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ABSTRACT

Recently we need a faster and more accurate motion vector search algorithm in the area of designing an ASIC
(Application Specific IC) and a small device. The full search algorithm is computationally intensive even though
it can provide the best visual quality. Many algorithms with a reduced number of search locations have been
proposed. However, most of these algorithms resulted in a significant loss in estimation accuracy as compared to
the full search algorithm. In this paper, we propose a new fast and efficient search algorithm for block motion
estimation that can produce proper visual quality with a significantly reduced computational complexity. The
proposed algorithm, NSSP(A New fast block-based Search algorithm using Subsampling and motion vector
Prediction), is based on the ideas of dithering pattern for pixel decimation and using motion vectors at adjacent
macro blocks for prediction. Experimental results show that our approach reduces computational complexity by up

to about 50% compared to the well-known conventional fast algorithms while providing comparable visual quality.
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if(MBO = INTRA & MBI = INTER)

PMV.x = MBl.x, PMV.y = MBl.y
else if(MBO = INTER & MBI1 = INTRA)
PMV.x = MB0O.x, PMV.y = MBO.y
else if (MBO = INTER & MBI = INTER &
MB2 = INTRA)
PMV.x = (MBO.x+MB1.x)/2 ,
PMV.y = (MB0.y+MBl.y)/2

else if (MBO = INTRA & MBI = INTRA )

PMV.x = SKIP , PMV.y = SKIP

else
PMV.x = Median(MB0.x,MB1.x,MB2.x) ,
PMV.y = Median(MB0.y,MBl.y,MB2.y) (6)
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Algorithm NSSP

Z7|3} 2

A={(i)lij=+ d/2 1and 0} U PMV

/* A% A= 0,003 79 8/l S, a=lw
PMV 2] 9]x] A3} ¥/

B(i,)={(i+kj+Dlk,I=+ [ d/4 ] and O, except k,/=0}
[* A3 B(iy)= ()5 AR () F$ 871
A E2] 9= A ¥
Cl)=1G-1),3+ 1), (15~ 1,17+ D)}

I* ¥ Cliye () A3 4] A5
A= A3t ¥

Step 1:
For all (m,n)EA, find a pair of (m,n) such that
SADg(m,n) is minimum.
MV=(m,n); MinSad=SADs(m,n); B(i,j)) = B(m,n);
Step 2:
For all (m,n)EB, find a pair of (m,n) such that
SADs(m,n) is minimum.
if ( SADs(m,n) < MinSad )

MV=(m,n); MinSad=SADs(m,n); C(i,j) = C(m,n);
Step 3:
for(r=0; r<d; r++) { [* FHd 43] wkE- #
For all (m,n)=C, find a pair of (m,n) such that
SADs(m,n) is minimum.
if ( SADs(m,n) < MinSad )

MV=(m,n); MinSad=SADs(m,n); C(i,j)=C(m,n);
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else break; [* Fo}xlo] FH oW Fg ¥/

Step 4: [* B3} A(half pel) BH2 */

For all (m,n)E{(i))| (i) are 8 half-pel’s around
MV}, find a pair of (m,n) such that SADs(m,n) is
minimum.

if ( SADs(m,n) < MinSad ) MV=(m,n);

V. &3 2t

H.263+ Fdle] £xzl9] o=
NSSP& t]x]3}e] 7} upSe] A% wlwak} A}
23+ A3 A2 H2633 MPEGoA A% 734k
2 g3l Mg Rado® AREsh= 2 4le] e
7A€o (Container), &-218lo] ¢k} 9l FAEr}
E(Coastguard), =2]¢lo] w2 ~~H|¥KStefan) A
2olck 7} nlt] e Aol dise] CIF =715 A}
43l3 vEES AT 7o) ZHdee 34
A2 BFsle] AlYd) a2@)a NSSPellA= ub
3l eRAlol|a] AEAIEEY whde HeA]7)A] ke
ZANSSP-1)3}  A]BAZE) wpHe 87l A
(NSSP-2)°.2 53] A5s vladic}l =3 Ay
ol ] w]i otire]&<el AeehY(Full Search: FS), 3
t}# € (Three-Step  Search: TSS), Nearest
Neighbors Search(NEAR) HPHel| tfjsx{ = NSSP<}
7R 2 Wsks AP S A88te] Agsisdch

i
-

1. HEES 10Xt 4%

CIF Aflzol djsle] 53 ¥]ESS 300 kbps
(kilo bits per second)Z A&} AF3kc}) 7h o
T2]&e] A%S ZY&(Frame), 72| $-29
WE] 2oy 4Q3k= AZHTime), 12| $]1=4
2| PSNRS SA3e] wlagct % 12 7 ¥
Alfzel dfsle] vESS Asl dIdd AF
o izt As =7} Adfo]rt.

