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Two-Stage Variable Block-Size Multiresolution Motion Estimation
in the Wavelet Transform Domain
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ABSTRACT

In this paper, the two-stage variable block-size multiresolution motion estimation algorithm is proposed for an
interframe coding scheme in the wavelet decomposition. An optimal bit allocation between motion vectors and the
prediction error in sense of minimizing the total bit rate is obtained by the proposed algorithm. The proposed al-

gorithm consists of two stages for motion estimation and only the first stage can be separated and run on its own.
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The first stage of the algorithm intreduces a new method to give the lower bit rate of the displaced frame difference

as well as a smooth motion field. In the second stage of the algorithm, the technique is introduced to have more ac-

curate motion vectors in detailed areas, and to decrease the number of motion vectors in uniform areas. The algor-

ithm aims at minimizing the total bit rate which is sum of the motion vectors and the displaced frame difference.

The optimal bit allocation between motion vectors and the displaced frame difference is accomplished by reducing

the number of motion vectors in uniform areas and it is based on a botlom-up construction of a quadtree. An en-

tropy criterion aims at the control of merge operation. Simulation results show that the algorithm lends itself to the

wavelet based image sequence coding and outperforms the conventional scheme by up to the maximum 0.28 bpp.
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o prediction error
prediction error  after quantization
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webd 3 WE 9 sl AYARg 1/4ne2
FaET 2 xwEo 7] vlolojiEg AlgHE
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02 H% AT $4Y $42 YoM AL dF
°3e ST, W FUT JAHE S 4%
ole) F7 glo) WE AN FAFoEA 249
WEl o) 48 2T

7 %*t e ﬁ 1=
i ;

0Eff;"77 e . L ——; e
- '""F _ors
(€)]
Level = 3 » Root
Level=2 O ° [ [
M A
AR NS
Level = 1 i I
Qc =i 1] o101]
1 NODE
1 :LEAF

: one of a merged leaves
having seven blocks
which are shaded area in (a)

(b)

O 8. 294 £AY 4 F A3 o (@) Aol By
dde £ 7 (b) 4V EF
Fig. 8 A resulting example of the two-stage motion estimation
(a) The segmentation structure of the wavelet trans-
form domain (b) The quadtree

V. 87t B 531 A|AH 25
A TAY FH 4 Fe] Hrte T W
Watel A vlatel o&o] AAET, olefg B3O
2 olBa W, $3 34, YA} L AE R
32 FASE SN 253 g FEE
ol B B8 3z £33 el A Pgatol
A &5 A 3-& DFDel| 348 %7} st} Dufaux[16]
& DFDel diiojB gl 288 &3t vjge 1353}

}O‘A
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71& T vt Aok Zhang3t Zafar(6][7)8]= €A
o 449 ¢lo]Hg Eo| DFD A &€ ¢ojral
2& v r} PSNR(peak signal to noise ratio)s} &7
% 7Hsubjective evaluation)oll A $-5% A58 ¢ 3
AGoH B ¥ =M ol 44 A3
2eisld, 1y 9X Y s REsVE FEE
th. Q7194 Qe FAs), 07'e o FAE], 2
22 27 e g A @ [} () 156
of et B F4S et 2, o) =15, -2
B &5 E 1] (99 oJH 8569 7Y HHE 9
vlghg, ola) 3t s, FAY WE vf, R Aol 9
3 o % 93 DFDE 594 ol gz A4 3d
7ve} dl g 2AE viepdl & thga o] AFojE &
AT}

g mo

DED(s, v% )=1* () —1*, (s—v*% ) 12)

2 9. 37 #-338}7)
Fig. 9 The interframe coder

4.1 gloj =3 28 Hojof AX}a}
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Aol @t gfolHd B Jof o g B a3lA
B zhzhe] Bud GAel A ohe zs e Fast 7T
& A gsta, Qzkel Azt RZE W RdY 9
FolM o & )AEk abE WA stejop ghrt. Chen
(1712 ol He vgnze] A&He F M 4
# o] ek st 1 7He #Y %87 (uniform quantizer)
ol A A 3} RH(predecessor)e] 1/2 271 Y& S 3t
& FAsrie e e & de S ¢
8 A% qEd dA & okl Y AFA A
257 Qo dojHad B8 FolA AEH ¥
B7le B 940 yehils SA4& BT eEA
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oA AMgEhE 3 YA E o ol AoH
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=
=

0; +k—1) ;S h<0; thO; if >0
—0; <Iy<0; if k=0 (13)
~0; +kr; << —0; +k+1) &, if <O

7)ol A A =240T, Lt YA 2
E %A} #73¢ YeEpdoh B3 o8 doldd H
ghul =9 A E 27 A A3 E2HE o]l Et, o,
£ #MAE 277N g Fbel g E e FAE gk
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o] F83t vl NF YAsrle thgat ol 49 d
F7F g
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4 (13) 2 4 (1498 AHEE, o3 7 ¥4
e Aoy 28 o] A5FHA F AN 4
9 wlael FAst o] Y HERT 1/2 A7)0l
2, G723 A71E 23E ¥ de Aolth

V.22 4 % @

At dwaEL NEY dxeEe] 4F v
£ 53t grteo A vie Ay B £
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ball-g A& gt} Claire AlE 942 A4H QA el
2 Abge) wzEle) oMzt Hole Hlwd =d 3¢

