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A VLSI Array Processor Architecture for High-Speed Processing
of Full Search Block Matching Algorithm
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ABSTRACT

In this paper, we propose a VLSI array architecture for high speed processing of FBMA. First of all, the
sequential FBMA is transformed into a single assignment code by using the index space expansion, and then the
dependance graph is obtained from it. The two dimensional VLSI array is derived by projecting the dependance
graph along the optimal direction. Since the candidate blocks in the search range are overlapped with columns as
well as rows, the processing elements of the VLSI array are designed to reuse the overlapped data. As the
results, the number of data inputs is reduced so that the processing performance is improved. The proposed VLSI
array has (N*+1) X(2p+1) processing elements and (N+2p) input ports where N is the block size and p is the
maximum search range. The computation time of the first reference block is (N"+2(p+l)N+6p), and the block

pipeline period is (3N+4p-1).

3b7] 913 FARAS ] Sl A F
-
g

1. M2 %)(Motion Estimation)o] 2@ eahcl!" 9-21¢) Z=xo

S13) b, 3chA] =, 2 gbY, Feiule) g

oAl dlolEl B OP] A7A, FA FE Al APD(Alternating  Pixel-Decimation) &1,
A8 7zkar g)tk. MPEG 52| FA &b dael& SAPD(Subsampled  Motion-Field ~ Search  with
o 37bdel FEAw) &]44 ZRAS A|As] Alternating Pixel-Decimation Patterns) & 5-2]
¢]3}e] DCT (Discrete Cosine Transform)e} 27219 tjofgl obae]Zo] Aok dek? ofelrlx] e
*Hmotion compensation)-2 7Z}7} Alg-gkcl z= Z olxela Baxg}l olye|ZFBMA : Full
A%EE ZHYE Aol A7 FEAS AA Search Block Matching Algorithm)o] 7} -§-pgh

| ’JLHOL‘"Y d2125t7} (geeny2] @mail l.pknu.ac.kr), ** F-7defstar A2} 7] 4] 2541881 (chwoo@pknu.ac.kr)
=H F : 010156-0627, A=} @ 2001 64 27

Copygjght (C) 2003 NuriMedia Co., Ltd.
www.dbpia.co.kr



=i P B AR dael5e] aE Ae]E 91%E VLSI ofdlo] ZaAxe] T2

S AlFstez 7P de] ARERR Alntee]
sy AAZE Azt Brledt o] etk o]
23 S SE3] f18le] daeElEe] s
= 918} VLSI oj#lo]5o] Aleks|oigick

T. Komarek S-& <l Beixjgl olye]=
THE 9% 71%01 VISl TS Ak
Yang 52 121 ARIALEY of#Ho]E Al
W &xol Ajtes °13}°4 HDTV 9] a3z
oli= A ekl €. H. Hsieh 52 #zZ=
HA 2B o83l £2-]l ol §lHe] 7k
g AI2EE ofdFe]E Aldgley dlolEe] &=
7b o zb dellA] AL #E rAE] $I'E vt
A7)0 327} BAkE whdo] 9ok Y. S. Jehng
oo EflTxe| VLSIE Aljklelevt sl&4d 5
7b U wol A4l TRl ofeigel Utk H. G.
Yea 52 ke 7552l oig Sdee)
71 FAEE AAS 183l lEHI 4ot A
o ARMEES WA F de TEE AR
= S NS *Mﬁit"ﬂ we Adsb] g8 2w
i~y g ~(global path)7} ZEzfslrz
VLSI9| 52w 2 kA 7|=d] 37} )k

2 =vellxe S, Y. Kunge] A|2FH of#o]
ArAmbell wel shdeb B daelge] A
ol &5 g 913 VLSI ofdel s AdAsilc)”
daelFewte WA eE Y T il
delddacs wEsty, deolee] ojEIHAE o
el dlolejeEa s ik dlofef ey
=5 Ao wipor Fodle AssFa=s
Tt Zb Me|leavt A7t 2 I AGe 7
L5 WHysle] A2EY ofHe]lE fregicl webA
BReAARs Qs Zhs 7|8 T2l v
3 =2 FHolA &= 7hsdhek ARl VLSI o]
#lo]e] A= gHAled(search range) W|o] FHE
Z)(candidate block)S TAslH= HAEo] QA sh=

A FEHEE °1215P dlele& AR

% 24 dlole] slHe] 3lE Folx AHEE
Ak

o°"

I, 2B S2i-E gdnd|E

2] H-2(reference block)e]|
°]»‘z,— HE](motion vector) S 8= Zlolt}l 7]
8] 13} o] dA EAYS NxN 9
1 ol= ot 24 BRlelh o leRe]
gk ol FHElRl 7)EE ol AHjgsh= o3 Z#gle

R L 1) R E
gt

Copyright (C) 2003 NuriMedia Co., Ltd.

