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Abstract

In this paper, we propose a nonlinear hierarchical motion estimation method. Generally, the conventional hier-
archical motion estimation methods have been proposed for fast convergence and detection of large motions. But
they have a common drawback that large error in motion estimation is propagated across motion discontinuities.
This artiffact is due to the constraint of motion continuity and the linear interpolation of motion vectors between
hierarchical levels. In this paper, we propose an effective hierarchical motion estimation method that is robust to
motion discontinuities. The proposed algoithm is based on the decomposition of the functional domain for
optimizing the intra-level motion estimation functional, Also we propose an inter-level nonlinear motion estimation
equation rather than using the conventional linear projection scheme of motion ficlds. Computer simulations with

several test sequences show that the proposed algorithm performs better than several conventional methods.
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(@) F99d HdgD)

(©) A A 974 1(Rubik)

(b) 34 9 A} 2(Yosemite)

(d) 4 A g4 2(SRI Tree)

T3 3 Adel Abgsk 94
Fig 3. Image sequences used in experiments.

u(x, y)=rsin (n yl‘81009 )

(28)
v{x, y)=7sin (n =100 )

o wet A E Faeln, J71A »& zoom HEhd E
ojt}. e Y& £39 Aepeldy, dy, d) =(r, 7, 0)
of et 3HA | Zolnk A7 A drst dy= ¥ &3 vE
o2 AL T o] goln, dow 3 A Heo]

o 28 3 FAGH 284 316 x 2529
Yosemite g4tolt). 18] 3o)e ARG 1824 256
X 2402] Rubik GAto}il, 1% 3(b)x= AAAA 20
F ] 256 % 2332] SRI tree odAtolt}. A& o 1183
RE GAe FUSA SHER sty JASolr)

¥ A M E Enkelmanne] WH®e] &9 ¢4
A 7bEA S o2 50, Y 12,5, &2 WE
£8 QAA 0,8 0.1, 287 FHEE 0,5 085
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Hlrgte & AU FHAA MREEIS D
Table 1. Comparison of motion estimation results with
varying 7 (synthetic image 1).

2.zt
7| R Ly norm | L, norm |Angle avg. . [Angle sd
Enkelmann | 0.175 0.349 6.611 12.570
Battiti & | 0.160 0.260 6.783 10.389
! Terzopoulos | 0.195 0.386 7.7’6_;7 a 13.239 7
h A<t 0.124 0.270 4 8877 | IOAOV93
Enkelmann | 0.448 0913 ‘ 9 343 e 19. l77 )
Battiti & | 0.515 0.938 12. 645 A 18.507
3 —'ferzopoulos 0.689 1.679 13454"7 21.672 7
Ak 0172 | 0371 | 4439 | 10.606
Enkelmann | 0.760 1.401 10.966 22076(7)%
hBaltiti 5 | 0.945 1.794 7 16.224 22.68§ "
5 :Fcrzopoulos 1.247 3.385 14.964 24.3‘l ’;
A gt 0.288 0.678 5.642 14.021 7
Enkelmann | 1.090 1.936 12.244 23.509
Battiti & 1.468 2.897 18.480 24.734
7 Terzopoulos | 2.071 5.396 17.935 26.878
A gt 0.427 | 1012 6.904 16.577

HAYstzn APt Bartiti 52| Wy §29)
A&A 7HER e o’ 5022, CE 20?35,
Ter 058, 22|32 7} Aol A ¥EE31 4= 100
37 A3t} Terzopoulose) M e] mfapu|E] o2
5007 stalil, W g5E A4 s shebi e ay,
Ny, Ny B 48 s}‘;it} A Yt W M = A8 50
0 3en K& 4008 39, T 032 % 519
o, 7} AlFelA 100§l o] whi-& st 7t ahetd
HE 4380z AXEden, 434 gaideel
ofztel Wsglols FH AR AA FTFE Ulﬂ?‘l
okl 1el3 R ASE 7 dudEge] Y
A= 583 2A AT

319 rgke wiglol w& 71E9) P A
Wl o] gA9) FA exs vteh At Atg W
o] 71& 2] W ujzte & £ Wl st
HE a48AL 4§ Qv 29 40 o] 3 of, o
Hq7tA] A4 FA7IH FHE 49 WHE U

816

B2 3494 29 A 249 F443 v
Table 2. Comparison of motion estimation results for syn-
thetic image 2.

L.k

5 : S
3714 Ly norm | L, norm |Angle avg. e. Angle s, d

Enkelmann | 1.701 2.039 21.733 23. 504

Battiti & 1.243 1 .636 18.234 20. 764

Terzopoulos| 1.178 l 576 24.940 20. 85!

At 0.730 1.471 10.162 144146

5ol 279 BASol FAl8
e Metel el g
FHHALE % %

200, e Lo e A R R
= oA 7174
2]l HALg vwd 4 gts
At

%4 2= Yosemile §3o 2 Fhv e}t zoom
i} 78el FHENYeR $HY HE WA
th o] F4E zoome] o] AW, it FEALel ] &
A EQdo] EAdch B ddoAd 15U 10
A G Atold] FHYE FASAG B 24 o]l ol
g AYAAE el At Ak el 71 E ] W
vlol Wate] 43S U F Ak o] A BS
NoMAA o R FAqdel AEH ot 49 ¥4
dro] EAfste] A gtel Wy e 4 9 xpvt Hlw A %
& A#%E HArt

¥ 3E rg 302 @ BHYY 1o vise] Ahuy
7hg-AMeb el F W atel wh A Ao
ol WS 1L 3,05, 78 stof Agstdo). Alqh
FAE FAHYE A oA
A A LR RS R
I 5’_015‘:14. B Albe Wy )Ee] WY
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b g 5o7] Eolvh ool dist FA Y vy
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Table 3. Comparison of motion estimation resulls with varying noise levels(synthetic image 1, »
Standard Q.
deviation T8N B Zilgrn; ’ L> norm Aﬁgle avg. ci Angle 9 d :
Enkelmann 0.512 0.927 94]7 ]97;1(; -
 Battti ¥ 0.582 0972 | 1362 | 192711
: Terzopoulos | 0722 | asenn | 2129
A QY 0.199 0.421 4919 11.393
Enkelmann 0.649 71 2?? 7 10.1 097 19.984
Battiti & 0.763 l:284ﬂ - 14.845 20.453
3 Terzopoulos 0‘964" o l 492 16129— 21.794
B 0.243 0560 | 5047 12.453
Enkelmann 0.710 717318 : 13.722 20.363
Battiti & 0.954 1.531 15.821 21.458
3 Ter70poulos 4 Alill?é R 1,531 L 16136I 22.417
A}t 0.293 0.647 5.317 B
Enkelmann | 1338 | 2.046 15345 25317
Batiti 5 1.356 1.989 16374 | 23470
7| Terropoulos | 1986 | 2342 17463 | 24837
A b 0.437 0.875 7603 17.896

(a) Enkelmann 9}

\il‘g

=3).

(b) Battiti 52} 2y

www.dbpia.co.kr

817



818

(¢) Terzopoulos 2] 1+ (d) dietek vy

24 fHARA 1o dlek A9 R4 w3

Fig 4. Comparison of motion estimation results for the synthetic image 1(r = 3).

(a) Enkelmann®] WY (b) Battiti % ©]

(c) Terzopoulos2] ¥ (d) &} b1 1
T8 5. ARG tell dheh £ 49l A st vl

Fig 5. Comparison of motion estimation results for the real image 1.
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(a) Enkelmann®] 9

(c) Terzopoulos 2] W
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Fig 6. Comparison of motion estimation results for the real image 2.
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