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ABSTRACT

In thispaper, wepresentamethodto extractcoarsebound-
ary featuresfrom DiscreteCosineTransform(DCT) com-
pressedblocks.Videosequencesusuallycontainenormous
datafor video processing. Decompressingdataand then
processinguncompresseddatais computationalintensive.
Moreover, this mayyield erroneousresultsdueto process-
ing unnecessarydata.Ourgoalis to extractcoarseboundary
featureswithout decompressingoriginal data,and then to
eliminateinsignificantblocksfor decompressing.The fea-
turesareextractedaboutthesmoothness,theboundaryvis-
ibility , andtheboundarystructureof a block. In thepaper,
we give an applicationof using coarsefeaturesfor video
objectsegmentation.

1. INTRODUCTION

The new video coding standardMPEG-4 [1] enablesthe
content-basedfunctionalitiesby introducingtheconceptof
videoobjectplanes(VOP).Thecodingof videosequences
thataresegmentedbasedon videocontents,flexible recon-
struction,andmanipulationof videocontentsat thedecoder
have beenthe primary objective. Thus, video objectseg-
mentation,whichemphasizesonpartitioningthevideoframes
intosemanticallyvideoobjectsandthebackground,becomes
a significantissuefor theeffectivemanipulationof MPEG-
4 andMPEG-7.However, therehasbeensignificantamount
of videothathasbeencompressedusingMPEG-1andMPEG-
2, which use DiscreteCosineTransform(DCT) to com-
pressdata.Decompressingdataandthenprocessingdecom-
presseddatais computationalintensive. It is importantto
extract somecoarsefeaturesto reducedecompressionand
to usethesefeaturesin processing.

Featureextractionandedgedetectionin compressedDCT
domainhave beenstudiedin [2, 3, 4]. Patternsof the first
ACcoefficientsbyzigzagorderinghavebeenusedfor coarse
edgedetection[4]. The numberof non-zerocoefficients
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hasbeenstudiedin [3]. First two AC coefficientsareused
for edgeandshapedetectionin [2]. The generalproblem
with thecoarseedgedetectionproblemsis thatmostof the
weight is givento coefficientsthatappearfirst accordingto
the zigzagordering. In this paper, AC coefficientsareor-
deredaccordingto their absolutemagnitude.The features
areobtainedfrom thesortedAC coefficients.

A segmentationalgorithmbasedon Hausdorff distance
by extractingedgesis proposedin [5]. A modelbasedon
detectionandtrackingof edges[6] discoversedgesby us-
ing theedgesin consecutive framesandin thebackground.
Video object segmentationmethods[5, 6] can detectthe
edgesrelying on the moving edgesof the objects. These
methodseitherrequirethe raw dataor needto decompress
the original data. The video objectscanbe segmentedus-
ing the backgroundmodel. The blocks from the frames
andthebackgroundmodelarecomparedto extractobjects.
The featuresextractedfrom the compresseddata can be
usedto identify significantregionsbeforethesegmentation.
Sincethecompressiontechniquein MPEG-1,MPEG-2,and
MPEG-4 is DCT, we proposea reliablemethodto extract
significantblocksby extractingfeaturesaboutthe smooth-
nessand boundariesfrom DCT compressedblocks. Fea-
turesaboutsmoothnessandstructureof boundariesareeval-
uatedto determinethe significantblocksfrom compressed
videofor objectsegmentation.

This paperis organizedas follows. The extraction of
featuresfrom DCT compressedblocksis describedin Sec-
tion 2. Theextractionof objectboundariesandobjectseg-
mentationareexplainedin Section3. Thelastsectioncon-
cludesour paper.

