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ABSTRACT

In this paper, we present a fast motion estimation algorithm to reduce the computations
of block matching algorithm for motion estimation in video coding. The proposed
algorithm is based on Multi-level Successive Elimination Algorithm and Efficient
Multi-level Successive Elimination Algorithms. The best estimate of the motion vectors
can be obtained by hierarchical search point sampling and thus the proposed algorithm can
decrease the number of matching evaluations that require very intensive computations.
The efficiency of the proposed algorithm was verified by experimental results.

Key words: Multilevel Successive Elimination Algorithm, Motion estimation,
Motion vector
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1. A&
94 dolgZFe vls WHdsly] o
AZstAY AF37] Y8lo dlolEgE ¢&3)
£ Zol BHEHolg Fddoes & Zdy Ul
of 739 FE X (spatial redundancy)e] &
Atz AEFQA ZEdrteldy AHEA F
B A(temporal redundancy)e] &gt} o}y
3 FEAE AANE 34 dolHE any
22 &5 F duh ANHL FEAHEL AA
317] 93ty AlEEE 39 FAVRe B
A% <18 EBMA:  block  matching
algorithm){11(2]#} 34 &3 43 EF(PRA:
pel-recursive algorithm)[3] ¥ ZHF2 U9l
Ad, BE APLngFe FTHo| sy
el EE AR fugFol CCITT
H.261[4], ITU-T H.263[5] 1311 MPEGI6]
5 93 w¥wde 39 HEF(video coding
standards) 2 2 d& sgs o] gir}

EE AY 41y EHL d4 Zdd g
g A2 BEow YU H, z B2 o
3t ojd T dol AP FNGGANAM AF
HE7F HAHY BE5E 2 9 Ut 4 S
o] €29 We (motion vector)E °o|H Z#H Y
(previous frame) 4ol 43 E &4 9= U
A AF 7)F(matching criteria)o] @} #H
z A% EE(the best matching block)S 3t
< F HAR AY EEFHY YA HYE
Aoz pajA.

EE AP d2dF F HY g4 ¢ndE
(FSA: Full Search Algorithm)& ©]d Z g
doll Fojd €A xS e RE AY EF
% ¥ (candidate matching block)E FA 3
A A B2 2oz HHY £y HE
(global optimum motion vector)® A%k A
o &g £33y Y3t S 2 QA
€ "az o mead dAH SEedE
A g g Fo] AHEHA g
FSA9 Gudes #AAF7] 3o 3gAE
A7), 2-D 2ag4[2), ALE(8], ZEH
(9, <YxY¥ASHEM(one-dimensional full
search)[10], ¥¥ 394 €A(varation of
three-step search)[111{12], unrestricted

center-biased diamond search[13] $ & ¢
2 FEl Mo gt ol#F 1L EF
A dndEFEL 49 2A4E I o
™ (motion compensated  residual error
surface)o] £33 Y WE #HY o iy EEF
#a=(convex function)zh= AL 7HAsn gl
tH14]. 28y o8 gt 7tARe A9 AAlFHolA
@oH15). 2HER oF 1% BE AFF ¢
LYFES ALY dojd &3y HYHE &2
2xoz2 ZF4H HHA(local optimum)7t H
o g2 BEsH gREY 14 22 Y
A FELS 33U FAH AHEEE HA
o A3gFS FaAzi.

Lig} Salariol] 9J3jA A e A4 AA €3
2 & (SEA: successive elimination
algorithm)[16}&  ¢lgjg BEAY 7tA
(convexity assumption) $§lo] A9 & ¥ ¢4
&9 dudFE ZA2AHAYG Wangso) SEA
o] JAAEE FAEAT7] Y dadFE AL
ATH[17]. £ X. Q. Gao §°} SEAY ¢
RS FAEATN7 A3 gddA dE5AA &
Y EFMSEA)19]E A(EHE B d7Ed
9)ste] MSEA9 4% & 743 wretE(20]°)
A= A

=5

el 7ger #3se MSEAY A%< A
k. B =84 Adw 1k £49 F
4 daelEFL MSEAY 3y 4 Az
2ol AHE7L A9 100% FAHRA £3Y
FAHo AMFE EEAHCR NG

E =v9 7L 9gn 2o 23FdAM=
tetA dEAA dnEFol dsted ek 7
S8R, 3FA B =FM Agsts 7y
& 71&8d. A4FdMEe Adtdw g F
o Wty A¥gH AAE viesa. oA
o2 4FqAM dES EA

