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ABSTRACT

In this paper, we propose an efficient motion estimation algorithm which can reduce computational complexity
by using characteristics of wavelet coefficient in each subband while keeping about the same image quality as in
using MRME(multiresolution motion estimation). In general, because of the high similarity between consecutive
frames, we first decide whether the motion exists or not by just comparing MAD(mean absolute difference)
between blocks with threshold in the lowest subbands of consecutive two frames. If it tums out that there is no
motion in the lowest subband, we can also decide no motion exists in the higher subband. This is due to the
characteristics of wavelet transform. Conversely, if we find any motion in the lowest subband, we can reduce
computational complexity by estimating high subband motion vectors selectively according to the amount of
energy in that subband. Experimental results are shown that algorithm suggested in this paper maintains about
the same PSNR as MRME. However, the processing time was reduced about 30-50 % compared with the

MRME.
I.AE M dhEol dasict dubg ez g A7k
el ZEA(temporary redundancy)® 27kl
AEreel Ax F ddvlele: gl whiel %84 (spatial redundancy)& 73 St} &
g A EL Fated At Agslr) <4 7hdel FEAge Wil wEsl o= 2E3)) Wy

FEoetal Aapgsts) oA mjje] o 7(sdw76@image.gwu.ac.kr, bjw8751 @image.gwu.ac.kr, jsyoo@daisy.kw.ac.kr),
=3 020457-1017, AL} 120024 109 17

®* B A7 IaEshagt A7) 29 7HR01-2001-000-00350-0) )91 0 2 4as|glsuich

397
www.dbpia.co.kr



ol F7bHQl FEAL AAs] S8 7|E
MPEGeIY}  1.263% 4% DCT(discrete
cosine transform)& ol8<gkl =y DCTE
AlLgsle] S UET FE FHolud F e
B-p3sla, 8x8 =719 A =2 DCT AlsE ¥
F3lelEg YEgol 25 A B2 AAe]

o HAEE 5235 dite] whAsle] 3hio] ol
Yoz vy 7B gloh

o] -3l Mk (wavelet transform)-& o]-83pd
E23) dajo] dofupr] kS Wb opzl, Hofdd
F-z3le} vt s BArlse vhsstch afeba |
A ol Eel MRhE o] 83l FAkHQl FEA A
Al FRAL AASEE AT} s A8
7 gy

ol &3l ‘ﬁf{p— ol &gl =gl
Zoll tlEdal WL 19924ell Ya-Qin Zhang
So] Akt MRME(multiresolution motion
estimation)olel® | o] 7| golBsl Wik o
Auie)  AHsfarw AZelx A9 FAsl(global
motion) & FAslar, o] &A% #EE o]&s}o]
A AE AlZel s 5 &Y (ocal motion)
S FAgezx Y Y ¥WeA (motion
vector field)& TE 4 o}, wdt 1 [ L]
2L Esle] 73 @A AAR 4 ot zelv
MRME 7]#-& 2E5 53 tis) %’5! °J‘% FAs}
v gl AikeRs dg g dlan AdEelA dlel
7} 2ol S A g)et

B ERolie 7 dd 548 o] &

AL fA 3}““1 74]4 ke £d -’F gle T&Hl
o xo

25 gAF vk

2
Ay
>
il
e
_‘_1_4
o
2
of
ko
o
)
e
J
~0
=

e ArlsE A
e A8 £ 4 ek & AR el
=7t zadel dis] old3l WE F. F e
(o] 2elolst wa) o) 714 Hheleld] £
9] MAD @& olgsiel, £44de] &) ofng
setiiel, ZPARel gle] s e

aolgel wHHe] B4y, A Fohele] 4%
o 2ol Asl EAle A Ml e &
oje] EAlehs ASehm, HAp) wFs} fejedel
A el ofx] GRS olgle] AuHeR £

N

398

o) Helg YAl ole® BAE olgsiel $7
ol gl g A AL S sl
wak offzl gH3lo] we 22ole) sfrielr 4

Aoz $4%) WS ANE] wiol £870.

