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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-tapesDeafstudentswill for instancemake their exams,testshomavork etc. on
video cassettesTheflexibility of this mediumis however very limited. Without advancedvideo
editingequipmentvensmallchangesanonly be obtainedby reshootinghe sequence.

Forwrittenlanguageword processorbave madethewriting procesweryflexible comparedo old
technologybasedon typenriters. Texts caneasilybe manipulatedwvith functionality for copying,
cutting, pastingandmaving text. For signlanguagehowever, thetools arestill at the typewriter
stage. Hence,new tools for handlingsign languageare needed. Mgller Kompetansesenten

Trondheimis a centrewhich amongothertasks,developseducationatoolsandmaterialsfor deaf
people. They would now like to develop a signlanguageprocessofor the deafwith a flexibility

andfunctionality comparablédo thatof word processors.

As a sign languagedocumentis a video, basicvideo editing tools will obviously be neededor
suchatool. In additionto this, it would be desirableto offer a few morehigherlevel tools. With
videoasthemediumi,it canbedifficult to searcldocumentandto getanoverview of the contents
without playing throughthe whole video. Hence,tools which can producean overviev of the
contentdy automaticallyextractingbreaksandhighlights,couldbevery useful. Thiswill require
toolsbasedn methodsrom imageandvideoanalysiswhich canperformanintelligentanalysis
of the content=f thevideo.

The purposeof the work describedherehasbeento perform a preliminary study of potential
approacheso getanindicationof whetherdevelopmentof suchtoolsis possible.This is a very
smallstudy andmostof the problemswill not be solvedwithin this project. Our aim s therefore
ratherto find out throughsomeinitial experimentswhetherthis is a problemthatcanbe solved,
usingappropriatenethodsIn addition,we wantto implementa simpleprototype.

Sgymentatiorandextractionof highlightsfrom signlanguagevideosposea new problem.There
existssomework on segmentingandextractinghighlightsfrom for instancebroadcashews. How-



ever, video sequencesontainingsignlanguagehave very differentcharacteristicsandarefor in-
stancemuch more staticcomparedo that of broadcashews. Automatic segmentationof news
andotherTV-programsareoften performedbasedon the detectionof changedetweershotsand
scenes.Video sequencewith signlanguagewill however usuallycontainno cutsandno scene
changesjustonepersonsitting in front of the cameramoving mainly his/hershands.This makes
the problemmuchmoredifficult, andcloseranalysisof the contentsarenecessary

Someresearchasbeendoneon the analysisof signlanguagevideosin orderto try to recognise
signs[2, 3, 4, 5]. The gesturerecognitionprocessjn general,may be divided into two stages:
the motion sensingwhich extractsusefuldatafrom handmotion; andthe classificationprocess,
which classifiesthe motion sensingdataas gestures. Techniquedor tracking hands,e.g. like

Pentlandand Starnerf4] have usedfor signlanguageecognition,could probablybe usefulalso

for the video seggmentation.In this small preliminary study therewashowever not enoughtime

to develop and implementthe methodsneededfor this. Also, the systemshouldtypically be

lightweightandbe ableto run on a standardPC. This meansthat computationallycomple< and

time-consumingnethodsshouldbe avoided. Our approachor the prototypehasthereforebeen
to make it simple. If simplemethodscanbring ustowardsthe goal, it is very probablethatthese
methodscanbe evenfurtherdevelopedandrefinedto give theresultswe need.

In this reportwe will startin Chapter2 by describingthe methodswve have choserto usefor the
currentproblem. Chapter3 containsa documentatiorof the software prototypewhich hasbeen
developed.In Chapter4 we will describesomeinitial experimentperformedwith thesemethods
andthe obtainedresults. Finally, a summaryanda discussiorof the work is givenin Chapters.
Detailsof the softwareandthelistingsof theresultsaregivenin theappendices.



Chapter 2

Methods

Therearetwo problemso besolved. Firstwe wantto detectbreakgo split thevideoupin natural
shortersequenceslhenwe wantto extractkey framesfrom eachsequencewhich canhelpto give
anoverviewn of the contentof the sequenceln this studywe have focusedon thefirst partof the
problem,i.e. to detectbreaks.This processs describedn Section2.1 of this chapter However,

someinitial experimentshave alsobeenperformedwith the secondproblemin orderto getsome
knowledgeaboutwhatkind of methodghatmightwork. Thisinitial studyis describedn Section
2.2.

