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This thesis proposes a video object segmentation algorithm according to the MPEG-4
which provides the object based video coding standard. This algorithm is based on the
combination of multiple features including spatial and temporal informations. The spatial
segmentation includes image simplification, boundary detection and region assignment by the
watershed algorithm. The morphological opening and closing are used in image simplification
process, subsequently, the multiscale gradient approximation is used in boundary detection.
The proposed algorithm can reduce the number of regions and uncertain pixels in order to
reduce the computational load in the watershed process.

By the way, the temporal segmentation using change detection and morphological
operator can create the change mask. In addition, the decision process and the memory of the
previous segmentation result are used to determine object boundary and detect object tracking.

Exploiting the proposed algorithm to segment the moving object in the video
conferencing sequence, the subjective test showed meaningful and good quality video objects
compared with those of COST211 results. Moreover, the objective test showed an error of
segmentation result when compared with.reference mask; which is less than 15 percent of the
object size, while the miss of moving object is less than 5 percent of the object size. Therefore,
this algorithm can provide the semantic meaningful video objects and preserve the content

based functionalities according to MPEG-4.
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nwaeedngeasuniugadsas andnedsazutiadu-g aana ha-dausindng doukn uazivg
WA AAsn9 azgniaunguae uARIALUN U WTBINTTANIARE N [Potter J. L., 1977] BN
a o 4@' [ (3 o] 17 1
NUIREUE  Potter © <aAnuanIstlszanmnuasannmisgldan1sdngmuinan

(template matching) 3an3dnAmNINanaz ey anNTNgNEeININdmiLaIN IR ARG

¥
1R o o

3 3 4 ¥ A o dl o
dou daldFauresnisldmumean fe arliauiudneuzaesing leswindnuuzaasms
wan AR Uuuy Aeiudnlaiin1sinaziidsnun (spatial analysis) azldannsauangdou

LIV N



Spoerri uaz Ullman [Spoerri A, Ullman S., 1987] H@1aN19A99a3 281 ANIg

& A, = - fao
LANBUNNAUATHNITIANBUNAR LA ‘Emmm‘mm@ummﬂmmummmmﬂm (flow

v 1
o v dﬁLﬂJ A a

discontinuity tests) viatdayanld Ae Balasunsunisiuanadisainandnamssusazqaanin 35

X v o o = A4 o Any ‘o & 4 A wny
LLL‘MNWZﬂ‘LI@’]@Uﬂ’]WVIﬂﬁ‘ﬁﬂJ”lﬂAﬂW?Lﬁ@’ﬂu‘ﬂ1ﬂ&l’m BAENAILVUARLLAANTITIARDUN °ﬂ@1ﬂL‘]_|?‘EI‘LI

as N % % % dl dl o vy K 1
‘IJ@\‘I'Jﬁﬂ’ﬁ‘V]ﬁ@@Uﬂ’]ﬁ‘VLM@ AR mmmmfmg*’n@uimﬂmmmgﬂfmm@@ummqmim Teazdaelu

q
1

] o dl a
ﬂ']?LLEIﬂZQQu‘LI‘ﬂ\iQWQLV’]@@M‘VIWQVL‘]J

Overington [Overington 1., 1987] MdaudsznavaesnisluaAuanianenisiaau e

1 | 1
1% 1% = A =

AoanIANFaIliey uazar N llaelies dAaniunmaiingniaaaunlunan
Thompson [Thompson W. B., 1985] ldN191599528L98an191AR 0 WALUNININEM
1RLLIALDITHYAILNITUENLUANNITTBINITAIAFLELLUNUTIUIBIANMEN  TRedEilingid
p d4d | | ,
2UAIRINNT AN TILAUBLLINAE (Gaussian smoothed flow) LA nonmaxima suppression Ay
gnlfinensafnisedeun uuiazdaulsznauaeanisluauesnn
Clocksin [Clocksin W. F.,-1980] tauan1sldsalfiRnisaiiandeu (Laplacian
. o W R oA
operator) AMmumnsaainiaiasunasmesginsaluamiupanuionainau aonlisdeiinses
nsluagnnsansaildnaeralfianisaitand@en dau Schunck [Schunck B. G., 1989] Ay

smaa v o o o 4 A A = ad o X
SLmﬁ‘Vlﬂ@Wﬁlﬂuimﬂiﬂmﬁﬁ‘mﬁ‘%g‘ﬂﬂmjﬂ\‘]miLﬂ@‘ﬂumuumuﬂumj‘iﬁamﬂuau NITHAITVNAAIUALY

3

Hifoymnimdianiu Ae N1sueNdquNInnY (over segmentation) AINNT9AIIAFVBLINTLAEIUFLIL

he

¥

wugresandn awnsauillalaanismndeyamenun 1w deyannududuazdnsoy
dw a o %’/ 1 a -dl -dl Yy 1 a dal dl
29INURY Asiunisuandsunnifuluamuniseaaunautsont luldsasnisuangouienum

204NN TUENAIUNINLIBNUFIUIBIN1IMI AN Lalsiaitiasaaenis luadainiannidiu

o

nsddasialil whdsldilszaunamunminld  qednAty Ae auunsluaas AN LN NATA

A o/ ¥ dJ o 3| % Yy [ -3 dl 1 a &
PMHAUNUAITHNEANUBNANTN GmmLﬂummﬁlmmﬂmmugummg inoegiivataalun1siiAgnzi

1.3.2 NMSUENAIUNMNIRYUUNUFIVARINTATIAZNTIUREUULAS (Segmentation

based on change detection)

38N IANINAYT ¥FRN1ITLAMNEIRTYNATWINNN INTHTRIRIALNIN UslLHeY

ananunzesgannadulunjazliiinisinaauiviteinisefeunyiainn 359N Uss@nsnng
S o o

| A a s dgj dl :j/ ! dl d‘ a
971 AR NMTATIRLUNUNNANTILaTultas wanandunsiendauaasingniAaaunng

q

a1 E NI UNUNNINANLTUAAUNTANTLUAUNNTNGT  ANTARALFIUN LidiNendasRaNNTnilaq

1
A

AupuEANaIALAzAALTINNATNAdlE  Tudiuaesiundsdoulunjazagavizaiinig



dl d‘ ] =X o o a dgl ada ] dgj A 1
IARBUNULLNNE A9a1Ns0n AR LT lATTEANUANFNANE 1Y YTEANWANFNGLEY
dl dl dl mdgw 1 o s U o a o o o 6~/
nsramaNInAAeun  marldiadiunfsuandoudmiunisdnsvaimainguazduiuilaridu
LUUABWWMUE (content based functionalities) Nsuendauniniaaldnismsainisulaauulas
A A o \ - PR Y
ATUANALNNITANUITUANNLANFANLATALUE NIz UuNNsL sz N g nad Tl wiuewls

Xl Y o 4 . S i
ﬂﬁmﬁuwumfmﬂf]ima@gmnﬂ@ﬂuuﬂmLW@LmﬂmmwmammmmLﬂ@ﬂuuﬂmmﬂmﬂmmu

'
[ =

s a Y o A A a aa A A o
LL‘]J@W@QLW';‘NJWWV]@%IW@ 2 LL@QQWQV]Lﬂ@ﬂum@ggﬂLLﬂﬂ@’]ﬂu’ﬁ‘mmmﬂﬂqﬂﬂ@ﬂu%ﬂ@\Tﬂﬂmu

Q

AU N1IARALIATBIUAAZATUIINIAZAL INNUTIUIRIAIANLANFNTENd1eN (Frame
Diffence : FD)

UnFarldA1ANLANANIEUINENAMIUNAEAAN INATNTUIATBIUENF NN

o o

| = < X . S o =
NINRNINLALEA muﬂma&lﬁyﬁmmmﬂumw (noise) LL@x@ZQﬂLﬂ?‘ﬂULV}ﬂUﬂUﬂ’]'ﬂﬁLﬂ@ﬂu

(T, ) fArAINLANGNgaEdIsnRUAaalasy Waaraeanisnmainisnlasunlas azd

ch

A 1 uazaziiAnily 0 weldinuranaaul aalssdnsnmaessansaainisaauulag

be

[ -8

UL 2 889 A NN9RBNANAAIAEL LaznTmNNzaNd M IRARLTRIWIA
Lanaan
Jain [Jain R., 1981] l@vnisAinsineafiumetiaaainismsainisnlasunlas uay

WeeNNazLaNdauIRQIAAARILULILENNTS (rigid moving object) TAEMNIALATIZITAINNLAN

ANNTAININaE AL UANNIIAIATY AR N1EF19EIUTRIRINAUNAIYIUNARINAIALNN

X v @

fefrarnnsnaieninundsliisunn  dagiiteaeunfazaunsausndousanunlalaanig

= ' o dg’ o nQdd” 1 ¥ nl/ dl = a dl
L‘].@EI‘LILVIEI‘LI upaziNINALRINNUNGS LL@QﬁMi&I LMN’]ZNNIHﬂ’]?GLSH\ﬂuVI’ﬂﬂ LUANATNHNANN AIIUN

4 4 | d’j [ t:ll |a| o L4 dl d‘ <1 dl dl % a N dl
QW@ZM@QLHHWUM@QW@%MQ FIIABNLAND LN LLLILILLIN LL@ZﬂW?Lﬁ@ﬂUWM@QiﬂIMWﬁ‘Vl"]\iLﬁ‘El'J EIN

dludasninuesasi wanantun1saFeenvuvasaudesdansuninananinlunng
- e 4 d
ANZINITLARDUN
Wang wag Adelson [Wang J., Adelson E. H., 1994] WenenNAAALAT lun1suLiatu
DINNIRYAUANE WAUINANBTUZIRINT AR LT AN TWIINY
. . % ] o dl d‘l dl a
Jain [Jain "R, 1979] lauensuandaunindnnnpaaniiuainuuulauiin
, . X y v doaye o o,
(dynamic scenes) nisusndounniisznauson 2 dunen aeldiuudazguansuiseiio
i dunsn Ae nisulsUEInINEsUaNsANiWTY 3 dou e UEuNUagnALAgY

UTnNUMA lignaseungy way Lsnisngnasaurguuazliasetagy A ntudutiaun

a q

A Z’/ a c dl a ] [ ! o dl dl dl a A 1
AR AURNAUNITNRAY mzﬁwmumummmﬂLﬂummmqmm@@ummmﬂu
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Jayaramamurthy Wae Jain [Jayaramamurthy S. N., Jain R., 1983] IAANaIIN1TeEN
daunndnguuiigIuespuwansaesnn  teaduusnldrainuansneeesnannidunge
e A : J o da S @y : y <
gourdnnninaauln AaanasuniaeninasiAniuiesas 10 veerpNdNgagannyly

v 1
W Tumendaniazlinnsudasuuuiany (Hough transform) Wanviua  wWisHmesnig

1
=

P p Y v d
waauT IfaanndesiuwsazLTnnaewln gavingAANdn s asuazni g
o e 4 TV (L R v 4 am
fwafnisindeunazgnanieaianataesingeaeun auflunismudesredisieniziuay
Tnaisadnsanriu

aal % ai i’/n dl dgj = a

JennansaainislasundasinemariqaasuuLLNug Az iA N ANA A AN N
Tnagan  AoemniasiiniswmuInianaiiuafduisenssidsuuLsuaniedu  (relaxation
algorithm)

Aach [Aach T., Kaup A. 1993] w@uedsnliuuuanaemnaaiiuuiug 1eednig
merainislasuulas  BudesnigAuaszALANNuANA1NTeIANdN  TaaA uaniAqe

iwasudaan1smeaeuludATY (significance test) ULANNAFIULBIAMNUANFNITRIAN Y

'
= o

NONANaasA Aty UILNIWIULIN AR MNNABIAUNIN (Gaussian camera noise) NNART84

a

1 o/ 6

nnsngaainisnlasuiilasazgnasageuseRssuan i uLBINsTIa9ARA ANANLIDIIRY

ANHUANANY (MAD) Tanssudsuazudtinyuinisinatalaun (corona) usnnariaasingdsidan

a d da &£ o A 9 o o &,
WNUTIUNUNLAN?] GnqmLﬂumm'mm@mdmum'ﬂﬂ

1.3.3 NMsuan@IUAINTUNMSIINSNAR U MIALALUNUFIUTBINUEIRY (

Segmentation for Object Based Video Coding )

nasusiayIndlAeNiuNssNasNNsUENdIusT LSRN Ieddyny1nAate  (VOP) g
nssanfuIeaAlANTIRgaainlasulas (change detection) uaznIsuaNdauNIsIARSY
ﬁLLUUWWﬁ"]ﬁLm@f(parametric motion segmentation)

Thoma wag Bierling [Thoma R.; 1989] l&ianuanssuaanadnaialne ldnnsd sz

40% , A r iy J 4 .
NNSTAKIEINITLAABUN (motion compensating interpolation) #4N17MIIAINTLLALIULLASLISL
1994971nn391352@9 Hotter waz Thomas [Hotter M.; 1988]

aa % dl dsjd ;’a//

N991REN1TATIAINT T AEuLLAINNNTELINNNT 3 Tunau

duwsn azsarnanlasulaaldinusiaasaieas Aranysniaa9ANNUANFNTE IS
wan (mean absolute frame difference) FuAUANENIIAIANAIAEWITNTZAL 3/256 289AN

\ingagm
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Tunaaq aLldmnsuNamas (median filter) Wan e unrasLFnasi asuulad
o X
BV

o o ]

dugaing  azindndausesunannislasunlamiauimdannanauanniuue  as

v 1 1 1 1
ANt AqalaeuEusiussgnliuasullnndndesuuninsgiu (standard  deviation)

U
| 1

% a a 1 a g o goJ 1 aI/ = a
Aty sLUNAULBLE N I Aauilas nezununisiiaznngisalilaunsyissyuudianas

v
o o

NI NSLENdIUIIRNTIAReUN  AB  NNTLENdIULTININWNATISIgnATaLAguuaz DN
. o X 4 d.
ATRLAQHEBNANNIATIRIN T AL LI AU UR LT UIBIAUINN AR U TR U
Hotter waz Thomas [Hotter M., Thoma R.; 1988] Atauansssignisuandauningi
TaseaFrailuadudu SausazisuungnuanazeslNafaIA 1IN HiInasnIsAaa T
Y —— 1 —a g, o4 o .
duusn nismgainiawasuulasaznaziaiunan 2 wsusiedladiu iveuangdou

semanaLBuninisaaunlasuar ldiasuwlas Tnszuaunimsainalasunilasasd 3

=

q

Z’/ dl a Yy % ! a d‘ dla ] o o dl dl dl
mumumwmﬁmﬂqmmu wAazLsnMNIatLLlasnAnsaiuazuanuiludngNAaaun

AUN WIIEN

Dh_

ity UavargnUszunuNNIPRURIAENIINHLERS 8 AATBLLILIANADINTLA

q

] [ %

ldigniaualae Tsai wag Huang [Tsai R. Y., Huang T. S., 1981] #QuauIunNngzy

(displacement field) @1x813085 L8 lAAIALLLAIA89N9U TN UNTAREUN  TABAUINANT

o g9 yo & A A - S Vs 4 X oA v
ﬂﬁ‘z“’mslfﬁLW@W?Q“’Q?"J@DVILF’]@@NVILLHﬂ@WﬂWMM@QW1NQﬂﬂ?ﬂUﬂQN NTANWUNAINYNATRUAYNAIE

a 9

douiilasulag

TUTANIIAINTULNAVULLLUAIAUTY AR NIFRINIUNIIIRPaSINANIITALTEEINTT

&4 A a S X o o 8 @ o o ¥ o N
WAaaUN UL uAas L las ﬂizmumiu%mwmmLﬂummmmumzmnmmwLﬂ@@u

q

1 ¥
=

ngneduna ldfaenisfiimesnisuuiltl (mapping parameters) atiaeansuangouilazusn

]
=3

doulsianiziunasuazanueinduduingNeaauliNendnqRantL  Aeluienazians

1% 14

nnadeuns1eiuld nesuaailigniiudseiag Mech uaz Wollborn Tulagesneues MPEG-4

U
1
=

A NAnNazmvLsAdeunussdudunuansnaiulaifiselag Wang uaz Adelson
[Wang J., Adelson H. E.; 1994] iaz Borshukov uanaNtuINe Az e nuaIn Nl A as
(layer) neasaadiMNazALN s AL MU MLaEIAY (object based coding) Taaziiud

insntetudadayalaailildnansnnaugniastesaaunin  deudruiunisuangaunin

|
[

MOUUNUFIUIB9ARUMUA (content based object segmentation) dadiayazasrauniniii
] dlo | =2 Yy a dgll all . . . ] [ ngl
dounanilu Adlddayaiaiun (spatial information) faxdae fleymiliauauwinisuilalilag