IL 9dA A% AA dndF

ged d& AA faneFeA, 4 ES
a¥ 13 Zol o3 A ME =

d o



(sub-block) &2 YFoizt WA 5L =27]
7F (N/2)x(N/2)Q 4709 ME EZo 2 5o
Agd. 21 ¥ ZF AEB EF5L A%t
(N/Ox(N/4)Q) 4709 MB EFo0z tiA] )
ol o2 AHast MB

2x27F & w7AA wEdd. &9 arizt
NxNQl 739, o 28 dA¥9L LeclogaN-1
o] "t}

L-level 282 71X oA 95 AA o

28 EE L-level MSEAZR 318 o|m L&
SL<Lmee Z7& TEIE  golt. wEkd
SEA= 0O-level MSEA©ol Wi-&®t L-level
MSEAS] A oM MB EE2E59 F&
So= 2% oa zZ HE BE9 ave
(NDX(Npol™ Ni=N/2)x(N/2') olt}.
Dt KGHe A Zd g old =g
Aol AEZ (L)Y Fix(pixehd FH=
(intensity) #g Z+Zt Yeldx, EZ(H.2639
A azEEe YAR)Y Z7E (Mx(N),
BAa Axe 37E QCM+Dx(@CM+1), AT 7]
= T2 F BE Aol 43 & Ygue H
B 2xe  FHSAD: sum of absolute
difference)e Atgste Aoz g B9
B,9g 2zt AR = Q3 ol Zalgd 4
oA HZ= Ay Hol (i) (i-x, j-y) FHZE
EE29 gA 958 Yo e Y EE $H
gn £t BYVe €349 HHE Faux &
v #Ax BFog. o EFY doo H
(mpol Wste] A (1), (27} B PErh

B (mn)= f.li+m, j+n) (1)
B, (m,n) = fli-x+m, j-y+n) (2)

A7l x9t yE $3Y ¥WE FH(candidate
motion vector)?] FEE YeUI -M<(xy)
<M Z2ZE& BEFd (mn)e 0smn)<
N-1 274& UF3e golth

T EExolgl SADE 4 (3)F o] Ao
=3

EMY FEHS 0188 D= 28 HE 211215 1045
N-1N-1 v
SAD(x, y) = ZZIBC(’J)(m’n) _ BP(I.LX,,V) (m,n)
m=0 n=0

3

$39 239 BEE 4 W% o] Ha
SADE zte HHY (xy) %S FE Holth

d = min SAD(x,y) (4)
x’y

FaHe B4 | X - HYlh | < IX -
Yl (18]1% X=BYs} y=B,“*o] djste] A
239 4 58 dg F A
IR-M(x,y)] < SAD(x,y) 5)

o 7] A
) N-IN-1
R= Bc(u)“l — Z Z Bc(l'l)(m,ﬂ)
m=0 n=0

N-1N-1
M(x,y) = ”B‘,(I,],x,)’)H1 - ZZBP(/,j,x,y)(m’ n)

=0 n=0

SAD(x, = ”B,("“ _ B’("I"'”

= fyi'l?c("”(m,n)— BP"J“"')(m,n)’
m=0 n=0

RI Mx,y)e 242 Az EE3 EE 3
29l sum nomm Eoli o] #ELS [9]d 7%

Wz vz Aduo
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H aayql
77
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a9 L BeA aEAA TaeFel
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Lol RUY, M“Y(xy), SAD“"(xy),
SAD_SBi(x,y)& ot@ist Zo] AHejdint,
N,-IN,-1
R =3 B (m+uN;,n+vN,)
m=0 n=0
6)
Ni-1N,~1
M ()= D0 Y B (mruy,neviy)
m=0 n=0

(7
Nyl

SAD*"(x,y) =Y 2 B (m +uN,,n+wN,)- B, (m+uN,n+wN,)
m=0nz0

8)
21201

SAD_SB,(x.) = 3 SR~ M (x,)

u=0 v=0

og71A (yu)E ME BEE9 Hxl(index) °l1
S 0<I<Lngy 23 TEFE ol 0 <
(o) < 2-1 23L& BE3e IBMH g 2
oA oo TAAC HYFe A & F
At}
2121
SAD(x,y)= D 3 SAD,“(x,y)
u=0 v=0
283 SAD_SBlxy) & W& 2ol F
g2 #+ 9o
]R M(x,y)| =0