2 AAEE A 5 gloh, 2oAEs el
A kg & Ax Alqket ]mo] e
MRMES} nlaste] g2 xst= Aol glz, Alxlkek
< A8 agks B2l 4+ ol

e 23elM e 2l LEE o] 8% Selidl

gk MRME] g 7]% o8& Adwslic}) 3
Sl ARkshs sel wlslel Al el
woluy Aahe 1ol 7 544 AEs Witk

o

. Jol&a W MRME 7|9

o]
& MAdsa, 3AA X* Foll loAAE vig A
g3k whao|r}. do]Bal WS Morletol 2
s 2ohE 013?—01] 3%01 5 AAEES Ao
T2} wel A= e’
el 3}47 '4, B uhAe|r}, glxgle 7]
z9] Fejmlz WAl uls|] AlAbske] Aul A
3 2y wwel2 AA AL

3 (biorthogonal) ¢le]¥-=l

_— T o 1
WEe FUE AlA FHsE wyge”
ez g ol 4 Gua fol¥al Wy =4

3 wAE 4" d. 7 dAE FZ(split),
predict), Y4l (update)o]e} g},

,_;7;
a2 oy AsE o2 v Aioez

2
gahcl o5 Bl 18 Az afnlE #SF W
M AE o« (x5 E5 HA AZ x [n]oR
AR ian

x [ n]l=2n]
x [ nl=x2n+1]

dnl= x, [n]— P x [n]) (2)

www.dbpia.co.kr



AL 1 AE A n]s Al by
= aAYH (scaling) A+ dun]E 47 93l
x [l din] & Agdt ol sgho]&=
Ao A Aaz US 343 o x [#]
£ vt} ko). ¢ C[n]°l 712 W 4
o] &8l Aol it}

dn]= x [n]+ Udn) (3)

‘ » + » dd
A |
__.ngxsum | ey | Bee) |
] a d
_— 71
xfa

oy 1. duts gj=mg =g
Fig1. Forward lifting block diagram

i
dol—{ - - A
U B P 2B .
Btllupdate) Ol predict) 2ereigel — X 11|
dr =
- x4

I3 2. HAuts gl=zg =g
Fig 2. Inverse lifting block diagram

2. MRME (multiresolution
estimation)

motion

MRME 7|98 #lol&sl Mg 3o e
1A ANA FAE FAHdE elA] 25
g5 27| gAger Apgsle] £29)

p=S-2M 4)

)l s= ddadAe B85 =7

7o Abe g oA mla £ 9
A5 FAI o S AA
(refinement)z} &t}
13]51 M-1A%¢ z3a RAdEL &
2 et} aog 229 =mv)E M-1 A
‘-"] M A& vla) 712 A2 SAdz=s) 2l
22 M AFel s 2wl =22 B24 04
Aol & ol M AZ HE2 =zt
2x2=kH, M-1 AlEY EEL 4x49 =72
AAZcE & AubH o m AZY B2 7
e pe 2Mmolek, M-1 AlEelA e AAlE
M AZ4 A2 z718 28l o) & &
15

2,

==
=
& e m AE g wdelee ¢
-3
=

SV - 2t A ey O
A5 A e s pee] e Ayo

2 =H VD7 s, je sAd Wes

B j=2,4,8,9  ge
Vo) % (x,y)ol 4] 49 w

T Ak, )= AAE B va WS »}

e}
ek A(8x, o) ok o]l RAF 4 gl
o}

A(&x, 8y)
= arg Min

[ XY < ﬁ?