1

1. =HYE, 159 24 A17L PSNR Al Hlal (a)
2" (b) FAEZE (¢) 2HT ARACIF =2
7] 150 =#3] AM8, 300 kbps)

T 4 FS TSS NEAR | NSSP-1 | NSSP-2

Frame ' | 27.42 | 23.05 | 2722 | 27.02 | 26.82
Time™ | 296.28 | 32.99 | 3022 | 2321 14.90
PSNR™ | 25.68 | 2494 | 2556 | 2541 | 24.99
9 *1 Frame(%+9]:fps), *2 Time(ms/frame), *3 PSNR(dB)
(a) Stefan

Copyright (C) 2003 NuriMedia Co., Ltd.

= A FS TSS NEAR | NSSP-1 | NSSP-2
Frame | 28.81 28.61 28.81 28.81 28.81
Time | 342.06 | 33.23 29.54 24.23 15:39
PSNR | 28.03 27.67 28.03 27.79 27.30

(b) Coastguard

T & FS TSS NEAR | NSSP-1 | NSSP-2
Frame | 28.81 28.81 28.81 28.81 28.81
Time | 292.75 | 30.54 28.94 23.75 14.08
PSNR | 34.69 34.66 34.68 34.66 34.44

(c) Container

ZH g wHolld FHolHe} ZAEVIE Al
o thsle] NSSP-1]L} NSSP-2 ub-S- 283t 7
ol Z#|9)8-2 NEAR HPY3} zjol7} gisich L
2yt 3%le] W 2H|E AJf2olx] NSSP-1 1}
W3+ NSSP-2 HPH-S A83F 79l 27 0.2 fps,
04 fps 7+43kgdrk PSNR woll4 o Alfl~
o thsle] NSSP-1 uFHz} NSSP-2 HpHS 83}
739 NEAR Hlol #H]3ll z}z} 0.02dB, 0.22dB
Aasiolal, FAEZRE Azl dieii= 2
0.24dB, 0.73dB 7}a3}elar, 2E|Zh Al 2ol )
A= ZHzb 0.15dB, 0.57dB ZHAasiedch ¢l=d] A
7t Z=ellds NSSP-2 who] o2 w& o3 )
Woll Hlsle] 48~55% AE Zwry} FAkEl,
NSSP-1 HPH-e NSSP-2 vh-S- #)|9]gh o} w1
of| & Pl Bl3le] 18~30% HE Lxrt 3
sick

a7 5% 2EHT AFMAE 7 gy
o 1504 E#|]]e]

=
Iz
T,
rE,
tlo
Dot
ob
ﬂo‘_l{

NSSP-2 7 ¥ =% t}& m&dare|Fo|r} FSell
ulsl] spde] Woix|A] FE o & Utk
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BELE 04T ARE 1d BRI 4

A} e g okae]

FS TSS
NEAR |NSSP-1
NSSP-2

a8 5. 7 sMbES ARES oo A 150 A Zy)
% A3} d24H300kbps).

A= AR v EXERS] HIE
o we} Akt 4= gl 7b dwe] el digk A
H| E-&(Bitrate), 1Fr]e] $-2/¢] HE] REo
A A™l A]7KTime), 22|32 3)xA5-9] PSNRZ
FARKE 2% 7 AR <3Sl disle] =Z#id)
5 A3 A3 A9l ot s F7 A
Fo]c}.

B 2. BES, 29 24 AZL PSNR A5 B|al (a)

€3 (b) FAESE () 2HT A|F-A (CIF =2
7] 150 =Z#9) A}, 30 fps)

{ tfo N |m
oX,
olr
%

(o3

o
15

= FS TSS NEAR | NSSP-1 | NSSP-2

Bitrate™ | 743.89 | 1019.63 | 776.68 | 790.07 | 829.73
Time |262.06 | 31.13 29.43 22.93 14.41
PSNR | 29.70 | 29.60 | 29.67 29.65 29.58

) *4 Bitrate(bps)

(a) Stefan

-+ ®| FS TSS | NEAR |NSSP-1|NSSP-2
Bitrate | 516.75 | 569.39 | 516.05 | 537.17 | 582.40
Time |313.50| 31.33 | 28.35 | 23.10 | 14.41
PSNR | 29.88 | 29.82 | 29.88 | 29.82 | 29.72

(b) Coastguard
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