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Segmentation and Motion Estimation of Moving Objects for Object-Oriented Coding
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ABSTRACT

This paper presents a segmentation and motion estimation method for object-oriented analysis-synthesis coding. A major diffi-
culty in estimating general motion is that it requires a large area of support in order to achieve a good estimation. Unfortunately,
when the supporting area is large it is very likely to have multiple moving objects. To solve this problem, we propose a multi-stage

segmentation method which is based on optical flow. The basic concept is to group homogeneous subregions with respect to sim-
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pler mapping model into large homogencous regions with respect to more complex mapping model. By applying a hierarchy of

mapping parameter model progressively. we can segment the whole changed region into several parabolic patches. Especially per-

son's face in head-and-shoulder images can be described as one object.
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289 %A% (the complexity of model)E FH4
19l A7|(the size of supporting area)® #&¥
G U BAE dAsy] A 8 =RdMe o
@A ol gEA REauh (multi-stage segmentation
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glule] 23 uet 39 £ 3L gAHer A To) ol& F3AF 71€9 & A
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Aoz, X dAddE 7L £3YS RE 324 Y {=R| v |+T=1 ri rs re Y
Has dgoz, oxv dAdHe FIT €4S z z r7 T8 Ty z

e 33 ZEA deoz E3A "o My o

2]-ol7] %4 (head-and-shoulder image)elAl Abg -«

o] dFo] Fr}e] ojFEAE BIH F Utk v~
A el W mody A, 23y 99 AN 1-
3ol A ddoz FEHAT. EF ASE LA
(2) 2 (3)9 HAFe g o Fle3L iy spet]
B 23 mat FdARer JAdAL ] o Fo
23 d9gdde] ¥ ¥ (dominant object)?t fle
Az ol EAE EIY & Uk 1n 9
of o ¥ WS AEEY] W& ¥E® Hough
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B oege AL iy @, 2-dA ddd 2Y
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&g FAA At TE ¥y Wt 230 gt
vigkel 2o 7Pt Y o ojzg ¥yl W
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¥ ey 2¥g ol&ad dA ZHd, L(x.y)d
B E9E g ZHd, Lux e dd 9922
YAd # Aok AFHH oY getvlg 298 AAY
o Abgdte HE Erle GEHY A2 @

- (X Y.2) = A9 A B4 3049 & A Py FR

(XY Z) = #AY o] BA) ¥4 & A Pl #AH

- (x,y) = Y He Y Po 444 YUgY AW

- (xy) = €49 9 A Po 44 HEY FH

g gejoly 2ye ofel 2 FEER, RYR
g adn N2 o AFE(3).

+ ¥ 2% (motion model):

eFRye A%, B (rigid body)2 d¥ry 9 33
9 229 (general motion)S AP RI} WYy

Tx
+| Ty |- (1)
Tz

+ 292 ¥ (projection model):

FYryge A9 EATUE 94YHoz Fg3e
#E & vgdok o3d@ 54L& JF5%(central
projection)o]vt 3% (parallel projection) 22
Zys & & A7), FEFIY A4S EAFEEY
Hue GAEANe HHe oEy g dg BAE
zZett

A71N Fe sl 24 A€ Yetdg.
aun FYFFe A5 AB)H 2L #A7 49
Kiaz)

x = mX, y = mY. (3

714 A5 me FAAYUS ENAAY HFAY
o HAPH}.

AEHRGel PRIt F43 vAYS(imaging
mechanism)& o 383 2388 4 AT 94 5}
etz Relel Agle] vid B Z7rt F¥8 o
AFEGe] AF7 AL i PPRYE ST
Atk

+ B4 2% (object model):

ARy 239 FAE gttt o8- 44
oA vl g olAE ofF BJE FHE oA ALY
g dds FEAde foldE melstd HHEA
(planar surface)®} #WA|(parabolic surface)9
ez 7Y 4 ok BEA Ag BAEUEL g3
A8 71e 2 + Ao

Z=p,X+p,Y+ps. (4)

agn FEAS] A EAEHL 4(5)s} o] M=
g

Z = Xt XY+ @Y+ X+ @5 Y+ gs. ()
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2.2 HHH 2529
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2.3 30y 2529

A §% 28 (parabolic patch model)-& 3xb%!