Mech tlaz Wollborn [Mech R., Wollborn M.; 1998]
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[
anla A A

Diehl [Diehl N. ; 1991] 61l5u1l3935999 Hotter waz Thomas TiilunssanBimanuy-

v
o

1981 (spatio-temporal) YNdauTasTaLILAZNUHIAINANIRLNTBLAZA NN WAFaLHaeiugnld
dl [ % ] d} Qdd‘ Y 1 v o 1
WienenaInnwiudngene Sanssudsh ldauluajazadnaiuaes Hotter WAz Thomas wsihi
NN dunen navesnIsuandsuninazgnuflalaenisuendeuntnnielumsn dmdunisuen
AaunNgEnInunINarALANNITIINANIasLTINAANaiuN9 I deyan s deuun o
nanlunsuandau lunsldnsuandiussnanansy uiaztsnmuaznimua iiduidnoinaau
N wazUTnlse@in (adjacent regions) NigLuuLmNauiuarsNiuduingaaaun n1sldnns
weindaunigusnuasiiindannissaniuasidudounladunisdiulgs wideluiuaninneily
nsRaNANENAuIaIWNIIHIAeN9Lss N IuA NI T aNs 0 TR LIET
nsuendaudniunIsdnsaLINNLgIULeETRE (object based coding) Azl
1 o | a d‘d dl' dl A [ dl v a '8 dl
HANTLeNAUTAYTULFRUNRNITARAUNMNAUNY TILNUAELTATBINITININBINITIAREY

dl = o a d” ! dld dl dl A o ' ! =X
NULLLAEINK UTLIUUAELAANLRNIEAAUNNNITLANAUNLNNDUNU LLﬁl’Qti&l LAANDNUB LM LN

o ! %

pnufiase Diehl [Diehl N.; 19917 agldnsusndawdsinunsonson Inalqatlscasduaniine

PNUTNOAN 7] WAULSIMUUAD  uaTIRNAIWNIN AN TRILTNAN  whliaINnsuang

'
= 2

YRR WA NLAZLLATRaNARauAA e Uld  wanatntusalugnsnnd NN A NN

q 9

1 £% ' '
= 2 o A

dl dl o 2 1 { aa v o o 1% A = o
PNTIZNITEARDUNURNA ﬁlﬂVILLVI"QN@‘éZLLN bNIZNQNNY faﬁmzhmmumm@gmim@ﬂummqmq

q

4‘ [ Aaldln o o i3 o o aa 0 AR K o a dl k%
BT UNIINATMNN LA INNIANGINTUNLINTNE fynvnmqmI@Tmﬂmuqmﬂmmmﬂ‘n

nslildnndngniaaunsnsailugesldinatinnisuandsuduiuieidudanay

WIUA (content based functionalities)

1.3.4 NSUANAIUULLAALUNARINSLUNINTULTIABULNUR (Automatic Segmentation for

Content Based Functionalities)

flaqiiunisuengaun ndngduiuisiduimisnaumnusiiauaiduatinauniva i

|
=

ansnuendunmaesdyninleilunndngnianannny. - aadennrunresinsgi
MPEG4

Mech wag Wollborn [Mech R., Wollborn M., 1998] LA AL MU LN TR NAIUAN
Tmm@juuﬁuﬁmmmmwﬁ%mm Hotter ez Thomas [Hotter M., Thoma R., 1988] Nl

w1 4 dUmRaL
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duwsn  nisdBunTIeINAesduN ANtz nLazaamansAaeun laa
AABINTLARRLN 8 NIRRT

duNGe9 N1IAARIN (scene cut) LATNITRAUTBINABIALNIN (camera panning) %

I A 4 . 4 A
gnATIAlnENITLsTiiuANRAN1AIA9T84AINARIAPADY (MSE) seudedadinsnisialiia
1 LA HNANIZLTR UNUMAI NN ARUUTNNINA TN d9RNTERANANIIFAARIN TuRaw
X oo
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d o4 o v o~ o ) , , : 4 4
sunpalleany g ldnallaTianeddi (relaxation technique) LL@:ﬂﬂamLﬂ@ﬂuV}@mu (local
threshold) #9axNANTNANTHEUBIAANNINIGAEN dountiaaaandnasgniunlddwiuiy
'3 dl d‘ v a o dlal a

AN TUaE LAY LN NLTRUANIRNHLENL TN

AR > 7 . Y

Tund  wafaesingedeun  (OM)  agldainnisnidnnundsilignasetagy
(uncovered background) @11 CDM KAALFULANLENMIBLURININ N19UTZHINNTAARN
WAzN9aFNNNATYe9dRg AXRYLUNIUFIUIBINITNATIEY Hotter waz Thomas #9un1Ingaag
naulasunlaegnifulgsnnannngsnisaes Aach [Aach T., 1993] AeduwiAnd1Aty A N9
v & o AI v dl o o‘dy a
aFnnataesingBuusnaInnasmsainslasuulas  uasthanaillldlunnsfianiunig
4 4 o 4 9
wasunresingnaulasae

Y Y = - 4 4 4

N19aTNNNANTIeedng e arldnismnmenisiAaauningsan [aTAmeN1TAREY
NIBINABIRUNN Uadsantiuaglinisnsanisilasuilas nesudaiainsnindesdunan
4 , Lty 4 d42 do 3
WA (panning) LAZALINENIN (zoommg)iﬂ Tunnstszuanunisiaaaunian s fogmmwﬂﬂ@
Ui auazantiaendn 10 apnnazliiiuand1sde SeavanyAdnliinseaeund
TnanuaaunIniiy

Meier [Meier T.,.’Ngan K. N., 1997] AUaLLLUNUNITLENAIUTTUILNTNIRE LD

nAnlasaensyLaBARIeiU [Mech R., Wollborn M., 1998] laaEudaanistszunninig

aeun e ldnnsduguAen LEIANRRINNTARBUTIANELLILANGEY 6 WIEaHmas NnarfueInIn

'
1% a

mgEuLInaziiaINNIsIINiuIBINAN s LN 49T g AneNNsU J IANITIINA g LG

! 2 d’/ d‘ Y o a oA = dl 173 1 o
uendamidenunine iU iRn1suauil (Canny operator) uwazununnislinidaaminuanly

- 4 d o y . X
N3AARINNNTARRUNLR9TARANEN1SIE Hausdorff distance WATNszLAUNTTLTLAYT89ULL
31829 49UN1TATNTEUILTRITNY IAAINNITLIUNNINIENAY (post processing)  EWTIZNIT
a -3 ! ) ldl -dl o O | % o 173 ! -d’ o Y o [~
fwafuneAnlunszuaunisuendaunisdeundaniusesiinunanglder deinlidslid
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Neri [Neri A., Colonnese S., 1998] @f1en1suendoutasusaziisnluasuninsae
nsiszananailunguanansy (GOF) {f,, , i = 0,...,n} AU (n) TUALAINEI TR
Trnuaaaun duseudiulugjadaiunssudsues Mech [Mech R., Wollborn M., 1998] tagiaq

4 A v = 9 = o X Ad
AaNNMTANsAAaUNlatIINLAY ariinszuaunig 3 dupeu Ae NiIRgIRIRUNTLALY
% dl dl a oA ¥ v o . . o %
wlas n1smsaadnisindeun waznsUiEnndeiisAy (regularization) tngazyinnisnaainig
wanuwlainguaassuson Higher Order Statistics (HOS) LivananiagaAxLLlsilsues
ANENLAUTiasaINAAdIIMIUNY . JdfeeedRnIAReulazaFeaINNIslsEinung
WPAUNLIW HOS map ldsaniunasii ignasaungu (uncovered background) wazludumay

a oA ¥ o o a dl U IQI dl ] a dl 1 dl -dl o
1eansUURRNdetieAL  tsnamssydnedianegnie uiFnamszydiraeunazgniivun
[~ a Qi dl Qi = £ thg 1o [~ % k%3 o a
duBnuieaeaun veaanuma (foreground) naaunsiliaiiusacldnissinainuaznissia

4
ANNNITLARDUN

nsueNdf@INaT lungsnasaas Choi [Choi J. G., 1997] ldu1ainnismsaainig

4 d4 & ’ Lu A A%\ o s
\PRBUTILURUT LA NEUENNATH - LTl asuuasazgnansuuizunmidainnisuen
! a dal dl 2 a -dl 2 1 a dgj QII 1 a = 1 ' ' a
dowdeinun  usnailiainnisuandudisnunusazFouiaan wdauluneguuiision
wrartrenlasuwlas Wonuissaazgnivua liiduainuty daiiesdautiesazgn
nnuua W uNuua

= o aal aa o ta Y il Py =
aupaluflaqiiy nesuAEde o) ANAtsuafuetdelaifinisliteyaniinanaesnin
wanzdnngldey eeaey nagdnsia Heddu@ivnanus wisansfnaNdng asiAazd

a 2 o =

Nz N liann 2 Ja %mamwmwazum@mu (rotation) N19U8I8 (zooming) WAZNNTLADL

©

3

P . Vel R 2§y = . ) ~ °
N (translation) WU N@u@ﬂm’maﬂim LLWIJ@H@MW:N@T] (depth information) AazdAIINAN

[l
aAa o

uiadaalunisaieszinisiaaaunueInstindmginn1siei (occlusion)

Al Pardas [Pardas M.;-1997] aslfauauuuununisuandsulnelddayaninuse
o S AN J £ 5 v a
iasraanispfeuniazdeayassauanuan naldnaziqunis 4 duneu Ae nisdszunmnig

dl dl = a '8 &I dl o £ [ .

waaud  mMafFeuieunsAweinisiedeun  nagAwIniNNIteRiLiY  (overlapping
computation) LAZNINNUATZALIAINNAN

nasudsnsuandauluiadeil unsuandounmuuuenlud® Naunrauandaunin
Tidunmdngidaoumung datlszneudeaundsuarnwiaginaoun wsizangmniunigld
uisiiudsramusmudaniiuaaes MPEG-4  aiansunevaaadaulun lunisuan

1 1 ¥ 1 1
dauzeanningIAReuTazeUUNUgUIeIN IR IR N AauuLasunuiinisnauinnig

& A . | = Lo A : & A
LARALUN INT1ZINANNLANFANNTAINTNE AN NUNTANANINNINAUINNITLARALN
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1.4 WUINWNTDIINLNIRNUS

A4 UARENI9AIUNNEN A AU AR e R T N1e9n1IWmMUINIT9aEN 4

frunsdaiadtyyaialeuuiugutesiiedng JNIRsgIN MPEG-4 Idinuuaudnnis
¥ o o aa dg/ 1 o v dl % ¥ o [ dl
wa9nadnsiadtyyndnleuuiugueesniiedngentd  Weldaunsalddmiunisdesns

o o

o
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whgdngandeninuneesningiu MPEG-4 Hiuneunddnnewdiduneunisdisia e
dupaunisuandaunningaesdpnintale fufunisuandsuaesdtynyradatadunindsg
dl ‘dl | [ % 1 dl 1 aa ¥ dl o

naula wazannsoiazuandsnandngsng o lunasdeansnumenindnleld neaiuayunis

Aeansfnuiafiing wanaIntiuamnggiu MPEG-4 el linmuanssadslunisuandaunindns)

De

[ %

1 Auflunuddemihaulalumsimunliaeandesiuninsgiu MPEG-4 naniinusatiuills

o

v
LAUANITNABNTUENAIUNNIRG YA Y0 Ta TR B g LI 14URIN9TINAN LT AVATY

o

1%

ATy InInle TNTARATNNLT  uacdayalena  1HesaInNnIsNasnIsuaNgaunIWIRnR
! dl [ % ! & o ! a ti’ dl % v =

dounannsndiulyelavatadousaeiu  nasuendlwdsunaiunsaairanmliiaauGEay
dNEABNITHE NN INEINTL Inelin191fdmnIsimednugn (Morphological Operation) Waz
Uiutlganiansaireninvestiunicanistssinninapeudidednig i eanninensly
nzATMINIeITURauNITIAMUALTMlIIUaANIW  dounisuandandananasldnisngaad

naulasuudas  uarldnanisiendauaesnandsg uwsunauuiniedos lunisnsaading

a Q

a

dl Adl ! dl dl 2'/ =X o dl ! ! 1 v a A 9
LARBUNABLIUINNEAU mnuummm@mimmmzmum H1UNTELIUNNTRAAUlaLNe 1WA
~

annsouandounmdngiaulald  waznadngnlaimnumsng  Seaiuayuauanifved

q

Aeifudaneunuidniunisdsiadynnfdnleuuiugutesibedngaiudenivuazes

MPEG-4 uaztunlduniswmunaas MPEG-7 salil

1.5 QU5 AIATRIINANUNUS

1 |
a o

1.5.1 ieAnwnsidnsviadoynyninlendnsndni uazuinsgiu MPEG-4

o

1.5.2 iaAnmasn1suendaunindng lusAunimuuusing o wazdenualunisuandaunan

o

R8s MPEG-4

|
[ %

A o aal ) o Y g Y o °
1.5.3 LW@WWu’]'gﬁﬂ']?LLﬂﬂﬂquﬂqwqF‘]QSmeﬂ’]quqmﬁJﬁqqmuﬂqﬂ LL@ﬂ‘nVI?Wmﬂ?ﬂﬁimuQm

Tunastszunanandmiuldiunisdnsiadynndnleuuiugiuaesmiedng
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1.6 UALLUAUDIINLNINUS

= =

1.6.1 1Anssnasniilsz@nnmnisuandauniwdngilinanisuandauniniidaaumung &

ANAAIALARBUANNNNTHENAYUN NIRRT 50 wlasladiiu 15 ileffuFuaI U ANIN

1%

a0 Inaduansuendoun niinutasndd 10 wefidusiazdaunanalidasndn 5

q

wefidud WeuFauineuiuanairenisuandaunIndnganuULSIaeINInggIL

1 1 1 £3 1
1.6.2 anunsnuendauniniludauaesingiinfeunuasNunasinas i

U

v
o o

1.6.3 tnssnasnisuandaunndng idneaeuAudduninamsgIunianwoesing o fiu a9

fiPgndeuiliesTnguiaawazans g

1.6.4 %’misﬁﬁm:“LLE]ﬂz\iqumwd”mqﬁl%ﬁm%wmmmiﬁmqmf;ﬁ

1.6.5 NIINRBNTULNAIUNINIFN AN ARBIANNTBNTMUALDI MPEG-4
1.6.6 MITATETMaAREUTAS AT BNZAN A B UA U

1.6.7 NMauendaun nIng L uiuL anludm
1.7 dszlagufimninazlagy

v
1.7.1 naudenssaRsnadnaiadrunn s weaziale 9NN suendaunINIRLaINeY

[ %

ARNEUNN

1.7.2 annsoRmuasnIsuendaun ndng lwardunan wedlunugiulunisdnsiadonin

a dlf i 1%
mTﬂuuwuﬁmmwmmmq

1.8 TunaULALABNTANTUNS

1.8.1 AnsmsidnsifadyaadAlefisnsing WATHNIATFIW MPEG-4

1.8.2 ?ﬁﬂm%umumﬂ%iﬁmﬁtymﬁmﬁﬁiﬂuuﬁugmmwmﬂimq

1.8.3 AuAsuainuunasaieafLAansuendaun mdag luddunm

1.8.4 AnneielfiSauuazde @i Sauresnsandising o Alfiauennluumanny
1.8.5 meLmeqﬂiﬁm:@qLmﬁﬁmmﬂﬂzhumwiquﬁfm‘?umwﬁqLmeWLﬁﬁ"ﬂuim
1.8.6 @eultsunsunaaeunasndan Lo

1.8.7 Annzviuadiidannniamasey wazilfudssnssnddlitisy@nanm

1.8.8 A3UUAZIUIINNANITINEY WIDNNITANIINLNTNUS
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1.9 NMINFINUDIINLTUNUS

Amiuianreddnatinusiutaty 5 un Al
dl o a i’ dl o | a a & i/da/ ¥ o
uni 1 und JileningaiuanidunreaInetnus ANFNUgIuesn1sidniE
fryrnddnte nsWmunresNInsgIunsdsiadynnddate Yaviminesnssiaeanisuen
AVUNINTRL WHINNTBINEHNUS TPNUITRIA TDUUAUBIIUINE UAZNINTINTBIINEN

LNUS

3

dl aa a % A .if 1 =K o
Unn 2 NEB/HNINEIITBN Luwﬂuuwmzﬂmqmaﬂﬂmmm'ﬁmm’]mmwLL@:

