An H.264/AVC Main Profile
Video Decoder Accelerator in a
Multimedia SOC Platform

Youn-Long Lin

Department of Computer Science
National Tsing Hua University
Hsin-Chu, TAIWAN 300
ylin@cs.nthu.edu.tw

TrEDA.DESIGN.
2006/08/16 MPSOC
Colorado, USA




Main Points

« Hardwired design has excellent area,
performance, power advantages

 Ifitis to be used by 1B people everyday, every
nit and every cycle count

e |t Is not difficult

— 15 CS student-years, no background in video nor
HDL-based design; neither is the professor

— RTL design is the easy part;

— Understanding algorithm and designing architecture
are most critical
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Video Coding Standards

MPEG-1 MPEG-2 MPEG-4
16*16 16*16(frame) 16*16
8*8 8*8 16*16, 8*8

DCT DCT DCT/ Wavelet
VLC VLC VLC

Yes Yes Yes

Y2 pel Y2 pel Ya pel

One frame One frame One frame

l, P, B l, P, B l, P, B
Up to 2-15 Mbps 64kbps~2Mbps
1.5 Mbps
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Get More for Less

Tempete CIF, 15frame/s
38 T T T T T T T

36

34

PSNR (dB)
0
N

W
o

. S K Y P i i [—e=MPEG2] ... ... . _
. i : : : ; ; .- H.263 |

—2— MPEG4
: - - H.264
26 ;M e LY LR P PR PEPPPt PEPPPPEEPEL EPPRRRRRE FERRRTRR -
o | i i | | i | i
0 200 400 600 800 1000 1200 1400 1600 1800

Bit—rate (kbits/s)



H.264/AVC Profiles
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NTHU H.264/AVC Main Profile
Video Decoder Prototype

Multimedia SOC
Platform

FPGA @ 10MHz
Main Profile
CIF(352x288)@ 30 fps

FPGA @ 24MHz
Main Profile
D1 (720x480)@30fps
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A Multimedia SOC Platform
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H.264/AVC Decoder System Diagram
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H.264/AVC Decoder Architecture

SD Card SDRAM

Input/Ref./Display
Frame

MV

SRAM

Ref idx

SRAM reconstruct
SRAM

MBinfo unfilter
SRAM
Residual DECODER
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Hierarchical FSM in Main Controller
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AMBA Interface
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Our

Design Flow
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FPGA Verify
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Memory Traffic Consideration

One SDRAM for All External Storage SDRAM
Encoded Bitstream
SDRAM Burst Mode Reference Frames
Currently Rgconstructed Frame
Internal Storage for Compact Access Digplay Buffer

& Data Reuse

\
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Buffer Size vs Bus Traffic
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Performance Comparison

DSP Core |HW Accelerated
Gate Count |230K 180K 180K
MHz 200 10 24
Profile Baseline Main Main
Resolution | QCIF CIF D1
(176x144) |(352x288) | (720x480)
Frame Rate |15 30 30
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Summary

* An H.264/AVC main profile decoder on an ad
noc multimedia SOC platform

« Hardware-accelerated approach is high-
performance and energy-efficient

« Memory traffic has major impact on performance

* |tis not as difficult as you may think; algorithm
and architecture are critical; writing Verilog is no
difference from writing C

* Do not try to parallelize Reference Software; it is
just proof of concept; not an implementation
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Demo Video
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