"X/Z p==Y/2 )
| ]1( x1+p, J']+p)_ Iz'—l

(x,+p+x+dx, vy +p+y+ovll

399

www.dbpia.co.kr



St B2 ek g) = A '03-4 Vol.28 NoAC

A(B)ellA T ypE A ZE sl
(x, yp) A olA el shaghs ebdl e}

MRME 7|2 7129 F7b <dd ol
BMA (block matching alogorithm)el ¥]

A At gYArel AA ZwEAR, wE
poelal g gHYe Tt WEel of el
we Agte wEds 9aR sE 9
7hAl 5L 9) e}
W | |
j! T !_f’i
% /A 1o 42,
\Vm(x |
it Yok (X1 s ”\\ ||
| plal® B ] 2 Wl
k!ﬂ - N,
> ) XN )
M S = AN
! I
[ | (V.Z(X az(X
"\ ‘;ﬂ 2 ur
TSR A | 77 (P9 NN P
.

gzl 3. 7ty 8E 37|9 crefdE Y FH
Fig 3. Multiresolution motion estimation of
variable block size

m. Mokt X9 FE7|H

H =R MRME 7|We] AAatske] @
the FAAS sdst] ¢ste] dlelEE AF
o] 7 ol EBA-E o]&ale] odAle] shAle
G25HA AdES A £ gle ZgAHA
S2le] 2 7|wS Akslgdch Ak 7wl
A= #HA adEe] zlAgAddA 3 el 3l
= edde vig] AdAdsA =l el e
oz MR HEL yFEd Fdddi &
22| A E wiwate] Adudger FAYE
ZAsA "ok, o] HAS 2 AR R
gzlele]l gl dds vl MAss A
a7 R o E wlasted AMA e
2 $Aes el w2 Vel
400

1. 715 ciedel 2x9l oot A1
Sl A& xZAYdel FE FAHol
FADY e ARe B ode el A%
el Wk A9 QL ohbiAst 2e
Ao SAele] BT F F alek ol
ela gl Aol wA s Addold &
Q) wEe] A o ng stefsin, $3%o] ¢
thw @R delddE 4% F4E sk
dgowd AdEs A 5 Aok dehy 7]
Addol g1 9de] Qe dAH sl dde
% elsts spdo] WA FaHole} et
$49 dole FHste Wy et 2
s

absolute difference)

MAD=

1 N=1 (7)
S ey i)

A =Hgle) EE s .

Aib"l MAD  gtel vl AAR JA#
(threshold) ®tl zZw Ao 9le dHL
2 AdAstz olet wiE JAFtE: Ao
A %lo]l W dYez AdAse FAA A
Az A e B 5 BFo disjM &

) W MAD > T,
— Aol e d9er 4A

i) et MADC T,
gl e 9o 4%
e MV(x,y) (1-71-):0

A7 el A Ty Al MV(xy) o )©
i=H,V,D °]
j=2. 4. 8 ot} 18l 4% AUl ¢
dedog dA=gE Ao 7 g
Zlel WEgle] 022 ¥EE A Ko

43
i
fil

lo

o
>,
1
z

1
N
al

2

a2

A do f H

www.dbpia.co.kr



=a/9el &

13 As BY2 olgd 1%

M Vv

X, ¥)Yiy =0

g 4.

2EQl BEZ AX

Fig 4. Assignment of motion

S
N
iﬁ’

o
&
o

N
jia
©
:1 32 rle

2
>
fe

A

o
2
e
Lo

ol g 5”1:(}

o A3 3

Lo 0L

42 ot e i ool N o2 oo

ol
3
_“.L
s
Bi
=
[+
ok
é
el
,
D‘O
L)
2
=2
3.21
Fl ¢

Oi ;L]—E]—HO—]O'
o] 747l ez

ojo] exol wWElE ;]H&_ AF
H9 Aol nEs >
st aAstel Qe Aol ElAA e
o = nFa :
Eool b4 Aot Az sudE A
2 o) g

Aol ol

oF 2 AAstd S e g FAsia
Lo vkl A g 2hod A o
ZIA el ek e e s

{

|. bEHoio‘ A tld

oL

Mo

o

o

~
o
L2
&7
u{o
DI

S,

i3

o O

e S A E R RN

CmehA] e dluA] dRe six
0" EH‘H/H“ u].