SAD SB ,(x,y) = ZZ‘R‘”"’

u=0 v=0

,‘“'”(x,y)llslsL
SAD(x,y) I=L+1 (1)
4 (6) ~ 4 (1D 01%8}04 A (57 A

(122 292 & A& Gao Fo] [9]4A
SB35
SAD_SBi(x,y) < SAD_SBm(x,y) (12)

A7 1L 0<IS Ly £2AE BF3E Fho
=3
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A (125 EEL ME B8o8 R¥sid ¢
E9x&e & ME EEZ sum norm® 39
Adix el &9 SAD_SB{# (1D]o] 71dE
T2 HAEdE ved Ao, [0 0</< Lo
¢ 4% SAD_SB2 4 SADEG AU 2
on jo] Zold4E SAD_SB @l HelAE
F8H¢e JEE Jehdg. o] & o9
o] AY BEFHE AAS=U AHEsiE 4
A2L e EnFoE £Y 4 9t
34 FEAAANA dAAXN HH A
£3¥c o Age] FHE Nz FFH AY
o] &R 27 YdAMe Y 22 Fr
SADE Adsd dAqAX HY AT
o] 7}A & SAD(curr_min_SAD)$%} . v &3}
A%t B 7Hmatching evaluation: MSEA ¢}
g2 F step 14, 155 S8 oksi} o]
AR EZF HA T3z SAD7}
curr_min_ SAD¥tt & e 71A w AY
BEE FRE A2¢ HFH A EFo AW,
48 EE  FrA4AM Fid SADVG
curr_min_SADE.Y} AAY 27 HH AY &
FHE N2 3 Y B0 € 5+ ¢
AAGL ol A BEE TN ANH
SADEAE A AFHY Aiddew o
2o daze geg g oed AGH
2 FHE AA A, W¢ B A% 2
2 3% SADE AM&3A ¥a FE
BE AAE = Jud 943 2
=3

MSEAdAE A (129 H3L 7122 44
o] 22 SAD_SB/E Al&sle] APEEFH
7t N2 AFAFEZ 2 &+ ¢l&8 SAD
AdolAe] & # glo] AXFE I F A
t}. SAD_SB:8] A4k [9elA Aoty Az
d Y ow TR SADET R FHL
Aol gdh EF [9 o] FHE&F
SAD_SB/A Al o s ditake Zolzth
webd $4 (12)0 712% MSEAAIAME A
FEEFRE AASY] 4381, 7B Qo]
22 SAD_SBoE A ¥ curr_min SAD$
vl @k, olwW curr_min_SAD7t SAD_SBy K
g FAY oy A 12w
curr_min_SADE SAD Rt #t=A] AU

Jt > dhe

2wl tg 2 de e
kS

te do rff 2 4
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A

Ol

2A dez NEE HH HF EEol & #
glol A BEE Fue AALY. oy AF
% FB7} O-leveldlA AAgCy 3} o
AW curr_min_SAD7} SAD_SBy Rt =ZA
HA AY EE FHE AAZ 39 &
F7HAI7IEA AY BEE FRE AAE #A
& yHE-3tt)(step 6- 12) L-level MSEA| A &
A EF FEE AASY 43 AAHE Hz
L-level7t#] 8% <+ doh. W L-level
MSEA®9] 7% O-leveldl 28 L-level7} A
A% B2 FHE AASY AT HAHE WHE
ol ® AAEHZR @stttd SADE AAlsA
curr_min_SAD$} H] 2l e}, o] of
curr_min_SAD7} SADET Z A4 geoew A

BE FE+ AASHY, SAD7 FHAHH A
T EE FES AEL HY HF £80] Hu
currr_min_SADE SAD #e 2 i Eth(step
15).

MSEAE AH&3+= A5 O-leveldlr B2
AAEEFHEC] AAHIL, 53] Luxn-level
A FPEtH diEY AHAFE EF FHE0]
AAE7] G, MSEAYEZ9 step 149
SADAE Ao, e dadte] xaHE
SAD _SBiRbE o] 83t step 6~12914 A
ES FEES AAY F o] d3FE g7
73‘]_9_2 4 7 Uk

olg]gt #Aol BN A= e A =
© gA4Fd dstg FIYH Fo HIT
curr_min_SAD7} #H4 SADZF H9 FHA
SADE 7IA & E5c] A4 HY B0 ®rh
ol W HZ HY EF9 FHAA HFE E=9
FREE W FdHL WYt Fx EE
9 WE s "o
2] (12)o] 7123 L-level MSEA2| <12
Feo] 29 20| velh gt

