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(57) ABSTRACT 

A graphics system including a custom graphics and audio 
processor produces exciting 2D and 3D graphics and sur 
round sound. The system includes a graphics and audio 
processor including a 3D graphics pipeline and an audio 
digital signal processor. The graphics pipeline performs 
Z-buffering and optionally provides memory ef?cient full 
scene anti-aliasing When the anti-aliasing render 
ing mode is selected, Z value bit compression is performed 
to more ef?ciently make use of the available Z buffer 
memory. A Z-clamping arrangement is used to improve the 
precision of visually important Z components by clamping 
Z values to Zero of pixels that fall Within a predetermined 
Z-axis range near the Z=0 eye/camera (vieWport) plane. This 
alloWs a Z-clipping plane to be used very close to the 
eye/camera plane—to avoid undesirable visual artifacts pro 
duced When objects rendered near to the eye/camera plane 
are clipped—While preserving Z value precision for the 
remaining depth of the scene. In an example 
implementation, a Z value compression circuit provided in 
the graphics pipeline is enhanced to effectuate Z-clamping 
Within the predetermined range of Z values. The enhanced 
circuitry includes an adder for left-shifting an input Z value 
one or more bits prior to compression and gates for masking 
out the most signi?cant non-Zero shifted bits to Zero. 

7 Claims, 10 Drawing Sheets 
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3D GRAPHICS RENDERING SYSTEM FOR 
PERFORMING Z VALUE CLAMPING IN 
NEAR-Z RANGE TO MAXIMIZE SCENE 

RESOLUTION OF VISUALLY IMPORTANT Z 
COMPONENTS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application is related to the following commonly 
assigned applications identi?ed beloW, Which focus on vari 
ous aspects of the graphics system described herein. Each of 
the following applications are incorporated herein by refer 
ence: 

provisional application No. 60/161,915, ?led Oct. 28, 
1999 and its corresponding utility application Ser. No. 
09/465,754, ?led Dec. 17, 1999, both entitled “Vertex 
Cache For 3D Computer Graphics”; 

provisional application No. 60/226,912, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/726,215, ?led Nov. 28, 2000, both entitled “Method 
and Apparatus for Buffering Graphics Data in a Graph 
ics System”; 

provisional application No. 60/226,889, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/722,419, ?led Nov. 28, 2000, both entitled “Graph 
ics Pipeline Token Synchronization”; 

provisional application No. 60/226,891, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/722,382, ?led Nov. 28, 2000, both entitled “Method 
And Apparatus For Direct and Indirect Texture Pro 
cessing In A Graphics System”; 

provisional application No. 60/226,888, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/722,367, ?led Nov. 28, 2000, both entitled “Recir 
culating Shade Tree Blender For A Graphics System”; 

provisional application No. 60/226,893, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/722,381 ?led Nov. 28, 2000, both entitled “Method 
And Apparatus For Environment-Mapped Bump 
Mapping In A Graphics System”; 

provisional application No. 60/227,007, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/726,216, ?led Nov. 28, 2000, both entitled “Achro 
matic Lighting in a Graphics System and Method”; 

provisional application No. 60/226,900, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/726,226, ?led Nov. 28, 2000, both entitled “Method 
And Apparatus For Anti-Aliasing In A Graphics Sys 
tem”; 

provisional application No. 60/226,910, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/722,380, ?led Nov. 28, 2000, both entitled “Graph 
ics System With Embedded Frame Buffer Having 
Recon?gurable Pixel Formats”; 

utility application Ser. No. 09/585,329, ?led Jun. 2, 2000, 
entitled “Variable Bit Field Color Encoding”; 

provisional application No. 60/226,890, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/726,227, ?led Nov. 28, 2000, both entitled “Method 
And Apparatus For Dynamically Recon?guring The 
Order Of Hidden Surface Processing Based On Ren 
dering Mode”; 

provisional application No. 60/226,915, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
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09/726,212 ?led Nov. 28, 2000, both entitled “Method 
And Apparatus For Providing Non-Photorealistic Car 
toon Outlining Within A Graphics System”; 

provisional application No. 60/227,032, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/726,225, ?led Nov. 28, 2000, both entitled “Method 
And Apparatus For Providing Improved Fog Effects In 
A Graphics System”; 

