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ABSTRACT

The edge and contour information are very much appreciated by the human visual systems and are responsible
for our perceptions and recognitions. Therefore, if edge information is integrated during extracting video objects,
we can generate boundaries of objects closer to human visual systems for multimedia applications such as
interaction between video objects, object-based coding, and representation. Most of object extraction methods are
difficult to implement real-time systems due to their iterative and complex arithmetic operations. In this paper,
we propose a VLSI architecture integrating edge information to extract video objects for precisely located object
boundaries. The proposed architecture can be easily implemented into hardware due to simple arithmetic
operations. Also, it can be applied to real-time object extraction for object-oriented multimedia applications.

I.ME £ dwejZHc} adibie] Zhdstw k=
Tl golgt Az} Alddt dwFE s=g)
vjr] oo AAE F23) 9% =iz o2 I 4 gle VLSI FE Agksich

o] AjkEglor), o]E UutH ez nt]L Awe Aot dwelFed] s 2y 13 2t A
AaZo] (texture) 39-& Tl AE|eA] ¢k 45 dxe|Ee HA vy AlselA Zt 3 vf
W ol vYe A 25 9% d9RE ¢ o 229 wWE], dadee], WAAR Fo oF &
ae]&e AP e] ukEael odal ulale 283)e] A WE(multiple feature vector) & &3t} 35
B Akle] dasir) ol duElEe] diwzel 2 54 W= e, At 2 s 3He
o= K-means, RSST(Recursive Shortest Spanning 7% SOFM(Self-Organizing Feature Maps) X177
Tree)''5} fuzzy C-means™olc}. 2 =Eelxi: 7] Plog qeddiel Al4we 189 SAE 9} s

* Z38)dl3tan Ax}Fe} (jskim27 @khu.ac.kr)
=3 KICS020288-0703, A5} : 2002\ 74 3¢

1098



HC|2 =82l

FHE A ojv] E =B el sk 24
FEHE S AXtele] ol JEAS i
o] B2 o]&Rlt}h Al £HL iR
H&(over-segmentation) ZAIo|2Z g FhH(re-
gion merging) HS A #FAQ A8 4
5 A "ok JAdFH Ao olA(edge) HE
S 233k Qe ATA R 2AZ vl e
FAEE AAE 4% 4 9k

A4 Jwe|Ee 12 Wyurt oo g
o gelel =4 Bk FE B} ez
283 Ae, Hd 60% o] Aete o

2 WA e drEas ANt A
T 4 =R She oA shusle] TRE Al

FERY daE|Ee 4 mEE AYAT
& WA w|asp) $43ked shiel Z#ddel] o
3 99Ed duaEe Y o BRI Yo
CPU A7t dlo|rE 318tk Z# QCIF(176x
144) Bt e iHel| oigk J98d dweE]EE 500
MHz PCAelA] 53%= MATLAB ZE2 o]43)

o

ol

]
o FHE AL, 509 22 A7ke] Besta 7
E 8 CPU $3A712 £ 137} o] dod5de]
X Zolel & 5 = dAFH 2ES AA
CPU A|7}e] 77%5 A%t

=

T e

Feature Extraction 94.2 18.6

Feature Filtering 17.4 35
Feature Normalization 0.1 0.02
Feature Weighting 0.1 0.02
Feature Labeling 6.25 13
Edge Fusion 390.4 76.8
Total 509 100

EAWE &AL 19% FE2] CPU A7t A
S sk ole £A9) WEE FEshed)
W dAlRpe] Aesh) wiielrt SOFM AR
322 o433l ExME Heliy IR FA9
13% A%L w% 2 CPU A7 HEEE AR
sk, ol AlHE o)83 AL WHEAY
7} FVsslan 4k} M 5o 2R daiRke] &
Q3l7) ot & 12 AT RS A
= 7P @& CPU F3AE a738k= ofA5A
2B EAE sl=gelz Fsel & HEs

BojFErt
0. OXIFA st=8lo 7£

ARFA gL ¥ 29 FFo] 2okt 5 Qlrk
WA, SOFM 2737 &3l 2] 4483 Aot
R&aiuz} shs oA ARE Agste] AT
A(CCA: connected component analysis)[s]% °o]-§
ste] AR} AR ARQEF HolES It
AXE ZAEY o, FeE CAE A2 3 (edge

%

o q. 6 %
linking)!Hr} @2 o] AA= = J=F ek
Neural
Network
Output
region
C s extrcacct}\o‘n & |4—— edge
—— e Nloop

Cri

Region attr. & ~
" s
<_—.—IL
Neig. Info.
i=110
# of Regions
h

c NRI

Energy &
merged
region.