=1 ?—od s

vector

%, 3 rvele) oy
EREECES
R

2 A5Ee goz A

o shAdol g A gL vl

rr

28 o do Hr N Wiy
L o o0 8 12 o2 B X oo o N

N >
637'%7 *

ol

o ®
of
—rl‘
9

ol
-
o of
T
S
1o
y bl
N
1
M
-

A B

Aol AEA =l Z:

T
NRHes Aga

Fefedoll A 22 A 88k}
LL |HL2
H oL
LH2 | HH2
LH o HH T
8 5. 2CHA <llojgsl we

Fig 5.

2-scale wavelet
transform

% 58 2 AlE deolEs
< vhebdl Aol Fix

dele]l Qi gYom Mg BEel o
=]

o} A4 g T3y
. R—1 R—
S b n= IZ:O yZ:: | C (2,9
E—-1 R—
S (LI, B = ;Z'O ; | C (LH, k)(x »w (D
R—1 R~ N
S(HH'J,k) | C (Hm,k)(X,yﬂ

A (Tl A S (g pe HL1 Qd9elA & o
A 25U AsEe] & Wik g
Comrn(o e HLL Qo4 kb s 22
W (xy) BES ATRE Bk, Re B2
o arg wah Asse g duse
A AR 2H a2 B ds) v

2 g Ay, w2 AR} xl-ocn] 7]
Adieal LL oddells 78 &2 W g
1 -

2l
BEe| £49) e o 4o o Y4
¢ 2o Y= gelshw thgst g

it (Sump= T,
v iz = MV (1 nTt A(6x, 6y)
Vi n=2% MV (ypo p+ (8, 69)
(8)
else,
MV yp9= MV (11 »

V(Hllk =2 MV(VI k)

LH1, HH1%9 YA = Eod st

A7V T vla 34 Ao dFt 9
A& deta MV oy, 5 HLL d9delAq
s EEe] Fxq] wWeghe watc)

V. 44 43 2 @

2 ool A A $4d =4 7y A
T Frislr] fste] e meol A€ 3
shodch. 2 Al AFH odas 352x288
2] Salesman. Football °343 352x2409]
Susi, Table tennis %A% 7tz 10=#¢)
A ALgslglcl. glol sl Wil Al8% el

401

www.dbpia.co.kr



g8 83 =4 '03-4 Vol.28 NodC

5-3 Zejolxm, W 2 AZ7hA @3t
7|A e B2 =Hr7)E 4x4 2 oslga, 24
dode -4~4 2 v} mF Foeie v
A A9 FAA w@ ogde -2~2 B 3
o, B2 AP HEFE MAD(mean
absolute difference)® M3l A%
H7+2 ¢ld) PSNR(peak signal-to-noise
ratio)Z ol &std 1078 =Y AA A
Q) FA A A2g¥l Asbgke CPU A= A
7 BRE ohs) A A A4 vl
% 2 24 vaz S5l
2oAFe e A gy AdAA] o] 8H e
AAGE T,5 WH3bA 7w A 7ol A
B8 7)E9 7 wlad Bk &, T,E
Azt A AT = A$e B350 MADRe
AR st ASE A,

b

if 0 < MAD,,, <3 ,D =13

if 3 < MAD,,<8 ,D =20

if 8 < MAD,,, <1 , D =30 O

if 15 < MAD,,, <20 , D = 4.2

else , D =920
T,=MAD,, - D

21 (9)ell Al MAD,, & &+ Z#H e 712 o
Aol 4] E27F MAD gtel Hdzts e,
D Adel os) A glelvh. AAAN HS
Aow QAgS Askd <dake] Sl %
o] dAsA Ay HFEF FAAA 5 AN

% =k

5a QARS Fger 24T B¢

% 1€ 7129 MRME 713 3 712 w4
of ol M T,o e ket 7yl A
g3le] 7zbe] HF PSNR @ CPU AHée
A 7r8 vbebd Aelr}, ZellA R wpe} o)
MRME 7% w]xsle] PSNR-2 &ZA A&
w7 ¢tow Ay HEE 30~-50%HE FA
HE AL o & lrh w3k gk Ayt whet

g
)
o]

