:00:49:68
K 1269 0:00:50:76
K 1303 0:00:52:12
K 1320 0:00:52:80
K 1336 0:00:53:44
K 1346 0:00:53:84
K 1385 0:00:55:40
P 1400 0:00:56:00
K 1414 0:00:56:56
K 1560 0:01:02:40
K 1599 0:01:03:96
K 1606 0:01:04:24
K 1633 0:01:05:32
K 1656 0:01:06:24
K 1685 0:01:07:40
K 1691 0:01:07:64
K 1706 0:01:08:24
P 1724 0:01:08:96
K 1741 0:01:09:64
K 1756 0:01:10:24
K 1786 0:01:11:44
K 1802 0:01:12:08
K 1812 0:01:12:48
K 1816 0:01:12:64
K 1833 0:01:13:32
K 1889 0:01:15:56
P 1904 0:01:16:16
K 1918 0:01:16:72
K 1948 0:01:17:92
K 1955 0:01:18:20
K 1980 0:01:19:20
K 2029 0:01:21:16
K 2060 0:01:22:40
K 2065 0:01:22:60
K 2079 0:01:23:16
K 2138 0:01:25:52
K 2158 0:01:26:32
K 2194 0:01:27:76
K 2228 0:01:29:12
K 2235 0:01:29:40
K 2259 0:01:30:36
P 2273 0:01:30:92
K 2290 0:01:31:60
K 2348 0:01:33:92
K 2384 0:01:35:36
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K 2407 0:01:36:28
K 2422 0:01:36:88
P 2461 0:01:38:44
K 2470 0:01:38:80
K 2478 0:01:39:12
K 2484 0:01:39:36
K 2505 0:01:40:20
K 2524 0:01:40:96
K 2544 0:01:41:76
K 2553 0:01:42:12
K 2576 0:01:43:04
K 2588 0:01:43:52
K 2606 0:01:44:24
K 2632 0:01:45:28
K 2660 0:01:46:40
P 2693 0:01:47:72
K 2725 0:01:49:00
K 2761 0:01:50:44
P 2773 0:01:50:92
K 2789 0:01:51:56
K 2853 0:01:54:12
K 2863 0:01:54:52
K 2870 0:01:54:80
K 2894 0:01:55:76
K 2904 0:01:56:16
K 2917 0:01:56:68
K 2957 0:01:58:28
K 3047 0:02:01:88
K 3052 0:02:02:08
K 3084 0:02:03:36
K 3091 0:02:03:64
K 3095 0:02:03:80
K 3118 0:02:04:72
K 3140 0:02:05:60
P 3164 0:02:06:56
K 3187 0:02:07:48
K 3218 0:02:08:72
K 3235 0:02:09:40
K 3240 0:02:09:60
P 3278 0:02:11:12
K 3307 0:02:12:28
K 3333 0:02:13:32
K 3349 0:02:13:96
K 3408 0:02:16:32
K 3417 0:02:16:68
K 3427 0:02:17:08
K 3469 0:02:18:76
P 3483 0:02:19:32
K 3498 0:02:19:92

