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Introduction: Design Specification

Video Source

Support versatile
video resolutions
-- From QCIF to HD720

H.264 BP video

:> encoder | Bitstream

Technology 0.13um 1P8M CMOS

Chip Size 4.9 x 4.9 mn

Gate-Count 470K For network transmission
On-Chip Memory 13.3K Bytes (SRAM)  -- Constant and stable bit-rate
Package 160CQFP -- HW BU-based Rate Control

Dynamic quality scalability
-- Tradeoff : Quality & Working Frequency (Power)
-- Flexibility for different applications
-- Dynamically mode configuration
4 encoding modes (QS0, QS1, QS2, QS3)



Proposed Design:
System Architecture

RISC Video In Memory Controller Video Frame Buffer
AHB
Quality Scalable H.264 Video Encoder
Sy_stem Controller AHB Bus PDSB Controller
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Memory Arbiter

Encoding Info. Reg.

Bitstream Buffer

<

i MB Pel. SRAM
Motion Estimation Luma/Chorma SRAM ;
Luma SRAM Reconstruct In-!_oop
Intra Coding SRAM Filter
Integer ME Fractional ME Residual

Best Mode SRAM Entrqpy
Best MV SRAM Reg. ; Coding
MB Pipeline E MB Pipeline E MB Pipeline E MB Pipeline

Stage 1 +  Stage 2 ; Stage 3 ; Stage 4

B Modules providing scalable video quality




Proposed Techniques:

Quality Scalable Algorithms

Down Sample (X,Y)
Scalable down sample
rate: 1~5
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Intra Algorithm

Q,\;I‘ggtey (D;E’ LCIZZI\SI,-II'_VIFESR) CS-FME Intra Coding
QSO (5,4,3) Cluster 1 + Cluster 2 Full-SA
QS1 4,3,2) Cluster 1 + Cluster 2 Full-SA
QS2 (5,2,2) Cluster 1 CC-SA + QMB-SA
QS3 (5,1,2) Cluster 1 PCC-SA + QMB-SA




Bit Size(Kbit)

Proposed Techniques:
Rate Control Algorithm

JM9.3/Frame Base/CIF/Stefan/512K/Delay Time=100ms(Avg. PSNR=26.65dB)
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Frame-based Rate Control

JMS.3/BU Base(MB=1)/CIF/Stefan/512K/Delay Time=100ms(Avg. PSNR=27.74dB)
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BU-based Rate Control (BU=1MB)

> Time
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m  4MB BU-Based Pipelined Rate Control

m 2-stage algorithm

m Lagrange Model Prediction

m Better Performance

m Less prediction data are required

N

MAD Prediction Pattern
Pipelined BU-based vs.
!] - Frgme-based Improvement
QCIF|PSNR: +0.826dB
H Skipped Frame: -4.8
| CIF |PSNR: +0.31dB
Skipped Frame: -7.5
o DT [PSNR: +1.90dB
B :CurrentBU [T : Predict-Data BU Sklpped Frame: -19




Analysis on Quality-Scalable Modes

High Computation
D1 HD720

96MHz QS0 Low-power techniques
-- Lower operating frequency

l 163mW at the same resolution
: -- Lower voltage

Tradeoff
60MHz . _
QS1 -- Encoding quality
l 102mwW -- Power consumption
' 108MHz
40MHz 0S2
Quality | Average PSNR drop (dB) l 50| m”WI 183mWw '
Mode (compared to JM) ' -
S0 0.15 db 30MHz 72MHz
Q - 0. Jea
Qs1 -0.16 db l27mW . 2mWI
QS2 -0.4 db : ;
S3 - 0.6 db
2 Low Power




FPGA & Chip Implementation
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