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Abstract

We present a multi-resolution block matching algorithm (BMA) for fast motion estimation. At the
coarsest level, a motion vector (MV) having minimum matching error is chosen via a full search,
and a MV with minimum matching error is concurrently found among the MVs of the spatially
adjacent blocks. Here, to examine the spatial MVs accurately, we propose an efficient method for
searching full resolution MVs without MV quantization even at the coarsest level. The chosen two
MVs are used as the initial search centers at the middle level. At the middle level, the local search
is performed within much smaller search area around each search center. If the method used at the
coarsest level is adopted here, the local searches can be done at integer-pel accuracy. A MV having
minimum matching error is selected within the local search areas, and then the final level search
is performed around this initial search center. Since the local searches are performed at integer-pel
accuracy at the middle level, the local search at the finest level does not take an effect on the overall
performance. So we can skip the final level search without performance degradation, thereby the
search speed increases. Simulation results show that in comparison with full search BMA, the
proposed BMA without the final level search achieves a speed—up factor over 200 with minor PSNR
degradation of 0.2dB at most, under a normal MPEG2 coding environment. Furthermore, our scheme
is also suitable for hardware implementation due to regular data-flow.
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Table 1. Motion compensation performance comparison for various algorithms.
(a) Ns=15
MRBMA
455 MRST 3S 3S 25 25
FSBMA (Ni=2, Nl | (N2, No=D)| V=D | (Nu=D)
PSNR| SUR |PSNR| SUR | PSNR | SUR | PSNR | SUR |PSNR| SUR | PSNR| SUR
car 255 244 1 313 ) 252 | 56 | 54 25 254 33 25.3 41 253 D
foot 250 238 | 313 ) 247 ) 179 | 249 25 249 33 24.8 41 24.8 0
cheer | 221 216 1 313 ) 217 ) 149 | 220 25 22.0 3B 22.0 41 219 0
flower| 277 242 1 313 ) 277 ) 196 | 277 25 2717 33 216 41 276 0
(b) Ns=31
MRBMA
55S MRST 3S 3S 25 25
FSBMA (Mu=2, Nis=D| (Nu=2, Nis=D)|  (Nu=2) (Nu=1)
PSNR| SUR |PSNR| SUR | PSNR | SUR { PSNR | SUR |PSNR| SUR [ PSNR| SUR
car 295 268 | 100 | 202 | 714 | 294 81 204 109 | 293 ) 114 | 283 | 176
foot 2.5 235 | 100 | b1 | 476 | 254 81 254 19 | 63 ) 114 | B3 | 176
cheer ;23.1 ¥22.2 100 | 226 | 416 | 230 a1 230 109 | 229 ) 114 | 229 | 176
flower| 27.8 210 | 100 | 277 | 5655 | 218 81 218 1009 V217 114 | 276 | 176
(c) Ns=63
MRBMA
65S MRST 35S 3S 25 25
FSBMA (NL1=2, Ni2=1)| (Nui=2, Niz=1) (NLi=2) (Nu=1)
PSNR| SUR [PSNR| SUR | PSNR | SUR | PSNR | SUR [PSNR| SUR |PSNR| SUR
car 30.2 269 | 333 | 299 | 167 301 167 302 192 | 301 19% | 301 | 229
foot 256 210 | 333 | 252 | 111 55 167 | 25 192 | 254 | 195 | 254 | 229
cheer | 235 23 | 333 | 230 91 234 167 234 192 | 233 | 185 | 233 | 229
flower| 278 201 | 33 | 277 | 100 | 278 167 | 278 192 | 277 | 195 | 277 | 229
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Table 2. Overhead computational cost (%) for
multi-resolution frame structures of
MRBMA.
MRBMA
3S 35 25 25
(NL=2, Nig=1) | (NLi=l, Nig=1) |[(Nuw=2) | (Ni=1)
Ns=15 106 154 164 22
Ns=31 54 9.2 95 132
Ns=63 32 35 35 40
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el A$ 127x1270]9, B ZH 9] 7 63x63%
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E el 2 A¥-E 2gek. MRBMA~Z} FSBMAS} 7
9] 5Ug PSNRa s 7FS & 5 alvh FHotel A%
Ql "car"¢} "football” 3AECl WHE AW 02dB A=
PSNRave”} FSBMART}E "HoAx|R|5t “flower garden”
34l Ae PSNRagl A9 B4 o4 z7le AAY
o] FSBMAS} Fd§tell F53lel. 3, "car” A
A7t wE ogAhEel oisl FSBMASHe] PSNRHAF}
02dB~0.1dBE 22l A9 #Hz2pt ¢la-g &
et "car' @) FAGE e 2E ZyQle] i3
Aut 05dB~06dBAE Ao|7} G, £xlgle] &2 5y
o] ZHEolA FSBMASE A9 Alelzt EAsiA|
weth (2" 9a). 23 94 F 7o) A el

vl zs}ad

E
of djs) e}

&
225

"car'$} "football’el] ©i3] MRBMA259]
PSNRE FSBMA$%}

24 714

REE A

=49
Hlastglch. FSBMASEH

PSNRA}o| & xneolr] walike #lgt ¢ gt

a3 9.

Fig. 9.

B =Ee A e AZdAE A

45.0

PSNR [dB]

35.0 -

300

0 20 40 60 80
Frame number

(a)

40.0

380

PSNR [dB]
w
&
=)

320 —

L

0 20 40 60 80

Frame number

(b)

"car,” and (b) "football.”

PSNR comparisons

MRBMA2S®# FSBMA®] PSNR H|Z

FSBMA (a) “car,” and (b) "football.”

Iv.

3. MPEG2 #3.3}7)9414] MRBMA<} FSBMA9¢) PSNR H) i ¢J7]A] PSNR-2

4 &

A
T

549 o

&

Table 3. PSNR comparison of the MRBMA with the FSBMA in an MPEG2 encoder. Here PSNR

is computed from the reconstructed frames.

MRBMAss MRBMAss MRBMA2s MRBMA:2s
FSBMA (NML1=2, Niz=l) (NLi=1, M2=1) (NLi=2) (NwLi=1)
PSNRavy | Gmax | drin | PSNRavg | diex | diin | PSNRave | G | dmin | PSNRave | dmac | o
car 390 |- 389 011-04] 389 01 {04 3B8 01 1{-06 R3 01 | -06
foot 33.7 336 01 |-02 336 01 | -02 336 0 {02 335 0 | -02
cheer { 313 31.2 01 -02] 312 0 |02 31.2 0 |02 31.2 0 |02
| flower] 318 31.8 01 ]-01 31.8 01 | -01 31.8 01 |-01 318 0 |02
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