Algonthm: L-level MSEA
step 1 select an initial search point within
the search window in the previous
frame
step 2 calculate SAD at the selected
search point and let the SAD
as current minimum SAD
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HE L02E 1047

(curr_min_SAD=SAD)
step 3 while(all the search points in
the search window are
tested?){
step 4 delete_flag=0;
step 5 select another search point
within the search window
step 6 for(i=0; i<L; i++){
step 7 calculate SAD_SB; at
the selected search point
step 8 if(curr_min_SAD<SAD_SB){

step 9 delete_flag=1;
step 10 break;

step 11 }

step 12 }

step 13 if(delete_flag==0){

step 14  calculate SAD at the
selected search point

if(curr_min_SAD) SAD)
currr_min_SAD=SAD;

step 16 }

step 17 the minimum SAD=

step 15

curr_min_SAD

step 18 calculate Motion Vector(MV) at the
search point which has the
minimum SAD

step 19 the optimum motion vector=
MV

a9 2. L-level MSEAZ 18] &

III. A Fast Block Matching Algorithm
Using Hierarchical Search Point
Sampling

oA d&AA duelEH A9 FAE FEx
g AN BES A du#s 7 i"]?]ﬂ %’43}
o 79 33} go] AFHoT FH F
3t oA d4AA dngES —1%3}"4 EE
AEE sdat A gnelFe dAae 19 49
rige

Level 0o A1+ spiral search patternol utet 3 &
Moz FAE HHMHE sl oA d&AA
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dudEs 43 £ TS SAHLE £YF
t}. Level 0ol 4 spiral search pattem< w2} 2-&
SAYE dstd B AES FPE o, AN
SAD%to] dA7A| el H 4 SADFET HE 3

£ A9 9449 HEE

Ao

oled He

level 0¢8] =& BAHE et s

e

(a) Level O

-
e
09—
+—+-0-0-0-—

B

—

B

(b) Level 1

(c) Level 2

1% 3 Hierarchical search point
sampling

Level 001 419] &2 Ao| ¢RHY AF BYE
o et £ANE Level 101419 B2 AFS 53
gt} 19 39 (bl A B uls} 2ol Level 1011*1";
Wz Eo] 12 F29 47)e] BAHE sl B
S FPFh Level 201]/‘1b “}XIEO] 3 -’FH«]
13708 HA™ES sl 5 AFE P
level noll A& ¥R &0} 2n+1 -r-r]-—l A& st
o B2 A3g Y3 Level 0%E level k7HA
AEHo= £3Y5= dugFE FMSEAE 7%
o} SGAAT 97} 3x31(215)Y W ko) Hof 3 79]
H1 o] W At ¢ugEFS MSEAL & F
gd&HA "o k@S HaAgoes $3A9 F49 F
Bxol JA4HFe 2HY 5 Yok

step 1 select an initial black colored search
point within the search window in
level O of the previous frame
step 2 calculate SAD at the selected
search point and let the SAD
as current minimum SAD
(curr_min_SAD=SAD)
step 3 while(all the black colored search
points in the level 0 are tested?){
step 4 delete_flag=0;
step 5 select another black colored search
point in level O

'2003. 12, Vol 4., No 12, December

step 6 for(i=0; i<L; i++){
step 7 calculate SAD_SB; at

the selected search point
step 8 if(curr_min_SAD<SAD_SB;}{

step 9 delete_flag=1;
step 10 break;

step 11 }

step 12 }

step 13 if(delete_flag==0){

step 14 calculate SAD at the
selected search point
step 15  if(curr_min_SAD) SAD) {
currr_min_SAD=SAD;
push the coordinate of the
search point into a queue)
step 16 }

step 17 while(all the search points in the
queue are tested?){

step 18 while(all the neighboring black
circled search points with radius 1
to 2k+1 in level 1 to k are
tested?){

step 19 select an black circled search point
which is not tested

step 20 for(i=0; i<L; i++){

step 21 calculate SAD_SB; at
the selected search point

step 22 if(curr_min_SAD <SAD_SB:){

step 23 delete_flag=1;
step 24 break;

step 25 }

step 26 }

step 27 if(delete_flag==0){

step 28 calculate SAD at the
selected search point

step 29  if(curr_min_SAD) SAD)
currr_min_SAD=SAD;

step 30 }

step 31}

step 32 the minimum SAD=
curr_min_SAD

step 33 calculate Motion Vector(MV) at the
search point which has the



minimum SAD
step 33 the optimum motion vector=

MV

2% 4. L-level MSEA®] 249 Aty
dnEF*kAZ)