1%

o aa o ¥ o o aa oI/ ¥ o aa
yryaddate wannslunisdnsiadtyoyadatenaly sansgiuniadnsiadonau 36

¥
1% o o

Tavuiugureiaedng (ISOMPEG-4) seiazigentadnsssdsnisdnsviadoyon 39

q v o

Tauuugueemaedng Wigineednislszunninisinaeni 9uaseneaiunIsuENdaun W
|3 9 o thﬂl Y o o 1 [
nyuarn17dsidgLn nesNAanltdmsunisuendaunandmg
all acal [ dl o ¥ 1 a d91) dl
UNA 3 NIFNRTNNTUENAUAINIRNULAED Uznausag NTueNdI TN
(spatial segmentation) LagN1FUANAIWITINAAA (temporal segmentation) N AR Al
WAAZTUADY ANz UNNTAN N N @eLdne (simplification process) N3L9ENN4NTLA
2IUE (gradient approximation) WazNIIATAUTIUNN (Watershed algorithm) NN3RgIa5N"3
dl o/ a QS o/ %’/ o/ o o/ dl
wWasuutlas nszuaunsAndulanzionaesnIngns) wanantudauansaisunini lilunig
nageu ANEluiuaznssd s i U FuuneuNnsg L sasvienailunisFaune s
ANBNNURINTINATMAUD
unil 4 nan1s3ae UniaziiunisuanINaaINnIsNIsn1susndoun ndngninaua lu
wnzdunaU FWsn13a519A NG ETETUN W N9R9IA5URLIIATBILEFIN. HATDINITUEN
! a 49/ Adl 1 a % -dl [ 1 dl dl %
doun s nsuendaunmidanantaanisnsainisasulas szduAqaulasunls
ANNNIIATEngwasuklasresa1sunn ns e AnNe i eTaa TunN Tuanga NN
NIAITHAN T IIA ALN RS F UANAaeL gaTinailunisnasinanisuandaunin
WeulFaigununaaay COST211 wassndneanaas
- N B S U 4
und 5 unagluazdaiauawue azaglingoiuienndAny luananinug s9uvs

! ¥

TurNinsTuLardaldua UL MSUIUIAe Tuaun AR

o



UNY 2
N NNLITR

2.1 anMzANRINIALa (Video Signal)
= 6 I o A
HasAdsznavasipeiu 2 491 Ae dauAs

£
1 A

v . 1 v a . ¥ 1
RINLAY(luminance) UWAZRAUARIANNLIANAR  (chrominance) m@uﬂ@mmu@glngmmmm

Aryrynunawmaasia (Digital Image)

Armaziunreen T uandludnuanann R NavRonioy Wy aannseil
(pixels/inch) ¥38 qaNNsBLHURANAS (pixelsicm) ArANdNTaILazaAnInlENIaIN
nsmraundseauaNdng o ﬁqLLuuwmqmmwffu 1 Tnevialiusiazaaninaans
LAAIEE AL L LAUATAEE Bl 0 (@M1 ) D9 255 (@119 Famum 256 TLALVR
8 fn widmianadidliddufesuanmnannimiilesnainanuanusalunisiuld
PR99XLLNNTNEILIRINYEHRBe NI NI uTANMdNLEY  RsllauauqauenANdng
tasndnmnuiduwas e

stluvurasanlsznanuadd

=

= o u al 1 v v
In1snuumsduusresesAtsyneueesd@vainuatesluuy  wiazduuuiidende

= ] o = ¥ o ! o a a T o dy
Aeuwnnsineiull wasiaoamnizanlunisldouanenizunnsieiuly menfinusatiul
Tiaanaulaaniy 3 grluuuwingu laun RGB YUV uaz YChCr

=

RGB \uszuunuivdeyaresdeantiu R uad G @gn uay B 1k dafluaud

%

WANLDILAIA A1 YUV it YCbCr azutivdayaaasdaan luanmoizineniunssuaunieiug
a‘/ = 1 1 U tdl o 1 al
PAILUTZAMMANIAY  UUAD LN BAIUIBIAN N NIDILAI NI UINI AT AT AIUABILESA 1A
Y azifiudayananuiduueduas F8nd1 Luminance 91 UV uaz Cb, Cr agifiudayaaes
WAIA F8N917 Chrominance 2a9AUsna1l RGB azdxisamilasliily YUV way YCbCr 14
FeIdNN1IN1THLA9R9A TS NB LTSRN L UL

nnaudaggiuuiesdszneuteddain RGB 1l YobCr

r 0259 0.587 0114 R
Chl=|-01687 —-03313 0.5 &
Cr 0.5 -04187 -00813| 8

0=F =255 -128=Ch=128 -128=Cr =128
Tne@l Y A Ao adinaasuas (Luminance) NAnuymeaa1dlanan

Cb uaz Cr Aia ANdinaasd (Chrominance) Nanuymeiiaau oo
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NSENAIANNLITNUDILAIUATANNLANTDIUAIE

v
Tunmaesdynnaiale  duusazqaaniwarideyaresdesluglesdilsznataes

a

ANNIENTBILAY  (Luminance) uAzANdNTEILAYA  (Chrominance) Tugiuuuaes
Y,Cb,Cr w7a Y,UV atwlsfillasarnnszusunisivfaesilszameanay aunsnniviuali

¥ ] 1 a A a ¥ 1 ] ¥ 2 o v
PRHATVBIAVIUAITNLUNLNA umfmmmmmu@ﬂﬂmmummmemumim Tnanvua N

274
%

fayanudunas@ianicluuieganin iy ludnsuzqaninduganin Wusu  viailg

u

v
Yo Ao A

RRIL it hont o

- 4:4:4 sampling ratio: %ﬁ%"ﬂ&u@ Luminance taz Chrominance ATUYNT pixel

- 4:2:2 sampling ratio: %fl‘?fmﬂa Luminance Glu‘iflﬂ“‘] AANIN @'Qu“sﬁmﬂ@ Chrominance =il
AANINAIUANIN ( TUlLIUeL)

- 4:2:0 sampling ratio: %ﬁ“]’fﬂuua Luminance sLu‘V;ﬂj AANTN LL@:%@@%@H@ Chrominance

= Ao =
AN Iﬂﬂﬂﬂ@mﬂ@ﬁuﬁ’ﬂmmﬂ”’l 4 r‘ﬂﬂ.ﬂqw

q

Y Cb Cr

U7 2.1 Tasvainsnesdoynynmninlugilunndmnagu 4:2:0

1 2 3 4 5 f T 2

a 10 11 14 13 14 15 1é

17 1% 19 20 21 22 23 24

25 26 a7 23 20 30 31 32
(1+2+9+10)/4 (3+4+11+12344 (S+a+13+143/4 (T+E+15+18)/4

(17+H1E+25+26004 (19+20+27+280/4 (21+224204+300/4 (23+244314320/4

917 2.2 fiameienisudasinenisguas (down sampling)



20

nstdagunlasauaeaInIn (Subsampling)

= Sy = ool oA 'y =

AR INAINNFBINTUAAIHUARINNINNUNANALITU  WAABINITNAZUAA LY
nsldeusine)iu ANazBaaLaTIUIATININAWANFNaTUARY AsiAssasdinislaey
wlasmunpaesn i lilinwauaunandeanis Sennsulasaziinanisudasliaunnaes
nwlugfau (up sampling) waznisutlaslfaunnrasninianas (down sampling) Aauana
goatinansulaslugiln 2.2 TasddnTuusazufanunuaiAnudnaaqan I wazluusas
UABNUNLNTNRAN N

aa aa o A aa o | 1 aa o dld o 1

nlanana vize ganIwAana iunguresnwAarianianszed lugluiuaed

] ' dl 1 1 1A = o aa

gl isNsenilaniaeaan i WINmAaIwn (frame per second) gUuULU9ATYE 1043R

Talnnen1uua 13 lunnsai 2.1

FI191971 2.1 wanegluuuaesdayyinidnlewuy SIF uay CIF

Horizontal / Vertical SIF SIF CIF

Resolution (30 frames/second) (25 frames/second) (30 frames/second)
Y 360 x 242 360 x 288 352 x 288

Cr | 180 x 121 180 x 144 176 x 144

Cb 180 x 121 180 x 144 176 x 144
Sampling format 4:2:0 4:2:0 4:2:0

Source Input format (SIF) ka2 Common Interchange format (CIF)
SIF  waz CIF uglunuaesdtynninlenarna degnitvuslagumsgiu

a 49

MPEG-1 uaz ITU-T H.261 SIF nuuagluuuaesdnyniainlen 30 msusiaduii uash

a = !

25 Wsnsadu? dau CIF fviungiutiuaesdtyyindalad 30 wsnsadunimamu azily

suunnldnugaumaaiuinsieilusein PAL waz NTSC
2.2 MaLNsuad I uInta (Video Coding)

nsdnsiadtyynidaleazyaiiulusudoulungjet 2 daupe deauniadnsiades
frytyntu (Channel Coding) hazniadngsiauuasniadnyeyine (Source Coding) ludau
1a9n19dnIiatasdryyine (Channel Coding) fiflanmageuuazudlurnuianatnves
%’@Ha‘ﬁ'Lﬁmmﬂmimmuﬁmé@ﬁyﬁm aqunsdnsiaunasniiadtyyans (Source

Coding) ¥aiiulunisiudadeya (Compression) uazn1audingWady (Encryption)
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1
a o I

o [ dl = v ¥ | | dl 1 o dl =
ausulun1s@eans ﬂ’]ﬁ“i_l'i_l‘ﬂ@‘ﬂ‘ﬂ&lﬂ@Lﬂu@\‘l"}’]LﬂuLuﬂ\‘I“’]’m‘ﬁ@fl UTUNTUARANTHRL

a

o '

at9anin Tneeniveeneivdnyn i latedlauauaesdeyatunalug) Tassaiswesso

o a

dnsadtynyniinlaliuansiagiln 2.3

[

Original image

Coded image or Residues

Intra-image >
Encoder [ *
| Intra-image
: Decoder

l —
4
»@—W =
— .-'/ :
] f
Mouon H Frame =
_Compensation | _ Memory
Motion [ ' Motion Parameter
_‘. . i 1
Estimation | >

= & Y o o aa A N o
gﬂ‘V] 2.3 U@’ﬂﬂiﬁ@ZLLﬂ?N‘ﬂﬂQﬂq?Lﬂqﬁ‘ﬁm mmmemIﬂLLUUWNﬂq?UUQW

o

U o o aa = o Y 1 v a v da,
nsdnsiadnyy i alasuuiudadegaazuivld 2 dssinmannatindeyasian
2.2.1 Manswan e luinsy (Intra-Frame Coding)
lunnsdsiatRaiazanANG I EaWNNNLA  (Spatial Redundancy) 28I
% = o o Y ¥ a 1

nw daenisdudalnaenAadeyaniatu 1 wen Ingldinaniasiie
] ¥ . A ¥ o = A v o 1
1. n3gudaya (Subsampling) A8 NIgENIWALNENLINANTIN YiFanIsdnsias
\RALIBINGNANWUNUNAzdNITan N 9NN edaandnsndnluniedeld winuad

'
o =

WINWATARGY . < AuFuaan i bignidhsiafiazgnaiiauiniaiulaanislszunnidn

na19 (Interpolation) Fasnagiinlnne

2. nsagaulndutusienil (Coarse  Quantization) Llun apanndinaldanuan
dnsnas Tnaazinlniideyaunsdaurean ety i nananaan daiidudminazgne
eulndFaeAail ilasanansanaunag A uLAN AR AT

3. nadiheiadeyalaenisuilas (Transform Coding) Hlunisulasdayananin
anlpLiud (Spatial Domain)uﬁﬂﬂﬁqimmuﬁu Ty TaiuALa (Frequency Domain)

o )y 4 = o A Y |
NRAAUBYA dasanlulamuduiansdnezaainnis1seanly ?IEN”@U’NZWLLI%I@LN%

a o

Tuanaasifludounants Adanldiune nnsulaslalmiuuyliseiias (Discrete Cosine
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Transform) uﬁqmﬂ{’fuﬁm%’mg@quummﬁqqﬁﬁm@ﬁ@ﬂﬁiﬂmﬂmwwﬁ@@ﬂ nsuilasdn
mﬁm%ﬁé’%umwzm%‘luﬁ%gﬁw,ﬁm%u Aa Nsudaannian (Wavelet Transform)

4. mavinnnwmasarenniedu (Vector Quantization) Tnadayaninazgnuiiangs
Lazudnsunusaadyanenianuila@asia (Codebook) L‘ﬁ'@ﬁqma‘mL@Wﬂzﬁmﬁﬂmﬁmu
windetaeisendatnluntsdsld

a v

5. madeulngD unisdhsiadeyauuulaifinisgdedeys Tnannsgiu

MPEG azldriimneariuiunisdnsianmilanunnggiu JPEG A nisudnsviaannuui
(Huffman Coding)
2.2.2 NM9L N5 WATEUINL SN (Inter-Frame Coding)

o

dl [ % aa = o 1 dl a al go/ ¥
Lu@ﬂ@qﬂﬁlu@ﬂgfqu@ m‘lﬁ@u@m@m&mm’] LV\I?NJ’]’]WW@%MW’]M RTHAMNTNTRAUNARN

fayanIn INaTAauANAUTN A TN LA (spatial-temporal correlation) Agtl N9udn

v
[ oA

1Y
IUWATLUINUNTN AAINITINAN TN T AN ANTI T AU UAI T LAWY LazINTINaElu

al

nsandayamatiinuaaauifsnan  aadayganvianisasiiudeyadiuiunienaids

4 a4

dgl dl . dl ¥ o A a ]
WY (spatial temporal redundancy) wzasnanlglunisdniainatamaiia 11
1. nadsvatuugunana (Time Subsampling) tunnaidnsalinsuynines
v Y o s 1 v dl 49(
AN wadlFanensiatiaaE W n Ay ldauun
2. nsdngvidAANNLANGNS (Different Coding) uAgnN7dNIiaAANNLAN
ANNTENINUNTNRANY WNUAAUTIFANINAINTININ  INTIZANANLANFAINTENINN TN
ANy o ' 4 = = Y o ' o o -
AriidayatiaandinnIniansa  1He9aINHAINARIEABNINLG AR 1T lanafian
(overhead) Tunnstisuandn aanwlandiniswasuutlasuazanlalifinnsaauulas
3. ma?l,‘i’ﬁa?ﬁmVﬂ"wmmmeffmuuﬁugmmmuﬁ@ﬂ (Block-Based  Different
Coding) {unsdnsiaindemaeiLn1sdnsi AN AN NBANFANEIE NI WANINAZEN
1 [~ (-3 1 o’ %’/ 1 (3 al o’ al |
wafluufennan nasaniuusazuaenazgnifFaumsunuununs B uiluganw
AEYANIN
n3UszananIsPanui (Motion Estimation) WAZNITTALIEINITLAA LN (Motion
Compensation) \uATasianldandayalunisasdtyoiunwinla faanisasdagyanan
WulunnsaFrennlilwingi wazdoundasdall Aa nandnada wise wsusneda (Reference

Frame) 1NafN1sAaBUA (Motion Vector) waznwdayatanaianlaiunisdnsianie

Y v
v Ay

Tusn (Residue with Intra-Frame encoding) le‘iumm;u@ﬂ’]‘wmemmamwmmﬁﬂmﬁﬂm

3 o = o 1% 49’ 1 ://
ﬂW?LﬂlqiﬁﬁiuLWiN’QzUUﬂﬂllﬂmqﬂ‘ﬂumquu
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2.3 4nT37U% MPEG-4

N5 MPEG-4 Lﬂummﬂ’mmm ISO (International Standard Organization)

1 |
a o

o [ ¥ o o a aa A o 1 2 ¥

dwFunisdnsiadoyoynaudes nMnuazdate ndnsdnmn Tnagadunistsvenadldaunig
Arunisiivdeya nsdrenaanszated1aans uaznisdessUfdniug tnesunielasedng
IP, ATM, Mobile, PSTN 3@ Narrow band ISDN %1#5§1% MPEG-4 utiailudaundne) Asid