CEC

A region
merging.

|
T 2. dRFA 3

1099



PZEA18H3]| =FA] "05-11 Vol.30 No.11A

Srnd
] =
Region Alritutes Nag‘g:"m‘:n?"“’ Eerggand  |—] Region Merging &
 &RegionSze [ Bow“ Merged Region |__| Region Attrbutes
Soting [~ Informtn Label Caleulgtion. %8| Updating
I — =3]]
-
o rir)
‘Address Generation & Edge Fusion Control =] ‘

s, 1% el A
A e
\ Fel Just G YEE Ass)
of o]F 49 AL 7IEA 71EHH o1
A3 AUAE Axlsted o848  d=F g
ok ovA] el fAA Brb A3 Hxo oA
#E A olxdHe] V1Eddst PE=E o o
4 HEe 9ol EAskA] Hod Hixlsd
A& Fadrheld Niid 3H7AF, Nloope HHE

[+3
o
£
2
&
N,

E3= loop 7H54)).

O 32 Ay vl]ed] disle], A7) 2 o
AR e sk Shude] 7RI AR
vepd Aolcl A7t AgkEl 3o wHolE AR,

X177 (edge linking map), wItid FEl=
(median filtering) ¥ 3702 YUV &AL 5719 2
2 vHl AR} JdEAda Y nEgL 7 o
el =7], AAHHR], YUV Fa3e Ak
w3 22 F719] 49YE d9iE s 539
3l7] $1sle] dHY =7|E AHYsk] °]F wind
AR} A4 AelE e d9e) ol%- 99
°o]& %k, 5% AA Zeol, FFE AAR] oA
A== 77} NRL, CBL, NE #X|A€ld]| A=,

A AE1 9le dYH ol Fe] -,
Al JodF} ol xdH L] YR E o]43}
A 55 el s 2R oix] ghe 2R 9]
2393} o] o]Foixle). olzidt HAL CRAF
A A BEol| 2J3le] o]FoA|n, o] REL A
°3°-‘1"¥J"£3’+7”°] FEEolol d=xE ZAAZ) )
= A T2 7 2EE AR e A
=8

1100

2.1 o] HEE ol3t Yo 2

drze] BAS W oA e delel el
AN FrEEe Sase a3 4k ol 3
e Saaks shmdle] gl

LR Bt o s e
: Cgmp :mw = B LabeisBuffer
! [T i) | G Bl
e | v
e i “&’5‘ T
|T estured Region| —_)Tm:‘;‘m
-)-u'(#'i)) Eg:nﬁ:;l MB(\;]{“;W TR | Cottous Suft|
o=
g R b
El(ag) Geat, -
3 4. dage] 39 FEF AAE 043 99 ¥4
Al mge] 29 #ol& k& FIFOS] 3o
2 ubolEe] 99 AANCYE FEUTh oF 3

el wsel] ¢l ER(texturedness, +Z(contour),
linked edge map)S HAl 92 sl o) F =
2] Al Eol A3l o7 AR} AP S-S
Az, o|d) texturedness ZAHIHTM)®] %]74]%,{
THimeas Bt} z-ox 2Zltexturedness FHBT)=
olt}. of|x] Hxr} AYE @ #Ho]E(NTRL)L <
Ao 27 43S AFLAEH TES F3le] dof
Ak (mn)S ZH YW e 34 HAE 4v
5‘]—1;]-

MR FA A7) AAT EHHHBDE A
& HHE FHold 2, flold olR 2iksle
FIFOo| {8 AZlck "kl &A) ki A& 71$2
2 3] Ay afe] ol2sha ElolE FHLR,
LU, LLLD) o] &2 3k 149 #HolEIHLC)
B} =zm AR A %9 231 4 3 0 o]
2 e 1 ok oix Arrt AFE 23 &%
2] Hol& %k—"— F3b7] 915t [6]1M AARE Bh=
e F2& ALPrl o] ZES ¥ F(CNRS)E
ﬁ%%‘(NcwrN), o7 AEE AL dovy
N Agkss F=He(3N F=Hol Byl I
g 22 2] Folrt