2. EXTRACTION OF FEATURES FROM A DCT
BLOCK

Therehasbeensignificantvideo datathat arecompressed
usingDCT. Thetraditionalmethodsdecompressall theblocks
andthenapplyvideoprocessingtechniques.This increases
computationalcomplexity due to decompressingunneces-
saryblocksandprocessingtheseinsignificantblocks. The
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significantblockscanbedeterminedbyanalyzingDCTblocks.
In this section,we proposeseveral featuresthatcanbe ex-
tractedto comparetwo blocks.A DCT compressedblock is
obtainedfrom 8x8 rectangularregion of pixels. Themajor
featuresthatwill beextractedaresmoothness,thecomplex-
ity of patterns,andtheboundaries(or edges)insideablock.

2.1. Smoothness and Patterns

Eachblock is composedof DC andAC coefficients. DC
coefficient of a block carriesthe most information about
the block which is the 8 timesof the averageof the pixel
valuesinsidethe block. However, DC coefficient provides
no information on the structureof a block or how pixels
arespread.If only DC coefficientsareusedfor comparing
blocks,differentblocksmay be assumedto be similar be-
causeof theequalityin theaverageof thevaluesin ablock.
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Figure1: 2D DCTbasisimagesandtheirzigzagnumbering.

AC coefficientsmust be usedeffectively to determine
the contentsof a block. EachAC coefficient is the coeffi-
cient of a basisimageshown in Figure1. The numberof
non-zeroAC coefficients( ������� ) shows how complicated
theblock patternis [3]. If ��� ��� is 0, theblock patternis
smooth. This also indicatesthe absenceof an edgein the
block. As ��� ��� increases,smoothnessin the block de-
creasesandsomepatternsbecomevisible.

Figure2: Blocksthatcontainedges.

Themagnitudeof ACcoefficientsisanindicatorof edges
or boundariesthat may exist in the block. AC coefficients
are sortedin descendingorder accordingto the absolute
valueof theAC coefficients.We sumup theabsolutevalue
of 	 highestAC coefficients,andthesumyieldstheblock
boundaryvisibility ( 
�� ). High valuesof 
�� indicateclear
boundarieswhereaslow valuesindicateweakboundaries.

We do not useall thecoefficientssincelow coefficientsde-
terminetheshapeof theboundaryratherthanthevisibility.
This methoddoesnot rely on first coefficientswith respect
to zigzagorderingasin [4, 2]. Figure2 shows the blocks
thatcontainedgesfrom thefirst framesof ’Akiyo’ and’Hall
Monitor’ testsequences.

2.2. Boundaries

The zigzagindex (Figure 1) of the highestabsolutemag-
nitudeof AC coefficient indicatestheboundarytype in the
block. ���������������� maintainstheindicesof AC coefficients
in descendingorderaccordingto their absolutevaluesand���������������������� points the �������� "!#�%$&�������'� highest
index. Thereis a vertical boundaryif ������������������� (��)*�+�,.-/,10/,2+435,4+�-/,4+�67,.8:9<;

where ����(������� ��� �� �� is the index
of thehighestAC coefficient. Basisimagesof theseAC co-
efficientsonly have vertical borders.Thereis a horizontal
boundaryif ������������ ��� �� (�%) *�8<,.=/,1>?,4+  ,.8  ,@8<+:,.=�-(; . If������������ ��� �� (��) *�3/; , thereis a diagonalboundaryin the
block.

Theorderof indiceswith respectto theabsolutemagni-
tudeof AC coefficientsindicateswherethe boundaryis in
theblock. Thesignof theAC coefficientsindicatesthedark
andlight regionsin theblock. Thus,we canextractcoarse
information by orderingof indicesandusing the signsof
AC coefficients.