MRME®] %,
Nygue= Nip* Ngt+ Npypx Np (10

s e}
0N, N yeyrts MRME 71%H& A&
she] w2Eo sl $AY 4 A vl

=
aHE FR B2 FASE LW, N,

rr

Np=(( Ny — N px Ng+ Ny

+({ Ny— Nyp)x Npt+ N 7x3) (an

zk
ogefelx Lzel $A9 ofF W nFs} ool
Al elux] e wmstel FR OHEE

F
Agels] gl Baa w35l

www.dbpia.co.kr



\:D
LT

/A3 A5 H4E olge 1

1L
l

&

o
o
juied

al
o
~N
9

___Np X )
P=—— N 100 (%) (12)

E (2)ellA HE vie} o] = =
2 A e EE5E e 2Y A
HA A wliEE FrROBE 255
MRME® B3 20~40%% 2ol 2},

62 4709 AF dAtell REE 1071 =4
o] PSNRE& zgzz %ﬁ_fﬂ 74014 ad
oA M wpel o] A
2] Astzp ZA A=A ‘»’%"*‘L % F 9lrh. 2
E]::l 23 7-{a)¥ Salesman 10W= <34+
vehdet (b)v MRMEE o] &34 3
BAE odakelm] ) (d)+z AljlEl sz
+2d B s vebdch el B
utel zro] BpAlolx Z Aeolvl P& &
ek 23 (' (a)eh (b)E w sdatel
(e)e ()9} (A)E W GA-g BojFEc o] =

o % o

G A4 2 A& B+ glrh
v.4g

£ EEolt MRMES 24 Fo shial u
& ANEE FolxA Hol2Y Afel 7 o
Y EHE oot xed $AY 2
e Absteich Ak el Ho 2
Al gE $Ue B4L olgstd A o)
Qo FHdol AE AT Sl @b
Fde s, $AYol At dgow 4y
4 25 s AERoR vn $AYL
FHmEd At GaAgel S 23
9§49 F7E BEE FHgeld] HLeH
e ol o zH 34 Sl Brglel
Yol AHEHA $4 HAER shdrt ma 2
Fob poeldd o] s ige wel

Buezd S Ade aﬂ} }oq A

30~50%% % oy PUNFI R
DVR #7elu}, sz Eolu} PDA9]r e 7t
% matal B7el4 7 gl A7
B w5l - +ae gew o

olo

R

3% 1. MRME 7|93} |13t 7|2
A2l 2|7k

Table 1. Average PSNR and processing time for MRME
and the proposed method

%3¢ PSNRZ}

. Sales- | Foot- | Table i
image . | Susi
man | ball [tennis

BE N30 | 2462|3049 [33.87
PSNR(db) | 7F | °F ' ‘
MRME :
PIOCESSINg | ¢ 708 |6.218 |5.157 |5.177
time(sec)
A4z

3422 |24.53|30.57|33.84
Thres | PSNR(db)

=1.0 | processing
time(sec)
37

A&k | Thres | PSNR(db)

714 | =Cen| processing

3.715 |5.608 | 3.174 | 3.114

34.28 |24.53(30.5733.83

. 4.005 13.955]3.25412.944
time(sec)

s
Thres | PSNR(db)

34.19 | 24.50130.58 | 33.83

=ada i
P| processing | 5 41413815 2.543 |2.794
time(sec)

E 754 4 Y BB A5

Table 2. Number of blocks required for motion estimation

i Sales- | Foot- | Table i
image \ Susi
man ball tennis

Thres=1.0 | 34.2% | 78.1% | 35.9% | 35.0%

Az
714

Thres=Cen | 41.9% | 38.7% | 38.4% | 31.7%

Thres=adap || 30.4% | 39.0% | 209% | 30.5%

31.C0

30.CO

frame -1

(a) Salesman

403

www.dbpia.co.kr



“ghap Al 88 =SR] (03-4 Vol.28 No.4C

26.50
25.50 |
g 2450

23.50

(b) MRME (c) (a)oh (b)2l XpHt

21.50
1 2 3 4 5 6 7 8 9
frame—1
(b) Football

(d) HMetet 71 (e) (a)2 ()& ArAFet

gl 7. 2% daE A0 XA (Saleman
10m d4ah)
Fig 7. Motion compensated image and
residual image(Salesman 10th image)