K 3509 0:02:20:36
K 3546 0:02:21:84
K 3561 0:02:22:44
K 3584 0:02:23:36
K 3620 0:02:24:80
P 3632 0:02:25:28
K 3642 0:02:25:68
K 3686 0:02:27:44
K 3692 0:02:27:68
K 3709 0:02:28:36
K 3759 0:02:30:36
K 3786 0:02:31:44
K 3806 0:02:32:24
K 3843 0:02:33:72
K 3862 0:02:34:48
P 3880 0:02:35:20
K 3890 0:02:35:60
K 3908 0:02:36:32
K 3925 0:02:37:00
K 3947 0:02:37:88
K 3958 0:02:38:32
K 3970 0:02:38:80
K 3975 0:02:39:00
K 3997 0:02:39:88
K 4001 0:02:40:04
K 4005 0:02:40:20
K 4012 0:02:40:48
K 4043 0:02:41:72
K 4054 0:02:42:16
K 4157 0:02:46:28
K 4216 0:02:48:64
K 4239 0:02:49:56
K 4257 0:02:50:28
K 4278 0:02:51:12
P 4290 0:02:51:60
K 4299 0:02:51:96
P 4326 0:02:53:04
K 4347 0:02:53:88
K 4356 0:02:54:24
K 4378 0:02:55:12
K 4434 0:02:57:36
K 4466 0:02:58:64
P 4493 0:02:59:72
K 4517 0:03:00:68
K 4553 0:03:02:12
K 4568 0:03:02:72
K 4621 0:03:04:84
K 4641 0:03:05:64
K 4647 0:03:05:88
K 4653 0:03:06:12
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K 4696 0:03:07:84
K 4734 0:03:09:36
K 4747 0:03:09:88
K 4754 0:03:10:16
K 4803 0:03:12:12
K 4808 0:03:12:32
K 4819 0:03:12:76
K 4826 0:03:13:04
K 4837 0:03:13:48
K 4861 0:03:14:44
P 4888 0:03:15:52
P 4943 0:03:17:72
K 4952 0:03:18:08
K 4963 0:03:18:52
K 4989 0:03:19:56
K 4997 0:03:19:88
K 5020 0:03:20:80
K 5039 0:03:21:56
K 5045 0:03:21:80
K 5093 0:03:23:72
K 5135 0:03:25:40
K 5149 0:03:25:96
K 5156 0:03:26:24
K 5166 0:03:26:64
P 5197 0:03:27:88
K 5228 0:03:29:12
K 5244 0:03:29:76
K 5252 0:03:30:08
K 5285 0:03:31:40
K 5312 0:03:32:48
K 5339 0:03:33:56
K 5380 0:03:35:20
P 5398 0:03:35:92
K 5415 0:03:36:60
K 5425 0:03:37:00
K 5444 0:03:37:76
K 5486 0:03:39:44

Torkil

P 3 0:00:00:12
K 9 0:00:00:36
K 14 0:00:00:56
K 22 0:00:00:88
K 26 0:00:01:04
K 36 0:00:01:44
K 40 0:00:01:60
K 50 0:00:02:00
K 81 0:00:03:24
K 102 0:00:04:08
K 179 0:00:07:16
K 185 0:00:07:40
K 199 0:00:07:96
K 237 0:00:09:48
K 372 0:00:14:88
K 378 0:00:15:12
K 383 0:00:15:32
K 396 0:00:15:84
K 429 0:00:17:16
P 465 0:00:18:60
K 499 0:00:19:96
K 511 0:00:20:44
P 524 0:00:20:96
K 537 0:00:21:48
K 566 0:00:22:64
K 624 0:00:24:96
K 679 0:00:27:16
K 684 0:00:27:36
K 690 0:00:27:60
K 694 0:00:27:76
K 697 0:00:27:88
K 718 0:00:28:72
K 724 0:00:28:96
K 738 0:00:29:52
K 745 0:00:29:80
P 761 0:00:30:44
K 779 0:00:31:16
K 873 0:00:34:92
K 886 0:00:35:44
K 896 0:00:35:84
P 910 0:00:36:40
K 924 0:00:36:96
K 933 0:00:37:32
K 992 0:00:39:68
K 998 0:00:39:92
K 1037 0:00:41:48
K 1049 0:00:41:96
K 1053 0:00:42:12
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K 1061 0:00:42:44
K 1066 0:00:42:64
K 1070 0:00:42:80
P 1083 0:00:43:32
K 1096 0:00:43:84
K 1169 0:00:46:76
K 1217 0:00:48:68
K 1244 0:00:49:76
K 1252 0:00:50:08
K 1293 0:00:51:72
K 1299 0:00:51:96
K 1338 0:00:53:52
P 1352 0:00:54:08
K 1365 0:00:54:60
K 1386 0:00:55:44
P 1401 0:00:56:04
K 1410 0:00:56:40
K 1480 0:00:59:20
K 1505 0:01:00:20
K 1570 0:01:02:80
K 1577 0:01:03:08
K 1582 0:01:03:28
K 1602 0:01:04:08
K 1621 0:01:04:84
K 1631 0:01:05:24
K 1635 0:01:05:40
K 1641 0:01:05:64
P 1660 0:01:06:40
P 1681 0:01:07:24
K 1699 0:01:07:96
K 1756 0:01:10:24
K 1771 0:01:10:84
K 1792 0:01:11:68
K 1842 0:01:13:68
K 1863 0:01:14:52
K 1896 0:01:15:84
K 1907 0:01:16:28
K 1916 0:01:16:64
K 1941 0:01:17:64
K 1947 0:01:17:88
K 1952 0:01:18:08
K 1968 0:01:18:72
K 1984 0:01:19:36
K 2022 0:01:20:88
K 2032 0:01:21:28
K 2047 0:01:21:88
K 2062 0:01:22:48
K 2104 0:01:24:16
K 2112 0:01:24:48