A8 DMIF (Delivery Multimedia Integration Framework) 91899511 (System) 9189019

%

dnsadtyunondes (Audio) wazdauaasnadisian wuasdynniala (Visual) diu

v o

o a

nadnsiadtyaynnddnlen unnIgin MPEG-4 aziiianeuzaesdnyald 2 anwouy

77

A WLILSTINTRA (Natural) Lazluudananzif (Synthetic)

aa

1. Ay A lauuLssngI A (Natural Video)
AARIUNIEUANTBINN NN AN NG FITTR (Natural Visual Object) Aa 14

AWN30dniu Annsuazauaiays lhetidsz@ansnan et Ul lwududandie

4
o o A

THatemunzan TnaagsioadnniaxiFna

%

= o aa ¥ (| = a a
- @WN’]?Q‘LI‘LI@ﬂﬂ’TWLL@%@Q.JEUWM"Jﬂtﬂiﬁ‘ﬂﬂ’k‘lﬁ\lﬂ??&@%ﬁﬂ’]w

o

- aunsnidnDieusias Visual Object linninan (random access)

% a

- mmmﬁuﬂqﬁmmiﬁumwLL@mfyfyﬁmqE‘E@Iﬁﬁ%mm:mmmu

- ﬁmqummmlumniwﬁmmwﬁqLmzﬁmmnmﬁﬁiﬂuuﬁugmmmm@umuﬁ

- flrugnansadn Content Based Scalability fwiuviennileuazdnyoyrnsinte
- TANNNANNITONNAU Spatial, Temporal Wag Quality Scalability

- TanunumusienuRana auaza unsan A uRanaia L

%

2. nadnsviadtynunnsnuudngdsiaszad (Synthetic Object)

[

AnAaLATIzi (Synthetic Object) AvAl3xNALIAINAINULILAIABILAEWNII AR TN 16

£
Y o A

NTANLLIBIABNALLAB AR T UNANETEAL ?ﬁlqmmn_iuﬂumjuimmu
- NN9RFLNYANBULTNNIHAS (Parametric Description) 415UN1398LN8ITS
&9A3129 (Synthetic Description) 28949 UALASATNTAILLILATARINTNAL
- Static/Dynamic Mesh coding with texture mapping

- Texture coding for view dependent



24

o

a a o d’l | 04 o o v o o aa dl ¥
weninusatuiazuliaaiudn QJﬂUﬁ‘ZﬁU‘Uﬂ’]ﬁ‘Lﬂ’]ﬁ‘V@@Eyﬁy’]mqﬁIﬂ‘V]s]f]j

A miudrynyafdnlenuusssutnf nuden nunlesnInggiy MPEG-4
TA59A519RINSLTNTRAR Y YA A LaTas MPEG-4
nsdhesiadtyndnleninninsg i MPEG-4  newdnsaniuuuy  Shape

Coding, Motion Coding 1z Texture Coding a¥inszuaunisusndauaasnmingiludsg

P !
Naulana
Shape
Shaype
e :
Cading Tformation -
Ibtion
-
Inforraation
; ¥ MITE | Buffer |-
v /I 7N
I otion Iliotd crn Texture
e || Textime
Estimation | |Compensation Coding Ird’b:rmimn
A A
Frewimz Feeonstmctad
VOF
717 2.4 nnuanslageaiasuguaadisiadiynyninleres MPEG-4
— Shape
Diecoditz :
L ¥
ot Iulotioty Reconstrcted
Detmitiples  |——— LU . SN —
fl Decoding I otttz ati oty VoOp
. ! T
Texhae
Dlecoding
VOP
Dletmoty %

717 2.5 nnuanslaseaianugusanensiadnya1ninlares MPEG4



25

WANANISTALEEN1SLARAUTN (Global Motion Compensation)
nlnannsldaa Sprite Tennifluniniia ludnwouzass Panorama Background 1
Tidnsasdayarasaniundanesaispen wasaniuluusazisuninisldnunaesnw
[ % ] v & ! ¥ dl =X dl dl . . .
nudlAuarduiuiazdsenizdeyanuanfanisnaeuinliuesyunas (Viewing Point of
Camera) uwdavinnisaireludanzasaniunasiuluilng lddayandanluniuman tne

(4 (74 1 :J/ o V% ¥ dl ¥ ! %
LLNE‘]@Q@\‘]?I@H@N’]&LMNVNMNQ mslumma?mmmaa@m%mmmm%mm

n15UszununisLARaRN (Motion Estimation)

[ =

o P oy > o o ~ o =
mm‘umgﬂ&mmqmiﬂwuﬂ’mﬂa@uwmmfmqlumm‘i_m’]‘w meﬂum‘mmma‘
dl dl o i’/ % = dll dl tﬂl = 1 ada v o 1
Lﬂ@@umﬂ@ﬂqmquu %mmmn’nﬂ%mmn’nm@@um ﬁﬂm’ﬂ%ﬂ@qﬂﬂﬁ'ﬁ'ﬂ’]ﬁ@fJﬂﬂu 11 Full
Search Algorithm (FSA), Three Step Search Algorithm (TSSA), Logarithm Search
Algorithm (LSA) via Hierarchical Search Algorithm (HSA) %ﬂLLﬁi@tﬂ?ﬁ‘uadﬁmiﬁu@uﬁ'ﬂﬂ
(block matching) HWATHAMUANTTRALANFNTY  YasuANgnaedlunistlszuiunig
dll ndl o Y o -dIQ/ ¥ o o 1 aca a a -dl
LARNRAUN ﬂf;’]ﬂdanGﬁ’auLLﬂzﬂ’]ﬁ‘muqmwm\ﬂ“ﬁmmuLmem‘ﬁ‘Mﬁ IﬁﬂﬂﬂqﬂquNQW@qﬂﬂ

teengnrainsduguaaniiuan ingula

=

N x N Pixels W
M of current frams

W2

-

=1

| Ly )

717 2.6 gluunlunisdsssnninisiedeunuuunIIURLAeN

N151115%Ag1N53 (Shape Coding)
dnuitiifludoudrdnylunnsuansginssaesdng watianldsznaulisdae
quadtree, chain code WaZ polygonal approximation %wumugﬂmmﬁmqﬁqamarﬂu

wiz [19] madhsvaginseresingiuiandidnylunsdnsiauuiugiuaesmaadng

o a dl ¥ o é{ o o o o d%l o o Y
anTIU mw‘lfﬂum@mﬁw@gﬂmmunummmmq 20| LLZVJH\‘]?.Iuﬂ‘LIﬂrJ’]JJsﬁ‘]Jsﬁ‘ﬂu?I‘ﬂ\‘]‘ﬂ‘ﬂ‘Ugﬂ
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]
X A

99 AAsazRuareudien  aaunsnazananduaulataaldnisdisiagines
Usznauiudeyasaudn (Content Based Shape Coding) N1sidnsiagiingsazunuaasiam

I [ = =< [ oo 1 dl
2e9ingsaegLuantmaEn (polygons) TeArilszanniginsadnsidurauniatuauyNlesd
qn lnedansinmansnizaesginsaines 415135013 Content Based Shape Coding A
HanuiamaueanunainglnssldlneanaiunsonseuaguaanInisuna luinunawlals

dl b4 a éj ¥ 4 dl dl 1 Y a dld o é/
snszfiazen ipomianeud i luginssleangane ldlMiAnqganinidauiinasa
lunisusndquaeanIngng [9]

Y o o

nsdingiagings (Shape Coding) A

=Dhe

® Binary Alpha Blocks (BAB)
- CAE (Content-based Arithmetic Encoding)
® (Gray-scale Alpha Blocks
- m@@”mﬁmmmnmﬂ?{@uﬁ DCT (Motion Compensated DCT Coding)
® Alpha Block
- imqﬁ'LmﬂLLmeﬂ%ﬁuﬁﬂmm%ﬁLﬁ?}lﬂmﬁﬂmﬂu
® |ntra and Inter Shape Coding

[~

- nsRnduRlasEaLNNTAsUaen (Macroblock-level Decision)

1
=

- gﬂm\‘mmmﬂm@mﬁ@um (Motion Compensated Shape)
% o 1= al | al 9 %
- m?mmmgﬂmqLmuimumiqcyLmﬂm@umifggmmmﬂgaim

nsdinsiagunssn i vy MPEG-4 azlduui CAE fauanalugily 2.7

Mbtion conpensabed
& |B|c7 Qurati b BB
sl et tale A& el &
ol 2 0|2 7|6 |5
i
(a) INTRA tenrplate (b) INTER temglate

917 2.7 nauinsiaginsslag Content-based Arithmetic Encoding (CAE)
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[
S a

NN9LN9 VAN URA (Texture Coding)

Aur899aKaA (color information) ¥3BTLAUAMNITIN AZNTUABWNTLINIWA LI

a

Tflu 3 dunen e ddunansdayamaduilsyd@nsnisuilas dounnsateulndduilsz@ns
! ¥ o = o o 1 o a Q‘r s
299n19utlae uazdrudnsiaeunsduiuaduszansainnisanaulng
dmiudinresnisudasivanauuufaaiu snsgudaulunflanldnisudacuuy

DCT fuuaanauns NxN @ DCT qatunisuiladsasaneatf@na (suboptimal)

Coded by the
Coded by DCT
_ R . Ny conventional DCT
after padding

Mot Coded

tﬂl ! 1 d. & o ﬁ 1 o/
gﬂ‘V] 2.8 ZVJLLIF]’N“‘] WLﬂW?M@UHWMﬂ’]H%@QMHQEQMQ

nadnsianuituesgivesle azldnssndd Shape Adaptive DCT (SA-DCT)

LARIAITLIT 2.9

x X X
| ] —-1 || mesemw |
T TlE E
¥ "p"' | u
[
[ 11 [
THRTYETR
GEEIRE
Odginci mant (B} Ordaing of Pak O Locoiion of Pals
@ gincl Seg und\ﬁlcd aftar artical
SADCT Lisad SA-DCT
x u v
—_— D
- [ — : e
—— [+ 5 ¥
u u b ﬂf u
| ' [+ =i 3]
[ [
() Locoion of Pols {E) OrdaﬂngafPﬂh (F) Locortkon of 2-D
Fiier to Hortrontal E%CT ntal 8A-DCT Coofiiclerts

51171 2.9 N33175 Shape Adaptive DCT (SA-DCT)
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A

dounnsudagnnian (wavelet transform) A Aan17udnsiaLuLaelfia (optimal)
[Koenen R., 1998] éuiuidnsviadnggunsesine Inedeyaazgnidrsiadeyalngldnssuis

Zerotree T4 MLNNT4NIFRNINTIS

/-

i
NN HH

1 .

'
4

1 n
1

BB

71U 2.10 guuuunnadnsialaenssnis Zerotree

A miuduneulunadsiadaunainteuunug uesmise dnguuiinaiadu

v
o o

oy uwiavduneulaiinisindquisludauaasnisdnsiaginss (shape coding) Ns
WinsWanuRa (texture coding) N133LA3IZANTLAALUN (Motion analysis) WAZNNTHANEIW
21849MENIN (object segmentation)

AmiunuusazdautiuiiandrAnguanseiuly  uwiduiunnigin MPEG-4

[ %

waznisdnsiadty g IuIesagdng  azAtiianisuendauzeaniningndan

AnwouzuANs iYW wazginssesingusiazdngiuanaenyn ialiaiunsatinauanindmg

q

'
o P

(object representation) NNAINUNIELATNAMANTRATIUANINYNHANUNE (sementic

q

meaningful object)

24 msuandaudmsumsas sz uInguasRIMIAlanNNIATIIU MPEG-4
(Video Object Plane : VOP)

WULUELYRIN Rl siad s nddRTemNNIATgIW ISO/IEC 14496-2 Wigediu
Aerifuuuiugueeanewnusd (Content based) feenisnazasuianinsne lugl

2INNIRYARBUN (video objects) NisuannNIWIRRaasdyndale Gedealdnis

L%

= | e a aa a ' A g oo " ' Y =2 9
Lm@ﬂmﬂﬂu@muU?ﬂq?N@mNLﬁﬂﬁ@’]ﬂ’ﬂﬂqﬂLW@SL‘MNﬂqqﬂﬂﬂﬁﬂ‘uluﬂq?wqﬂ\iﬂﬂﬂﬁl@ Ll S

1%

edanisdnnisdeyadiynndnle Tudaunisusnnndngiasiflunszuaunisdusiu

o

(preprocessing)  HaxanunenazinuanIndngntsng lusrsunninednluds

waziduridlalunisadnsianiuunnsgiu MPEG-4 ateildss@nann
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! . = d‘ 1 | = o aa
NIsuENAdl  (segmentation)  Hiwautgounwiredtynnainlalugluuuaes

U3nns Aufudynnniale N1suengauaziiNLE A INANNADLILAI a9 TLARDL

' |
a oA

1 a3 19N18A18997T) (object masks) ﬁl%ﬁl,mumwr?mql,ﬂﬁ@uﬁ (video object) Hn13
fmLmu@ma‘uﬁ?jﬂ’mmﬂmumwd”mqmmﬁﬂ;ﬂgﬁmﬁﬁhﬁ'LLmﬂﬁiNﬁuﬁqmumnTmﬂ@q

uuﬁugmmmmwﬂé’fmmﬁqﬁum@ﬁmﬂmmuﬁua (spatial homogeneity) AN
ileaaansadaudl (motion coherence) sitanszuaumssanfuresdayaraesdau
%'qmmf’w:mmmLLﬂQﬂ@;m@ﬁmqﬁmﬁﬂuﬁ FNANH U ANHARLARINTULBIAIIN

WA ANNATANIRINITAADLT)

De

nesndEnsundanlulagsannsgIu MPEG-4 # salufinssauiuiimanzan

q
¥ 1

ﬂmﬁm;llm?ﬂmm (temporal information) LL@Z%N‘J@@Qﬁuﬁ (spatial information) A3

974 ISO/IEC 14496 1aidu 1 Amuaienansannsuazmatinlunisuendaunin

Fagananaunn watalaidunnnsgin n1sutengueesaann (pels) uaAunInay

1 A

el 2 ngu Ae daudngneaani (moving objects) WraNuuiin (foreground) WAy
] dl IQI A dy o a2 o ! dgl o O a '

doubegfie  vidRNUNAY  (background) nisadaludauiidentiuselluninsgiu
ISO/IEC 14496 1a5du 2 TnseaF1ansssidsnisuengdaun minguansfagii 2.11

Video T]ue:rl:e

Global Motios Corpensation

Jr

Scehe Chat Toete chion

Tertporal S et ation Spatial Se grrerdation

L

Cornbiation of ternporal
atud spatis lrenalts

=

Sequence of ohiect mashs

917 2.11 Tassaivaasnissandeyad miunisuandaunindsg
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NSTUIBNITFINTRYATENTNT LA TaYAN T L UNSNRIUSLNITUANFIUNINIRY

druneuLIn FNM9sTaN NN TLAR B LT N AR I LN LA NN I AN
Lﬂ?ﬁlﬂuﬁimmqu (global motion compensation) mﬂffuLﬂum?mm@ﬁumﬁﬁmmﬂ (scene
cut detection) aflunsvLaunIuduRaindanaannRAaeLaTeInda s UAN

TunouTiges NNsuengausaedayaimanai (temporal) u%%’@uﬂmmmmﬁqﬁu

1
a

4 1
7 (spatio-temporal) 289UAAAINTUTLANNFBINTINTLE9 Y WesanUnAnnsuangdan
Qll ¥ v a = o Y o 4 4 a 4;11 dl 1
VlsLsﬂLfilW’Wtsﬂ‘ﬂNu@LGINL'JZ\]’]@ZNﬂ’J’]Nsﬁ‘]_leﬁﬂ‘lﬂuﬂ’iﬁ‘ﬂquﬁmu'ﬂﬂﬂ')'ﬁlﬂﬂgﬂﬂlﬂ\‘iLQ@’]L%\‘I‘WMW RNMN
[~3 ] 14 1 a 49/ dl t4 L2 ] U J QI
1‘3‘ﬂﬁlqﬁJﬂ’]ﬁ‘LLﬁlﬂ@’Juﬁ"Jﬂ“ﬂﬂN’l@L“TN‘W‘LWI@:ZGLMﬂ’)’mtﬁ]ﬂlﬁ]’ﬂﬂﬁluﬂ’]ﬂlﬂﬂ@'ﬁlulﬁﬂﬂ’)’] S2IRPANAEN

ANTUERUIUNITAUI DL

f
adna 1

Avdunisusndaunnsgdeyai@anan Azl 2 nesudsnanialinisiasn

U

12IMPEG-4 91173914 MPEG-4 lueddu 2 lafinsideiesinduinnesuislald1én

A 1 1
=

doulunisuangdauninsaedayalisnunaesn gLt aaNgnNaI ey Tunauganie

v
RLNINITUINAANNTIIADIALNNTIN 1

n1suandaULTaLan (temporal segmentation) UUNUFIUNTATIAAUNTILRE LAY
(change detection)
1 addﬂl 1 v i’/ o a dl

