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ABSTRACT

In this paperwe presenamethodo extractcoarsebound-
ary featuresfrom DiscreteCosineTransform(DCT) com-
pressedlocks. Videosequencesasuallycontainenormous
datafor video processing. Decompressinglataand then
processinguncompressedatais computationalintensie.
Moreover, this mayyield erroneousesultsdueto process-
ing unnecessarglata.Ourgoalis to extractcoarseboundary
featureswithout decompressingriginal data,and thento
eliminateinsignificantblocksfor decompressingThe fea-
turesareextractedaboutthe smoothnesghe boundaryvis-
ibility, andthe boundarystructureof a block. In the paper
we give an applicationof using coarsefeaturesfor video
objectsegmentation.

1. INTRODUCTION

The new video coding standardMPEG-4 [1] enablesthe
content-baseflinctionalitiesby introducingthe conceptof
video objectplanes(VOP). The codingof video sequences
thatareseggmentedbasedon video contentsflexible recon-
struction,andmanipulatiorof videocontentsatthedecoder
have beenthe primary objective. Thus, video objectsey-
mentationwhichemphasizeen partitioningthevideoframes
into semanticallywideoobjectsandthebackgroundbecomes
asignificantissuefor the effective manipulationof MPEG-
4 andMPEG-7.However, therehasbeensignificantamount
of videothathasbeencompressedsingMPEG-1andMPEG-
2, which use Discrete Cosine Transform(DCT) to com-
presdata.Decompressindataandthenprocessinglecom-
presseddatais computationaintensie. It is importantto
extract somecoarsefeaturesto reducedecompressioand
to usethesefeaturesn processing.
Featureextractionandedgedetectiorin compresse®CT
domainhave beenstudiedin [2, 3, 4]. Patternsof the first
AC coeficientsby zigzagorderinghave beenusedfor coarse
edgedetection[4]. The numberof non-zerocoeficients
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hasbeenstudiedin [3]. Firsttwo AC coeficientsareused
for edgeand shapedetectionin [2]. The generalproblem
with the coarseedgedetectionproblemsis that mostof the

weightis givento coeficientsthatappearfirst accordingto

the zigzagordering. In this paper AC coeficientsare or-

deredaccordingto their absolutemagnitude. The features
areobtainedrrom the sortedAC coeficients.

A segmentationalgorithmbasedon Hausdorf distance
by extractingedgesis proposedn [5]. A modelbasedon
detectionandtracking of edged6] discoversedgesby us-
ing theedgesn consecutre framesandin the background.
Video object sggmentationmethods[5, 6] can detectthe
edgesrelying on the moving edgesof the objects. These
methodseitherrequiretheraw dataor needto decompress
the original data. The video objectscanbe sggmentedus-
ing the backgroundmodel. The blocks from the frames
andthebackgroundnodelarecomparedo extractobjects.
The featuresextractedfrom the compressediata can be
usedto identify significantregionsbeforethe sggmentation.
Sincethecompressiotechniquén MPEG-1,MPEG-2,and
MPEG-4is DCT, we proposea reliable methodto extract
significantblocksby extractingfeaturesaboutthe smooth-
nessand boundariefrom DCT compressedlocks. Fea-
turesaboutsmoothnesandstructureof boundariesireeval-
uatedto determinethe significantblocksfrom compressed
videofor objectsegmentation.

This paperis organizedas follows. The extraction of
featuresrom DCT compressedtblocksis describedn Sec-
tion 2. The extractionof objectboundariesandobjectsey-
mentationareexplainedin Section3. Thelastsectioncon-
cludesour paper

2. EXTRACTION OF FEATURESFROM A DCT
BLOCK

Therehasbeensignificantvideo datathat are compressed
usingDCT. Thetraditionalmethodsiecompresall theblocks
andthenapplyvideoprocessindgechniquesThis increases

computationakompleity dueto decompressinginneces-

saryblocksandprocessingheseinsignificantblocks. The
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significantblockscanbedeterminedy analyzingDCT blocks.

In this section,we proposesereral featuresthat canbe ex-
tractedto comparawo blocks.A DCT compressetlockis
obtainedfrom 8x8 rectangularegion of pixels. The major
featureghatwill beextractedaresmoothnesshe comple-
ity of patternsandtheboundariegor edges)jnsideablock.

2.1. Smoothness and Patterns

Eachblock is composedf DC and AC coeficients. DC
coeficient of a block carriesthe most information about
the block which is the 8 times of the averageof the pixel
valuesinsidethe block. However, DC coeficient provides
no information on the structureof a block or how pixels
arespread.If only DC coeficientsareusedfor comparing
blocks, differentblocks may be assumedo be similar be-
causeof theequalityin the averageof thevaluesin ablock.
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Figurel: 2D DCT basismagesandtheirzigzagnumbering.