2.1 Detectionof breaks

The initial assumptiorwasthat pausescould be detectedbasedon the amountof movementin
theimageasthe handswill be at restduring pauses However, the handsarealsoat restat other
times,andevenwhenthe handsareat rest,the personmight be moving his heador body. Hence,
althoughthe amountof movement,i.e. the differencebetweenimages,is animportantfeature,
thisis notenoughto determinewhetherthereis a break.

An additionalimportantcharacteristiof a breakis thatwhenusingsignlanguagethe personwill
restwith his/herhandsin the lap to mark a pause.We thereforeadjustedour goal to detectthe
frameswherethehandsareatrestin thelap. To accomplisithisa methodto determineatleastthe
approximatepositionof the handsis needed.We have obtainedthis by usinga simpleapproach
wherewe, ratherthanidentifying the exactpositionof thehandsjdentify afew regionsanddecide
whetherthe handsarepresenin theseregions.

The detectionof breaksis performedthroughtwo phases. First, an initialisation phasewhere
the regions of interestare identified basedon the hands’positionduring a break. In this phase
parameterspecificto thecurrentsequencarealsoestimatedThisinitialisationtakesplaceduring

thefirst few framesof thevideo,andthe processs describedn Section2.1.1.



In the secondphase the actualanalysistakesplace. Here, eachframe of the videois analysed.
Theapproximatgositionof thehandss determinecasedn theregionsof interestandthe skin-
colour modeldefinedduring the initialisation. Dependingon the assumegositionof the hands,
eachframeis thenclassifiedasbreakor action. The detailsof this processs describedn Section
2.1.2.

2.1.1 Initialisation

The purposeof the initialisation phaseis to determinethe regions of interest,the skin colour
modelandestimateparameterseededor classificationof framesduringthe analysis.However,
to facilitatethe problem,we first neededo malke thefollowing assumptions:

1) Thebackgrounds homogeneouandstationary
2) Thepersonis sitting in the pausepositionwhenthevideostarts.

3) Thehandsarebrighterthanthe backgroundvhenrestingin the pauseposition.

Thisis notideal, but we hadto make somerestrictionsto be ableto develop the prototypewithin
this very limited study

The secondrequiremenmeanghatwe assumehatin the framesduring the initialisation phase,
thepersonwill sitwith his/herhandsin thelap. Hence if we areableto identify thehandsduring
theinitialisationwe cananalyseghesameregionlater, to find if thehandsarein thepauseposition.
It canhowever be difficult to determinewhethertherearetwo handsor just onehandin this area
asonehandwill oftenbecoveredby theotherduringapause Duringtheanalysist will therefore
not be sufficientto analyseheregion coveredby the handsin the pauseposition. Theareawhere
thehandsmove duringsigningmustalsobeanalysedBoththeseregionsof interesineedtherefore
bedeterminediuringinitialisation.

Defining regionsof interest

TheapproacHor locatingtheregionsof intereststartsby finding the positionof the personwithin
the frame,andthenidentifying the two regionscorrespondindo the upperandlower part of the
person.Thelower region shouldthencontainthe handswhenthey arein pause-position.

The estimationof the regionsis performedasfollows. Firstthe edgeimageis computed.This is

animagewhich givesthe strengthof the gradientsin the image. The reasonfor usingthe edge
imageratherthanthe original colourimage,is that we expectthe contourof the personto give
stronggradientsagainstthe background.This meanghatto identify the positionof the personin

theimage,it is not necessaryo make ary assumption®n the coloursof the backgroundor the
foreground.



It is sufficientto computethe edgeimagefor one bandonly, andwe have usedthe red bandof
the colourimage. Whenthe edgeimagehasbeencomputedwe thresholdit to emphasizeéhe
strongestdgesWe know thattherewill befewer strongedgepixelsthanbackgroundixels,and
we have useda percentilethresholdingmethod. This methodwill setthe specifiedpercentagef
thewealestedge-pixlsto backgroundandtheremainingpercentagé¢o foreground.Theresultof
thethresholdings abi-level image wherethe strongedgesarewhite andthebackgrounds black.

