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Abstract

In this paper, a new 4-way search window is designed for the high-performance 2D PE architecture in H.264 Motion
Estimation(ME) to improve the memory bandwidth. While existing 2D PE architectures reuse the overlapped data of
adjacent search windows scanned in 1 or 3-way, the new window utilizes the overlapped data of adjacent search windows
as well as adjacent multiple scanning (window) paths to enhance the reusage of retrieved search window data. In order to
scan adjacent windows and multiple paths instead of single raster and zigzag scanning of adjacent windows, bidirectional
row and column window scanning results in the 4-way(up, down, left, right) search window. The proposed 4-way search
window could improve the reuse of overlapped window data to reduce the redundancy access factor by 3.1, though the
1/3-way search window redundantly requires 7.7~11 times of data retrieval. Thus, the new 4-way search window scheme
enhances the memory bandwidth by 70~58% compared with 1/3-way search window. The 2D PE architecture in H.264
ME for 4-way search window consists of 16x16 pe array, computing the absolute difference between current and reference
frames, and 5x16 reusage array, storing the overlapped data of adjacent search windows and multiple scanning paths. The
reference data could be loaded upward and downward into the new 2D PE depending on scanning direction, and the
reusage array is combined with the pe array rotating left as well as right to utilize the overlapped data of adjacent
multiple scan paths. In experiments, the new implementation of 4-way search window on Magnachip 0.18um could deal
with the HD{1280x720) video of 1 reference frame, 4848 search area and 16x16 macroblock by 30fps at 149.25MHz.
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Table 3. Performance comparison for Motion Estimation.
“64x64
Search range
(1/2) ) 1) (1/2) 68)
Reference frame 1D 1D 11 11 1)
720X576 | T04X576 | 1280x720 | 720x480 | 1280x720
Resolution
1/2) 1/2) 68} 1/2) (6))
Frame rate(fps) 301 | 15(1/2) 30D 30D 300D
A\ va| 172 1 /4 1
Proces: TSMC UMC
(um)s 025um| 3| o1gum| 0-35um| O.18um
Logic
(gates) 105K 154K | 330.2K 106K 214K
On-chip
memory(Kbits) 0 60 208 25 0
Working
frequency (MEHZ) 52 100 108 64.11 149.25
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CIFgAe Fzxdq 5%, SDIYL #x=d4q 3%
oA g7t 7Heshy HDYA disf Fxzedd 1
g AN A rbEsit
I 38 ALA 4 FAVIIME)E 8 714
F2A5Eg mage] Ay Al P AFEE HEEA

E?_D}. Search range$} reference frame, Resolution 2

Frame rate(fps)5< IME7}F A2l djofste At 2]



H.264 522

HA #AE =Y, & 478 Vs fe
o QdF mE&e Od dehiz ’élzﬂ

RU4V5/1818) IME FxE5&
/14 Q3FE Aty 934 0.1870.35ume] 4
& %34 Logic 2 On-chip memoryE A A 83}
Working FrequencydlX 5&A7]A ©gh B A3e
ANF W& 9 B AFEY H2sA 2DPEEA 4

27t (AL/Q)

ek ped 72 W] tha 2 FH wLe Bl
T Bk AR e e A AR e d

[B]ol HlEiME 2/39] Logic 7AMACE vvg T8
Hoo] gl 2xE Bola v} ®§ On-chip X

7F §7] W&o 2D PE9] QTG Zo] Zobr 514+

Bt 15W g2 AT HeE a7 TS YEhm i
V.8 E

& d7dNE 1% HH4 AFss 249549

f7she dR2E goSe #aAgle 4-4F dAe

Eoh Y QATEE AdkEa AAESY. 2D PE

ofol st W el 27 v eRs A

4839 HDF 94
EAYFH olEAE 2
78 22t e s ‘ﬂ’\‘j 279 *”"3] 618 AJAHS
dtof Rz dAE S 30 AP LR %2
AAARAG 2053 dAAZY eSS A3A]3

T SADEAY 71EE St CSARAZIE Agdia
ol& 29 golzalel A3t HF S '
obedl  4-upak AFsa
Magnachip 0.18um¥ 3 2.8 214KA 0| E
ALE 9255MHz A 583E &9 5}
TE H&) 49 AN P5a
& WAL 23 WEy YodIe 7
st ANAES 16x1624 F2ZY Y 139
H FAYE 0z Y AN HEEs B9

A4

i
:E.zé]

iél—

b

Mo

il

(1] Yang Song, Zhenyu LIU, “VLSI Architecture for

Variable Block Size Motion Estimation in
H264/AVC  with  low  Cost  Memory
organization”, IEEE, VLSI Design, Automation

and Test, 2006 International Symposium, pp. 1-4,
April 2006.