Normalized frequency

& el 2, Football ¥4 ¥ ¥ & E4, W&
2 % shit A B xsich AY 94
7} 352X 2883} 352X 240 7]0] %, 40%e] A&HQ
stgiolt}t, & F R/ AlY 94L& Antonini[22]9] 9-7
e zhe= A E22(spline) WE 2 Bamnard &318] 5
[23]% o] &3t dlojBal B8 Jioz wigdct
A x Fol 28 A B3 A4S fo|Bd £ EE
3, dlojdal wapn=eo] niet Al Fol 379 K
o Gt FHdiz] Al 478 o F4E gatd
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e Fle 4xEL ZE g FHEEY FE
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Normalized frequency

1
08
06
04 |
02
0
0 § ] 0
DFD symbols
(b)
21 10. DFD A9} 88 ¥ < (a) Claire (b) Foot-

ball
Fig. 10 Probability distribution function of the DFD sym-
bols (a) Claire (b) Football

T3 @59 Fele A3 A dA & F
o] ¢ AAE BgFE vepdied, o] Algte
A Feol BEA FAYE AFA F4 st A
S U3 FAQdo] B4e Football A3 g7del
g8 ¥ X #e :L%! 10(b)4 3 Claires.t} 0 AW
Aol A o7t Ee FEUL Hed, ol Ade
Football Al& G4t o= @a}7} Claireit} ¥ &
Ag oulst}. o] &g 34+ Moscheni[21]7} A ¢t
g e E A g she & FHE wa ok

39 WE P DFD e ¥ ¥ 58 HAl A
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(b)
a8 .29 A %4 4 A3 (a) Claire (b) Football
Fig. 11 The results of the two-stage motion estimation (a)
Claire (b) Football

Ashe] W3 Aol AFRE A, 29 @) 2 1Yy
bt 242 239 34 445 AL 5 AUt Pof
vhe ol ald 2y 12(a)9 29 12(b)A | @k o) 9}
7ol A9 WE 2@ DFD Aye st ¥ gt
gro] ARlg W A4 Falste FAHoE A
vl e &8 WA A 71T} of 714 B, Football A8
Abo] Ao M &2%lo] B e XS0 g

AR 2L AN BEEo] @ol B3, Claire
AE gdlM e dEel dFE A vA 9

off A} W3 FAto) 28 2 BEo] Wol WAy

B om=RoMe s 22 e FAY F4 %
W zko] %43 PSNR glolA A4 v ESS vag
o2 At daalFe 45E Hrishg. o7l

(a)
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a2 AF vt iy Qe Glw A3 (a) Claire (b)
Football

Fig. 12 Zooming results for the low-pass subband (a) Claire

(b) Football
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2 A4, bhe) £219 WE i the 7o) A
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u;=“v”é"5” PORUACRYARET 15
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3 geF

Zafarrt A 7P BE dEdE 319 +4
g Feln, 1 F A4F g dxAFL F9
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& =AM AR 2aA SFHY FAHAM A W
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& =2 Agd F A dA7A FHY F3
< g

o] gl F7hel AFL YT PSNR 27004
e HEZ A2 v EH Y, JEOBE e F
337dAM 28Ee F4Y dE, DFD € & A$
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& H33t7]0A FLE PSNR e WHE7|= A
o] Brhestel AR B =82 dojEd HHgy

Aol E&AQ 3 4 dxueFo M &
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717 B FEENE dASAY olHE 5 v

1499

www.dbpia.co.kr



WEHERER LI 977 Vol.22 No.7

g s dAE FEssle vy Ly 2, 83 E
Wy 40 dis FEH o2 Hgdrt el oy, 40
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2 st F 37 A H e Wb SE oa
Zol B4 drt.
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gAe HiF 4071 dBE R F 1, Football 42
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ok, w2, w3 Y dell s s e 7t
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frame number
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121 13. PSNR =141 (a) Claire (b) Football
Fig. 13 PSNR curves (a) Claire (b) Football
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Fig. 14 The bit-rate curves of motion vectors (a) Claire (b)
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www.dbpia.co.kr



Bx/dolnd Aagdolael 20 shd B2 CeAE 97 25

EE A £y dEd 3 YE o 5B
29 #71 Aok 28 9y 13 Y 2e D) f 99
AN EAF dlF 218 e oY FE A Y W
st e $32 HE§ Y sA Zao Wy
3& DifUS B2 oA BEo) tislo 2HY
23 A F71 Adg Fedstd Afsn, g2
3 QA8 e o Mo FH 23Y HE FaA
HEe FAY Y E A gy 48 by 30
AoAGE HEs $AY HEg uwo 7Y 99
o #Fste FAY HE o ASFE HS FYoEHN
7 R e HELS Sk A WY 4s &
o] Wy 28t} Claire A ¥4l A 3 0.288 bpp,
Football A|g g7doflA 7 030 bpp 1] 22 HE
&% HAHT a2z A Wy 3L WY 25

scheme 4

scheme 2

bit-rate(bpp)

)]
5
K{ : scheme 1

scheme 3

0 10 20 30 40
frame number

(a)

scheme 4

scheme 2
: scheme 3

bit-rate(bpp)

: scheme 1

frame number

(b)

1% 15. DFD#] bpp 24 (a) Claire (b) Football
Fig. 15 The bit-rate curves of resulting the DFD (a) Claire
(b) Football
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Fig. 16 The total bit rate curves (a) Claire (b) Football
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