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METHOD AND SYSTEM FOR PROVIDING 
IMPLICIT EDGE ANTIALIASING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present invention is related co-pending US. 
patent application Ser. No. , entitled “METHOD 
AND SYSTEM FOR PROVIDING EDGE ANTLkLIAS 
ING” (945P) ?led on and assigned to the assignee of 
the present application. The present invention is also related 
to co-pending US. Patent Application Serial No., entitled 
“METHOD AND SYSTEM FOR PROVIDING EDGE 
ANTIALIASING USING A SINGLE BLENDING UNIT” 
(1198P) ?led on and assigned to the assignee of the present 
application. The present invention is related co-pending US. 
patent application Ser. No. 08/624,261, entitled “METHOD 
AND APPARATUS FOR IDENTIFYING AN ELIMINAT 
ING THREE-DIMENSIONAL OBJECTS VISUALLY 
OBSTRUCTED FORM A PLANAR SURFACE” ?led on 
Mar. 29, 1996 and assigned to the assignee of the present 
application. The present invention is also related to co 
pending US. patent application Ser. No. 08/624,260, 
entitled “GRAPHICS PROCESSORS, SYSTEM AND 
METHOD FOR GENERATING SCREEN PIXELS IN 
RASTER ORDER UTILIZING A SINGLE INTERPOLA 
TOR” ?led on Mar. 29, 1996 and assigned to the assignee of 
the present application. 

FIELD OF THE INVENTION 

[0002] The present invention relates to displaying graphi 
cal image on a computer system and more particularly to a 
method and system for providing antialiasing of implicit 
edges While maintaining processing speed and using less 
memory. 

BACKGROUND OF THE INVENTION 

[0003] A conventional computer graphics system can dis 
play graphical images of objects on a display. The display 
includes a plurality of display elements, knoWn as pixels, 
typically arranged in a grid. In order to display objects, the 
conventional computer graphics system typically breaks 
each object into a plurality of polygons. A conventional 
system then renders the polygons in a particular order. For 
a three-dimensional scene, the opaque polygons are gener 
ally rendered from front to back as measured from the 
vieWing plane of the display. Translucent polygons are 
desired to be rendered from back to front. Similarly, a 
tWo-dimensional scene can be displayed. In such a case, 
polygons are rendered based on their layer. ShalloWer layers 
occlude deeper layers. 

[0004] Each of the polygons includes mathematically 
de?ned edges. When rendering an image, the conventional 
system often renders diagonal lines or polygon edges that 
are not perfectly horiZontal or vertical. Because each pixel 
has ?nite physical dimensions, edges Which are not hori 
Zontal or vertical may appear jagged. For example, consider 
each pixel to be a square. A diagonal line or edge rendered 
using the square pixels Will appear jagged, similar to a 
staircase. This effect is knoWn as aliasing. 

[0005] Implicit edges are edges that are visible in a 
graphical image, but that are not explicitly de?ned. For 
example, in a graphical image, objects may intersect each 
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other. The intersection appears as an edge that is not 
explicitly de?ned. Implicit edges are due to differences in 
depth values of the polygons Whose intersection forms the 
implicit edge. The depth value can include the distance from 
the vieWing plane, a W value, or layer order. The depth 
values at the implicit edge, the intersection of the polygons, 
should be virtually identical. HoWever, slight differences in 
depth values of the polygons from one pixel to the next 
dictate Which polygon is visible at a selected pixel. Because 
of these slight differences in depth values, the polygon 
considered to be visible can change from pixel to pixel. This 
creates the implicit edge. Each pixel still has a ?nite area. As 
a result, the implicit edge is also subject to aliasing. 

[0006] In order to reduce aliasing, conventional systems 
perform antialiasing. Antialiasing helps reduce the effect 
that the physical dimension of the pixels has on the appear 
ance of objects being displayed. Diagonal lines and edges 
appear smoother. It Would be desirable if the antialiasing 
performed is also capable of providing antialiasing for 
implicit edges. 
[0007] Some conventional systems utiliZe conventional 
supersampling in order to perform antialiasing for implicit 
edges. Supersampling is typically performed for a portion of 
the display, called a tile, or the entire display at a time. Each 
pixel in the tile or display is considered to be an M><N matrix 
subpixels. Data for each polygon in the tile is evaluated at 
each subpixel. Thus, the depth value, color, texture, and 
other data for the polygon can differ in and is evaluated at 
each subpixel. Data for the subpixels in each pixel in the tile 
are combined to provide the data for each pixel in the tile. 
Because supersampling evaluates and combines depth val 
ues for subpixels, supersampling can help smooth out the 
staircasing effect on implicit edges. HoWever, the system 
requires suf?cient memory to retain data for the M><N 
subpixels in each pixel in a tile to perform supersampling. 
Therefore, a large amount of memory is required. It must 
also be ensured that there are not artifacts at the seams 
betWeen tiles. This sloWs processing. Furthermore, much 
more data is processed for each pixel in the display. Super 
sampling is thus computation intensive and relatively sloW. 

[0008] Some conventional systems address some of the 
problems in supersampling by performing adaptive super 
sampling. Adaptive supersampling ?rst identi?es areas 
Where supersampling may be desired, for example at an 
implicit edge. Once the area of an implicit edge is identi?ed, 
supersampling is performed for a tile in the region of the 
implicit edge. In areas Where there are no implicit edges, 
supersampling is not performed. Although adaptive super 
sampling improves processing speed by reducing the areas 
subjected to supersampling, a large amount of memory is 
still required. 