¥ (parabolic surface), Bal%d 15 3x9

wAGE MY o Adssky R¥elth mels A1),
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A3, A0 E Ags o33 2 NS dg 5 g
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2 = m(Tx +rage) + Zo(r1 + r3q)z + Z(r3 + rags)y
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1

v =m'(Ty + regs) + Tratreq)z + Tors + reus)y

, . .
m 2
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S{11) % tefe] RSt ofaist 22 128enEl R
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weba) olgHE = g ? ZE quadratic WS
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ulx.y) = aytapxtayytax’+asy’+agxy.

v(x, ¥} = byt byx 4 byy + byx*+ bsy* + bexy. 13
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apgid dubAel F3UE FHY o sy 2 ol
. we A4 FHE A E FHAG] Aok g
Uk 2ol HA ) 2 e #AdT FHYY F
o] obd 7hzAdel Atk Helrh oAT BEAE #
13}7] A doA 23 g s1E AEe o
} 2o, WA BREst ve 28 wel YA
g @ olgA FEgE d9e Bnv we 239
oA #LF FHYE Rerh oy FPAHL 2
2 ol HlBR FAdg &3 ddeol B sty
AR aeln F3E gelrge $R¢ AAzE 7L
Ack, e BAEs) o 2 APuE 2y S o] 48k
A e g, gefvle) 2¥eo] BFe F3
gdodo] Aot tm FAlel L A2 FdF UL 7t
ol g}, walr gdAle Bamrh $e ¥l ubat
PEE 99¢ E3ost o & ¥ PN g
Yooy WSt de F 2dE FA wnEFEA

18

[

previous frame current frame

A

B change detection

Y

motion vector estimation

Y

Ist segmentation stage

Y

2nd segmentation stage

Y

3rd segmentation stage

Y

object based motion compensation

Y

extraction of MF region -

v

object based segmentation and
description

a8 1 theA B gaEe
Fig. 1. Structure of the multi-segmentation
algorithm.
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2 =idAe 3742 oy savy 23] et 3o
A 8 AEE AN ded A GAdME vsg
ol FHEE e o299 HAE RobA 22Hd WA
T BN 7YY 4R FUe Aoy B
H A gN FEE WA LF 998 YT ¢
Helg e 3¢ #RA f902 Pdte Aeovh
R oA BRA d9e #Yd #3492 Ze 34
¥ FEA d9geg Histe Aoltt. mWeby wigl-oA
FAAAN AR dEo] sue oFEAR ¥E 4
Ak, ol AFe] dES FUAR ZAen FAA
e gude Jgez 24stdde sHEEe dyse
Aojv}, oieA £ dxelFd 2EEe 18 1% 2
o} okdel zh FA o e G e

3.1 239 =y

€29 #47(change detector)e A&4¥ F 94
o dish AztAog Wt e AY F9 dgs)

€ 9902 FEI7] Hstd ALgPT. d71A ALE
e 239 #Hrle FaEP2)d FAA A #4}
st WA d4E F A2 A Az dE 3x3 0}
23§ o8¢ Add % gEE A d, 1 Z2HE
Foi2l AA g (threshold)? ¥wdtd &Y dd3
Aoz oz}, ojstE A4 5+5 A7) n|
¢t e (median filter) & 3dd ndd 4 E
FYddez 3¢ H At AL dYEL AAse
A& AXA doh, olFEM] XY T £EL
R g el disiMgt ol R Wy ¥s7t Hle o
o & w7 (background) .2 ZHFgc}

3.2 0l3¥E{9 £F

olFHE £ ol¥Hy HE¥ ol HF¥cw
FAETH olFHE AEE A UA £H, £AYEYgo
Z A% 4 stanic e olHEE 3T H, 1
Abelel] 1A st o o] B E = MY EHbilin-
ear interpolation)® At&3td Fgck. 4 gieicd
gtel olFWEE FEW, 9+9 &F Y=F(mea-
surement window)& Al&% H&d BMA(full
search BMA)E Al&dld FH stz +3€ HEHE
9*g A% shed Ao oFHEZE A, 217
I 58, FARge] A o[ FHE s 2t +100] H
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& gl 9 (search area)s Fssdut. ol€A HE
@ ool e vhgdt #E AR gl R Hal &9
(real motion)®] obd 4 U},

- FAdee] =iyt wiA (uncovered back-
ground)elvt ¥& #&& gete A&

- Hasgletele HF¥ 4 (distortion function) s
A HdE dEsA R AS

mapx) olelgt o|FH Y E Hygsty] d& A, 54
kol ojpulE] AdEo) s 2z videl HYE 3¢
=

3.3 A BEchA
AAA FddA (the first segmentation stage)
off iz otofjA] 3t &Aleladad g ol EME] 7} KALE o

ole g 3raly otk olw A By odddg 93¢

e

W2$-% 4 9(2-D translational patch)eolzgt @
b 4 23t WAEE BHAM L} &3
=0 O]EWA BEE A8 bt 2 g4 99e
24 Yl (region-growing method by pixel-
aggregation)& AEstct. o] FHE AL Asl-ab$-
¥ A7 (raster scan)sbdAl 2F S48 ol FHE VL &
At ddol gdstA "ok B9 stab (kD 9A
T ok ddE Ryt
QA Fh o] 23 e e A (k.19