YFHoM 1% 2D PE OMF|HA W20 E

(464)

K
0%
+

[2] Xiang 1i, Rahul Chopa, Kenneth W. Hsu, “Novel

VLSI  Architecture of Motion Estimation for

H264 standard”, IEEE, SOC Conference, 2005

Proceedings. IEEE International, pp. 117-118,

Sept 2005,

Kenneth W. Hsu, Xiang Li, Rahul Chopa, “An

IC Design for Real-Time Motion Estimation in

H264 Digital Video”, IEEE, Circuits and

Systems, 2005 48th Midwest Symposium, vol 2,

pp. 14891493, Aug 2005.

Minho Kim, Ingu Hwang, Soo-lTk Chae, “A Fast

VLSI Architecture for Full-Search Variable

Block Size Motion Estimation in MPEG-4

AVC/H.2647, IEEE, Design Automation

Conference, 2006 Proceedings of the ASP-DAC

2005 Asia and South Pacific, vol 1, pp. 631-634,

Jan. 2005.

Dong-Xiao Li, Wei Zheng, Ming Zhang,

“Architecture Design for H264/AVC Integer

Motion Estimation with Minimum Memory

Bandwidth”, IEEE Transactions on Consumer

Electronics, Vol. 53, No. 3, AUGUST 2007

Swee Yeow Yap, John V. McCanny, “A VLSI

Architecture for Variable Block Size Video

Motion Estimation”, IEEE, Circuits and Systems

II: Express Briefs, IEEE Transactions, vol 51,

pp. 34-389, July 2004.

Swee Yeow Yap, John V. McCanny, “A VLSI

Architecture for Advanced Video Coding Motion

Estimation”, IEEE, Application-SPEcific Systems,

Architectures, and Processors, 2003 Proceedings.

IEEE International Conference, pp. 293-301, June

2003.

Yu- Wen Huang, Tu-Chih Wang, Bing-Yu

Hsieh, and Liang-Gee Chen, ‘“Hardware

Architecture Design for Variable Block Size

Motion Estimation in MPEG-4 AVC/JVT/ITU-T

H.264” IEEE, Circuits and Systems, 2003 ISCAS

‘03 Proceedings of the 2003 International

Symposium, vol 2, pp. 796, 799, May 2003.

Ching-Yeh Chen, Shao-Yi Chien, Yu-Wen

Huang, Tung-Chien Chen, Tu-Chih Wang, and

Liang-Gee Chen, “Analysis and Architecture

Design of Variable Block-Size Motion Estimation

for H264/AVC”, Circuits and Systems I Regular

Papers, IEEE Transactions on, vol 53, pp

578-593, March 2006.

[10] Zhenyu Liu, Yang Song, Ming Shao, Shen Li
Lingfeng Li, Satoshi Goto and Takeshi Ikenaga,
“32-Parallel SAD Tree Hardwired Engine for
Variable Block Size Motion Estimation in

(3]

[4]

(5]

(6]

(7]

(8]



2000 6 HAZE =FX M 46 SDHE A6 =

HDTV1080P Real-Time Encoding Application”,

Signal  Processing  Systems, 2007 IEEE
Workshop on, pp. 675-680, Oct. 2007.
S IPN IV
o H = Y) = 2
2003 FgoHstul AFHF 1980
A 24,
20058 sFpoidral AFH e 1982
A4} 24,
2005 ~ & A} F2 o g 1989+
AFH T AT
<FAA R L JARE A, SoCAA, dHt= DA

A sE>

(343 )
Agetn A4
A 29,
7337144 A7
ARFE A4 29,
Gt Yt

ZFE TS WA F9.
B4, SoCHA, YHT=

13
of

=}

=1}
=~



