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Abstract

H.264/AVC is newest video coding standard of the ITU-T Video Coding

Experts Group and the ISO/IEC Moving Picture Experts Group. The main
goals of the H.264/AVC standardization effort have been enhanced compression
performance and provision of a network-friendly video representation
addressing conversational (video telephony) and "nonconversational” (storage,
broadcast, or streaming) applications. H.264/AVC has achieved a significant
improvement in rate-distortion efficiency relative to existing standards, such as
H.263 and MPEG-4.

Usually, motion estimation is computationaliy expensive in a video encoder,
and about 70% of the total encoding time is spent on this algoritnm. This
heavy computational load limits the performance of the encoder in terms of
encoding speed and power consumption. Hence, this paper presents an
architectural enhancement to reduce the data- load of the Multi-Resolution
motion estimation. Our approch is based on eliminating unnecessary data load
using memory reuse. New hardware architecture for integer-pel motion
estimation(ME) dedicated to H.264/AVC 1is proposed. The proposed architecture
supports all 7 modes (16x16, 16x8, 8x16, 8x8, 8x4, 4x8, and 4x4) for variable
block size ME. The features of our design are 2-D processing element(PE)
array and SAD merging scheme. A pipelined and shared datapath architecture
for motion estimation unit are designed to improve the system performance at
the reduced hardware complexity. Proposed ME architecture can achive
real-time processing for 352x288 @30Hz with search range of [-32, +31] in the
horizontal and [-16, +15] in the wvertical direction. In this paper, motion
estimation unit are designed using Xilinx FPGA, coded in Verilog HDL, and

simulated and verified using NC-Verilog
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Fig. 15. Processing element architecture
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Fig. 16. PE_Array architecture
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Fig. 17. REG_Array architecture
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(1) AMBA I/F 2%

——

AMBA I/F EE2 WA3d MCUS 29 F47]3Fe] AMBA HAE F3 &
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FAE HUHY, A% oAM= HolHE F1 vt ¢7]4 AMBA I/F &
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— h=el
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— rst
— walt_sig hiready ——

Fig. 19. Block diagram of AMBA interface unit
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Fig. 20. Simulation result of AMBA I/F
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2 FA71BUS Arbiter) = W22 23 A3FE wold $AE9o wat 37}
(Grant) 213 & Hdith o] 25E wor Yy MCUx= WM AMEHES 7HAA
#rt W~ tZE(BUS Decoder)E o] =# A5 EA5le] HolEl & A53 tinlo)
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Fig. 21. Block diagram of SoC
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Fig. 22. Simulation result of resolution converter.
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(3) Wlx2g Ao}7](RAM Controller) 2% A7
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Fig. 23. Block diagram of ram controller.

_27_
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Fig. 25. Simulation result of ram controller

- 28 -
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Fig. 26. Block diagram of REG_ARRAY
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Fig. 27. Simulation result of PREV_REG
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Fig. 28. Simulation result of CUR_REG
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Fig. 29. Simulation result of PE.

Fig. 30. C code program result of PE




(6) ¥l 2 (Compare Unit) 25 A7
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Fig. 31. Block diagram of Compare Unit.
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Fig. 32. FSM of main controller

Level? 1 process
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A de] wEol wA% FA7] AA AlolE @@k AA Ao} 7] (mrme
controller)e]™ 1 th&2 34 %E WE7](resol_cnv)oltt, 183 WEE] A o7
(ram_controller), 107§¢] RAMS 2 A% 3 ¥]d(ram_array), thso] @A 2=H
W) & 7] (reg_array), 18]31 PE_ARRAY, v} =22 H] Wt (compare Unit) =& ©]
o A4S XILINXQ ISE ZZa3e] ¥3td XST(xilinx synthesis tool)E ©] &
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Fig. 33. Synthesis result of H.264 Motion Estimation.
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I for parameter file operations - foreman_0
File Yideo Display Window Segment

Help

=10l |

D|S|&| »[w|n|m| o|F|z|6|=5] 2]

B foreman_0
SIEMENS
B g

L

ALILILIFAEE]

> via[mz] 8]

Ready

M|

Fig. 34. Previous and current frame
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#include <stdio.h>
void main()
{
int 1,j;
unsigned char Orglmg[352];
FILE =infile, *outfile;
outfile = fopen("fore_image_6.txt”, "wb");
infile = fopen("foreman_0.yuv”, "rb");
if(infile==NULL){printf("FILE open error!!”);return;}
for(i=0;1<288;i++)
{
fread(OrgImg, sizeof(char),352, infile);
for(j=0;j<352;j++)
{
fprintf(outfile, "%4d”, OrgImgljl);
}
fprintf(outfile, "\n");
}
fclose(infile);
fclose(outfile);
}
}

Fig. 35. C code for drawing image

M

Be dAolM ddistgol shtel el 34 dolEHE FH5) AW C

Tz agolth CIFH(352x288) 974 ZHldollA &4 g dely % Zux st

[k

© @A MazEEe HelHE 28 4 AUk
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wREste] AAEA L Heo] A ot 2t A AFE = ESIC Studio
S o] &3t AASATE Fig. 36 L3l FPGASH MCU9 215 d4S& vErd

Held deld, F4 g Fi B A5 AolE A AEde] Am A

o

i

M

Fo] 9o Fig. 37& Xilinx FPAG H.E=¢} Jupiter MCU RHE Aldo|t} #H=E
M2 ol 44 dlelH e} dAl 94 diolHE xg3sta MCUE Alostr] 93

HeolE Agld ¥EI(RS-2320)5 F3te] MCUd Agstd MCUE &4 99

iy

of ol =Zeq) dHlelH ek arxk sk AA E e viAREY G HolHE

FPGA® A3t}
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FPGA
Device
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Chip

2-bit IRG

Fig. 36. Interface architecture
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FPGA

Jupiter
MCU

Fig. 38. Design verification environmemt
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Table. 1. Result of comparing hardware specifications
Architecture| MBMCS ETRI FS1 FS2 |Proposed
Input data
. 8 8 24 48 32
width
PE 5 16 256 64 64
Input Clock 3360 2100 768 384 1656
Processing
2640 2400 1024 4096 444
Clock
Gate count 25K 29K 192.2K N/A 114K
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