BHoge] fzEx] Aol o]z Zygle] &
gl 7EEHe] HARE J|FoR +p W gof
A BeEg PAFEch shde 23t odaelE
2 ghlgdede] nE Fx i s shsks uf
Ao]c}.

reference —
block
- N

[\

motion
vector

— candidate
block

search area

previous frame

current frame

38 1. AR BegY ohaele) A

Eaaa g B Fuies 3 )
Helale] oz} 7pRF AR Hajo g AelEc) o

1

ahe] elulz xjol7} o Euefole] A(1)E WGk

N

MV=(m, 1) min(SADm. ) (M

where  SAD(m,n)
= \S:I&;,Ir(l D —y(i+m,j+ n)

=

y P mn<p)

olw  x(4, J')% 7I5Ee] Hele s Ll'EFLHJL
Wi, )e FREHL dlolelE epdick 2] o
s =4 Hc]'“é.% SAD(Sum of Absolute Differ-
ence)5 ©]-8ghck

. of3jo|2] A

1. ¥n2|En chYsigtace] R
A 2252 ojyo]i= nEA, o] glon]
M| 947kl A7 4 FZEHel xH9Ade /}Z]vs}
AEAEE awe] Fo)zelgl B 7]3) tlEae
7101k S, Y. Kungo] Alokgh upfog A ~Ee
olglel& AAR] flaiA= °Jyﬂ% > 2 HE] el

gses 73l dlolee] oEAdS 13

lEaiE oA ASEgIUnE fus
th o] Wl Fodgake AME Aelsre] v}
Z & =

-
AZEZTZE A7 2 FFEEQ A QAL e
= WHzlsle] A|~ER] ofdo]E =t}

365

www.dbpia.co.kr



SHEAl8}8| = 17] "02-4 Vol.27 NodA

for (v=0 ; v<=Nv-1 ; v++) |
for (h=0 ; h<=Nh-1 ; h++) {
MV(h,v) = (0,0)
Dmin(h,v) =
Sfor (m=-p ; m<=p ; m++) |
for (n=-p ; n<=p ; n++) |
SAD(m,n) =
Jor (i=0 ; i<=N-1; i++) {
for (=0 ; j<=N-1; j++) |
SAD(m,n) += | x(i,j)-y(i+m,j+n) |
}
}
if (Dmin(h,v) > SAD(m,n)) {
Dmin(h,v) = SAD(m,n)
MV(h,v) = (m,n)
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for (v=1 ; v <=Nv ; v++) {
for (h=1 ; h<=Nh ; h++) {
MV(h,v) = (0,0)
Dmin(h,v) = o
Sor (m=-p ; m<=p ; m++) {
for (n=-p ; n<=p ; n++) |{
SAD(m,n,0) = 0
for (k=0 ; k<=N*N-1 ; k++) {
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}
else if (%N==0 && m>1) {
y(m,n,k) = y(m-1,nk+N)
t
else |
y(m,n,k) = y(m,n-1,k+1)
}
x(m,n,k)=x(m,n-1,k)
SAD(m,n,k+1) = SAD(m,n,k)
+ |x(1,j)-y(i+m,j+n)|

}

if (Dmin(m,n) > SAD(m,n,N*N)) {
Dmin(m,n) = SAD(m,n,N*N)

}

if (Dmin(m,n) > Dmin(m,n-1)) {
Dmin(m,n) = Dmin(m,n-1)

]

if (Dmin(m,2p+1) > Dmin(m-1,2p+1)) {
Dmin(m,2p+1) = Dmin(m-1,2p+1)
MV(h,v) = (m,n)pmin2p+12p+1)
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number | number cycles required
Type | of PEs |of PINs [ per first
block per frame
Komarek[3] )
(AB2) 256 136 496 803,520
Komarek[3] y
(AS2) 528 392 272 440,640
Yang[4] 16 32 4,069 6,635,520
Hsieh[6] | 256 16 961 1,556,820
Jehng[7] 515 2,056 266 414,730
Yeal8] 256 32 256 423,936
proposed 40"
method 4369 256 592 128,493
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