ek A (k-1 1-1) . (k-1 D (k-1 1+ 1) (k. I-1) O]
& geden g wad g (k)2 o] % o
R 3 dhizs HEde AmsA v oty wig

o] galolo]l glom ol fie A2 dodow @
A

_0_

o i

of etz & o] A

o 7

,- _lwr>_

OSL r,-

%l
E ol dd REZ #Hgsr 4G v
Fo8 u&I ol FH FAM FZ(similarity

measure) S p H%_ Ab8-8hoi o}
Sten w7 deorydiien ot Hdgpdy g | 4

AN d, ., ¥ dy = 44 ol %3 4 ROl Hit
ofgHEel x%, y& @& dehdoh a8 dy g, B
dy e A2 LMY dyy o xF y& &E ded
OhowkY fAMY b o) AR e o
& A4 Re HgFEoh "®eb aa A kDe
FFE F 27t 7bd e TR W
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3.4 Fn BECA

T FguAd(the second segmentation
stage)s WA a2 WALE dd e T
& FANE 2z 33k yolA) ddoR ddHAe g
gt Aotk olgA $¥¥E e YA J4(pla-
nar patch)elel atxb. 3atd HAM 9 &3
(10)ez R¥He HEH T2 ostd Mg
U, wetd TR 2g dAle $Y9 affine W

Ze YAES d9%9E B $YT gAY E

Fo x4 HRAel ooz WgE JUrke seld
H(grouping) BAE 4y 8 B =& Ol]*iu
F3 2e A983U S AHEHAT. A7 A gEts
dojstgyolet 2t wad wel REY L oo
Hop B3g wgo) ddela #dg & ddos W
the e gk A 3L oI g

i

Qo
T

I‘q“?‘l
o

o?.. >‘:‘-

a
lo

HEE A% 7]?—°*g¥(seed region)& et}
o}2 ARE ddog dGHR gL 44E F M
2 ook 39 2HYE we 9

2 49% rzgger 2
9 F Y 2 99e /1zgdez Ader) e 4
940 2 SvHE $4¢ & e

2. 71899 RE ¥ $+RYY RE Fe=

714 FHYd9 (merging candidates) & '1%"89‘3
of of %% He F o3 MRE dHow @A gL
JHen g}

3. FEAAE VGG H8Y AUAE HaE
gt

Fu99 RE 71E9Y RE B9¥E RAAE R U
Rell s 2 (15)9 99 #U4(region homogene-
ity) & $elste] A% go}

) True if R,UR; is homogeneous (19
P(R,‘UR)‘): . .
False if R;UR; is nonhomogeneous

4714 P(RUR)e 949 RURP tid =7 9t
(logical predicate)elth. 49 RURA hdtd H4
2}z 22k ¥4l (least mean square method)e 2 #
A affine W& AN o, A4d AHAF2RE
FREY 225 i o AZREH WE ARE
2 et

b AA affine W] AL
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1A 71299 RS FE299 Ry Y% affine ¥
e #n RURxE YT 9ol 713dct. 39
RURP 0@ o] F¥el28e HAaxsear wag o
£3ta] AA 9 affine WEASFE AP}, olgf Hi
steotg eate ohi 3 Zoh

Eja...., bs)= PE ((ulxg, yo)-ar-asxe-asyy)’ +
(V(Xk._Vk)"bl‘bsz‘bg_yk)2 1. (16)

714 kE RURE Hdoltt. wtatd o 238 ¥
BAS (a), ay ay. by, by byt st #Hul B g 2
g 022 FH 67l AE WA o] dolzr}. of W
Aol 43 Eolatd 1 8y} AH affine WHASF
7b €},

(b) Wtel 2% (merging decision):

AME A W8AS (3, a,". a% bt byt bt 9
g9 Rel ol $HEE ol43td A(17)d 0F A

et
;= /E,(a;,.,,,bg)/ZI. an

o A WPonYH FuIY Rl olgdH ¥
of EZUAE gV @0 WY AL 0 Nlzez 9
o oA wd Bt AR

, True if o; < threshold
P(R,UR) - { ,
False if ¢; ) threshold (19

A P(RUR)7F =213 #eold FRYY Re 7l
#99 RS 3¢90 71992 FLE9S HEY
ol A2k d9el gjEn. M FFE WBASFE
A4 sl golavh