We extractedblocks that containboundariesfrom the
first imageof ’Akiyo’ testsequence.For example,����������������BAC$&D +:,FE�0HG denotesthat the index of the
highestAC coefficient is 1 andit is negative, andthe sec-
ondhighestindex is 6 andit is positive. We deducethatthe
left partof theblock is darker thanits right sidebecausethe
highestindex 1 hasa negative coefficient. The secondin-
dex helpsus locatethe boundary. ThesecondAC index is
still a vertical AC index, thereforethe block hasa vertical
boundary. Sincethe secondAC index is

E�0
, if basisim-

agesof D + and
E�0

areoverlapped,theboundaryappearsto
be
8:I:J D =:K@J columnfrom the left. Someexamplesfrom

theblocksof ’Akiyo’ testsequenceareshown in Figure3.
First two coefficientsusuallydeterminethe positionof the
boundaryandthethird oneindicatestheslopein thebound-
ary. SinceAC coefficientshaving largermagnitudesareef-
fective in determiningthe boundaries,this methodis more
reliable thanthe othermethodsthat rely on the zigzagor-
deringof coefficients.

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

OrderedAC = < -1, +6 >

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

Figure3: Boundariesin a block.
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Figure 4: Experiments. (a) frame 43 (b) backgroundimage(c) decompressed(significant)blocks for edgedetection(d)
thresholdedframe(e) videoobject.

Thefeaturevectorof ablock is 5-tupleLNMPO�QSR�T.U�VWT1LCXYT1LCZ�[5\^](_(`�a(bca�dfe(T1Qg_(`ih7\^e�j�jik
. The

comparisonof two blocksis performedby comparingtheir
featurevectors. The type of the boundaryis importantto
comparethe similarity of blocks. Sometimes,a block is
comparedwith neighboringblocksto checkthe continuity
of theboundary.

3. VIDEO OBJECT SEGMENTATION

Thegeneralmethodfor segmentationof videoobjectsis to
detectthe boundariesof the object. Therefore,if a region
doesnot havea visibleboundary, it is veryunlikely thatthe
region will containthe boundaryfor theobject. Theback-
groundmodelcanbegeneratedautomaticallyor presented
to the system.The featurevectorsof blocksof the frames
and the backgroundmodel are comparedto eliminate in-
significantblocks. If the featurevectorsaredifferent, the
frame block is likely to containdataaboutan object and
consideredasasignificantblock. Thesignificantblocksare
decompressedandusedfor furtherprocessing.

Firstly, theblocksin thebackgroundmodelandtheframe
arecompared.Threethresholds,l4mYn , l4oWp , and l4q'r , are
usedto compareDC coefficients, the numberof non-zero
AC coefficients,andboundaryvisibility of featurevectors.
Let s�t and s�u be featurevectorsof two blocksto be com-
pared.If v s(t�w QxRzyF{ s�u(w QSRzy v<|}l m'n or v s�t�w U�VcyF{ s�u�w U�Vcy v<|l oWp , theblocksareconsideredasdifferentblocks.If s�t�w LCX�y�~l q'r and s�u:w LCX�y�~ l q�r , blocksareassumedto have no
visible boundaries.If only oneof the blockshasa visible
boundary(i.e., �}l q'r ), theblocksareconsidereddifferent.
If two blocks have visible boundaries,the boundarytype
andthe darknessof boundariesarecompared.If both are
the same,they aretreatedassimilar. The differentblocks
areconsideredassignificantblocks. Theseblocksarede-
compressedandusedin further processing.The frame43
andbackgroundof ’Hall Monitor’ testsequenceareshown
in Figure4 (a) and(b), respectively. Thesignificantblocks
thatareselectedby comparingcoarseboundaryfeaturesare
displayedin Figure4 (c). Two macroblocksaremisdetected
assignificantblocksdueto their complex patterns.