IV. 4343

2 A7 AdgoA AgT 4L 176x14
pixel 3712 7}A+=  miss_america.qcif,
trevor.qcif®] 100 Z 3l (frame)ol 3l 48 &
YAt ZHAAA ¥ HEHE F3e
29 A7)E 16x16 pixelZ R A =9
A7) 31x31 pixelo} 1 3¢ WME = A4 gt
< AT oleis AP BAL 1914 ¢] 4
FAEA T Fdsih

FEoA (in row)E 16x16 B9 13 g
sum norm< TFaled o3 JAErg 7R

3-level MSEAE YEbdT 3 4 A&
T 9900709 €AY WHE = A HE
Al Zold &9 WE 9 MN4E et

oA d& AA dd dndFg o] §d
o EE IFE 7YY 9 1F A 22
Ao dAsE 858 WA HAESYH 88
HolA Hot. B dFdAE olgd AL &
HE2ATE e 4HA UME g N(spiral
search)7| & Al&3t A}

Aetst dndFE vt AlF2d oo
A8 doe 19 2o

Agdaels B vl go] A dm
gFolM Ao dolE ZA 52 AHHdE:
Z715e & + o AgE dndE e A
el gAY FZ9 Hdol F+E {FY F
A Agxrt Forsiy QS AAA =Ho
A dndFolAM AY F4H HE¥gxs)
MSEA¢ A #A=H¥ 7%, miss_america
9} trevorel Wisle] MSEAS] @Abake] Ao
13.0% 13.6% #ZA s R

<E 1> FMSEA(8 <tz s 49 %
R

kJ
Ik

1049

video :3 e oz 22
sea” ‘:.‘:\: o /22 (it':if) oja uag) =3
uence % N (%) |Bse
/frame Bt
m;:" MSEAs| 358.6 | 14.89 |28.260.733.620.3 9900
FBMA/| 260.4 | 14.97 |15.699.0|195.07.2] 41.7 | 9874
FBMA,| 282.5 | 14.69 | 17.082.5]21,232.4| 36.8 | 9887
FBMA;| 302.9 | 14.18 | 18.644.0|22.939.1 31.8 | 9894
FBMAs| 319.6 | 13.47 |20,527.2|24.832.2| 26.1 | 9898
FBMA;| 332.3 | 12.34 |22.791.1]26,891.7| 20.0 | 9899
FBMAs| 342.8 | 10.73 |25,584.3]29.262.5] 13.0 | 9900
FBMA,| 350.4 | 8.93 |29.097.2]32.226.3| 4.1 | 9900
trevor |MSEA| 1,037.2 | 14.12 |20,767.9| 44.413.2 9900
FBMA:| 970.1 | 14.23 |21.565.8]35.370.3| 20.4 | 9888
FBMA,| 985.4 | 13.38 | 22.776.1|35.960.8| 19.0 | 9897
FBMAs| 997.5 | 12.89 |24,268.5|37.126.3| 16.4 | 9899
FBMA| 1,007.8| 12.19 | 26.090.6]38,375.7| 13.6 | 9900
FBMAs| 1.016.7 | 1109 | 28.226.339,501.5| 11.1 | 9900
FBMAg| 1,024.0| 9.51 |30.871.5/40,609.7] 8.6 | 9900
FBMA;]1,029.2| 7.72 [34,473.2142,418.6| 4.5 9900
v.3g
FSAS A FE vl§ 8402 747
€ 23Y 33 dugEQd MSEAY dAd#S
ZolE A" dndEL gHNHLE AZFHo
2 P »239 MSEAS A9 ¥dd A&
58 fASHEA 349 FA dAaEe #7a
2 EE&FH 23 FAGnEYEFlG AUt
g Fel A FMSEAS katg& AHAAsd =4
ste] Y FHAAEES $3Y 33 Ak
& 243 & £ At AgE LuZdgHM &
29 23 AFE7 MSEAS A SAHE

W

4%, miss_america®t trevor Z}Z}oi

5t

MSEA®] dAxt&e] Ad 13.0%, 136% A3t

At
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