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In this project, we focus on the integration techniques
of multimedia system-on-chip. Our multimedia system is

a three-dimensional computer graphics rendering system.
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The research is focus on how to reduce the memory
bandwidth bottleneck and improve the overal system
performance. We develop three techniques to solve the
bandwidth problem. First we reduce the bandwidth
requirement from CPU and main memory to graphics
system. This is done by using Bezier curves to represent
the geometry of objects. And we also develop a simple
Bezier curves tessellation algorithm, which is suitable for
hardware implementation. Second we reduce the Z-buffer
bandwidth and unnecessary operations in graphics chip.
We propose a two-level hierarchical Z-Buffer
architecture. By using this technique, we can discard
hidden triangles at front-end pipeline and discard hidden
pixelsin rasterization stage. This can reduce the Z-Buffer
access and improve the efficiency of hidden surface
removal. The third technique is texture compression. It
can reduce the texture memory size and the bandwidth
requirement of texture mapping hardware. By combining
above three techniques, we can dramatic reduce the
bandwidth requirement of the system and boost the

overall performance.
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‘Standard Table
Recounstruct

Inverse Huffman
Quantization Decoding
Block

Adaptive Quantization Texture Compression

4:2:0 format

Y
G
“ T

8x8 FDCT
Alpha
Source Y,U,V or

Alpha Block

(o]

it Target
Huffman
Quantization Coding
Yes

Fixed Length
O} Bit Stream

Triangles, pixels and bandwidth reduction percentage
under various HZ configurations (with 64 blocks bit-mask

cache and 1280x1024 resolution).

House | Cars Teapots | Coffee
Shop
Total Triangles 316671 | 454746 | 102400 | 288374
Back Face Culling 158154 | 233484 | 52298 134545
Memory Access 436234 | 387337 | 147354 | 736170
% % % %
Triangle 20.7 34.9 5.5 19.3
8x8-4x4 Pixel 17.2 44.8 39.6 212
Bandwidth |  12.8 35 28 131
Triangle 23.6 34.6 12.3 18.9
16x16-8x8 Pixel 10.2 30 287 20.2
Bandwidth 9.4 27 24.8 12.9
Triangle 26.7 35.1 105 19.8
32x32-8x8 Pixel 10.8 307 29 20.3
Bandwidth | 105 26.7 243 13
Triangle 14.9 325 14.4 16.4
32x32-16x16 | Pixel 4.67 14.5 14.8 17.4
Bandwidth 5.2 18.3 19.8 11.7

FXT1 |S3TC |JPEG* |TREC* |Proposed |Proposed |Proposed | Proposed
CR=6 [CR=6|* *x 1 2 3 4

CR=8 CR=10.67|CR=12 |CR=19.2

Baboon |28.30 [27.82 (24.94 (26.20 [25.92 25.03 24.64 23.08

(15.34) [(12.16)

Lenna |34.91 (35.03 |31.71 |31.32 [33.16 32.89 32.72 3151

(30.27) [(36.03)

Backwall |33.14 [32.6 (29.44 (28.87 [29.71 29.56 29.45 28.47

(21.10) [ (24.46)

Banner |30.26 (30.01 |25.88 |26.89 [26.80 26.10 25.81 24,31

(14.39) [(12.08)

Texture |37.97 |36.51 |44.78 |34.93 |43.65 42.49 41.44 31.85




(21.94)

(24.5)

Venus

33.44

33.05

29.90

(19.17)

30.36

(17.49)

32.10

31.35

30.90

28.83

*Textures from 3D Winbench™ 2000, 3D Winbench™ isthe
trademark of ZD Inc.

**JPEG : UV down sample, and use default Quantizer Scale and
default Huffman table
***TREC [12]: UV down sample, and use uniform quantization mode
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