Secondly, edgesin the significantblocksareextracted
to detectthe boundariesof a video object. The Canny [7]
edgedetectoris usedto extract theedges.Themostdistin-

guishedfeatureof anedgeis its gradient,��� . Edgematrix�
maintainstheedgesin animage,which is denotedby

��M�� ������M��
if thereis anedgeat (x,y) w����x|�l4���.�F� y������M��
otherwise

Let
���

and
�z���

representthe edgematrix for the back-
ground and frame � . The differenceedgematrix (

Qg���
)

holdsthedifferentedgesthatexist in theframebut notin the
backgroundwhere

Qg� � M w1w � � � XOR
� � y'{}� � y

.
Qg� �

mayalsocontainnoisyedgesdueto theilluminationchange
in theenvironment. ��w QS����y denotestheedgesafternoise
removed. The removal of the noiseis performedbasedon
the imageproducedwith thresholding(Figure4 (d)). It is
possiblethatsignificantblocksmaybemissedin theinitial
comparisonphase.A significantblock may be missedbe-
causeof a weakboundarycloseto the bordersof a block.
Thiskind of ablockwill havesimilar

QxR
,
U�V¡  n , and

LCX
valueswith the backgroundmodel. If thereis an edgeon
theborderof an insignificantblock, the insignificantblock
is alsodecompressedbeforefurtherprocessing.

Thirdly, asa resultof thepreviousstepstheedgesmay
bedisconnected.Theedgesof thevideoobjectmaybere-
movedsincethey overlapwith thebackgroundedgesor may
be removedasnoisemistakenly. If the gradientsof nodes
arebelow the thresholdfor edge,the edgesmay againbe
disconnected.Linking of edgeswill createnew edgesand
is composedof two phases:linking of closeedgesandlink-
ing of distantedges.Let ��w Qg� ��2� yWM¢�

and ��w Qg� �£4¤ y¥M¦�
where w�§ T1a/y and w d¨T1©iy arecoordinates,§ {ª�z«�d¬« §z � ,
and

a%{��®«¯©"«¯a  �
. Let

U £2¤ denotethe set of 8-
connectednodesof a nodeat w d¨T1©iy . For simplicity, assume
that

�¢M ��w Qg����y . � £2¤ is convertedto anedgeif� �2� M��Y°¬±�d�±<© w � £2¤ M®��°¬±/j�±7² w �c³µ´YM¶�Y° w �c³�´�·%U £2¤ y°�¸�±7[�±<¹ w ��º�»�M¼�Y° w ��º�»C·%U ��� y½° w �c³�´¥·¾UCº�»�y1y
is true. Informally,anodeis convertedto anedgeif thenode
connectsedgesthat arenot connecteddirectly or through
their neighbors.In this context, a nodeis anedgeif its gra-
dientis higherthantheedgethreshold.For example,in Fig-
ure5 (a),nodes4, 6, 8, 9 and14denotetheedges.Wewant
to link node6 to anothernode.The8-connectedneighbors
of node6 arenodes1, 2, 3, 5, 7, 9, 10 and11. Node9 is
alreadyan edge. Nodes1 and2 do not connectnode6 to



any otheredge,thereforetheseareignored.If node3, 7 or
11becomesanedge,thennodes4 and8 arereachablefrom
node6. Nodes10 and11 connectnode6 to node14 but
node14 is alreadyreachablefrom node6 throughnode9.
So,theonly candidatesarenodes3, 7 and11. Onceoneof
nodes3, 7 or 11 is chosen,all the edgesin the figure are
reachablefrom node6.

(a) (b)

Figure5: EdgeLinking. (a) closeedgelinking, (b) distant
edgelinking.