provisional application No. 60/226,885, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/722,664, ?led Nov. 28, 2000, both entitled “Con 
troller Interface For A Graphics System”; 

provisional application No. 60/227,033, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/726,221, ?led Nov. 28, 2000, both entitled “Method 
And Apparatus For Texture Tiling In A Graphics Sys 
tem”; 

provisional application No. 60/226,899, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/722,667, ?led Nov. 28, 2000, both entitled “Method 
And Apparatus For Pre-Caching Data In Audio 
Memory”; 

provisional application No. 60/226,913, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/722,378, ?led Nov. 28, 2000, both entitled 
“Z-Texturing”; 

provisional application No. 60/227,031, ?led Aug. 23, 
2000 entitled “Application Program Interface for a 
Graphics System”, 

provisional application No. 60/227,030, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/722,663, ?led Nov. 28, 2000, both entitled “Graph 
ics System With Copy Out, Conversions BetWeen 
Embedded Frame Buffer And Main Memory”; 

provisional application No. 60/226,886, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/722,665, ?led Nov. 28, 2000, both entitled “Method 
and Apparatus for Accessing Shared Resources”; 

provisional application No. 60/226,894, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/726,220, ?led Nov. 28, 2000, both entitled “Graph 
ics Processing System With Enhanced Memory Con 
troller”; 

provisional application No. 60/226,914, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/722,390, ?led Nov. 28, 2000, both entitled “LoW 
Cost Graphics System With Stitching HardWare Sup 
port For Skeletal Animation”, and 

provisional application No. 60/227,006, ?led Aug. 23, 
2000 and its corresponding utility application Ser. No. 
09/722,421, ?led Nov. 28, 2000, both entitled “ShadoW 
Mapping In A LoW Cost Graphics System”. 

FIELD OF THE INVENTION 

The present invention relates to computer graphics, and 
more particularly to interactive graphics systems such as 
home video game platforms. Still more particularly this 
invention relates to Z-value clamping in the near-Z range 
When rendering anti-aliased scenes to maximiZe precision of 
visually important Z components and to avoid near-Z clip 
ping. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

Many of us have seen ?lms containing remarkably real 
istic dinosaurs, aliens, animated toys and other fanciful 
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creatures. Such animations are made possible by computer 
graphics. Using such techniques, a computer graphics artist 
can specify hoW each object should look and hoW it should 
change in appearance over time, and a computer then models 
the objects and displays them on a display such as your 
television or a computer screen. The computer takes care of 
performing the many tasks required to make sure that each 
part of the displayed image is colored and shaped just right 
based on the position and orientation of each object in a 
scene, the direction in Which light seems to strike each 
object, the surface texture of each object, and other factors. 

Because computer graphics generation is complex, 
computer-generated three-dimensional graphics just a feW 
years ago Were mostly limited to expensive specialiZed ?ight 
simulators, high-end graphics Workstations and supercom 
puters. The public saW some of the images generated by 
these computer systems in movies and expensive television 
advertisements, but most of us couldn’t actually interact 
With the computers doing the graphics generation. All this 
has changed With the availability of relatively inexpensive 
3D graphics platforms such as, for example, the Nintendo 
64® and various 3D graphics cards noW available for 
personal computers. It is noW possible to interact With 
exciting 3D animations and simulations on relatively inex 
pensive computer graphics systems in your home or of?ce. 

Most 3D graphics computer systems render and prepare 
images for display in response to polygon vertex attribute 
data Which typically includes a Z-axis (scene depth) value. 
A Well knoWn technique called Z-buffering is often used to 
properly render objects in accordance With their respective 
depth (i.e., distance from the vieWer/camera) in a 3D scene. 
Since processing a lot of 3D image polygon vertex attribute 
data can become very time consuming, graphics system 
designers often employ a polygon culling and clipping 
process to eliminate the processing of the non-displayed 
image data. This non-displayed image data is typically 
polygon vertex data that is outside a vieWing frustum 
bounded by predetermined “clipping” planes in a virtual 3D 
image rendering space called “camera space” (also called 
“screen space”). For example, portions of a 3D scene or 
object that are behind the camera (vieWport) position need 
not be rendered and may be culled or clipped. LikeWise, 
scene portions and 3D objects very far in the scene distance 
(i.e., far from the camera/eye position along the scene depth 
or Z-axis) need not be rendered. 