Fromthisthresholdedmage thecentrepoint of all the strongedgegwhite pixels)arefound. The
assumptions thatthe contourof the persons symmetricwhenhe/shes sittingin pause-position
with bothhandsn thelap. This meanghatthe centreof theedgepixelsdescribinghis symmetric
contour shouldcorrespondo the centreof thefigure. Aroundthe centreline from thetop of the
headto thebottomof theimage,arectanglewith awidth of approximately2/5 of thewidth of the
imageis defined.Thisregionis split horizontally giving alower andanupperregion.

To be ableto identify the hands,we were hereforcedto make the assumptiorthatthe handsare
brighterthanthe backgroundvhenrestingin the pauseposition. Basedon this assumptionye

thresholdhelowerregionin theoriginal colourimage.Thehandsshouldthenappeawhite, while

mostof the backgrounds black. However, someof thewhite pixelsmaynotbe partof thehands.
Thewhite regionsarethereforeanalysedurther Areasof connectedvhite pixels areidentified,
andthesizeof theareasaredeterminedThelargestareaof connectedvhite pixelsareassumedo

correspondo thehands.For theidentifiedareathe circumscribedoxis determinedandthenthe

lower region is determinecdasa box slightly largerthanthis. Finally, the sizeof the upperregion

is adjusted.The next stepis thento analysethe lower region to estimatea skin colour modelfor

thehands.

Defining the colour model

Whenthelowerregion hasbeendefinedwe needo establisramodelfor thecolourof thehandgo
beableto determinewvhetherthereareskin pixelsin the differentregionsduringanalysis.Ideally
we would lik e to establisha generakkin colourmodelwhich couldwork for all videos.Colouris
however not a physical phenomenorhut a perceptuaphenomenonThe colour representatioof
skin obtainedby a camerds influencedby mary factors,suchasambientlight, objectmovement
etc. Differentcameragroducesignificantlydifferentcolourvaluesevenfor thesamepersorunder
thesamdighting condition,andhumanskin coloursdiffer from persorto person.Generamodels
have the advantageof beingrelatively userindependenthut they arenotasgoodasuserspecific
modelswould be. In orderto achiese the bestsegmentatiorresults we thereforedecidedto usea
userspecificskin colourmodel.

Most video camerasisean RGB representatiorhowever this is not necessarilythe bestcolour
representatiofor characterisingkin-colour The humanvisual systemadaptdo differentbright-
nessandvariousillumination sourcesuchthata perceptiorof colouris maintainedvithin awide
rangeof lighting conditions.Thereforet is possiblefor usto remove brightnesgrom skin-colour
representationywhile preservingan accuratecolour information. However, in the RGB spacea
triple (r,g,b) representsiot only colour but also brightness. Thus, other colour modelsmay be



more suitable. Thereexists a lot of colour models,but we have chosento usea simple RGB
normalisation:
r=R/(R+G+B) and ¢g=G/(R+G+ B)

This representatiodefinesnormalisedchromaticcolours,andremovesthe brightnessdependent
informationwhile preservingthe colour. In additionthe compleity of the RGB colour spaceis
simplified by dimensionafeductionof the colourspace.

With a userspecificcolour model,we will in the initialisation phaseneeda way to identify the
pixels correspondingo the handswithout having a generalcolour model. We have therefore
assumedhatthewhite pixelsof thethresholdedegion of interestcorrespondo the handg(which
is why we have maderequiremenhumber2 previously in this section).Fromthisa 2-dimensional
histogranis computedwherethenumberof eachcolour(rg value)is countedor thehands Later,
duringtheanalysisthis histograncanbeusedasalook-up-tablewherethevaluein thehistogram
correspondso the probability of a colourbeinga skin colour.

Thedefinition of the regionsandthe colour modelis partof the initialisation of the analysisof a
sequenceTo male it robustto changesn colourthat often appearsiuring the first few frames,
notonly oneframeis usedbut sereral.

Parameter estimation

In additionto the skin colour model, therearealsoa few otherparametershat needto be esti-
matedduringtheinitialisationphaseo adaptto the currentvideo sequenceTheseareparameters
definingthe portion of skin pixels expectedin the upperandlower region during a pause.Later,
theseareusedto determinethe thresholdsmeededo classifyframesasbreakor no-breakduring
theanalysis.

Theinitialisationphasds necessarpecause¢herearelargedifferencedbetweerthesequenceand
how thedifferentpersonbehae, andgeneralestimatexannot be found. Theinitialisationphase
laststhroughthefirst few framesassumingherecordingstartswith the persorsitting in the pause
position. It thenlastsuntil the personstartsmoving.