AC coeficients must be usedeffectively to determine
the contentsof a block. EachAC coeficient is the coefi-
cientof a basisimageshavn in Figure1l. The numberof
non-zeroAC coeficients(INZ4¢) shovs how complicated
theblock patternis [3]. If NZ ¢ is 0, the block patternis
smooth. This alsoindicatesthe absenceof an edgein the
block. As NZ ¢ increasessmoothnessn the block de-
creasesandsomepatternsbecomevisible.

Figure?2: Blocksthatcontainedges.

Themagnitudeof AC coeficientsis anindicatorof edges
or boundarieghat may exist in the block. AC coeficients
are sortedin descendingorder accordingto the absolute
valueof the AC coeficients. We sumup the absolutevalue
of M highestAC coeficients,andthe sumyieldstheblock
boundarwisibility (BV). High valuesof BV indicateclear
boundariesvhereadow valuesindicateweak boundaries.

We do notuseall the coeficientssincelow coeficientsde-
terminethe shapeof the boundaryratherthanthe visibility .
This methoddoesnot rely on first coeficientswith respect
to zigzagorderingasin [4, 2]. Figure 2 shows the blocks
thatcontainedgedrom thefirst framesof 'Akiyo’ and’Hall
Monitor’ testsequences.

2.2. Boundaries

The zigzagindex (Figure 1) of the highestabsolutemag-
nitude of AC coeficientindicatesthe boundarytypein the
block. Ordered 4c maintaingheindicesof AC coeficients
in descendingrderaccordingto their absolutevaluesand
Ordered ac (i) pointsthe it (0 < i < NZac) highest
index. Thereis a vertical boundaryif Orderedac(0) €
{1,5,6,14,15,17,28} whereOrdered 4c(0) is the index
of the highestAC coeficient. Basisimagesof theseAC co-
efficientsonly have vertical borders. Thereis a horizontal
boundaryif Orderedsc(0) € {2,3,9,10,20,21,35}. If
Orderedsc(0) € {4}, thereis adiagonalboundaryin the
block.

Theorderof indiceswith respecto the absolutemagni-
tudeof AC coeficientsindicateswherethe boundaryis in
theblock. Thesignof the AC coeficientsindicateshedark
andlight regionsin theblock. Thus,we canextractcoarse
information by orderingof indicesand using the signs of
AC coeficients.

We extractedblocks that containboundariedrom the
firstimageof 'Akiyo’ testsequencekor example,
Orderedsc =< —1,+6 > denoteghattheindex of the
highestAC coeficientis 1 andit is negative, andthe sec-
ondhighestindex is 6 andit is positive. We deducehatthe
left partof theblockis darkerthanits right sidebecausé¢he
highestindex 1 hasa negative coeficient. The secondin-
dex helpsuslocatethe boundary The secondAC index is
still avertical AC index, thereforethe block hasa vertical
boundary Sincethe secondAC index is +6, if basisim-
agesof —1 and+6 areoverlappedtheboundaryappeargo
be 27¢ — 374 columnfrom the left. Someexamplesfrom
theblocksof "Akiyo’ testsequenceareshowvn in Figure3.
First two coeficientsusually determinethe positionof the
boundaryandthethird oneindicatestheslopein thebound-
ary. SinceAC coeficientshaving largermagnitudesreef-
fective in determiningthe boundariesthis methodis more
reliablethanthe othermethodsthat rely on the zigzagor-
deringof coeficients.

B OrderedAC=<-2,-1,+4>

| | OrderedAC = < -1, +5, -6 >

¥ OrderedAC = < -1, +6 >

Figure3: Boundariesn ablock.
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Figure 4: Experiments. (a) frame 43 (b) backgroundmage (c) decompresse(significant) blocks for edgedetection(d)

thresholdedrame(e) video object.

Thefeaturevectorof ablockis 5-tuple
B = {DC,NZ, BV, BoundaryType, Darkness}. The
comparisorof two blocksis performedby comparingtheir
featurevectors. The type of the boundaryis importantto
comparethe similarity of blocks. Sometimesa block is
comparedwith neighboringblocksto checkthe continuity
of theboundary

3. VIDEO OBJECT SEGMENTATION

The generaimethodfor sggmentatiorof video objectsis to
detectthe boundarief the object. Therefore,if a region
doesnot have avisible boundaryit is very unlikely thatthe
region will containthe boundaryfor the object. The back-
groundmodelcanbe generatecutomaticallyor presented
to the system. The featurevectorsof blocksof the frames
and the backgroundmodel are comparedto eliminatein-
significantblocks. If the featurevectorsare different, the
frame block is likely to containdataaboutan objectand
consideredsasignificantblock. Thesignificantblocksare
decompressedndusedfor furtherprocessing.