4. 71899 FHUd o ol WEY Frgde ¢&
W7 @A 2-3& WEAHoz £y3}A dd. EY
g FHel o ol W§Y FHI god A2E V&Y
A5 Fol WEE Fdde DA 148 wEgr

3.5. M8 2EcA

AwA EddA (the third segmentation stage)
T 3Ea d9E 33k FEAY YN YA se o
qog #Histe DAl ©FA £EE 949E& 39
# 99 (parabolic patch)eleg} &2} 3¢ A9

AL A(13)9 quadratic Moz TP I
A EFEYA o8 MAYE £ st mEN B9
quadratic &g zte FUM Y9 J98R3E §
g FHA dH9o HEste Aol HEE dd A%
dte GAEYH S YAA AL AR Ty o
W FHEe ojd gadole 24e] affine Wgto] ojy
2} quadratic ¥#E& o] &3} JFEYY RS FHY
d Rol B3 478 2FY o RURA W3t Ha
Agea ez HA quadratic HEE AN o}
5, ANE HEA-2RE FH999 QIE Fi9
ol LARFE WH o8 F ZAY olth HA o}
& exte oen #2g

Eyla;.... .aa. by, ... . bg)=

Z ((ulxy, yi)-ar-apXicagyy-ax-asx’-aexy) '+ (9
(v(xg. ¥i) - b1~ by Xy~ bay i bux’~bs y*~ bexy)*).

71 ke 99 RURS faolg, weba] o 24
HEAS {a), ... a6 by ... bgloll Héta] ol R 5
HE 08 FH 12709 dE dF o] dejz
F Aol 43 Edolztd 2 #vh A3 quadratic
R A FoE "o

™

s

o

]

)
of,

3.6 n@E A2 gool A

ol gAle EHL guAdA ou yFAdHdoRr o
e % nyE Fe 49¢ AAse Aol olg
e 499 L4 ARE o BHH FHo slaiE A
olty, wetA quadratic W&o YA HAEE 9
o7k gtk Sv1A e AL ddE ol g FuA
P HYFoEZA AAGNAG. HFEHoz 239
dee 2 e I ddez g @t}

3.7 2%gl Mol H2H deol F&

HFHoR $¥E 4 F9N F9L F4¥ qua-
dratic#8g ol &3le &4q Ribol shpdict wat
A dgds BAE 39 BAE dde Adsd o
3 Fol JAUE ol8dtd XY Hibel ARHY o
g $2¢. o &€ 4<€& MF(motion fail)
doolat gk, vg-olzf A MF 49L& F=2
39 24E ¥ ¢ 2l ¢ (mouth). Fleyes) 12
I Ed wWACAM B, aebd o] MF d 9
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e $49 B4 ¥+ 97 WEd Hage ¥
Eseed Agdor vk MFIdel BAA Agete
QAgel wek MF 999 24%e 248 4
2 9% 93 A8 HE BYFS 2AtE st

ElR Arg 8 £ sl

pHCAC]

a

kS

4. oAl

g

a1t

M

£ doMe duA 28 duuFs ol fate] mejd
B ARG AA o BRE BAsdd mo4dd
o A18¥ test sequencer “Claire” 44 (2¥2)3
“Trevor’ 4 (Z@5(a))e= vige o9 &348
iz Al AR Gt Mg dAdelct. o el
CIIF(352*288)2 =71E 7t gH|ER a3t 59
o o $AHY #AFH Fdde W AEdumi-
nance) & A& WA oivd) B¥ duds
ol &g 44 &4 (image analysis)® 44 A
(image synthesis)Z2#& MA@ aen 71 23
& Adivid)dl o8l Aera dRF vjmstAvt G
8 du g 4es Hrtay] g rlEer ¥ gd
olFEA 9 FHatne) AL MF d499 27 awla
PSNRE& Atg3tsict. ol g4 £& Az AFdorg
g gelolg 4 oleEA A4 ofy slejoje g
ERz=oe] o2 AEY MF 49 339 vy

= ¥ F e gdgolnr of oo M HAagE

(a)

AFaol gtk Mm@ MF 99 AXNE a1 ¢g A
Faobst AR FFe] ol MF doe A7E AH
G2l g MFEde] vl(%)2 EAFG. PSNRE2
At dndFel 45 Hrrsrl g8 ofdl 37k A$
& Hlmstgt
-PSNR 1: 448 5 o1 44 Ateld]l 3¢ PSNR
- PSNR 2: 9 449 248 39 249 942 4
olo] &3¢ PSNR
- PSNR 3: 9 947 849 $89 ¥ MF 949 ¢
B3 9443 Aloldl Z3® PSNR