2.2 4 ST g 27| HY 2E
39 U e 1o Gy Assor 3
&0) A gle] Aol QIR 9% o Wewk 2



TE BT LA RS} HAPEE S VIST 7E

=2

=2
AL ) A VNFE GG 2 ol o
sto] 7)FEeddo] o]

ooy ot 12 S
r_}l_{
o B of

< o= <lste] 74 4] =71, YUV FARL
59 $4¢ ANk =3 @ ZelPu A1E o
o3} o]pedde] AA|slE 3] A w2
2087) 15l 7} o) Aat SEga~E A4

glo] Mgl o= #HolE k9] preloaded o=
222 ANt
:1%’ S5e 99 49 99 =8 AYshe
HES) Froly 2% o) 8w} 3/4e) e} B
—rﬁ%b’l Aol #g wso] AAslE A
499 AlFf elmsizo) A oo &g
AR 7RIS ol83e] 4A TRL & Qi) o
o Z7)e] AEE 918k log(NRL)-Z2A)A heap
A F2E 24sh=d] o] O(NRLIog(NRL))
2 Aplge] st} o] mES sl I
83t 3 $(CRA)= N+NRLIog(NRL)e|t},

Region Size Sorting

2.3 gozio] AAEER AM 2E

o] BELE 7|FdAT ol%dd 7H AAARE
AR e Albshsdl Fashc) d9dzke) HAR
e 7]ed el gk o]2edHe] #HolE gk dA)
Y3 ol FAzte] FX A Hol, FF AAN
2] of|x]9] sAje]ch

I8 62 At AAAR AR mEolr) &~
M 49 HolE e FIFO< l¥= a3, 715
e #HolE Zhat 479 o9l #HojE ZFH(NRL:
Neighbor Region Labels)e] AAFEITh FAlol 3%
73A] Zo](CBL: Common Boundary Length) £} ol
] 7H(NE: Number of edges)E AL} o] =
& A7) $ele] P23l Wiwe] =7)E, NRLi

I3 6. 997kl AAAR ALt =

() A4S $18F NRL x 1 H]E, CBLi()¢ NE 7
AbE 913 2789 NRL x log(NRP) H]Eo|t}. o}7]
Al NRP & 283 Z#dule] 99 AAAY )
Zolg olviaich, md o] BEel e FY &
(CNRL):= (RegL+2)NC+(NC+2)°]ch. NC9} Regl
o Z¥2) g =9 o e} 713 edade] Zo)

(& = el AR sk @] A olrk

ax

2.4 0|2 ¥dnto| ofldx] Al ZED} i)
3 L dodn HMIE

Uz A BES 7|Feiddzl o]deded 7k
SIEES 7%]4_7]—‘;,— r;.g olgeda] FoA] 7|FodedT)
AT EAE=R]e] ofFE =
she mEelek °1 wge| sfugle] T2 A
o 38 Az oz AXRE 3 =gl 2E
& vlar], 7K, MUXSE AR 1E ol gdle]
= 293 29 SCEC):=

o

o

5
YUV He 54 gkt T AAste
PHE T o] A W AHE AR o
o] z7] FhoeZ vbrolA, FHE o9 el o
e A AT 5 UEE Ekch o] 2B
7R vl g olgate] A 7 5 ik
FEE A R e ARF ojuds F e g
o] I FHe ARf ol ghor AEE
b ol 2ol A7b ZH]le] sl 2 AR}
57] dEelth o] mEe] F¥ SCRM)S| Hdigt
S(merged flag ¥W]E 3})*RegL*Nce]| 3L merged flag
201 0 ol o] wEL A%FR ek

1101



F=-EA183 =4 "05-11 Vol30 No.11A

m. 524

AL ] ¢’ ) F== CNRS+
NLOOP(CRA+NRL(CNRI+CEC+CRM))O]‘:}-. oj7]
4] Nloopx “IAFA A Bog 3o loop 5
£ oJulak} Wil (34} QCIF, 256 x 256)
of gk AlEHe|dE Fdtd AEH FHe|(worst
case) IZ}U|EI(NRL, Regl, NLOOP)E o]-£3}e]
Ak ARFA s=dele] Saswsl 4og o
=do] 8A(hardware components) 5 . 29 i 3
3} 7o) o Z3)rl.