K 2139 0:01:25:56
P 2153 0:01:26:12
K 2182 0:01:27:28
K 2202 0:01:28:08
K 2213 0:01:28:52
K 2241 0:01:29:64
K 2291 0:01:31:64
K 2300 0:01:32:00
K 2336 0:01:33:44
K 2366 0:01:34:64
K 2403 0:01:36:12
K 2409 0:01:36:36
K 2415 0:01:36:60
K 2441 0:01:37:64
K 2449 0:01:37:96
K 2459 0:01:38:36
K 2462 0:01:38:48
K 2473 0:01:38:92
K 2491 0:01:39:64
K 2532 0:01:41:28
K 2555 0:01:42:20
K 2598 0:01:43:92
K 2603 0:01:44:12
K 2737 0:01:49:48
K 2745 0:01:49:80
K 2750 0:01:50:00
K 2765 0:01:50:60
K 2778 0:01:51:12
K 2783 0:01:51:32
K 2803 0:01:52:12
K 2823 0:01:52:92
K 2834 0:01:53:36
K 2850 0:01:54:00
K 2932 0:01:57:28
K 2946 0:01:57:84
K 3095 0:02:03:80
K 3125 0:02:05:00
K 3173 0:02:06:92
K 3188 0:02:07:52
K 3199 0:02:07:96
K 3204 0:02:08:16
K 3221 0:02:08:84
K 3228 0:02:09:12
K 3231 0:02:09:24
K 3234 0:02:09:36
K 3279 0:02:11:16
K 3293 0:02:11:72
K 3302 0:02:12:08
K 3326 0:02:13:04
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K 3331 0:02:13:24
K 3363 0:02:14:52
K 3368 0:02:14:72
K 3420 0:02:16:80
K 3425 0:02:17:00
K 3441 0:02:17:64
K 3476 0:02:19:04
K 3504 0:02:20:16
K 3513 0:02:20:52
K 3528 0:02:21:12
K 3537 0:02:21:48
K 3562 0:02:22:48
K 3569 0:02:22:76
K 3584 0:02:23:36
K 3671 0:02:26:84
K 3679 0:02:27:16
K 3684 0:02:27:36
K 3781 0:02:31:24
K 3807 0:02:32:28
K 3864 0:02:34:56
K 3886 0:02:35:44
K 3907 0:02:36:28
K 3921 0:02:36:84
K 3931 0:02:37:24
K 3946 0:02:37:84
K 4022 0:02:40:88
K 4027 0:02:41:08
K 4042 0:02:41:68
K 4060 0:02:42:40
K 4104 0:02:44:16
K 4183 0:02:47:32
K 4240 0:02:49:60
P 4247 0:02:49:88
K 4264 0:02:50:56
K 4326 0:02:53:04
K 4330 0:02:53:20
K 4366 0:02:54:64
K 4373 0:02:54:92
K 4391 0:02:55:64
K 4399 0:02:55:96
K 4409 0:02:56:36
K 4420 0:02:56:80
K 4476 0:02:59:04
P 4500 0:03:00:00
K 4519 0:03:00:76
K 4531 0:03:01:24
K 4562 0:03:02:48
K 4629 0:03:05:16
K 4650 0:03:06:00
K 4680 0:03:07:20

K 4693 0:03:07:72
P 4703 0:03:08:12
K 4712 0:03:08:48
K 4738 0:03:09:52
K 4744 0:03:09:76
K 4751 0:03:10:04
K 4768 0:03:10:72
K 4771 0:03:10:84
K 4776 0:03:11:04
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