1. A2

H|32z| st=EEX2(stE] FAstanE =28 H163 23 (2009, 11)

H.264 on-chip encoder & €3} programmable processor

e &3

NG, 4B, HAT, I, BEF, BRF
Aeesta Faost 47187 oy

e-mail : {jylee, kwkim, igheo, shpark, yjkim} @optimizer.snu.ac.kr, ypack@snu.ac.kr

Performance Improvement of the programmable processor designed
for H.264 on-chip encoder

Jinyong Lee, Kyungwon Kim, Ingoo Heo, Sanghyun Park, Yongjoo Kim, Yunheung Paek
School of Electrical Engineering, Seoul National University

L=

12

H264 $357]19 on-chip ¢ TFAWHOoRE= ASd FHS €
integrated circuit) 7]¥Fe] H+ WA I ASIC RU} AT "olxi} duk
ASIP (application specific instruction set architecture) 7]¥+e] A7 ¥ o] A5-5] o] H
% &8 WS WelAMe dubd B FAAS dA FouA T]Edd EAA HE ASIP o] AT
fZ Xt 4= = ISA 9 micro architecture & A9t F& S uvl
o= o] ASIP e F714Q) 4% AjAeltt,

ASIC (application specific

Fadd FUS %

2. Related work

H264% 219 H|T S o5 H o3t RF0= [1]
ol Fhdgle} o] H.264 encoder’} on-chip 2.2

T =
Encoder®] A7

Image array Image plane

$& 9ol @A Hosu Ao mo e T2
WH 2 ASIC (application  specific ;,,,%,-;---- )
integrated circuit) 7]¥F2}  ASIP(application specific s ;)M o

instruction set architecture) 7|¥FO.2 U A ] =d]

ASIC7|REe] A= Aed dE 4=, HE 59
SHA FHg S Holu A F=
w2 NRE(non-recurring engineering) cost®] & 7}F<}
time-to-marketol] ek Ego] W37 o

A= A A ETE fgigte®  ASIP 7|¥ke] A7
HhHo] AA|H 2 FAolH[4], [10], [11],
2 7F 2114 Aletst ISASF micro-architecture 2]
TE oA old @ FAS W g

AHEA Q1 ASIP instructions 2] granularity”} word-

[ R=%
A -

leveldl ®WHH -7} 7]Eo] A9k ASIP2
2219 o] = WEEE JMAES A 4x2 dES

Aol 712 G = Aol Ass AA FEAIFT
ek 22kl wWiRe o] 54 fx|ol ALk Aol
Edast eHI=E A Qledl oW
AFA A o] E B eSS

oA = A= v At A 27edlA
7221 WA o2 T|E AT AdEiH
ATE 3FolA 27t (2104 APE 1SA%H
micro-architecture’} A7NE T} 47 o= 1 ISA 2
micro-architecture®] A7} AFEHIZ =79
a4l 7o AwE Flo|t),

.
b3
norows pg-eg-a-g-e
1T
1
1

1

faic)

1 & YAY olm x| HZFA £
o HAe £A4& Yedle A A
A9 olm 2|7} ndHY T3 4F
P2 o)t ddE] a2 d ¢Sl
71%& A= =A ASIC 7]4¥H5-8]3 ASIP 7|§Fo =2
A E 4 AT 4], [10], [11]

ASIC 7|¥ke] A g, A5 % H|&

B K
&30

.

o] o2 T, e HSFol wE NRE H
9o Z7}9} time-to-market & B %lo] dH o X

A ol

¥ 2 = ASIP 7)uF o] A
2 granularity 7} FAAdS =
application & 9% F &3}
A GA Al G REA o] o] A
Al Eoh

-19-



H|32z| st=EEXE|stE FAsE

s =22 M163 25 (2009, 11)

| |BlL = C1| +|B2 - C2| + |B3 - C3| + |B4 - C4| |

23 2ASIP 7|8 A2 granularity, [11]9] 4

Search area X

0 1 2 3 4 S 6 £ 8 9 10| 1 1213 |14 |15

16 [ 17 | 18 | 19 | 20 |21 | 22 | 23 | 24 | 25 | 26 | 27 [ 28 | 20 [ 30 | 31

2. 33 | 34 |35 |36 [37 |38 | 30| a0 [ a1 |42 | 43| 44 | a5 | a6 |47

Search area Y

2241225 [ 226 227 228 229|230 | 231 232 | 233 | 234 | 235 246 | 237 | 238 | 239

240 | 241 | 242 | 243 | 244 ['245 | 246 | 247 | 248 | 240 2567 251 | 252 | 253 [ 254 | 255

‘ 1D Barrel Shifter ‘
‘7 22 | 23 .

ag 3244 W=, FIEL 9]