NsuENAUNIWADH amnsnutilaiiy 2 duneunan Tasauyddinisndeanlimg
189NARIRUNNFTUN1ITALTEILAD

H ——p = ; 4 e Y

dupeuuan  dountininnisidasuidasssudnasunmuseiuiiargnnsag
o 3 o . ] 4 A4 . .
AwaesgAn INREN s atukasA AN e NN TR AR LN 1a9I R AT g NN
Huapiidaeuulas  Guusndauntihininazaisainnisssdiqaulasulaegsan  (global
thresholding) “AAIAINNILANFANTEUINNWTN mﬁmﬂﬁumumjmmﬂfwwﬁmaﬂuuﬂmq:gﬂ
M isuGaulaamaliasuaniadi (relaxation technique) TneldAnqmulasuinliuanlely
Usinuviesdin (local: adaptive thresholds) wananiudsnismsnainisilasiuutlasiniinig
UfuAqailaauliuaznislduiasaauandruiufuuiininaesnindsg uwsunauuiin

173 dl % o dl o d? V% 4 o .

azgnldinalifldaauwmresn ningidaauan gavinantininaasnmdng (object mask)

o v% = a dld [~ a o o
’WZQT’]WWIV‘J"]UL?HULL@ﬁUTLQﬂAWﬁJ‘ﬂu’]@ L@ﬂLﬂ‘Lﬂﬂf‘\]zgﬂﬂqﬂﬂ

TURAUNADY UTNNINIBININTADALDNAFTIHIANNNITNNEALIF NN UAIN LN

q u u
v 1

PIALARN (uncovered background) —AvtiudeyanisipdeunvesganINNeTuLFMNN

o y 4 d o o 1« o o
naasulasazgnld nswasunesaannilazgniszinnlnensduALAeNLLLANAL
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2
o

444 (hierarchical block matching) d3untinninaesnisilaguuilas (change dectection
mask) luiupeuuwsnazgniiasaniunmeinisaauaINnsduduaen 1vaqausnuas

qagavinaaadnnasnisnasunegn e lulFnaminnresasunlas apniwiiuaziiy

q Q

X oy oA £y a < H @ X o
AANTNNUNUN @QHN’]N@@MM\?1N@%1‘HU?LQMWL‘]J@EILLLL‘]J@\? fogmmwumuﬂw-gmmwwwm

9 Q

nsuenduidaranlagl NN UARIALFIRASNITAAMNNITIARAUN
(Temporal segmentation using higher order moments and motion tracking)
de 1 o | 1
ﬂﬁ?ﬁ‘ﬂJ’Jﬁu@tLLﬂﬂ&’JuﬂWWﬂ’mLW?Nﬁ@fﬂuu (f, )Tmﬂmﬁ‘ﬂa‘zmam@ﬂ@mmw\l@mrﬂu

W (f,,, i=0,...,n ) AMUILLBANTNAUALNUTIMLR9ANNITITRY AnFuusiazinnaziLie

k-i 7
TuRaLLTT 391
AULLIN mmumnm’wmmLwi@zwxlimuﬁﬂuﬁuW\Iimwmjmn@ju NAZATIARL
o o X 7/l RN ST
LFnanlasuilas Uiy AMsRaannaesing mmmwum\mimqﬂm@mqu (uncovered
background) WAT&RYRNLILINAY (noise) mmﬁ‘mmi”lﬁmnmum?ﬁ 2.1
oy G = filey) = fo0ay), j =0 n-1 (2.1

o 4 A o o Y o 5
Tungae [anarn19anNNLsauresANTuLILeIaIN EUEUNEUTUNIU Azl

o o

NNINARDLN AT ABUALIEIT (higher order statistic test : HOS) duiuusiazannn oy

TUARALN 4 a99ANEANFANIZRININazgNATILILIUIASIWA 3X3 QANTN T4

= o 1 z:ll dl [ 1 2 1 o [ r-&l A o
’W&‘LE“F;I‘LILV]F;I‘]_Iﬂ‘LILsﬁWﬂ‘ﬂ\‘iﬂW“gﬂLﬂ@ﬂuVIﬂiUﬂ’]iﬂ LL@iﬂ’]TNLNuﬁ]@ZLﬂu@uﬂLN@NﬂWﬂWﬂ’J’]ﬂ’]

b

o 9 Ho = PRI = VP TR o
'ﬂﬁLﬂZ\]ﬂu ﬂmmauumm@LmﬂmmmmLﬂ@ﬂuuﬂmawmqumwiugﬂm@uﬂ@u LAZIREIN

q

O T N SV &4 A N = - 3
ARBUN ATNTULAAZIANTN m?m@ﬂquxgﬂﬂ?zmuumuimmmm 3x3 RN OINT

B I Y - L
wasu lilugue agliqanmiiuduisnameasun funautasig1aunszia j = n-2

| '
A a

douganmiuaasnisipasuiiiuguday vzt il

v 1

o &

dugaving e N9INRERINAsY (regularization) ayldgaiidonnesiia uas

a

v
o ! o

Urnuinaeunanaia douzesdyinisuninuazlaa (hole) avliniasnseaidednignuiiie

|

% o/ V% = é/
ATINAUBININA IF]QEL'VI?’]UL?EU"IM

msusndaul@aNun  (spatial  segmentation)  UUNUFIUVRINTTHIGAULUUN
(watershed algorithm)

dupaulsn nanazgnannisaadn@dlidrasanisuandqunin Tneldasasnsas
3 1 i
\T9dnug1u (morphological filters) 29asnsasiiazindnLdinaniaunadnndizuainimue

wsazinEveLIaaTeINWIRganly
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:j/ d‘ o 1 dll ¥ a Y o a
Tupauiaes N1emaaaduad iiseliasespuidndnialureutae 4 Jun
N1NTAEUALTIARIFIU (morphological gradient operator)
dusall nnwildazsinldenunssuasduilunn (watershed algorithm) Wiauandais
a PRy Y o = o o o °
AWTTULT N HAN NI NARA L AR AUFUTYUNIANNNINANTRITDLLURAINAT
o al & vy al o a & A 1 dl dl
ArUdnNgREUAN N lwsn arlileyared lun1sauaninginaus tnelaanAnuInngn

YRIANNTLAEILA BRIz nauRd Y,Cr kay Cb NHAMNMINEIYN a,b LAY ¢ ANAFL

Qe

4

ugaving nszuaunisinduaunaslfindulatFuundsligniauuadaludu

=2

a (%

UFMHANFUzmTauiungn INa19ANHINSTIB9NITUENAIUNIN 1T AINUEN
fT99ANANEN Aa1ntiuazldnssntinnsNFaTaILEans (region merging) 4aTinEINTg

] a d’l dl Y a -:lld o o } ! o v
weindauniwidsnunas i naniaeuadaen. arxisoi llldlunisuandsusoniude
HATRA NN UUAR AT IaL AT ANIAAaUT  ANTUTRGIARUTIATANNTILARS

duusnuninauung (semantically meaningful regions) wazdaaLiataRuisau

2.5 AN UF NI UNISUsSENIUNITIARAUN (Motion Estimation)
Tnewialyl dauluninistlszuaninisipdaauin (Motion Estimation) axfinavugiunig
4 , : 4 4 .
TAIENITAREWN (Motion Compensation) tAENITLIZaNUNITAREUN AZN19NRA1UES
Aryynaineninnisdngia - angananesnuElunmeNAAeET  WaZNITALTINIg
IaRUNazINUA T LT NN N Tnansalaanisaien wilszunns  (Estimated
Picture) A1NNNEN98Y (Reference Picture) LAZNLARFANILAADUN LA Tld1a0981UA9R

I ﬂ‘ dl 2| a o d} 1 1 da/ ai
ACH m'a“mmLﬂmmim@@uwimmummnu Wwadag lun1smAIAN NN BIRIN WALTENN

WMATANTUZIN NI TAROUT EuNT0ULARUANTE 3 33 dail [Rao K. R., Hwang
J. J., 1996]

1. 3843N17nN"7 WAaT89uas (Optical Flow Equation Method)

2. Fnmaanasin (Pel Recursive Method)

3. 98n3ddudan (Block Matching Method)

2.5.1 38n19 luauauds (Optical Flow Method)
:j/ a £ % = dl
ann1INg IvazeduasRsansAg Il avdnzesganwlun azinisnaan

1 1 13
Tdmunsmaaui Inelef Sc(x1,x2,1) Wlun1snszats AN NN Ui ulaLazinan Taean

o

TarFadaanARed ANNANNITNNT A TBIWAY (2.2) Fail
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Bl gy FEEE) o gy O (2.2)
ax1 ax? a
N0 b
vIiA &) = @ Wazva(A 60 = ﬁ (2.3
dt it

X W UANAM NN LAI1890 N Usenatifag X1 hag X2
X1, X2 1 IUAN NI NLAIIDININ NIUUILNY X LAY Y ANNATFL

AaUH I uNalun1uAN VI ks v2 @alunninasniseanui (Motion Vector)

2.5.2 98iwastAasaW (Pel-Recursive Method)

Tuauounisamasin  (Recursion) azilfuAInmasni1seaawn llaudngann 1

ANAANAAAN INALREI AU tatlFuraNANNg (2.4)
cfﬂI:X,ﬁ:l = I:1!1.:1—1 I:X,E:I+HE_1I:XJ:I [z-d:l
ANUUA 1
~ 3| 1 'S dl dl o ar o . dl
d,(X,t) duannmesnisnaauin laiAun1sA1a s (Iteration) 71 a
. o . Wvedeyy 9 . A
d_(x.t  Hudannesniswaeuilugisiinisaiuan (teration) ¥ a-1
u (Xt MuedfulgenndisinisAiuimd a-1 lde a
nsifuadnedugadulunismannnnasn1snaaunn A 19 9ua 199N
(Displaced Frame Different : DFD) A4
(X, d, ) = Se(X +d,(x £i +AE = Se(X.8) 2.5

d‘ P2 t;j [ 1 ¥ [~3 o 1 1 1 é‘
WaldArAnnuiiisuaInaunIsianaauaanazinml Basgsmsnuwen U, (X,t) Al

—

&
4 (X0 = ==V o (£.d, )] (2.6)

V, i dfiiRnasinaimewsi(Gradient Operator)
s flu Adeaing wewsazasuNIAuans dndaandranull azgduslidesianes
wazazAaNaIngs d1dnduargidndiusazianasiariA1ANHANA AR FINNUANNNIAR

ANANNINILALILE (Gradient Descent)
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253 ﬂ'a‘%‘uffﬁ'ﬂ']'a‘l,‘ﬁ”lrjugﬂﬂ (Block Matching Algorithm: BMA)
ada le/ Qd-dl Yo a Y o oI/ 1 '8
Senstuudsnldfumnatianldiuunluninsgiuiall lwnismdtnimednig
Waaun ludnaziily MPEG 1, MPEG 2 way duwinldulu MPEG 4 dne vizaaziily
H.261/262/263/263+/263++ L1083 an19u 1 dAnududaulun1sA U iAINdNdaay LAy
HAuannaznIAdudaulunisAu LAz AN TN NG
aa v 1 @ , a a = . = =
nssndsniadnguisnetuuanNAgundt  aanmanaluufenazinisinaeuinlu
WngzNLINAuAN s N I sud a1l
nassdsnnsdngduaenamNzanlunIdiAszinisnaaunaeedng lua1aLNN

dl Y o o dl ol = a rdld
Lummﬂhmwmﬂﬂummmf;mmrmLL@zu@mmwmmLmﬁwwmwmmw

2.5.3.1 n1suUszNnun1sARaRALLLLAaN (Block Motion Estimation)
Asnsilszinunisinaeunlaanisduguasn (Block Matching) wluagnufiloyun
o " 4 3 o v
Fasarnladedtynyinisunay  Wasainaziiansannisiasuulasmasmonududungs
vdanununaziasasiugnnImw
S (I(x, g I{x +d (x),¢ +1)) = 0 (2.7)
xe R
Tngauyfdiqanimgn 9 qaluuaendnisedeuimleniu  n1slssaiunsAfauniLuL

3 q

UAANATAANTUNAINNINLEFELUR@9DU  (local smoothness) @alinannIIN1IRANTUN

1 <

ANILIFELIALTIN (global smoothness) MlElae Horn wae Schunck [..] nMsauALARN

a

azidaniFnALLANAN e sN AR (Displaced Frame Difference) ﬁﬂﬂﬁzgm
DFD(x,d(x)) =3 (I(x8) - {(x +d (2, +1)) (2.8)

rel
N UNNIAUALLNUE W8S DFD lAWN ANRAERNAIa89289ANNwANGe (MSD) |, AN

1 3
LRALANYIOIIANHUUANGIN (MAD) LL@xLﬂmﬁuuﬁuﬁmmmﬁqrﬁmmuimm 2

(Lorentzian function)
Lid) =D log( 1+ ((x,2)= I(x+d (x),6% I (2.9)
ral

INEUIiNAsALAUABNULILNIE - Fndn Pixel Difference ‘Classification (PDC) Lauaing
Ghavani L8y Mills [GM90] NRTeINHA9T
FDCd = ZT(x,aﬂ’] (2.1

¥R
T(x,d}:{l’ ) —I(x+d(x),t+1) |27 21

o ﬁ 0, oiherwise
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[ <3

Toed T fludrqaulasu 61 T = 1 wassdnganmluudenaziiluqaninigiv uazudenng

1
= o

F1 PDC s nfigaazgnideniuufandiei
folduBauresnisdszanunseieuilneianissuduien Ao asiluisfidade
nstiundeussauasldninennslunnsfnuanm ﬁq&umm‘gmﬂm%i Fadtynu10dan
Toasldnznmstilunszuounistsznmunisindensi  wenanniifadunssudaiderouiedes
(robust) wazgnsasuINNdNAsaNasisuii@eu (differential approach) wsiddeide Aa
mmummﬁlﬂuﬁ'@ﬂﬂmeﬂ@q'uﬁw,ﬁmmnmiﬁmsmf]Lfluuﬁfaﬂ aafhidsfimnyauiu
nsdnsFENNNdNNARTEnNaRRed | wenantiuienafaufenidien  (block
artifacts) lunsdnaia sagnunsandlaldlagn sl d iU anadeuuLy (affine model) viae

AI % 173 o 1 I3 o/ < ¥
LWMWJ'\MQHﬁ]@diﬂﬁliﬂ]ﬂ’]ﬁ‘@ﬂ@ﬂﬂﬂﬂuﬂuLLﬂﬁ‘NH‘HN’]WH@\TU@'ﬂﬂ1®

2.5.4 ABWISINNING (Parametric Methods)

ada dgj [~ [ dll dl o aa [~ dl dl aa

danstidunisiilslandunisnaeunaesdng 3 85 uniswpaeunuuy 2 JRu
STUNLIBIAN T9azadLNENITAaeun L 3 AR Ineldderidunuia 3 [R (3D surface
function) uazn1slusianduniadoig1u (projection geometry)

4 - N AN A -

Weaia1sanaaLuiAnNAaeun iy 3 §5 Winutsaedaannan t uag t+1
X(1) = (X,Y,2)" uay X'= X(t+1). = (X,Y’,2)" panans aziienunanszanaesqaly 3 J6 b
o
P

DX} = X(EH1) = X(t) = X' — X Wia K= X+ D(X) (2.12)

dl = aa v o 1 dl [

WaiarsanluszunuaeInIn 2 N5 WRIuae9annga t uag t+1 1y
x(t) = (xy)" uaz x'= x(t+1) = (x,y)" FINAAL azteNn1Ingednasqalu 2 S5 Al

i) = w1 =wit) = x' = x Wi ¥'= x t dix) (2.13)
NAASNNINTZANTRINNAA TBLBDUITANINANNAWINNITARAUN A NN3DANADTUTAY
nsutlae 2 WanesunelasmmreawiNmes  visamnmasnnlmes T @aEundn
WA dmasn TN (mapping parameters)
a rdl 13 dl dldg’ [ % [ % v o/

FAYBINITIHAD TN M UNUNITIAREUN AUAL 3 TTadedaaiu

dl all aa o 4‘ o A dl all Qad‘ a v a I8
(1) nsAaaun i 3 NR1e99my Teazanaaduiounisnaaunly 3 HANasuIasqeLNyiTnd

N1TUHU R (rotation matrix) WAZLNYIFNEN1TLARRUENE D (translation matrix)

A= RXx+D
A A |4 i)
F'l=lmrss | ¥ 1] (2.18)