Linking distantedgesisdifferentsincenoneof theneigh-
borsconnecttheedgesto thedistantedges.Assumethatwe
want to link ¿�À�ÁfÂ�ÃÅÄ�Æ2Ç to È�Ä�¿2ÉµÊ�Ë^Ì(ÉµÊ�À�ËfÍ2Î . Themain ideais
to follow thenodeshaving high Ï�Ð . Thereare2 significant
problems:1) if theedgeis alsoconnectedto a strongedge
in thebackground,thetrajectoryfrom thesourcemaystray,
and2) if we startfrom thesourceandtry to reachthedesti-
nationby following thegradientsof nodes,theedgesnearby
thedestinationmaybemisdetectedandtherealedgesmay
beeliminated.We useaheuristicto solve thefirst problem.
If thesourceis at Ñ�Ò½Ó1Ô/Õ , destinationis at Ñ×Ö½Ó1ØiÕ , and Ñ�¿:Ó1ÉÙÕ is
anedgeon thetrajectoryfrom thesourceto thedestination,
then Ú¾Ê�Ë'ÑÛÖ½Ó1ÒfÕxÜÝ¿HÜBÚ¬Ì(Ò¨ÑÛÖ¨ÓÙÒ�Õ and ÚxÊ�Ë'Ñ�Ø7Ó1Ô/ÕSÜÞÉxÜÚ¾Ì(Ò�Ñ�Ø7ÓÙÔ/Õ . To solvethesecondproblem,insteadof starting
from the sourceandreachingthe destination,a singlestep
fromthesourcetodestinationandasinglestepfromthedes-
tinationto thesourceis takenateachiteration.A singlestep
is to visit anneighborof anedge(Figure5 (b)). We usethe
Manhattandistanceto measurethedistancebetweenedges.
Thecondition È:Ê�¿2É�Ì(Ë^ÃÅÄ7Ñß¿�À�Á5Â�ÃÅÄ�àâá¨ã�Ó.È�Ä�¿2ÉµÊ�Ë^Ì(ÉµÊ�À�Ë^àâá¨ã4Õä È:Ê�¿2É�Ì(Ë^ÃÅÄ7Ñß¿�À�ÁfÂ�Ã4Ä à Ó1È(Ä�¿2ÉµÊ�Ë^Ì(ÉµÊµÀ�Ë à Õ must be satisfiedaf-
ter eachiteration. The iterationcontinuesuntil the source
andthedestinationare8-connected.Thesnakemodel[8] is
proposedto extractopenandclosedcontoursof objects.It
needsinitial pointsfor thecontoursandrequiresweightsfor
adjustingthecurvesof thecontours.Thedistantedgelink-
ing canalsobeperformedusingthesnakemodel.Sincethe
focusof the paperis the extractionof thecoarseboundary
features,experiencewith the snake model is not discussed
in thispaper. Finally, theregionswithin theboundaryof the
objectarefilled to obtainthevideoobject(Figure4 (e)).

In our experiments,we observedthatsortedAC coeffi-
cientsaresignificantin detectionandextractionof coarse
boundaries.Sincefirst two AC coefficientsareusuallythe
highestAC coefficients,the methodsthat dependon these

coefficientsmayalsoyieldgoodresultsin somecases.How-
ever, during comparisonsof video frames,thereare also
blocksthathave othersignificantcoefficientswhich cannot
be distinguishedusingthe first 2 AC coefficients. This in-
creasedthenumberof blocksthatareassumedto besimilar
in thepreprocessing.å�æ�ç�è is alsonot enoughto describe
the coarseboundaryfeatureswhen å�æ'ç�è is quite small
(i.e. lessthan6). If å�æ ç�è is high, it is likely thatthereare
many AC coefficientshaving small magnitude. å�æ ç�è is
usefulin comparisonsif thedifferencebetweenthenumber
of non-zeroAC coefficients is significant. By usingcom-
binationof the prestatedfeatures,we obtainedsatisfactory
results.

4. CONCLUSION

In thispaper, wepresentedamethodtoextractcoarsebound-
ary featuresfrom DCT compressedblocks.Weshowedthat
DC coefficient, smoothness,boundaryvisibility, boundary
type, anddarknessaregoodfeaturesto determinesignifi-
cant blocks. The boundaryfeaturesareusedto eliminate
the insignificantblocksfor videoprocessing.We alsogave
anexampleon how thesefeaturescanbeusedin videoob-
jectsegmentation.In thispaper, theboundarytypesthatare
coveredarevertical,horizontal,anddiagonal.Othertypes
of boundarieslike curved boundariescanalsobe detected
usingotherAC coefficientsbut this is left asa further re-
search.In thosecases,theboundarytypeis representedwith
theindex of thehighestAC coefficient.
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