E 2. JAFA Sedel 39 45

QCIF 431 3.57 3.83 1.15¢7
256x256 | 649 4.41 4.41 2.09e7

E 3. A% k=] 8

489 18 7 29
CIF | 2.34 M
Q 6.71) (9.34) | (23.00) | (10.89)
256x 551 M 769 18 7 30
256 (7.02) (9.62) | (24.00) | (12.34)

cdode] JISNRL), 3] Zel(Regl)eh HME I
(Nloop)e oIRIFA A1l FHolA doixle
e AFIch E 29 ol QCIF & Zel|3lel o)
g AFAL AT AS Hr FHGE 11579
2 287MHzS| & AMIPE 30=#|9)/&e
QCIF omlxlel] thajed AXzEe R oA FAL 3
& 4 gl o] S AlkE Sh=gole AL
Hr} 953 ASPIE A 5 gles ouli)

MRFA gaelze] sl=de] THo| Wad 3}
z9lo}l 245 B3] Sjsle] wime), dRsH,
RBNFAR)), SAZNER), Bl Aiest 3
7 dlolel (X 39) ZE P & E 37
24sgek 7Mb), $4b), Rlaleh e 2gE
7 axte] sede] BAmE Y njrle =Zag)
o] z7)ol d3ke] AA wrow wme] AARs HY)
2 =) =)ol J3S Wol wer) ol =i
Q9] =77t Zosk QA ARE Ashs W
o} gAR2Ele) =277} Zrbelok sh7) wlEoldh

V.28
£ =EdAe A8d dazlFe] s 4

1102

°3
2] Fo)Bg o]43t ldx oj=aAle] AHS A
BE] HolE wWHE s da viE AR
A2 o)Fsle] dHolE F& Y &+ A 3
ek =g 39-¢ 3R F 7 9o 4L
Alsfol sledl EAYUV 23 zhel Hdwk oAl
AT 99 2715 A AAAEL B &
Aol g Haghe oA ARt ZEAN FARL
B o] =75 Akt ARk CiAE T
g o o]gxlr} oo} o] Ay B wAFUE &
Hog olgspy T dAzke] EA Aeolg ALY
o m2A dikeg 3% 5 ik

Aoksl VLSI 720 A%s) sl=go] B3iss
FHET FYAA FFE FHope| d=vEE
ol43le] ol&slgich 30 =HYE2E JH=EE QCIF
719 vt]: 287 MHz 28& ol&sid Al
7oz AL 8T 4 sick diy-Ee] v
2= =7t AF#A (temporal correlation)”} &
o} MPEG-4¢} 7 Helu|c]e] dlo|ele] AA7|ut
Y 8% 33 whee AAE FEIaAt
& o, =g =Yl gt AL daEEE
P g} glrl oH 8-S k] £ =AY
AL Fu JIELS sl He A4 A
1 dwzlEe =Y =277} QCIF Brh & #[y
20 "sli® AXZleR JFAL T &
glel €lE B =49 7$- CIF(QCIFS] 4ule] =
A9 Z7) vt dFHel disl= AARReR A
27} 7hsslc) AEE sledeld) Exlwrl =4
domz oA =g E ASIC FEHZE A
A2 4 sick

#1EE

s

(1] A.AAlatan and et al. “Image Sequence
Analysis for Emerging Interactive Multimdia
Services-The European COST211 framework™
IEEE Trans. CSVT, vol 8. 802-813, Nov.
1998.

(2] Roberto Castagno and et al, “Video
Segmentation Based on Multiple Features for
Interactive Multimedia Applications,” TEEE



=i )Rt oA e AATEE A% VLS 72

(3]

(4)

(5]

(6]

Trans. CSVT, vol 8, no. 5, pp. 562-571, Sep.
1998.

T. Kohonen,
topologically correct feature maps,” Biological
Cybernetics, vol. 4, pp.59-69, Jul. 1982.

Y. J.
Methods for Image Segmentation,” Pattern
Recognition, vol. 29, no.8, pp. 1335-1346,
1996.

Xue Dong Yang, “Design of Fast Connected
IEEE Computer
Society Conference on Computer Vision and
Pattern Recognition, pp. 937-944, 1996.
Amjad and T. Chen, “A VLSI Architecture for
Real-Time Edge Linking,” IEEE Trans. PAMI,
Vol. 21, no.1, pp. 89-94, 1999.

“Self-organized formation of

Zhang, “A Survey on Evaluation

Components Hardware,”

(7]

(8]

2 &l A (Jinsang Kim)
20004 124
19904 24~2001d 8¢ KT 9+4&

2001 3~8A) Az gtw ARy Faa
<Al GAFATI9) o] 58414 SoC Al

C. D. Thompson, “The VLSI Complexity of
Sorting,” IEEE Trans. on Computers, vol 32,
pp. 1171-1184, 1983.

Jinsang Kim and T. Chen, “Low-Complexity
Fusion of Intensity, Motion, Texture and Edge
for Image Sequence Segmentation: A Neural
IEEE International
Workshop on Neural Networks for Signal
Sydney, Australia, pp.497-506,

Network  Approach,”
Processing,

Dec. 2000.

ENER

w7 ERIE T TEbE