1
Z Ptz || £ d
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) LLILANARINATIAANERSTIasLN et fand1ann 3 DRasuszuy 2 17 2evnlag
central %178 parallel projection
(3) miﬂizmmﬁmm:ﬁuamﬁmq FaonauflufiuinGey (planar) ¥3aLLLNAT LA
(parabolic) LS aesRlETin I lunnsdmsnsinnseaeui Ae
1. ﬁuﬂfg'a‘xmi_lmﬂﬁllﬁ’fmﬁﬂiwﬂﬁuLLUU"}Jmuw‘"}'ﬂLLi_n_ll;Tﬂfa’m (planar surface under parallel
(orthographic) projection)
meldnnstisianduninann lu 3 TRuesssunt 2 TRtiAnuduRusAl
(9] = (RY]) WAz (' v = (X7 (2.19)
AufaBe uunudan ax + by + o7 = 1 (2.20)
TALNNFIVHANNAT (2.18) , (2.19) waz (2.20) aylFuuLaNand 6 W1Nmes
K= axtagyta,
¥z autagyta, (2.21)
LLuuﬁmm‘ﬁ%Qﬂﬁﬂﬂdﬁ LU AR AL (affine motion model)

S T
e T=(a,,a,,2a,,a,,a;, a)

|
[%

WULANaesiiagmnzdn e kAT ndmELNs il aranndesdLnmieingR
AYNENININTUIALBIIAEHNIN
2. ﬁuawzmumﬂﬁmﬁﬂmﬂﬁul,muLﬂ@a?mﬂﬂm*w?@LLuu@uﬂmq (planar surface
under central (perspective) projection) fwtinsuesTiuaiannnty aviinistilnandy

o

3

She

A T A
El = = s e 1 I: I = 2 — 222
(%) (fzlel [z, (fz.fz,} (2.22)
Ime f iluAINe INARIRINABIAUAIN LATIINANNNT (2.18) , (2.20) azl@uuy

7R84 8 WTHHAT

:alx+a:g_y+cz3 . ' B g Xty +a (2.23)
X +ta,y+1 G xtay+1
I@EI‘?]IT:(81,82,83,84,85,86,a7,88)T
3. Wb TuanneldnisTisanduimnauy (parabolic  surface under parallel
(orthographic) projection) nsldsanfunLLIu eI L LN TUEN
Z=ak*+bXY el +dX +ef +g (2.24)
ANTLAREUTIANANANT (2.18) Azl ULLRANABIAIBATIFN 12 NIRRT
x'= alxz +c;1t2u:p'2 Fa Xy d X+ agy +ag
Y'=hat byt Fhxy b by + b, (2.25)

& T = a -
loenT=(a,,a,,a,,8,,a;,3, b,,b,,b,,b,,b,, b)) H12nW19U DT
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2.6 UIRENNLITBINNANUNTLINTWAR U U UIA LA LUNUFIUTDINULEIRY
(Object Based Video Coding)

2.6.1 NISWAININIUIRENINAIUNITLAN5UAFLUNSS (Shape Coding)

dnuitiifludouddnylunnsuansgingsneadng (object representation) Uaz

'
a o o o

awnsndaalunisandayalunisidnsiauun Object Based F9H91UASANBN LN A3 LINNS
\ieagLn 99 [Kim J., Evans B. L., 1998]

Tutl 1961 Freeman laldsviagnid (chain code) Tunnsidinsagiinsaunulaisinng
zgty@ﬂ (lossless contour)

10Tl 1991 Lu 4az Durham Iiwnsiagnldaulnanisldnadnsianandis
(arithmetic code) A1xN3UsILgan131dinawalaming differential chain coding Tv¥etay 25

1t 1994 1814 predictive polygons WAZ spline code LIUWUINISTBILLILIANABS
2 415 (source model of flexible 2D)

Tutl 1997 O’ Connell 6i1l511)34 lossy shape code taeld vertex-based chain
code TUUNZANA UL non-predictive binary shape coding

Tuil 1998 16iHin31l5uil3e vertex-based taaiasagnlalunisidngia intra-
binary shape code LL@mmﬂmiﬂ?zmmmugﬂmmmﬁf;m (polygon) dunnsdngia
sendngiiu (inter-code) taaldnistlsznnninisnaauivesglnssisuuuinisgoyidauas sl

n3goyids
a L4 =i a 1 [
2.6.2 NIFIATIEUNISIARDUNUASNTUNFIUNINIRT

N3LAIILINTARAUALLILIIUN ALABNAIT Azl TayaNaNTnTAmIN1TAABUT
IHanaziionndns widvlinalidumnimeladwiuusumiunawn luavredegyanin
alss asinnsuedsnsud lalneldnssidsnaun neesufenulssuld (variable block

. . o/ 1 b4 dl dl N
size algorithm) wazFuuseldsnenisnenisAaeRi lag s (global motion
compensation) N13utd@auuaanngli (inner block segmentation) LaZLLLANAA9UD
dl dl . d‘ o Y o a dél dl 1o ] o !
NIRRT (motion models) TeazyinWdRITARIL BUNANERIAUATY N DIGIgRsD
&uoynusunau (PSNR) flawinimn el Fauinaununanldaunaufanasi (fixed block

size) 1AEATNANTUNLANIZNTTALIENTLARDUNTBINITLARUALMLN (translation) win1w
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daudelfFuudmiunistinssiuuiugiueesuden (Block Based) Ag 418190

i lszansld (implement) uazvinauuuuanasals Inadilsy@nsninnisdnsians

WNeUALTTLUN T 122INTUENEU (Segmentation Based)

dounuuanareauaaniistiule (Variable Block Size) aza@unsailasuuung

1
[ % Ay AaA

299UAeNANIULLLTDIN SRR LN uazglinresing HdennlsrAnininazanduuy

IUAUBILABNAIN (Fixed Block Size) WatlFeiinaus1 PSNR wavenain wildaids Aa
auifinaLeN (artifacts) AUAFLAINNDAATHAN NF1zAT UL AIaILaand LAy

= o gy @ o 4 4 X o = )
92z I ULTN A LURINTLARDLN ﬁiyﬂqu’ﬂ']@LLﬁlﬂlIﬁﬂﬂﬁ‘Uﬁ@\‘]QMﬂWW?J@\TUTL']muu

¥
a

2 ac 1 -dl t:ll 3 - o 1
AQEIIFNITLLNAIUNITLAARUN (Motion segmentation methods) sasialylil

(1) nsuandaulngld Gray Level Thresholding

IS4 o A

azidaliiFay Ae NaldvauaesnisAaeei (motion boundary) nauAUNAFaN

¥
= o

WanaFatunn vl Inelddaaingouia (overhead) N1 leRIN DRANAUAMTLNNTEN
9Wag1N94 (shape coding) waRde@enldlailadmiuisnuniauuanseiuanfull
(2) NFAUMNTALIIANITAAUNRNAZ IR A

TneRansansAfari inasas (global motion) MARAINNNIARBUTTINABIAL

il 1
Ao Y A

muuaztlymlunisdszanainnsir@aninduden azuansauInIaInisAdaud lidniau
% % aa K Y i 1 o Y a
wsiseA lunaneif sldnisausngsldmaneunisldanass
(3) n3dszannunnaadeunlag ldnisudaswuianyd (Hough Transform)
F A 15U NN T AR UN LRI BLAZIN ATNIFIN AD FURIN1TLAR AL LNE
NNTHYNAIUWNIN
oo X =y p— Ll = di
aneuRAEwanl aslannisiauedstiutlslss@nsninaasnisalmeanisiaant
- Y Y d 4 ..
Naeldlaseaduuudy  (layered —structure)  La¥NITUIZNNINNTIARBUNLLILANALTU

(hierarchical motion estimation)

2.6.3 AMUAREN AU SUENFIUNTINIFE (Object Segmentation)

o o a

AmFunisuandaun ndagamiudynaiale azuimuduseuEiusn i 2 wy
1. wouufg e musveumaiiesduliiudng (User Assisted 498 Active
System)

2. uuuan lulR (Automatic Segmentation)
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2.6.3.1 seUUBUUN I EEa i uuATa LA LIRIAN (User Assisted System)
v v v
STULMULHAzANITLIUNNgeE 2 dusausiaiu Ae duseuusny ldasastinuun

1
[ =

YALLIALRITANNABINTITRENA U U lWTHLIN TR ALININ Tnerldnismenteqeinu
ginsnimaniiowmes 1y wW1d (mouse) 1se Unniuas (optical pen) daauian tiasls
al =) U 1 dl o v o £ QI 49{ 1
aziden  AsdeddIunszuuNaiNei I lAaauaean nIRngNAesEly WY Snake
Algorithm [Zhong D., Chang S. F., 1998] anuastinuanisusndaunindsg udusiueinu
ﬁTumummmzmum@ﬁmmum@mﬁ@uﬁmﬂﬁmq (object tracking) lnszuaunsdudald
UBNANULNIINATNELNTT  AIFuendouuu U iud®  (Semi Automatic
Segmentation) [Kwak J., 1999] azldnsiaanlasiugldniiuniansm@dn GUI (graphical
user interface) MN1INNNLANIBLABINTNLINARBINITHILNIZLAUAT wanadlEn790AT
&uthinin (Watershed Algorithm) WNeRINN7ueNd3LENLT (Spatial Segmentation) a1nTis
=< 1 ij/ 3% dl dl 1 v o o aa o 90, ) Y]
gl uduReuIeInsidayanIsnaeunaNme 4 miunsssdsduiiuinazinlvieuan

109inngnAesan  ueEnugIuIeenssdsnaAulngetson  (Region  Growing

Algorithm)  TaeiiEuaInqansaly  (markers)  wdtasdes  waewdn izeuresingnd

ANBUTABIUTOMUWANG L N IR AT eUABIN NS AR

2.6.3.2 SEUUNSUANRIUNNIRRLUUARLUNG (Automatic Segmentation)
L‘ﬁ@\mﬁﬂm@LLﬂﬂzdemmmwd”mqa?qm”uf?Tf;Liﬁ@ﬁmmmmgm MPEG-4 ¢i9lails
] aal ] d‘ o a A v o EZN ] QJdI o
AMMUANTINAT IWNshendaundmay Aiesdanivualidntgaisanunsoutauenlénsioen
AW A SLdnARTaLLUSINT R (Natural Video) waznisldanuuuiinanass
azsiagldnansuandqun nidamantdRannsnnnau et nlwis [Vass J,
Palaniappan K., Zhuang X., 1998] sruunuuilianiludeqlidlddnllganensemding

1
a

(%4 Yy 4 4
m‘xmummmimmgmmﬂwmumn@um&

2.6.4-mMeugndaun1sinaaunlaanstiulnaadusian (Region Growing)

as a a = % o o ij/ a dl =3 1A dl 1 !
asngRuTReetTninsadatuanAvg "Q’m‘LI?L"mAV]L@ﬂ@‘].lﬁ‘mm‘lﬂiﬁﬂalﬂqq
= < N o 4 A o | ) & = < o
‘LI‘J‘L')M‘V]Lﬂ@ﬁluLLﬂ@Qﬁ‘i"ﬂﬁ\lﬂﬂﬁ‘lﬁ@ﬂu‘l’ﬁ]ﬂ\ﬂ[ﬂiﬁzgﬂLLﬂﬂ@QuﬂﬂﬂLﬂuU@ﬂﬂﬂluqﬂﬂ\‘m §INEN
nAENNaNazienARLAna rasingnaulanas lvugiveananaiunsnuwisdinas
- o o > > o A o ! -
ﬂ’]ﬁ‘Lﬂ@'ﬂ‘lﬂ/liﬁ mummqmqmLﬁj@mmﬂu%mummﬂmmqmemﬁmmgﬁlummmmmmmm

AR (error criterion) WAWITIRABFNTIARBUN MLBANIMRALAY (labeled regions)

a dlv M yo . Qi a o dj a dg’ a 1
%‘W@’w@mqﬂgmmwwmiuhmuum (unlabeled pixels) NagRni TeLFIUHAzELIR U]
Fudeg lunnireanNAAIARARE  NITLAUNNTIINGY  (merging)  wazn1sALIRYeY

a
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1
a

a . . = | a e dl dl 1 d‘
131904 (region growing) ardnstszuniAinidmeiniseaeuin lud InafnA1qalany

(threshold) @A U ANAAIARARLAZLSUAl]  waztFnaliazaensaunIsig
a ~ P o a aa a |
PUNABILTAUN LA LRI AR NN LA douaestTinauntninasuidasazutiadu
2 Udinn A U3naiiiae1lsng)auuas 1se Motion Compliance (MC) uaziidtaniilang
2l vi7a Motion Failure (MF) 4134984 Motion Compliance (MC) lutiFnnunnsnda
dl o % o dl dl ! a . . 1
esiRnaNIsataLe lAAINLLLANA9INTAABUA 9ULBITL Motion Failure (MF) azly
vy . 44 - PR
aunsnaaLae lEHa LA aeIN NIRRT 1519t MF HaanieiisinuNunasignaseungy
wazrlignasauaqulunInuazdpgitsngusunlvsifos AN19dnsia (coding cost) ¥ra

o

4 v 1 !
dnanTetuagiuAINI AR FIadgLNITIALBnM. - WRWeNNTIARELTITEILFN

MC uardoyaguedudinns MF azddnsninvasniadisvianeudinage Asiuauinaessnn

o a =2 s <3 ! d‘ a [ ¥
MF BazaMuIuwadusiins MC "NV’]'J?J‘"WiV?J“lIM”IﬁL@ﬂLVI’]V\F’]Q’]NN@W@’]@@ZH@N?U1® WIS

17 17

IndoudayaresnisdnaidgUnssaziinan Insauiuanududounarineazidanasging

v 1
o

gng [9] dumaunIsuandaunIndmglnenssnisniaiuTnae s nLanIfaglin 2.12

|::. “; CHANGE SPLTTHG MTHIH FEG KM .
e LETECTIN _—l/ T BLOCHS _—l// ESTMAT N __l/./ GRIWHG __l// MR Ha _"'EL/

917 2.12 Taseafasnisuandounindng lnansssdanismulsnagsiisian (Region Growing)

2.6.5 mﬂmndqm%\iﬁuﬁ-mm (Spatio-Temporal Segmentation)

¥

ANTUENAVUN NI ARINT LI LB LARNEN A LN S 1 114N171 221 N1 TLAR A UN AR

q

' 1 v
= o o o

o Al y o o a \ Ay
ARE) LL@zﬂq?ﬂ?gﬁN’]mﬂq?Lﬁ@@um'ﬂgﬂm@\‘lﬂqqLﬂu@’]u?unqﬂlﬂﬂ@quﬂqwqF‘]QV]@@QE AN
=S

v
o ! o

X2 9 o o Y A o YR A Ao v v aal A
V]Q@@\T@Quu@\im@\imqiﬂv\l?@ﬂﬂ ﬂur‘ﬂ\iqzblﬂ“ﬂﬂ ﬂﬁuu@\iﬂ\?qu’]@ﬂﬂuﬂgqﬂ??NQﬁiﬁﬂJj nae

weingdaunandng lilduam

a o

nauendanlnelideyaresnuiduuasiilfiiAn1smedougii (morphological
=

ISP4 A dl 4 ] d’f 1o ¥ dl 3| d’l a
operator) HUaLAEl AD ﬂ’]WV]iﬂ"\]’]ﬂﬂ’]ﬁ‘LLﬁlﬂ@’Ju’Qtﬂlu'ﬂﬁlﬂUﬂ')’mL“M\I‘IJ’N’QMI]WWVILIJHLH@LQEQ

kTl 9

o 1 :j/ ! dl d‘ 73R dl dl dl
ATy dounnstszunninisinaeunina MANLA8189NTAAAUNIALITIN  LAYAINNTILN

winrean1slannauas (dense optical flow) 'Q?.jsl‘ﬁLL‘]_i\‘iLLEIﬂﬂ@:E\I"IJﬂdW%"]fILm%§ﬂ’1€Lﬂ§‘ﬂuﬁ

1
o 4

wrkATINITLsTNUNTAABUNEN a0 NAz uAAS LB NI UTN TGN Al

[Choi J. G., 1997]
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44y " va o - . - &

Wenazudtlynumantiu  lEinisiauemaliAnIILaNgaunINEINLR-1a0
(Spatio-Temporal) [Dufaux F., Moscheni F., 1995] Iagidunaunansasnduasusiail u
sausinisuendoulaslddayanisaonudy nnsuandiulnalddeyanienisinaeun waznis
uweindqulpelddayarisaasdounaugiull iasainnislddeyanisuendouisniamanudy

A e e ae @ s aw C e ¥ o
waznaAdeun linFan o) Au asddlusedldnisAuandluwsiaziFionsdn o) fu ieiuun
annwiduidonee o Ay 3dstazdecldnisAwinreudeannlunisnaiad
o : o 4o s yys i . S
watwnuA1restFumasull AgldiinstiudsanisAuanenededniuil Tnaniss
Aunieazuanaqan g luizauatasAes AN iARAtIuAaz TN YinTHldNNg
o Adl ‘dl dl I g o = aa 9 -&I dl
AIMNaRalesaInqanInnedlng ) duariigpiantRvesaddiuaznIsAfeun
AR"aT [Choi J. G., 1997] naildutlgeiludazaaninensunisauanslilaring usifeald
NNIANUIUABUTN94DY

a o Y ¥ &J 13 k7 ¥ ¥ dl dl % o [
AININUIRETIFIUL DT L WQ%@H@WJWNL‘UNLL@ﬁﬂJ@H@ﬂ’]ﬁ‘Lﬂ@ﬂuVﬂI'ﬂ\ﬂﬁlqslu@'ﬁm_l

= 1

A IS AU E WA NP NR  waAlHe9RaINENNT e NaTeaaIIN T lLLAA LTI

Q a

¥ KX o % a a ¥ 1 o ' (% =2 1 dl o
WARIN N3 AL TR ILT AR LT NN FATWITLA DU NNHN ’Q\?VLN winnznazinun

nszUaUNsRENdsuNIndRgiieran1sdsiadty s ndntednsndnf U g IuIamlae

[ %

1 < Qdd” o Y a a ° { Qll { 901 o 1 ?:/
20| “ﬂHWQLL?ﬂ[?]’]N’JﬁuVI’]SLMLﬂﬁ LLuQﬂQELUﬂ’]?ﬂ’]Vu@ﬂ’]"}ﬁ L‘]J@ﬂuLL@tﬂ’]u’]ﬂuﬂﬂJ‘ﬂﬂﬁl‘ﬂNﬁ@VN

aavliunnzauiuan T uzasd 1N InIn e

2.7 n1sAs952aL (Edge Detection)

'
1 ¥

191 (edge) 199377 A2 2BLLLA (boundary) 913 2 LFIUNHAANEHLAN

s Tnennsiansunaeuresn WTsIasiansnandeyassaLANEN As317 2.13

ﬂ Tréuman iy

BYFUFEUGY 1 .

