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Graphics Processor with Scalable MIMD Structure
for Virtual Reality System

Tsuneo Ikedo
Computer Architecture Laboratory
The University of Aizu
Tsuruga, Ikki-machi Fukushima, Japan 965-80
Tel: 0242(37)2580, ikedo@u-aizu,ac,jp

Abstract  pe graphics processor with 12 embedded graphics functions was developed for
creating the virtual reality image in real time. Phong and bump mapped shading, reflection
and refraction mapping, gaseous object rendering, and video mapping are incorporated
fully in single chipped hardware with MIMD structure. Shaded and texture mapped pixel is
rendered at 3.8ns(1.2 million triangle polygon/s with 100 pixels) with hidden surface
removal. The chip is fabricated with 940,000 gates standard cell, 0.3 micron CMOS. This
paper describes the hardware architecture and implementation technologies of this chip.
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Processor Grid(1,000 units)

150.5

RISC core with FPP

Rendering Processor 357
Shading Processor 180.2
Pixel Cache 780.0
Texture Mapping Processor 470.6
Gaseous Object Generator 30.9
Image Processor 71.8
BitBIt Processor 25.7
Video I/O Controller 55.9
Cursor & Video Timing Generator 78.3
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Scalability Theoretical unlimited

Embedded RISC core 32-bit, 64-register file 75MH:z
8K/8K instruction/data cache
Pixel register files

Floating Point Processor ~ THRIE#E. FHIR 150Mflops
64-register file

Shading Hw

Gouraud Shading
Phong Shading
Spot lighting
Bump Mapping
Embedded Cache
Pattern size
Interpolation
Texture Mapping
Embedded Cache
Pattern size
Interpolation
Video Image Mapping
Pattern size
Interpolation
Reflection Mapping
Refraction Mapping
Anti-aliasing
Z buffering
Shadow Casting
Alpha Blending

Gaseous Object Renderer

Dithering
Font-fill

Video Capturing
Video Output
Picture in Picture
BitBIt

Cursor

Intensity DDA
Angular Interpolation
Angular Interpolation
Angular Interpolation
64 x 64 x 20-bit

2K (u) x 2K(v) max.

Linear, B-spline, sinc, etc.

128 x 128 x 24-bit
2K(u) x 2K(v) max.

Linear, B-spline, sinc, etc.

Real time mapping

2K(u) x 2K(v) max.

Linear, B-spline, sinc, etc.

Angular Interpolation

Angular Interpolation

10 sources max,

Hw

Frame buffer
Selective
Hw

Frame buffer
Selective

Hw

Frame buffer

Selective

Distance method/Sinc filtering Hw
24-bit(19-bit fract./5-bit Exp.) Hw

2-pass z-buffer method

Linear/non-linear

Gas, Fog, Cloud, Steam, etc.

HDTV, NTSC, etc.

2 ports

30Hz(1000 x 1000)

1,2,3 D pixel format

6-video cursor

2K x 2K buffer
Hw/Truga002
Microprogram
Microprogram

Hw/RISC core

150/50MHz
Hw
Hw
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