2.1.2 Analysis

During the analysiswe usecolourinformationto identify pixelswith skin colourwithin eachof
thetwo identifiedregionsof interest.Theideais thata high portion of skin colouredpixelsin the
lower region combinedwith alow portion of skin colouredpixelsin the upperregion, meanghat
the handsarein the pauseposition. Basedon the countsof skin pixels, eachframe canthenbe
classifiedascorrespondingo a breakor not.



Feature extraction

During the detection featuresare extractedfrom eachframe. Thefirst featuresarebasedon the
amountof handpixelsin eachof thetwo regionsdefinedduringinitialisation:

e Thenumberof skin pixelsin theupperregion.

e Thenumberof skin pixelsin thelower region.

In orderto speedup the sggmentationprocessa look-up table is generatedvhich relateseach
normalisedchromaticcolourwith its correspondingireainsidethe RGB-cube.Thelook-uptable
is usedfor classificatiorof all pixels,whetherthey represenskin colouror not.

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

o Thedifferencefrom oneframeto the next.

Theanalysiss basedn thesethreefeatures.

Classificationof frames

To classify eachframe basedon the valuesof thesefeatures thereare a numberof methodsto
choosefrom. A methodbasedon hiddenMarkov modelswould probablybe well suitedfor this
problem,asthis methodcantreata sequencesa time seriesand make the classificationof one
framedependenvnwhathappenedn the previousframe.HiddenMarkov modelshave alsobeen
usedfor recognitionof signlanguageby Pentlandand Starner

Dueto thelimitations of our study we werehowever forcedto usea simplerapproachwherewe
usethresholdgo determinefrom the featureswhetherthe frame shouldbe classifiedasa break
or not. The thresholdsare basedon the parametergstimatedduring the initialisation, andthe
pre-classificatioris basedon the amountof skin pixelsin the upperandlower region. Theideais
that,a high numberof skin pixelsin thelower region combinedwith alow numberof pixelsin the
upperregion, meanghatbothhandsarein thelower region andthatthereis a break.

Wheneachframe hasbeenpreclassifiedn this way, the resultsarefiltered to smooththe result
andremove spuriouserrors. The breaksypically lastfor 12 framesandupwards.It washowever,
desirableto identify a breakwith oneframeonly. The middle frameof a consecutie segmentof
framesclassifiedasbreakss thereforeusedto markthe break.



2.2 Extraction of keyframes

For the extraction of key frameswe have only developeda very simple method,extracting key
framesbasedon the amountof movement.Theideais thatframeswith muchactvity areimpor-
tant.

Feature extraction

Whenfinding theamountof movementin animage the simplestapproachis to usea differencing
technique.This meanghatthe differencebetweertwo consecutie framesarecomputedandthe
amountof changebetweenthe framescanbe usedasa measurdor movementbetweenthe two
frames.

The coloursof the video are not absolutelystable,and can changesomevhat betweenframes.
Somecodecswill make artefactslik e blockingappeaiin theimage. This meanghattherewill be
somevariationin colouror grey level betweerframes,evenwhenthereis no movement.Hence,
ratherthanusingthe differencebetweerntwo framesdirectly, we computethe edgesn the differ-
enceimage.Hencethe effect of homogeneoushiftsin lighting will bereduced.

The edgeimageis thentresholdedandthe foregroundpixels (strongedges)are counted. Many

strongedgepixelsindicatemuchmovement. We have looked only at the movementin the upper
box,asmuchmovementheremeanghatthehandsareprobablyin thisareaandthisindicateghat
we donothave apause (Theoppositeneednot necessarilpetrue. Theremaybeno maovementin

theupperbox, withouttherebeingapause.JThenumberof strongedgepixelsis computedelative
to the sizeof theupperregion, andthis numberis thenuseddirectly asa movementfeature.

Classification

When extractingthe key frames,we wantto extract a suitablenumberof framesper sequence.
Accordingto thesignlanguagexpertsonesigntypically takesonesecondlnitially they therefore
suggestedo extractonekey framepersecond.However, to getsomemoreflexibility we instead
decidedo extractapproximatelyl0 key framesper10 seconds.