717 2.13 wanaiaszAuANIdNT8sTeL waTaURLEAUAL 1 2e9szAUANEN
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2.7.1 MIATIAFUALALAILNTLALUR

< 1

v
aziiuINNIRMaFIe i llaaRasunaIu ATe9e RUEE AL 1 9895EAL

pNidin TeinTaenisldFaiRnsinamaus (Gradient Operator: V) aannisdiasnzving

©

cao A

dnfathingmausiinldiuAtanudnluusarqganinazldanuduiusaedl
Gy = (Z7 +278 +79) — (Z1 +272 +73) (2.26)
Gy = (23 +276 +79) - (Z1 +274 +77) (2.27]
Tpedl  Gx A8 ANNTALUARINWULILA X
Gy A ANNTALUARINLKALAY v
Zi  Ae  szduAMdNYeasgan wluiEen 3x3 aanniqanan i = 1,2,...,9

nsmAnsReuseszauAnNdNT A lae l i ataun  3x3 AN naIgLR

a

v 1
2.14 HURANTNTIIUNALUAINTINAT 04

21 2o Z3 -1 -2 -1 -1 0 1

24 Zs 26 0 0 0 -2 0 2

27 Za | 24 1 2 1 -1 0 1
WanIuA 3x3 1NANAIMIUMI AN Gx WANAUTUMIAT Gy

717 2.14 L3NINTUIA 3x3 AANIN UAEHIETIWIA 3x3 danFuldundn Gx uaz Gy

27.2 mfimqqgfmﬂmmuuﬂuﬁ (Canny)

o

dwdansntidlunisneeunn Usznaudae 4 duneutes < Al
-dlb o =
1. nensasAufaasnsasuuyluluiiag
172 1
fix,yn) =1/16] 2.4 2 (2.26)
12

Tnef n = 2 wihresanuudssulunisnszanauuuinididan

o a ¥ (3 .
2. NMIATUILNTLALUA LAY T NNAT WL Prewitt

'
=

3. MIMNRANINIR AN IREUFAGIAANIZTIY
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[ %

ANUUATLALNIIAEUFAIR99ANIW W p1 ... p9 g
p1 p2 p3
p4d p5 p6
p7 p8 p9
Tneslif pi, pj uaz p5 agluuwndunsamaniy g p5 agsendng pi waz pj il
azandunsale 4 uua

qanw 5 luangegaaniziiufiseiia pi < p5 uaz pj < p5
dnanniw 5 luangegaeniziin wag ps > T, ( Aqanlasuasi ) fazldqn

Q q a Q

L3 v
N 5 WlunsAnunnsdugaiing

4. n9EeANqALLAE (Threshold) WL Hysteresis

v 1
o =

o A e, o X
mum@uVI&Lﬂ]L@ﬂﬂﬂﬁﬂ']WV]Lﬂusﬂ@UﬂqW HUAANNITANU

Ao a [ dl ! dl !
1. QANWARANTRLIWE > T, ( A1AALUaENAIgs ) aznadnflurey

q

R o Ja = R =
2. N i @ﬂﬂqwmﬂﬁzﬂ@UﬂuLﬂu@qﬂLgum@‘uLﬁu‘ﬁu\i @ZWQQN@ﬂun@ﬂ’Mu\T@ﬂﬂqWeLu@qﬂ

Y Aa = - Y =
AUUUNHNATNTIAEUR N1NN2AI ﬂ’]‘-gmﬂ@ﬂu

= c Vv U 1 dl 1 P4 o ¥ o/ :
WNTEALUR LBENIN m@qmﬂ@ﬂu LL@Z1N@@®®@@\1T]U 18 2. AZYNAAYIN

@
)
)
)
-
=
=)
2
3.
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NSSNITNULAUD

3.1 ANNAIANIBINTUENdIUNINIRG Lunsinsad I RlaLUN UG URY
NUIEIATY
v o o aa ¥ 3 o [~ £ =
naidnsadeyraialenudenmunresninsgiu MPEG-4 Adlusiesdinisuan
gounndngilunszuaunisdusiu e lildnandnguanidugasssefudmiunisdnoia

189 MPEG-4 taeai1aresniadnsviadalannidfleninsnmnigiu MPEG-4 ULandndgLii 3.1

| I
| I
I Lser imteraction Y !
| [ I
| I
| I
| I
| I
| I
| |
'x-"iu:le-:ulnput o i Cormtent-basad
=olrp? | Seomamatign »| MPEG 4 Coder >
] Andyss Analyds Resuls Codedireges
Cortrol Imput I
—|—'.
Bitstrearn

9 3.1 Tasaaireneanisuandaunandmnguaznisdasia MPEG-4 §uiunisdeaiadnynndinlauu

2ap

#uguresmiaedng (Object Based Video Coding)

[ %

v ¥
TupaunsUeNdauN IRl azfiesaINsnuennNIRnusiazn weantn il

prEuEngluAaes uasiiifuUUNugUIe9ARIIUE  IN19LaUaNITNTBANUIUNININS
wnldlunsuendaunandsgil usds lldingsuad lnanisauandaun ndng laasinausugn

q
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3.2 WUIANMNAR
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3.3.2 mamndwmm%aﬁuﬁ (Spatial Segmentation)
m@uﬁ%m%mmﬂ'qumwL%aﬁuﬁ%ﬂguuﬁugmmmﬂiiﬁ%@aﬁmﬁm Seazuen
goun i nnfitenduedoaieiy  InetEnamuansaiues ey
9911R &9 Salembier [Salembier P., Pardas M.; 1994] l#iaue3admiunisuendauis
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YALLUAVAILITIADY
993NN TULNAIUNNENLT 1lszneudaedunaussseliil
1, mm’fwmwiﬁﬁgmmuﬁGﬂudwﬁiﬂmumﬂdwmw (image simplification)
2. mﬁ?mm@;ﬁ(ﬂ‘ﬂuL°]Jmm‘]ﬁL’Jmtmﬂ?s%ﬂﬁ?ﬂ?mﬁmmiﬁﬁuﬁ(gradient approximation)

3. manmuaLv AN nlaenssuasduiiumn (watershed algorithm)
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Aa19aN19ALLUN9IEIEIMg U (morphological operation)
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Morphological opening: T (f1= & (S (f (3.3)

n n
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1
IS 1
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qanARAWINAL 0 ) TnenfFaumeuiuesdlszneulaseaite drisnmnadnainasn
agineTuesAtlsznaulngeaing azgnnidnesn
Morphological closing P ifl= Enian (f1 (3.4]
nsdfiFEnisuuntle aznszvinnislaadu udaniudaenisalsdu faaesdtlsznay
Tassafraimanniu avazidndouiln NadnialuiBinunadng InauFaunauivesdlsznay
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msdfjianisaamdjianisuuutlaiilalaanisasialud (morphological opening /
closing by reconstruction)
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10UAT893RE TaFanseRTedmgnuuLa/alningnisaiie s (morphological opening

q 99

/ closing by reconstruction) a2n3eLBRMANIRIAGENAININTRIATINIVUA LS Redainem

¥

2eUIBININIIY L

HenusUNiRn191Tsdnsgu (morphological operator)
N3 1TFNNT Geodesic HeMnpmeiariduaeas (r)
nn3UfjiiRnns Geodesic anadunile Sl
Geodesic dilation of size one : 0" (f,r) = Min {81(f),r} (3.5)
Geodesic erosion of size one : g (f,r) = —6(1)(—f,—r) (3.6)
daunsUfjiRne Geodesic Aeawisdluaiiugd azFundn nisUfdinisiaenis
@519 (reconstruction)

Reconstruction by dilation :

s ) = & ) = L 8T &R ) (3.7)
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Reconstruction by erosion :

(P'[rec][f. r = E['-_"::']ﬂ:I r = ___Elf"][_ _ _Em[f.l’:l- L) (3.8)

nsUfimnsfaesidfiRnisuunda@e)inanisaieludeesalsfulandu)
Opening by reconstruction of erosion : Y=hE (), f) (3.9}
Closing hy reconstruction of dilation : P (), (3.10

dl v a a v 1 = = 1
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(morphological opening / closing by partial reconstruction)
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Opening by partial reconstruction :

TE (), Y, IF)) 0=k En (3.11]
Closing by partial reconstruction :
@EeNS (0 QN S 0=k=n (3.12)
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douflannudniauiiviuua s lunnsusnda B alududallgos SrnATedaL

dszneulnseadnadild @:‘*ﬁyuﬁmmmm:gﬂmemmw Fan e (QCIF) 144x176 qm

nagldaslsznaulageaiiaunim 5x5 9N LazdaniLieidudne@arnin 3x3 9NN

15U R UNANITASINANNIT AL L WAL NITHEANAIUARININ
1. ANILIEEY (Flatness)
a rd” [ dl 1 dg/ a a v
WIPRPaFAzInANNLL T Ia9N I NT9azL T sE AT AN 1NN sa5 9 AN

= ¥ A o = =
TIUEFLLIAININ D1HANANLLIUTIURNAIAER



51

2. NMINNUARLULITB9T8L (Edge Localization)
W1 HABFHAZTAR AN INNUANFNTUIENINN A LA NN sueNda LA
nndnsdesianunaasnIndRgaInnIsuenday Seaziilunisusdinsinendayaranaadnin

[ %
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3.3.2.2 n15ilszunnunsiAsus (Gradient Approximation)
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ﬂ’]‘W‘V]E\Iﬁuﬂﬁft‘]_lﬁluﬂ”l‘j‘ﬂluﬁlull’]LL@QQZQﬂuWNW‘M’]ﬂWLﬂ?LﬂEI‘NIFﬁ@F;IELﬁ
morphological gradient operator [Kim, M., Choi, J. G., Ho, Y. S, 1999] TuF g ui
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azliANNTRWNNN Morphological Gradient Operator (MGO) @unsnuand léisail

3.3.2.2.1 Morphological gradient : G(f) = Of, SE) - &(f, SE) (3.13)
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e Gi AR ANNTIALUFIRIIALNNN
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3.3.2.2.2 msUfiianisinsihauAkuLRanedl (Multiscale Gradient Operation)
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FoUftFAn N sReufanadu (multiscale gradient operator) [Wang D.; 1997]
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3.3.2.3 n9sNIsaRUUUY (Watershed Algorithm)
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3.3.3' N15UANFIUNINLTILIAT (Temporal Segmentation)
3.3.3.1 N15ALATITUNITLARBUNURIRIALNIN (Motion Analysis)
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NINATULILALUMNIMNA (Full Search Algorithm) HR8N13A95
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3.3.3.2 msmqqé’mitﬂﬁﬂuuﬂm (Change Detection)
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qanwngluude nrivaalvqaanundnisasuilad Benudenidn UAANTEINNIATIA
¥nnsulasuuilas (CDB)

AuAnsinednysaliade wldainaunis (3.16)
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1 if MAD =T
CDB= _ (3.17)
0 if MAD < T
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.o v d F e o o d
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dovzeuiulaaundath]  Seazdanalidisunaesnindnglumsuneuntianduizon
& % ‘ﬂl z” ¥ % o o ] dl va 4!
109N1ATI8IN19AIA N siAsLLLatisng LazqaTingazsaerindndauTinsaaiianannis

= < dl a dgj [ dl s [ o ' 2’/
mmm@ﬂmmmmwuumaﬂﬂm LW@IMNL’QW’]:ZN’]’&WH@QNWWQWQL‘V]”qu

ada v dl 1

(2) n931RENNIRTIRINNTLLALUULAIIRIUFATAANIN
axrautslendu 2 dunay Aa [Mech R., Wollborn M., 1997]
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f CDMezg,(x v) =1

L
MEM g, . 7) = {Max([] MEM,, (%, ) - 1) Jif CDMs,,, (2,5) =0 (3.19)
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3.34 meﬁﬁmamsmg@uﬁm@ﬁmq (Object Tracking)
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3.4 nMsUsziiulseANENINRINTTNITNTUENFIUNINIAG
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image 1 image 2

917 3.4 gtluuvresuiindeyasnAunin (file format of image sequence)
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U7 4.1 MaUfiiRnasi@edniguaesnan Akiyo (n) mMsUfiintsuuudle
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ABSTRACT

Video segmentation for object based video coding according to MPEG-4 should be able to segment interested objects in video
sequence clearly. This paper presents the object segmentation algorithm which image features are combined to use in segmentation
process following to characteristic of video signal. Because the combination of many features in video sequence is a method that can
achieve high quality object segmentation. In addition, this algorithm is an adaptive method that many parameters can be adjusted in order
to give clearly segmentation. The significant features are used in segmentation process including color, motion vector and change
information. A fast shortest spanning tree (SST) algorithm is adapted to use for fast segmenting image boundary. Motion vectors are
estimated and searched by thresholding hierarchical block matching (HBM) which want quite low computation and give a few groups of
motion vectors. The change information is used to detect moving objects that can separate between moving object and static
background. After that, each feature will be considered in segmentation decision process to segment interested objects. Then the post
processing refines the final segmentation. The results from many test sequences have good quality and show object boundary clearly.

Keywords: object segmentation, image feature, low bit rate video coding, MPEG-4

1. INTRODUCTION

Nowadays visual information has been used widely in multimedia communication. The requirement is to receive not only
multimedia information but also the interactive function. The visual information has to be described by a semantically meaningful
representation. This representation derives from the scene content, which is decomposed.in terms of the constituting objects.

In very low bit rate video coding using block based coding techniques, texture and motion information are used in order to
minimize the required transmission bit rate at specific image quality. However they still are not able to achieve some requirements.
The object based video coding according to MPEG-4'"* has been shown that shape information has to be transmitted to present
arbitrary shape of moving objects in order to improve the coding efficiency and increase content-based functionalities.

For MPEG-4 video the image sequence input is-considered to be an‘arbitrary shape or a video object plane and the shape
and location of an object within a reference window may vary over frame sequence. The coding of standard rectangular image
sequences is supported as a special case of the video object plane approach. Very low bit rate video coding supports the coding of
rectangular image-sequences-by -motion, and-texture coding. The additional functionalities were extended by allowing the more
flexible coding with using shape and transparency information foreach video object plane.s'

In order to obtain object based video coding, video sequence should be segmented in terms of meaningful semantic
objects and has low computational algorithm. The method which uses the combination of many features including spatial and
temporal information then merges them in decision process will give high quality object segmentation and also be suitable for

multimedia applications.‘t'

In Fisual Commumicafions and Inage Processing 2000, King N. M gan, Thomas Sikora, Iling-Ting Sun,
Editors, Proceedings of SPIE Vol. 40467 {2000y 0277-726:00004%1 5.00
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2. SEGMENTATION ALGORITHM
This paper proposes the video object segmentation algorithm based on adaptive combination of
multiple features including color, motion, change and also previous information.