Y 32 gy 20 d&E T G4 diE doy ¥
& dndEd A& Zioltt. ¥ 3a)e HEE
FAA T YL U] o] FHEE epdg. 1
¥ 3(b) - 27 3(d)= gEA FE danyEe 4 @
Aol #EE Aot 19 3(b)e 234Y BHALE
o BHdAM ddd FAder B Aol 19
3crek 2" 3(d)d 2z ¥9L A YT FAYE
zhe WA 2 uA 4ode vebdth a2y 3(d)e
Aogk g glRel miAn RgdA el FAddd A
7h 3709 FHAl dHeg FUHAY. B3] Alge] 4
Zo| el FWA Jddez EYEEL ¢ F U ¥
2E 3ol FHA g el 12 HevieR BEY
v 21(13)9] quadratic ¥IEE ARt EaPd 3
ol BAg Aust oy 3(e)eldt. neln 49 B4
of % d AA(MF region) g 2 3(NAA HeH

18 2. "Claire” sequenced 9%¥ F 94 (a) WA 44 (b) FuA 44,
Fig. 2. Two successive images from the “Claire” sequence: (a) the first image. (b) the second image
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a8 3. ArE wWlel 9% oAy A (a) $AYDY 2 ojF WA, (b) AUA 2Y A3 (o) FUA ¥
g Az (d) AdA 28 A3 (o) BN $HY BA4E 94, () MF 99.

Fig. 3. Results by the proposed method: (a) the cheanged region and motion vector fidle, (b) the
result of the lst segmentation, (¢) the result of the 2nd segmentation, (d) the result of the
3rd segmentation, (e) reconstructed image by object-based motion compensation, (f) MF
region

www.dbpia.co.kr

1809



62

B SEIRSCIE 195-7 Vol.20 No.7

oz FAEYY a¥AME & 4 UKl MF g% T3E 4 4 U
9, w, aglm zZehd Wi dRelx wAdE 4 = ILi’d 4v= 1¢) 29 A&E Gl dial Adivrb AlE
gtk zeld MPF 99 A& Gl g ol s 22 g el (4]% AHEste] el Adfelrh o 71A A g
ddde 4 4 g FAY T @ olFEA v 7 ol % ‘?451%-\: 2% 3a)s YT A& AHgakld.
& PSNRIFHA Agus H 1dMe o 7 UF a9 4a)e Adivzh AN e o $de A
ol BaAW g3z mATow PSNRO olch, 714 2t A e F TG Haate] 8utetvlH
6.4dB(PSNR2 - PSNR1) &dslqxn o7ie]l MF & REse 7Y 249U E e 33 gRA e
alo] gt HAbo] ojFojd A4 2. 09dB(PSNR3J - vebdel ¥ 4(b)y FE¥® 7 dodR goteiviy
PSNR2)7F #4990 & & ek mepd 2 57 2 RYHE 4200 VRN E Atgdtel FHY vy
o) BAeg 9ld PSNR el MFPuAoeR g & W A8E dehlln MF 498 28 4(0)d Heae
Auch 38 287 olFEA FE W FAd F3ol & & ATt
(a) (b)
/!
fo ¥
¥ o F
\? t
(c)
a8 4 Adiv WAl old ol AE AR (a) B AR, (b) FA¥ g3 BAE 44 (o) MF 99,
Fig. 4. Results by Adiv s method: (a) the segmentation result. (b) reconstructed image by object-
based motion compensation, (¢} MF region.
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a
L .
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18l 5. Trevor A4l tiet 294Y 23 (a) 4 94, (b) 39 99 2 1% H&%, (c) A P4 =4
AZ 249 A% (d) 712 WAl o8 A2 2EY AH, (o) AL WAl o8 &€ MF 99, () 7]
Z el o3 >&¥ MF 99.

Fig. 5. Results for the Trevor image: (a) original image, (b) optical flow field, (c) segmentation
result by the proposed method, (d) segmentation result by the conventional method. (e) MF
parts by the proposed method, (f) MF parts by the conventional method.
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B 1A 9 As Adiv el v,
Table 1. The comparison of the proposed method and Adiv' s method
(M1L: Proposed method: M2 © Adiv’'s method)
item #of ratio of PSNRI1 PSNR2 PSNR3
image parameters | MF(%) (dB) (dB) (dB)
M1 24 0.848 29.648 36.069 38.157
“Claire” M2 56 1.069 29.648 35.639 38.374
M1 36 1.207 28.873 33.481 35.352
“Trevor” M2 40 1.866 28.873 33.239 35.421
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