Scene depth clipping may be performed using both a near 
clipping plane and a far clipping plane Where the far clipping 
plane is many times the depth of the near clipping plane. 
Scene depth clipping may also be performed With a clipping 
plane at or behind the camera/eye position (i.e., the Z=0 
plane) or Without using a near clipping plane altogether. 
HoWever, for various reasons not discussed in detail here, 
rendering 3D objects at or very close to the camera/eye 
position may cause certain data processing problems such as 
over?oW and Wrapping errors due to the small Z values 
involved. For example, in the case of geometry projection, 
vertices that get “too close” to the camera (Z=0) plane get a 
W (homogeneous coordinate scale factor) value that is very 
small. Dividing vertex x, y and Z coordinates attributes by 
such small W values during screen-space transformation 
operations often causes precision and over?oW problems 
especially When W=0, Where the resulting scale values are 
in?nite. Clipping geometry to a near-plane avoids such 
problems—each triangle With offending vertices is cut into 
pieces by the near-plane, and the half that is ‘too close’ is 
throWn aWay. Consequently, if scene depth clipping is per 
formed using a near clipping plane in front of the camera/eye 
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position, the near clipping plane should be positioned far 
enough in front of the camera that such over?oW and 
Wrapping errors do not occur. 

Alternatively, if scene depth clipping is performed With 
out using a near clipping plane, or With a clipping plane at 
or behind the camera/eye position, it may be necessary to 
burden the applications program With the responsibility of 
preventing such over?oWs and Wrapping problems by polic 
ing the permissible distance betWeen the camera position 
and a rendered object. Aproblem graphics system designers 
confronted in the past is hoW to avoid certain undesirable 
visual effects associated With the clipping of polygons of a 
displayed 3D image object that approaches the plane of the 
vieWer (i.e., the camera/eye plane). In particular, graphics 
artists and game developers never Want to see a 3D object 
clipped by a clipping plane placed in front of the vieWer, as 
this produces a hole in the object and gives the appearance 
that objects are holloW. One solution is to de?ne a six plane 
vieWing frustrum clipping box having the near clipping 
plane very close to the eye/camera plane (i.e., the Z=0 plane) 
and establish an application program rule that no 3D ani 
mated objects should come closer to the eye/camera plane 
than the near clipping plane. With the near clipping plane 
placed very close to the eye/camera plane, it less likely that 
objects that need to be rendered someWhat near the eye/ 
camera plane Will come so close as to suffer the ill effects of 
clipping. Unfortunately, placing the near clipping plane very 
close to the eye/camera plane reduces the Z depth precision 
toWards the far clipping plane. This Z precision problem is 
particularly exacerbated When only a limited number of 
Z-buffer bits are available for depth precision. The less bits 
that are available for representing a Z value, the greater the 
precision problem. 

If performing Z-buffering in a graphics system Where a 
large number a bits, for example, 24 bits or more, are 
available in the hardWare for representing Z-axis depth 
values, Z value precision may not pose a problem. HoWever, 
in certain systems or implementations Where less bits are 
available for representing Z-axis depth values, lack of suf 
?cient Z value precision can seriously effect Z-buffering 
performance and accuracy. For example, in certain imple 
mentations it may be desirable to perform data compression 
to accommodate storage memory constraints. If Z data 
compression is performed, the degree of Z precision for 
providing accurate Z-buffering may be adversely affected. 

The present invention also solves the above problems by 
providing techniques and arrangements in a 3D graphics 
rendering system for preserving Z value depth precision 
When performing Z-buffering Where the Z value depth data 
must be compressed. 
The present invention also solves the above problems by 

providing techniques and arrangements in a 3D graphics 
rendering system for alloWing a Z-clipping plane to be used 
very close to the eye/camera plane—to avoid undesirable 
visual artifacts produced When objects are rendered too near 
to the eye/camera plane—While preserving Z value depth 
precision. 

The present invention also solves the above problems by 
providing techniques and arrangements in a 3D graphics 
rendering system for performing Z-buffering Where the Z 
depth value associated With a polygon vertex is represented 
using, for example, 23 bits or less. 
More speci?cally, in an exemplary embodiment of the 

present invention, a Z-clamping arrangement is employed to 
improve the precision of visually important Z components 
by providing Z value clamping Within a predetermined range 