Fae
I N
a4

(¢) Table tennis
(1) S .Mallat. “A Theory for Multiresolutio
.00 n Signal Decomposition : The Wavelet R
epresentation”’. IEEE Trans. Pattern An
alysis Mach. Intell, vol. 11, pp.674-693,
July, 1989

(2) S.Mallat, "Multifrequency Channel De-
composition of Images and Wavelet Mod
els”, IEEE Trans. ASSP. vol.37. pp.2091-

2110. Dec, 1989
- (3) Ya-Qin Zhang and Sohail Zafar. "Motio
n Compensated Wavelet Transform Codi

37.00
36.00
3500 F

f 34.00 ;
33.00
3200

31.00

30.00

(d) susi
g 6. AlE datol et PSNR
Fig 6. PSNR of test sequences

ng for Color Video Compression”. IEEE
Tr. on Circuits and Systems for Video Te
chnology. vol. 2. no. 3. September. 1992
(4] Tingrong. ZHAQO, Masao Yanagisa
wa, and Tatsuo OHTSUKI. "A High
Performance Embedded Wavelet Vi
deo Coder”. IEICE Trans. Fundame
ntals, vol.E83-A. no.6. June, 2000
(5] AH. Az, FAA A AlzelE e
Amez] 74t g4 gbE 7 g F41%88]

=Rl Al 279 A8E, pp 526-532. 20

Ak
(=1

(a) H&

A

404
www.dbpia.co.kr



=/l EY Al BEAS ol 8% & F2d 4 7)Y

024 8.

[6] O.Rioul and M.Vetterli. "Wavelets
and Signal Processing”, IEEE Signa
1 Processing Magazine. pp.14-38, O
ct. 1991

(7) W.Sweldens and P.Schréder. “Buil
ding your own wavelets at home”.
Wavelets in Computer Graphics, p
p.15-87, ACM SIGGRAPH Course n
otes, 1996

[8] W.Sweldens, "The lifting scheme:
A custom-design construction of bio
rthogonal wavelets”, J.Appl.Comp.
Ha- rm.Anal. vol.3, no.2, pp.186-2
00, 1996

A & $(Dong-Woo Sun) 34
2002 24 : Feuisku HA};

38 £9

2003 347QA) : FE Eu

Az Faa AAletA

<FRAEoR ol EsvIvbd A g, JAdgdE,
ZHH L =

Bl 2 2(Jin-Woo Bae) 3¢
199841 29 : AU M
& &4

2003y 24¥ FEoigw Azt
35 AL

| 20031 397 32 et
Az Fekat viababA

<FARoP Aol AA, TR 2
o, g4EA

A AHJi-Sang Yoo) -]
19854 2¢ @ Hggigan Hz}
&8kt E}(FEAD

1987 249 @ A-gwigta ofg}
o AArEata EA(FEAh
199349 59 : Purdue U&w
A7laeky £4(PhD.)

19939 99 ~ 1994d 84
&h:Hx%ZP*FOd(T ) A AT A AT

19943 99~1997d 8¢ : Ihekw Hzlget

D
19979 9€~20014 839 : Fguistw Hx}gsky)
Zn

2001 9 ~&A - FEetw Ax-getn Fusg

=z
<FHr

Al
=3
3414

Bop> © sloll /1w gHe], Akt
B8 AlE A7

i

405

www.dbpia.co.kr



	웨이블릿 계수 특성을 이용한 고속 움직임 추정 기법
	요약
	ABSTRACT
	I. 서론
	II. 웨이블릿 변환과 MRME 기법
	III. 제안한 움직임 추정기법
	IV. 실험 결과 및 고찰
	V. 결론
	참고문헌