[0 BO BO BO BO BU EO BO
Bl B1 B1 Bl B B1 B1 B1
BO BO BO BO BO BO BO BO
Bl B1 B1 BL B B1 B1 B1
BO BO BO BO BO BO EO BO
Bl B1 Bl Bl B Bl Bl B1
BO BO BO BO BO BO BO BO

|81 B1 b1 B1 B B1 i B1

a9 4234 vrge B3 Bg

neiahboring pixels

P
1
P
E

current
hlock Output RE

addr
alculatoy

1% 5 micro architecture

3. 2|7} M e+t ISA2} micro-architecture

$27} pllA AE A7 e wedom
Mgt 2dg B3P w5 RS
abstractions  A|¥3}al, SAD(Sum of Absolute

Difference)2] Al4HS 4x2 d w92 gk Alo] &)

Aygoam & F4S 7t e Aotk
2g 32 249 dwee) Adn 24 TEL
Uetar gdeh[9] 2= (919 WWE ad=

w25, 218 49} 7ol bankE 2702 EElEtd x, y
T e @A 2~E7t 77 E YA el A 4x2 block S
g AtolFe 2= & F gle WHE AdEH
(&9 35)

x, y A 2He= HE i'ﬂ?qiEi% AR sho] g
Atol 2ol Rrdrl 219 WA= v 1A
4x2 blocks A at7] {3l x, y HA=HE AHFA
AHolE sjoF dtri= SHAIZF Ak

4. Load_to_ x yo| 7iM X ZE

Macro block< 16x16 T@9jojt}t o] wAZE55L
4x2 A71¢] PAEE FEo] HIHAT ol x,
yel strides= @] gto] ofyt Zhzt 48} 20t}
webA 1exl6 7|9 WAaREES Y53t 317
A BF @99 AXS FEstE WE o]
F7 R 747} 2n|E9) U EE AMEStH, wiW x, y
A 2HE ool & eyt itk vt
ACkst ISAE 16 bito] 1L, 4x2 B2 w9 WEol:=
107]  olgtelm®  HUj 53154 F7h= 2
LW =7t HX| et

AunEs

[1] Draft ITU-T Recommendation and Final Draft International Standard
of Joint Video Specification (ITU-T Rec. H.264/ISO/IEC 11496-10
AVC), Mar. 2003.

[2] #7449, H.264 encoder & $|3F programmable processor
M, Agdistnl FEAAEEY] =1, 2009
[3] http://www.videolan.org/developers/x264.html

[4] Marco Raggio, Massimo Bariani, Ivano Barbieri, Davide Brizzolar,
"H.264 implementation on SIMD VLIW cores", STreaming Day 2007

[5] C.W.Ku,C.C. Cheng, G.S. Yu, M. C. Tsai, and T. S. Chang, “"A
high-definition H.264/AVC intra-frame codec IP for digital video and
still camera applications,” " IEEE Trans. Circuits Syst. Video
Technol., vol. 16, no. 8, pp. 917--928, Aug. 2006.

[6] D.-W. Li, C.-W. Ku, C.-C. Cheng, Y.-K. Lin, and T.-S. Chang, "A
61MHz 72K gates 1280x720 30FPS H.264 intra encoder", in
Proceedings of the IEEE International Conference on Acoustics,
Speech, and Signal Processing (ICASSP '07), vol. 2, pp. 801-804,
Honolulu, Hawaii, USA, April 2007.

[7] Y.-W. Huang, B.-Y. Hsieh, T.-C. Chen, and L.-G. Chen, "Analysis,
fast algorithm, and VLSI architecture design for H.264/AVC intra
frame coder", IEEE Transactions of Circuits and Systems for Video
Technology, vol. 15, no. 3, pp. 378-401, 2005.

[8] C.-C. Cheng, C.-W. Ku, and T.-S. Chang, "A 1280x720 pixels 30
frames/s H.264/MPEG-4 AVC intra encoder", Proc. IEEE
International Symposium on Circuits and Systems, May. 2006.

[91 MB Haverkamp, G Kuzmanov, S Vassiliadis,
memory buffers for MPEG", PRORISC 2003

[10] Kim, S. D., Lee, J. H., Hyun, C. J., and Sunwoo, M. H. 2006. “ASIP
approach for implementation of H.264/AVC” . In Proceedings of the
2006 Conference on Asia South Pacific Design Automation
(Yokohama, Japan, January 24 - 27, 2006). with EDA Technofair
Design Automation Conference Asia and South Pacific.

[11] Zheng Shen, Hu He, Yanjun Zhang, and Yihe Sun, “A Video
Specific Instruction Set Architecture for ASIP design” , Hindawi
Publishing Corporation, VLSI Design, Volume 2007, Article ID 58431,

"Implementing 2D

7 pages
Acknowledge
B oAgs wendy| a2 gsigy STt
AE 52 A9 (R11-2008-007-01001-0), #2714 ¢
e}

T O & ETRI, SoC 2F A S AlE] o] 4] 538 ITSoC &
AAARJNEFHALT, A&l Aberd = A (10560),
2009 9= FF LA )] Adow FaItet
Ackel  =7EA A T2 A (No.2009-0083190) 2] %] ¢
S ol FYH ST

-20-