Althoughthe movementfeaturesarecomputedor eachframe,the selectionof the key framesis
notdoneuntil all theframeshave beenprocessedTheapproachs asfollows. For eachinterval of
10 secondghe amountof motion extractedasa featurefrom eachframe,is sortedin decreasing
order Thenthe framescorrespondingo the N highestvaluesare selected. As several of the
framesamongthe highestmotionvalueswill resultfrom the samemaximum,we selecta number
whichis approximately4 timesashigh asthe desiredhumberof framesfor thetime interval. The
selectedramesare marked aspotentialkey-frames,andthenafiltering is performedin the same
way asfor the pausdrames to selectonly the midpointof a sequencef consecutie key-frames.



Chapter 3

Implementation

3.1 Platform

The programis implementedas a consoleapplicationin C, using Microsoft Visual C++/C and
their Videofor Windows. Videofor Windowsis anentiresystemfor handlingvideoin Microsoft
Windows, wherethe AVI file andfile formatis a centralpart.

Video for Windows also provideslibraries, which can be usedto manipulateframesin an AVI
video stream. To be ableto usethe necessanAVIFile functionsa link to the winmm.lib and
viw32.lib is neededThesdibrariesareincludedwith MSVC++ 6.0,andshouldbe availablealso
for versionsaslow as4.0. Newer versionsof thelibrariesarealsopartof thelatestPlatformSDK
releasdérom Microsoft.

3.2 Syntaxand parameters

The syntaxof the programis asfollows:

Usage: signed <AVI-file> <Result file>
[-Plength <pause |l ength>] [-Pfactor <pause factor>]
[ - Nkeys <Nof key franmes>] [-Nsecs <interval |ength>]

Here,thefirst two agumentsarerequiredasthey areusedto specifytheinput andthe outputfile.
The last four agumentsare optional switches,which canbe usedto adjustthe performanceof
the pausadetectionandkey frameextraction.In thefollowing we will describeeachparametein
somemoredetail.

AVI-file:  Thename(andpath)of the AVI-video to beanalysed.

10



Resultfile: Thenameof thefile whichwill containtheresults.Thiswill beatext file giving the
identifiedframetypes(pauseor key frame), the framenumberandthe correspondindgime code
computedrom theframenumber Therewill be oneline for eachclassifiedrame,andtheformat
of eachline is asfollows:

<Frame type> <Franme nunber> <Ti me-code for franme>

The frametype will be identifiedwith the characterP (Pause)or K (Key frame). Examplesof
thesefiles canbe seenin AppendixB, wherewe have listedtheresultsfrom someexperiments.

Pauselength: Thisparametecanbeusedto specifythe minimumlengthof abreak.Thelength
shouldbe givenin numberof frames. If no lengthis specified,the parameteis setto a default
value of 8 frames,which correspondso 1/3 of a second.This seemgo work well, andshorter
periodsthanthis thatareclassifiedasbreaks areoftenfalseclassifications.

Pausefactor: This parametecanbe usedto tunethe numberof pausegietected.The default
valueis 1.0. If this factoris increasedmore pauseswill be detectedput this alsoincreaseshe
possibility of detectingfalsepauseslf thefactoris decreasefewer pausesvill be detectedThis
canmeanfewer falsepausesbut alsomoremissedpauses.

Nkeysand Nsecs: Theseparametersreusedto specifythe desirednumberof key framesex-
tractedfor atime interval. The default valuesare, Nkeys=10and Nsecs=10which meansthat
therewill beextractedapproximatelylO key framesper10 seconds.

11



Chapter 4

Experiments and Results

4.1 Data

For the experimentsave hadcolourvideosof threedifferentpersons Eachsequencevasan AVI-
video(Indeo3.2) with 25 framespersecondandwith aframesizeof 640x480pixels.

We hadone sequencdrom eachof the threepersons.Eachpersonwastelling a differentstory
using sign language andthe length variedfor eachvideo (seeTable4.1). The videoswereall
recordedwith a homogeneoubackground. An imagefrom eachsequenceanbe seenin Figure
4.1. We will referto thevideosby the nameof the personappearingn eachvideo.

| Name | Length| No. of frames]
Geog 02:54 4361
Gudmund| 03:41 5541
Torkil 11:04 16609

Table4.1: Lengthsof thethreevideosusedin the experiment.

