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Abstract

We propose a new hierarchical motion estimator architecture
that supports the advanced prediction mode of recent low bit-
rate video coders such as H.263 and MPEG-4. In the proposed
VLSI architecture, a basic searching unit (BSU) is commonly
utilized for all hierarchical levels to make a systematic and
small sized motion estimator. Since the memory bank of the
proposed architecture provides scheduled data flow for
calculating 8x8 block-based sum of absolute difference (SAD),
both a macroblock-based motion vector (MV) and four block-
based MVs are simultaneously obtained for each macroblock in
the advanced prediction mode. The proposed motion estimator
gives similar coding performance compared with full search
block matching algorithm (FSBMA) while achieving small size
and satisfying the advanced prediction mode.
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Figure 1. Algorithm overview of the proposed hierarchical
motion estimator.
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Figure 2. Block diagram of the proposed motion estimator
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levels.

¥ 1< Z 9AdA BSUS o435ty BAE 33}
= uh e vehdch A9 gACdME g4 949 [4,
18 U 9923 o] o el ZA gae 593
A Bk 7z Yol g9dL Bsust AEE £+ A
=g g9 [, 2000 2A 2579 gL TG
t}. ojg}A BSU E AREsld ¥ W 248 S£Pgo=
AN AS tAle U gL oixA |k F gAS
9 AL A4S dAdE g8 g4 99 di
Agl B2 o] Hd a9 4004 HE ANE
Z7F @AM E 8x8 EES ] A9 44 E52F v}
o] Ztzte] axd B2 AP g4L BSUE A3
R0z Syt WA HY dAdME
16x16 2= 16 /9] 4x4 E202 1}yo] 79 44
224 g3 gae £330 FIPshA doh

2.3. SAD A4 2 gAY WE BA

29 dANME x4 BF @99 SAD #AES AHE
3o oL grAe g4 271WL AAIHZE BSU oA
TAR 4x4 EF o SAD FES IR AT F
F aA 89l @Al E BSUA T8 44 EF
¥ SAD BEL o]f3lo 8x8 EF ©99 SAD 2
ZZB= ©slo sAD #ES 4 7 FH H4 SAD
&g 2t gAde Aol ot A2 ES O

9] SAD ¥ 8x8 = &% SAD = 4] (1.a)9} 2] (1.b)
9} Zo] BAIHTL
SAD* () =3 $|CG, j) - Pli+u, jev|  4®

i=0 j=0
7 1
SAD™*(u,v) =Y Y |CG, j) - Pli+u, j+v) (1D
=0 j=0
4714 cepe dA Az FA W2A2EE9 HolH,
Pii+uj+v)e o]d TP &4 49 doldH, uwe
€29 98 F2E Yehdo.

3 a4 4 39 dAdAE BSUs 19 49 &
NE £HUE 44 BE @99 24 S o
7% SAD & o3 2ol BAEH.

4
SAD'“"“(u,v)=ZSADf‘s(u,v) )

i=1
ix4
SADM* = Y SAD!™(uv), 1sis4 )
J=(ixd)-3

A7NM SAD(u,v)E B 491A j A AHE 44
B2 9 SAD &%, SADM ()T 8x8 B o
% SAD @2 uEdd T @AY 9 dAdANe
@wvE [2,£2)2 AAo

Z7t g@AdAE  BSUCAM  F@d 9 A9
SAD*(u,v) ®EE& TAM SADM(u,v) #ES T
g nzEstd H2gL T oz vgag P
t}. 519] @A A= advanced prediction mode & A U3}t
7] 918 WZ2EE 999 SAD 7t B ol 8x8
2% w9le sAD FEE  "asdch oA
SAD?®(u,v), SAD®(u,v), SAD®(u,v). SAD{*(u,v)
0 SAD'SHE (y,y) A TS TEloF @) 1Y 4] EAE
SANE BAL FPFOIH olF FES £AHeR
4L 5 A ot st=ddol T8 Nels SADI"(u,v)
#e BSUE T ANHDL SADM(u,v) FEL shift
register aay & HAZIE oj&se  dl A9
SAD™ () &S dgesn FaAc, mt@stA %
WOE SAD'(u,y) HEL 16702 SADI (u,) RE
& shift register array 8 QA7 E o] 8-3te ©lsteq T
th ol5 SAD #E°] FHAA HamEFA A &
MEl9} ] 79 8x8 B0l W FAY WEHEL
Az} go] EAHT HANE o] &3t FATh

MV = arg min SAD'** (u,v) @
{uv)

do o

8o

MV = arg min SADY™ (u,v) ©)
)