Firstly, theblocksin thebackgroundnodelandtheframe
arecompared.Threethresholdsypc, 7nvz, and gy, are
usedto compareDC coeficients, the numberof non-zero
AC coeficients,andboundaryvisibility of featurevectors.
Let f1 and f> befeaturevectorsof two blocksto be com-

pared.If | f1(DC)—f2(DC)| > mpc or | f1(NZ)—fo(NZ)| >
T~ z, theblocksareconsidereasdifferentblocks.If fi(BV) <

7y and fo(BV) < 7By, blocksareassumedo have no
visible boundaries.If only one of the blockshasa visible
boundary(i.e.,> gy ), theblocksareconsideredlifferent.
If two blocks have visible boundariesthe boundarytype
andthe darknesf boundariesare compared.If both are
the same they aretreatedassimilar. The differentblocks
are consideredas significantblocks. Theseblocksarede-
compresse@ndusedin further processing.The frame43
andbackgroundof 'Hall Monitor’ testsequencareshovn
in Figure4 (a) and(b), respectiely. The significantblocks
thatareselectedy comparingcoarseboundaryfeaturesare
displayedn Figure4 (c). Two macroblocksaremisdetected
assignificantblocksdueto their complex patterns.
Secondly edgesin the significantblocks are extracted
to detectthe boundariesof a video object. The Canry [7]
edgedetectoris usedto extractthe edges.The mostdistin-

guishedfeatureof anedgeis its gradient,Vg. Edgematrix
E maintaingheedgesn animage,whichis denotedoy

o Eyy=1 |if therejs anedgeat (X,y)(Vg > Tgage)
E,, =0 otherwise

Let EA and E7+ representhe edgematrix for the back-
ground and frame i. The differenceedge matrix (D E?)
holdsthedifferentedgeghatexistin theframebut notin the
backgroundvhere DE? = ((E*: XOR Ef) — EP). DE"
mayalsocontainnoisyedgeglueto theilluminationchange
in the ervironment. ®( DE?) denoteghe edgesafter noise
removed. The removal of the noiseis performedbasedon
the imageproducedwith thresholding(Figure4 (d)). It is
possiblethat significantblocksmay be missedin theinitial
comparisorphase.A significantblock may be missedbe-
causeof a weakboundarycloseto the bordersof a block.
Thiskind of ablockwill havesimilarDC', N Z 4o, and BV
valueswith the backgroundmodel. If thereis an edgeon
the borderof aninsignificantblock, the insignificantblock
is alsodecompressebeforefurther processing.

Thirdly, asaresultof the previous stepsthe edgesmay
be disconnectedThe edgesof the video objectmaybe re-
movedsincethey overlapwith thebackgroundedgeor may
be removed asnoisemistalenly. If the gradientsof nodes
are below the thresholdfor edge,the edgesmay againbe
disconnectedLinking of edgeswill createnen edgesand
is composeaf two phaseslinking of closeedgesandlink-
ing of distantedges.Let ®(DE ) = 1and®(DE},) =0
where(z,y) and(p, q) arecoordinatesz —1 <p <z +1,
andy — 1 < ¢ < y + 1. Let N,, denotethe setof 8-
connectedhodesof anodeat (p, q). For simplicity, assume
thatE = ®(DE?). E,, is corvertedto anedgeif

Euy = 1A 3p3q(Epy = 0 A3IsTt(Ey, = 1 A (Eg € Npy)
A=FuIFv(Eyy = 1A (Eyy € Ngy) A (Est € Nyy))

istrue. Informally, anodeis cornvertedto anedgef thenode
connectsedgesthat are not connectedlirectly or through
their neighbors.In this contet, a nodeis anedgeif its gra-
dientis higherthantheedgethreshold.For example,in Fig-
ure5 (a),nodes4, 6, 8, 9 and14 denotethe edges We want
to link node6 to anothemode. The 8-connectedheighbors
of node6 arenodesl, 2, 3,5, 7,9, 10and11. Node9 is
alreadyan edge. Nodesl1 and 2 do not connectnode6 to



ary otheredge thereforetheseareignored. If node3, 7 or
11becomesnedgethennodes4 and8 arereachabldrom
node6. Nodes10 and11 connectnode6 to node14 but
nodel4 is alreadyreachabldrom node6 throughnode9.
So,theonly candidatesrenodes3, 7 and11. Onceoneof
nodes3, 7 or 11 is chosen.all the edgesin the figure are
reachabldrom node6.
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Figure5: EdgeLinking. (a) closeedgelinking, (b) distant
edgelinking.