4.2 Experiments

In Figure4.2plotsof thefeaturesxtractedfrom thefirst 1500framesof thevideosequenc&eoig

areshavn. Theupperplot shovs the variationin the numberof skin pixelsin thelower region of

interest. The dottedline in the sameplot indicatesthe locationof the true pausegzerowhenno
pause) Fromthis we canseethatthereis a correspondenceetweerhigh countsof skin pixelsin

the lower region andpausesHowever, ascanalsobe seenijt is difficult to determinea threshold
whereall framesabove thethresholdcorrespondso a pauseandall belawv to action.

12



Torkil

Gudmund

Figure4.1: Pause-positiorior ead of the persons.

Thesecondplot in Figure4.2 givesthe numberof skin pixelsin theupperregion. Thecorrespon-
dencewith the pausess notsoclearhere.The countis usuallylow whenthereis a pausebut the

countcanalsobelow at otherpoints. Thethird plot in Figure4.2 shavs theamountof movement
betweerframes.Here,thereis little correspondenceetweerpausesandthelevelsof motion,and

thisis why we decidedto usethis featureonly for thekey frameextraction.

In Figure 4.3 we have shavn the resultsof the classificationfor the samesequence.The upper
plot shaws the resultsof the classification.The high peaksidentify the framescorrespondingo
the midpointsof the detectedpauseswhile the low peaksidentify the frameswherekey frames
wereextracted.Thelower plot shavs thepositionandlengthof themanuallyidentifiedpausegor
thesequence.

The pause-classificatioandthe key frameextractionwererun on all the threevideo sequences.
A detailedlisting of the resultsis givenin AppendixB. In Table 4.2 we have summarisedhe
resultsof the pause-detectionThetablegivesthe numberof pauseshatwerecorrectlydetected,
andthe numberof falselydetectegausesldeally the numberof correctlydetectegpauseshould
correspondo the numberof manuallyidentified pauseswhile the numberof falsely detected
pauseshouldbe zero.

13



The effectsof adjustingthe pause-ctoris alsodemonstrateth Table4.2. As expected,t canbe
seenthatby increasinghe pausedactorthe numberof correctlyclassifiedpausess increasedbut
alsothe numberof falselyclassifiedpauses.

Georg Gudmund Torkil

Pausefactor 08(10|12|08|10|22|08|10|12
Manuallyidentifiedpauses| 15 | 15 | 15 || 23 | 23 | 23 || 23 | 23 | 23
Correctlydetectechauses 71 10| 13| 21| 23| 23| 20| 22| 22
Falselydetecteauses 0 1 5 1 1 4 3 7| 35

Table4.2: Resultoof the pausedetectionfor ead of thethreevideos.

In video analysis,speedcan also be a very importantfactor andfor the currentprototypethe
analysiss performedat a speedf approximatelyl0 framespersecondn a standardNT PC.

4.3 Evaluation of results

For the breakdetection the resultsseemquite good. From the plots of the featureswe seethat
thesefeaturescombinedwith hardthresholdsvork well but someerrorsare unavoidable. This
meansthat lower thresholdsmay meanthat fewer pauseswill be missed,but morefalsepauses
will be detected.A higherthresholdmeanshattherisk of detectingfalsepausesiecreasedyut
thenmorepausesnaybemissed.

Theresultscould probablybe furtherimproved by usinga statisticalclassificationrmethod. The
hiddenMarkov modeldiscusse@arliercouldfor instancebeusedto incorporaténformationfrom
morethanoneframe. It would bevery interestingto studythesetechniquesnorecloselyfor this
application.Theinitial resultsobtainedwith ourvery simpleclassificatiorschemesindicatethat
evenbetterresultscouldbe obtainedwith moresophisticatednethods.

For the key frame extraction, we needsign languageexpertiseto evaluatethe results,but the
initial feedbaclontheresultsindicatethatthey seenvery interesting.However, closerevaluation
is hecessary

The testvideosin theseexperimentsshouldrepresenthe expectedquality of homemadesign
languagevideos.Thethreesequencewe have usedarealsoquitedifferentin how thepersonsise
theirhands Still, it shouldbe notedthatthe methodshave beentrainedandtestedon the sameset,
andexperimenton larger setsshouldbe performed.

14
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Chapter 5

Summary and Discussion

In this reportwe have describedaninitial studyon the analysisof signlanguagevideosbasedon
imageanalysis. The purposeof this studyhasbeento performa preliminary study of potential
approachet theproblemof detectingoreaksandextractinghighlightsfrom signlanguagevideos.