3. A% va 2 7¥ 2o

Agtd €49 FA7E AAEE T 45 BF
9 H263 o] HE3to] T H2E F3o g =9
Ay A7E 9t ¥ 2 & advanced prediction mode °f
gal Ad 24 JPEE o8 B9 AdE A

- 603 -



WY FE ARBETFTT A EFHASMAE B $2%8 518 996

FA71E A4 A% =29 AF weEsy 32
(PSNR)S v g AHo|c}, A‘d —%Z—I?J FA71e A9
g4a3 A9 FA% e MEE F A}y x=F
Aod £AY FHIE 4 E VHDL =g 7)
&% § H2Esla gAT A 2% 5HA 9 Aol
E7F 28HAY ALY $3AY FHVE Xilinx 9
FPGA & o] &3t F&@3t1 H263 ¥3317]9 ox|
HEO SA-110 ARM ZZAME 0] §7 £ZTES ] 7
A Ao H263 R33IVE FEY Add 3P
ZA719 FAL AF3A.

28

A A4E FIY ¢F EFY H.263 oIt MPEGH4
59] advanced prediction mode & A UstL A ‘5°ﬂ"1
AEFHA A2 74]*31 LAY #3719 VLSI &%

Agratact Ay 3AY FANE azEs ‘_’}-r]
9] SAD #EL AASIE FAl -r7}z“\’l ’\}01

aglol 8x8 BF 9o SAD #EE T Alt}.
o] SAD #EL ol83ld WARES "49‘]94 <3

HE] o ol 8x8 EF wejel 44 dgE 7
sto 2% H.263 olyYt MPEG-4 59 advanced prediction

111.

E 1 A8 £49 F371E 9

mode & A Y3}t = BSUE H&HoZ A8%o
ZH A9 g4 7]‘1‘3i‘:} 24 g FHL AdE =2
st=glo] Fdo] JMEdlaAME 4] FA 7ya A9
FAIE A5 e Btk

)
=

il

[1]1 S.-C. Cheng and H.-M. Hang, "A comparison of block-
matching algorithms mapped to systolic-array implemen-
tation," IEEE Trans. Circuits Syst. Video Technol., vol. 7,
no. 5, Oct. 1997.

[2] K. W. Lim and J. B. Ra, "Improved hierarchical search
block matching algorithm by using multiple motion vector
candidates,” IEE Electronics letters, pp. 1771-1772, Oct.
1997

[3] L. D. Vos and M. Stegherr, "Parameterizable VLSI archi-
tectures for the full-search block-matching aigorithm,"
IEEE Trans. Circuits Syst. Video Technol., vol. 36, no. 10,
pp. 1309-1316, Oct. 1989.

[4] Draft ITU-T Recommendation H.263, "Video coding for
low bitrate communication," Mar. 1996.

{5] Draft ISO/IEC MPEG-4 Video Verification Model Ver. 6.0,
"Coding of moving pictures and associated audio
information," Feb. 1996.

A% BA 22 T VA ALS o

Table 1. Repetitive usage of the basic searching unit (BSU) for the proposed hierarchical motion estimator (we assume *16 search);

the BSU performs *2 search for a 4x4 block.
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Table 2. Comparison between FSBMA and the algorithm of the proposed motion estimator (QCIF format, 300 frames(IPPP...)

advanced prediction mode on, [-16, +15] integer pel search followed by same half pel search)

Frame rate 15 Hz 30 Hz

Algorithm FSBMA Proposed FSBMA Proposed
Sequences PSNR | Bit-rate | PSNR | Bitrate | PSNR | Bit-rate | PSNR | Bit-rate
(dB) (Kbps) (dB) (Kbps) (dB) (Kbps) (dB) (Kbps)
Hall monitor 37.81 66.28 37.81 66.49 35.65 61.15 35.66 61.41
Container ship 35.34 52.23 35.35 52.20 34.56 67.68 34.55 67.93
Mother and daughter 3791 57.00 37.92 57.45 36.01 50.03 36.02 50.18
Akiyo 39.87 45.74 39.88 45.96 38.61 53.88 38.62 53.83
Foreman 31.37 59.02 31.22 62.16 29.74 59.23 29.61 61.84
Coast guard 29.05 54.53 29.05 55.72 28.25 59.54 28.24 60.65
News 33.74 55.77 33.71 57.23 32.39 57.67 32.38 59.08
Silent voice 34.25 59.18 34.25 59.93 32.83 62.52 32.82 62.87
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