The block diagram of the segmentation algorithm is shown in figure 1.
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Figure 1.
The block diagram of the segmentation algorithm
2.1 Color analysis

Current frame is divided into @ number of regions in color segmentation process. The color information including YUV
component is used to segment the image into the regions with coherent intensity. The regions show the boundaries of the semantic
objects in the scene and each region belongs to only one semantic object.

The SST (shortest spanning tree) segmentation is a method that takes the advantages of to simple control a number of
region.5 The boundary of image segmentation can separate image into the regions better than edge detection and give clearly
region boundary.

The mapping method from image to graph is the changing from gray level intensity to node weight in graph. The weighed
graph has links of the graph that is a set of edge linking between every node. If weight link which has value less than threshold will
be set as the link of boundary.

Wi =1 if |w-w| =<=T ey
Wi =0if |wi-w| =T

where w; is the weight of an edge link between nodesiand | , T is the threshold value , v, and v, are intensity level of pixel i
and j respectively.
This algorithm used a fast shortest spanning Tree” to segment current frame because it has. many advantages over the

SST such as constructing the spanning tree in a region growing and reducing the .computation complexity.

2.2 Motion analysis

In motion analysis, the motion between two consecutive frames will be detected. The Hierarchical Block Matching (HBM)
algorithm is used due to acceptable results with quite low computational demand. The mean of absolute difference (MAD) will be
used as a criterion to implement block matching. Motion vectors obtained from block matching are grouped in the same direction.
By the way, the computational load can be reduced by varying threshold, block size and search range.7 This thresholding method

gives a few groups of motion vector and can improve computational time.
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2.3 Previous information analysis
The previous segmentation has been included in the decision process by inserting tracked object into the current
segmentation process. This process creates previous mask on the current segmentation mask and also tended to track the

individual object along image sequence by using the decision of motion information.

2.4 Change detection analysis

The changing mask can be detected from two successive frames. A group of pixels whose intensity has been changed
more than criterion due to a moving object are labeled as changed block.” This information is used to detect moving object and
easy to implement by thresholding the changing intensity in each block. The average mean absolute difference will be used as a

criterion to measure intensity changing for each block and image can be divided into changed region and unchanged region.

3. SIGNIFICANCE OF MULTIPLE FEATURES

Each feature has not the same impact to segmentation process, so different weight is required according to different
feature. However, motion and intensity information have mostly influence to segmentation process. According to the features of
image sequences, if image sequence is sensitive or moves quickly, significance of motion information should be used more than
intensity information. On the other hand, if image sequence is static or quite moves slowly, most of weight should be used on
intensity information. However if the image has quite low contrast intensity, both of them should be used to support each other.
Other features are still considered however they have not much important in video sequence, so a part of weight constantly will be
used for other features.

Motion information is quite accurate to locate the position and direction of moving object . On the other hand, spatial
information such as color and intensity is reliable in uniform areas but tends to give many segmented regions. Therefore, the

combination of them is essential.

3.1. Additional features analysis
The other features can be used in the segmentation scheme including color component, position,
texture and motion vectors. Each feature has quite different range values. Color information has different
components such as RGB, YUV and YCbCr that have different type of information. The positions are limited by
the size of the image. Furthermore, the texture has the big variations and the motion vectors span over a limited
interval. All information has to be normalized to use in decision process.
The normalization process is a primary step for a meaningful definition of distance in the vector space.
Many features are different in-both the range of variation and the level of reliability.g' So, the significance of each
information should be given in‘the segmentation process in orderto decide the object boundary correctly.
4. SEGMENTATION DECISION
In decision process, all features are combined and.used some features to create object mask. For change information, it
can eliminate some pixels that are in static background. Then, intensity region will be projected onto motion region.m' If motion
region overlaps on intensity region, decision process will be set that intensity region as foreground. If some parts of these regions
are overlapped then intensity region will be considered with percentage thresholding of overlapped region according to video
sequence characteristic. The intensity segmentation gives an accurate region boundary; therefore, the most of color information is
used to detect object boundary. If both of them do not overlap each other then intensity region will be set as static background.
In post processing, the segmentation output will be eliminated the small regions by morphological filter and the same
motion regions will be merged. Finally, boundary smoothing is used to complete the regions and smooth the contour of object.ﬂ' The

convolution mask is used on the output region and then thresholds the convolution value to smooth the boundary. So, the final

segmentation mask will be obtained to detect the interested objects.



124

5. RESULTS

The proposed method has been tested on MPEG standard test sequences such as Suzie and Claire sequence which are
the video phone and video conferencing sequences. In this algorithm, the motion detection was used to segment image sequence
which has a large moving object as Suzie sequence then morphological filter and convolution mask were used to smooth the object
boundary. In change detection process, each frame was divided into 8x8 block size and the average changing intensity threshold
was set to 1 then small region was eliminated by convolution mask. Motion detection and segmented results of Suzie are shown in
figure 2(a)-2(d). However for Claire sequence, change information can separated only moving part of Claire head as shown in figure
3(a) and 3(b) because Claire sequence quite has still body. So the body boundary will be detected by using intensity information as
shown in figure 3(c) then smoothed by 4x4 mask as shown in figure 3(d). The combination of motion and intensity information of
Claire sequence was shown in figure 3(e). By the way, Table Tennis sequence which has fast motion and non-coherent background
will be tested. Both of motion detection and intensity information were used to segment interested objects that included several
moving object such as arm, hand, racket and ball. In addition, table is segmented by intensity information. Table tennis sequence
was divided into 4x4 block size in change detection process because it had many small objects. The change and moving objects of
Table Tennis between 1% and 2™ frame were shown in figure 4(c) and 4(d). The block size of 16x16 was used to eliminate small
region of background after intensity processing. Many objects could be detected by intensity information such as arms, racket and
table but hand and ball cannot be detected using this information because they were in non-uniform region. In the other hand, hand
and ball were detected clearly by motion information. So, the combination of them could separate the interested object as shown in

figure 4(h). Moreover, the direction of moving objects could be detected by motion vectors as shown in figure 4(i ).

Hf~ == mmm -

(d)

Figure 2. Segmentation results of Suzie sequence (a) change detection of 40" frame

(b) 40" frame (c) 45" frame (d) motion vectors between 40" and 42" frame
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(e)

Figure 3. Segmentation results of Claire Sequence

(a) moving object of 15" frame (b) moving object of 20" frame {c) spanning tree of 20" frame

(d) convolution mask of spanning tree (e).interested object
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Figure 4. Segmentation results of Table Tennis sequence (a) 2" frame (b) 4" frame
(c) changing of 2" frame (d) moving object of 2" frame (e) spanning tree of 2" frame
(f) convolution mask of spanning tree (g) final segmentation mask (h) interested objects

(i) motion vectors between 2" and 4" frame

6. CONCLUSION

In this video object segmentation algorithm, the multiple features will be used in order to be able to
segment interested object for each image sequence. In this proposed method, many parameters can be
adjusted both in motion and intensity parameters due to image sequence characteristics to satisfy the interested
object. For this reason, many image sequences will be segmented into objects between moving object and static
background. Then the object segmentation algorithm also supports content-based interactivity. Moreover, this
algorithm quite used low computation in all process to reduce computational complexity and the image can be
segmented into the regions that show the semantic meaningful object. So this video object segmentation

algorithm should be able to support in object based video coding to satisfy MPEG-4 low bit rate requirement.
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Abstract

The MPEG-4 visual standard supports the trend in video
object segmentation for spatial segmentation process in only one
way. Therefore, this paper presents the spatial segmentation
process according to MPEG-4. The spatial segmentation includes
image simplification, gradient operation and watershed algorithm.
This paper presents the morphological tools to use in the
segmentation process. Firstly, the morphological filters are used to
simplify the image by open-close operation by partial reconstruction
while preserve the boundary information. Secondly, the multiscale
gradient operator is used to reduce the oversegmentation and also
preserve the homogenous region boundary. This simplification and
labeling of the region method give the homogenous region and the
small number of regions. Finally, the uncertain pixels are reduced
for using with the watershed algorithm.
1. Introduction

The MPEG-4 visual standard supports the trend  in
segmentation research for temporal segmentation in two ways and
spatial segmentation in one way [1]. Therefore, the spatial
segmentation process is an interesting research. It includes image
simplification, gradient operation and watershed detection [2]. Its
process splits an image into several homogenous regions in terms of
luminance. The different homogeneous regions are distinguished by
their boundaries. Then, a morphological segmentation process will
be executed using the morphological tools and a watershed
algorithm. However, due to the watershed algorithm, it produces
oversegmentation problem, many methods are proposed to solve
this problem [3].

Also, this paper proposed a technique to overcome the
oversegmentation problem. The morphological filters are presented
in order to reduce the oversegmentation without the loss of edge.
First, a morphological opening or closing is used to simplify the
original image by removing the bright or dark components that do
not fit in the structuring element [2]. The elementary morphological
filters can be used as simplification tools before segmentation
process but they cannot preserve the perfect contour information [4].
The morphological filter by reconstruction is presented to improve
the contour preservation [5]. The simplified image is much simpler
than the original image but there is a problem in the boundary of
moving objects. Moreover, when the simplification is applied to the

gradient image then a lot of ramp edges are lost if the monoscale

gradient operator was used. However, the ramp edge
information can preserve by the multiscale gradient algorithm [6].

The following sections are explained about the methods of the
segmentation algorithm.
2. Morphological Segmentation

The morphological segmentation algorithm consists of the
following  steps: simplification, morphological gradient and
watershed detection. The block diagram is shown in Figure 1. The

details of each step are explained in the following sections.

Image

Waterzhed Detection

Figure 1. Block diagram of morphological segmentation

Proceedings of International Corderence on Information Teclmology: Coding and Coraputing
ITCC 2001, April 2-4, 2001, Las Vegas, Newvada, US4, Sporsored by IEEE Computer Socisty



2.1Simplification
The morphological filter is presented in the simplification
process. The smoothing of the texture component in the inner region
of the interested object is performed to simplify the image for easy
segmentation.
Many morphological tools based on two basic operators
including erosions and dilations.

The erosion and dilation with flat structuring element are

defined as
Erosion : C0fCD ) = Min fochyd, yEM L (1)
Dilation : anif(x}} = Max {fpvy, yEM (2

While f(.) is an input signal and M, is a flat structuring element of size
n.

Elementary erosion and dilation allow the definition of
morphological filters such as the morphological opening and
closing.

Momphological opening © ¥ f) = 0_(E () )]
PiH=800 0H @

A morphological opening and closing are used to simplify the

Mormphological closing

original image by removing the bright or dark components that do
not fit in the structuring element. If the simplification has to deal with
both bright and dark components, an open_close or a close_open
operation has to be used.

The reconstruction process that can improve the contour
preservation in simplication process is generated from the geodesic
tranform.

The geodesic transforms are defined with a reference function
(0.

The geodesic dilation and erosion are defined as [4]

Geodesic dilation of size one
O™ = Min {0, ¢, 1 5y
Geodesic erosion of size one
E" = 0", - (B)
The geodesic dilation (erosion) of infinite size is called

reconstruction by dilation (erosion).
Reconstuction by dilation :

YN = B = 8" M. n M
Reconstruction by erosion :
Wi, n =8 0 = 8" "N, nE
While superscript (rec) is the reconstruction process.
The opening (closing) operation by reconstruction of erosion

(dilation) is given by

Opening (closing) by reconstruction of erosion

(dilation) :
Opening YEUE M, D (4
Closing @0, i, © (m

In the case of opening by reconstruction of erosion,
the simplification is performed by the erosion. Then, the
reconstruction process restores the contour of the
components that have not been removed by the erosion.

In order to improve the contour of the object that is
simplified by the morphological filter, the partial
reconstruction process is used to be the smoothing filter.

The smoothing filter is considered to solve the
problem in the presearvation of object boundary by using
a small opening to smooth the reference function in the
simplification process.

The opening and closing by partial reconstruction
[5] is used to simplify the original image and also
preserve the contour information of the object.

Opening , closing by partial reconstruction :
YENE @, Y0 @M, P 0 =kSn (1)

The parameter k can be adapted to tune the
smoothing filter of the reconstruction process. If k is set
as n, there will be no reconstruction and if k is set as
zero, there will be full reconstruction.

2.2 Morphological Gradients

Generally, the morphological gradient operators are described

as

Morphological gradient
=i = a{f, SE ¥ -&if, SE ) (12

Where SE represents a square structuring element of size nxn.

When this gradient operator is used, the gradient of the ramp
edge becomes high and the width of the edge becomes wide in
case of large structuring element. But the ramp edges cannot be
obtained easily in case of small structuring element. Moreover, a lot
of ramp edges are lost when the simplification using morphological
filter is applied to the gradient image which obtained using the
monoscale gradient operator. In order to overcome this problem, a
multiscale gradient operator is used to divide the region which is
defined as

1 »
MO(f) == T[s(3(f,58) - o(f, 58, 5B, _ 112

Ri=1
where SE, is a square structuring element of size (2i+1)x(2i+1).

This operation produces two-pixel width line that coincides with
the edge. However, when the multiscale gradient operator is used, it
is possible for the watershed lines to be disappeared in the region of
dense edges in case of the low threshold value. Therefore, high
threshold value is set to produce the watershed line in order to

preserve the boundary of region.

130



3. Watershed Detection

The watershed algorithm constitutes one of the most powerful
segmentation tools provided by mathematical morphology. The
segmentation .addresses the extraction of the different objects as
the separation of the partially overlapping objects.

The notion of the watershed algorithm has been introduced by
considering the gray level values of an image as the altitude of
topography. The watershed lines partition the space by associating
a region called a catchment basin to each local minimum [7].

The watershed detection is used to segment the regions from
the gradient image. At the gradient stage, the edges of the gradient
image that less than threshold value are set to zero in order to
remove influence of dense edges. Then, the remained edge is used
to divide the image into the region following the watershed algorithm.
4. Experimental Results
4.1 Simplification

In this section, the results of simplified image using the
morphological filters were presented. The images at 1% frame of
Claire and Akiyo sequence were shown in Figure 2 and 3. The
structuring element in closing and opening operation has the size of
5x5 pixels. By the way, the closing operation by partial
reconstruction is used by selecting n = 5 and k = 3. The closing and
open_close operation can simplify the image but it has the loss of
edge information in the face area of both images. However, the
closing operation by partial reconstruction can preserve the region
boundary and also simplify the image in complex area.

4.2 Morphological Gradient Operation

The morphological gradient image results were
presented in Figure 4 and 5. These results are performed
from simplified image. The threshold value of gradient
image is set as 10 percent of maximum intensity. In
Figure 4, the morphological gradient images are shown.
The regions after thresholding from open_close operation
has shown that it can_ . avoid the "problem of
oversegmentaion better than closing operation.

However, the gradient approximation gave the
uncertain regions around the boundary more than the
multiscale gradient operation as shown the result in
Figure 5(a). In Figure 5(b), the multiscale gradient image
used SE as maximum size 5x5 gave a better result when

it is considered in term of the number of regions and

uncertain pixels.
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(a)

©

Figure 2. Claire sequence at the 1% frame
(a) original image (b)-simplified image by closing
operation (c) open_close operation (d) closing by partial

reconstruction
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(d) (a)

Figure 2. Claire sequence at the 1% frame

(d) closing by partial reconstruction

Figure 4. Gradient approximation (a) after

closing operation (b) after open_close operation
Figure 3. Akiyo sequence at 1° frame (a) original image , ) , )
9 voseq (@) orig 9 and thresholding (c) region labeling in 18
(b) simplified image by partial reconstruction

regions



(b)

Figure 5. Multiscale gradient operation (a)

gradient image after thresholding (b) region
labeling after thresholding where maximum size
of structuring element is 5x5 and has 10 regions
5. Conclusion

This paper presents the morphological
segmentation  according to the  spatial
segmentation step of MPEG-4. The simplification
process by morphological partial reconstruction
is used to smooth the image in order to solve the
oversegmentation problem and also to preserve
the interested region boundary. In addition; the
multiscale gradient operation is performed to
segment the image into homogenous regions
that have the small number of regions and
uncertain pixels. Finally, this method can reduce
the uncertain pixels to assign the regions in the

watershed algorithm.
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