The reasonfor looking into this problemis that Mgller Kompetansesentén Trondheim,which
is a centrethatdevelopseducationatools and materialsfor deafpeople,wantsto developasign
languageprocessofor thedeafwith aflexibility andfunctionalitycomparabléo thatof word pro-
cessorsln additionto basicvideoeditingtools, they wantsucha systento offer higherlevel tools
thatcanproduceanoverview of the contentsy automaticallyextractingbreaksandhighlights.

This hasbeenavery limited study andour aim hasbeento find out throughsomeinitial experi-
mentswhetherthisis a problemthatcanbe solvedusingappropriatenethodsandto implementa
simpleprototype.Therearetwo problemsto be solved. Firstwe wantto detectbreaksto split the
video up in naturalshortersequencesThenwe wantto extractkey framesthat canhelpto give
anoverviewn of the contentof the sequenceln this studywe have focusedon thefirst partof the
problem,i.e. to detectbreaks.However, someinitial experimentshave alsobeenperformedwith
thesecondoroblem

An importantcharacteristiof a breakis thatwhenusingsignlanguagethe personwill restwith
his/herhandsin thelap to mark a pause.The detectionof breaksis thereforebasedon detecting
the frameswherethe handsare at restin the lap. To accomplishthis we have useda simple
approactwherewe, ratherthanidentifying the exact positionof the handsjdentify a few regions
of interestanddecidewhetherthehandsarepresenin theseregions. To beableto dothiswe made
thefollowing requirements(i) the backgrounds homogeneouandstationary (ii) the personis
sittingin the pausepositionwhenthevideostarts and(iii) thebackgrounds darkerthanthehands
whenrestingin thelap of the person.

During an initialisation phase,two regions of interestare determinedand a userspecific skin-
colourmodelis estimated.Thefirst region of interestis choserasthe areacoveredby the hands
duringapausewhile theotherregionis theareawherethehandsmove duringsigning.Duringthe

17



analysisthe colourmodelis usedto identify pixelswith skin colourwithin eachof theidentified
regions of interest. The ideais that a high portion of skin colouredpixelsin the pauseregion
combinedwith alow portionof skin colouredpixelsin the otherregion, meanghatthe handsare
in the pauseposition. Basedon the countsof skin pixels, eachframe canthenbe classifiedas
correspondingo a breakor not. For the extractionof key frameswe have only developeda very
simplemethod extractingkey framesbasedon theamountof movement.Theideais thatframes
with muchactuity areimportant.

Someexperimentson threevideo sequencesvith threedifferent people,have beenperformed.
For the breakdetection the resultsseemquite good. The classificatioris however basedon hard
thresholdsand someerrorsarethereforeunavoidable. Even betterresultscould possiblybe ob-
tainedusing a statisticalclassificationmethod. For the key frame extraction, we needsign lan-
guageexpertiseto evaluatethe results,but initial feedbackon the resultsindicatethatthey seem
interesting.

The testvideosin theseexperimentsshouldrepresenthe expectedquality of homemadesign

languagevideos, and the three sequencesve have usedare quite differentin how the persons
usetheir hands. Still, it shouldbe notedthat the methodshave beentrainedand testedon the

sameset,andexperimentson larger setsshouldbe performed.Futurework shouldalsoincludea

studyof moresophisticatedechniquegor motiontrackingandfor classification.Thegoodresults
obtainedwith simpleapproachesndicatethatbreakdetectionshouldbe possible Whenit comes
to key frameextractiona closerevaluationof theresultsis however needeceforewe candrav a

conclusion.
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Appendix A

Software

The softwareof this prototypeconsistof thefollowing files:

C-files:

e AVlparse.c

e AVltools.c

e RGBmethods.c
o RGBtools.c

e colourc

e region.c

e sobel.c

e readswitch.c

e mmatrix.c

h-files:

e GENdef.h
e AVidef.h
e RGBdef.h
e region.h

In additionVideofor Windows s required.
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Appendix B

Results

In the following we will give someresultsfrom the experiments.Thesearelistings of the result
files for eachof thethreevideosGeorg, Gudmund, andTorkil .

Theresultswereobtainedwith the default settingof parameters:

Plength =
Pfactor
Nsecs
Nkeys

8
1.0
10
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
correspondingime codearegivenfor theidentifiedframes.
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