Linking distantedgess differentsincenoneof theneigh-
borsconnectheedgedo thedistantedges Assumethatwe
wantto link sourcey to destination,,. The mainideais
to follow the nodeshaving high Vg. Thereare2 significant
problems:1) if the edgeis alsoconnectedo a strongedge
in thebackgroundthetrajectoryfrom the sourcemay stray
and?) if we startfrom the sourceandtry to reachthe desti-
nationby following thegradientof nodestheedgesearby
the destinatiormay be misdetecteédndthe realedgesmay
be eliminated.We usea heuristicto solve thefirst problem.
If thesourceis at(z,y), destinatioris at (p, ¢), and(s, t) is
anedgeonthetrajectoryfrom thesourceto the destination,
thenmin(p,z) < s < maz(p,z) andmin(q,y) < t <
max(q,y). To solvethesecondproblem,insteadof starting
from the sourceandreachingthe destinationa single step
fromthesourceo destinatiorandasinglestepfromthedes-
tinationto thesourcds takenateachiteration. A singlestep
is to visit anneighborof anedge(Figure5 (b)). We usethe
Manhattardistanceo measurehe distancebetweeredges.
Theconditiondistance(source; 1, destination; 1)
< distance(source;, destination;) mustbe satisfiedaf-
ter eachiteration. The iteration continuesuntil the source
andthedestinatiorare8-connectedThe snale model[8] is
proposedo extractopenandclosedcontoursof objects. It
needsnitial pointsfor thecontoursandrequireswveightsfor
adjustingthe curvesof the contours.The distantedgelink-
ing canalsobe performedusingthe snale model. Sincethe
focusof the paperis the extractionof the coarseboundary
features gxperiencewith the snale modelis not discussed
in this paper Finally, theregionswithin theboundaryof the
objectarefilled to obtainthevideoobject(Figure4 (e)).

In our experimentswe obsenedthat sortedAC coefi-
cientsare significantin detectionand extraction of coarse
boundaries.Sincefirst two AC coeficientsareusuallythe
highestAC coeficients,the methodsthat dependon these

coeficientsmayalsoyield goodresultsn somecasesHow-

ever, during comparisonsof video frames, there are also
blocksthat have othersignificantcoeficientswhich cannot
be distinguishedusingthefirst 2 AC coeficients. This in-

creasedhenumberof blocksthatareassumedo besimilar

in the preprocessingN Z 4¢ is alsonot enoughto describe
the coarseboundaryfeatureswhen N Z 4 is quite small

(i.e. lessthan®). If NZ 4¢ is high,it is likely thatthereare
mary AC coeficientshaving small magnitude. NZ4¢ is

usefulin comparison# the differencebetweerthe number
of non-zeroAC coeficientsis significant. By usingcom-
binationof the prestatedeatureswe obtainedsatishctory
results.

4. CONCLUSION

In thispaperwe presentedimethodo extractcoarseébound-
aryfeaturefrom DCT compresseblocks. We shovedthat
DC coeficient, smoothnesshoundaryvisibility, boundary
type, and darknessare good featuresto determinesignifi-
cantblocks. The boundaryfeaturesare usedto eliminate
theinsignificantblocksfor video processingWe alsogave
anexampleon how thesefeaturescanbe usedin video ob-
jectsegmentationln this papertheboundantypesthatare
coveredarevertical, horizontal,anddiagonal. Othertypes
of boundariedike curved boundariesan alsobe detected
using other AC coeficientsbut this is left asa further re-
searchln thosecasestheboundantypeis representedith
theindex of the highestAC coeficient.

5. REFERENCES

[1] T. Sikora, “The mpeg-4 video standardverification model;
IEEE Trans.Circuits Syst.\Video Technolagy, vol. 7, pp. 19—
31,February1997.

[2] C.W.Ngo,T. C.Pong,andR. T. Chin, “Exploiting imagein-
dexing techniquesn dctdomain, PatternRecanition, 2000.

[3] F. Armanandetal., “Imageprocessingncompressedatafor
large video databases, in Proc. ACM Int. Conf Multimedia
Junel993.

[4] Bo Shenandlshwar K. Sethi, “Direct featureextractionfrom
compresseimages, in Proc. SPIEStorage, Retrieval for Im-
age andandVideoDatabasedV, 1996,vol. 2670.

[5] T. MeierandK.N. Ngan, “Video objectplaneseggmentation
usinga morphologicafilter andhausdoiff objecttracking; in
ICIP, October1998.

[6] C.Kim andJ-N.Hwang, “An integratedschemefor object-
based/ideoabstractiori,in ACM, October2000,pp.303-311.

[7] J.F Canry, “A computationabpproachto edgedetectior,
IEEE Transactionson Pattern Analysisand Machine Intelli-
gence vol. 6, no.6, pp.679-698 Novemberl1986.

[8] M. Kass,A. Witkin, and D. Terzopoulos, “Snakes: Active
contourmodels;, Proc. of First International Conf on Com-
puterVision, pp.259-268,1987.