[0009] Accordingly, What is needed is a system and 
method that is capable of providing antialiasing for implicit 
edges and Which consumes less memory. The present inven 
tion addresses such a need. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides a method and sys 
tem for providing antialiasing of a graphical image on a 
display from data describing at least one object. The display 
includes a plurality of pixels. The method and system 
comprise providing a plurality of fragments for the at least 
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one object. Aportion of the plurality of fragments intersects 
a pixel of the plurality of pixels. Each of the plurality of 
fragments includes a depth value, a slope of the depth value, 
and a portion of a corresponding pixel that is intersected. 
The method and system comprise calculating a plurality of 
subpixel depth values for a fragment of the plurality of 
fragments. The plurality of subpixel depth values is calcu 
lated using the depth value and the slope of the depth value 
of the fragment. The method and system comprise deter 
mining Whether to store a portion of the fragment based on 
the plurality of subpixel depth values for the fragment and 
the indication of the extent the corresponding pixel is 
intersected by the fragment. The method and system also 
comprise storing the portion of the fragment if it has been 
determined that the portion of the fragment is to be stored. 
The method and system also comprise repeating the calcu 
lating, determining, and storing steps for each remaining 
fragment in the portion of the plurality of fragments. The 
method and system also comprise providing antialiased data 
for the pixel based on a second portion of the plurality of 
fragments that have been stored. 

[0011] According to the system and method disclosed 
herein, the present invention can provide antialiasing for 
implicit edges. The antialiasing is provided Without requir 
ing a frame buffer or Z-buffer. Furthermore, the present 
invention does not sloW processing of the image by requir 
ing an inordinate number of calculations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1A is a diagram of a graphical image includ 
ing an implicit edge. 

[0013] FIG. 1B is a closer vieW of the implicit edge shoWn 
in FIG. 1A. 

[0014] FIG. 2 is a block diagram depicting a computer 
graphics system in accordance With the present invention. 

[0015] FIG. 3 is a high level How chart depicting a method 
for providing a graphical display including antialiasing in 
accordance With the present invention, 

[0016] FIG. 4 is a more detailed ?oW chart depicting a 
method for providing a graphical display including antialias 
ing in accordance With the present invention. 

[0017] FIG. 5 is a How chart depicting one embodiment of 
a method for performing the step of determining the sub 
pixels in Which the subpixel depth values for the fragment is 
less than stored subpixel depth values. 

[0018] FIG. 6A is a diagram of a pixel in the display of a 
computer graphics system in Which tWo polygons and an 
implicit edge are desired to be shoWn. 

[0019] FIG. 6B is a diagram of the pixel of FIG. 6A in 
addition to subpixels Within the pixel. 

[0020] FIG. 7A is a diagram of a coverage mask indicat 
ing the portion of the pixel that the ?rst polygon intersects. 

[0021] FIG. 7B is a diagram of a second mask indicating 
the subpixels in Which the ?rst polygon Would or does have 
a subpixel depth value Which less than a stored subpixel 
depth value. 

[0022] FIG. 7C is a diagram of the intersection of the 
coverage and second masks for the ?rst polygon. 
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[0023] FIG. 7D is a diagram of the data stored in the 
subpixel buffer including data for the ?rst polygon. 

[0024] FIG. 8A is a diagram of a coverage mask indicat 
ing the portion of the pixel that the second polygon inter 
sects. 

[0025] FIG. 8B is a diagram of a second mask indicating 
the subpixels in Which the second polygon Would or does 
have a subpixel depth value Which less than a stored 
subpixel depth value. 

[0026] FIG. 8C is a diagram of the intersection of the 
coverage and second masks for the second polygon. 

[0027] FIG. 8D is a diagram of the data stored in the 
subpixel buffer including data for the second polygon. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] The present invention relates to an improvement in 
rendering graphical images. The folloWing description is 
presented to enable one of ordinary skill in the art to make 
and use the invention and is provided in the context of a 
patent application and its requirements. Various modi?ca 
tions to the preferred embodiment Will be readily apparent to 
those skilled in the art and the generic principles herein may 
be applied to other embodiments. Thus, the present inven 
tion is not intended to be limited to the embodiment shoWn 
but is to be accorded the Widest scope consistent With the 
principles and features described herein. 

[0029] FIG. 1A is a diagram of a graphical image on a 
display 10 containing tWo intersecting polygons 20 and 30. 
The polygons 20 and 30 may be part of objects Which are 
part of a graphical image being shoWn on the display 10. The 
?rst polygon 20 includes edges 22, 24, and 26. The second 
polygon 30 includes edges 32, 34, and 36. The edges 22, 24, 
26, 32, 34, and 36 are, therefore, explicitly de?ned. At the 
intersection of the polygons 20 and 30, there is an implicit 
edge 12. The implicit edge 12 is not explicitly de?ned, but 
is due to the intersection of polygons 20 and 30. Portion 28 
of the polygon 20 is partially occluded by the polygon 30. 
Portion 38 of the polygon 30 is partially occluded by the 
polygon 20. FIG. 1B depicts a closer vieW of a portion of the 
implicit edge 12. The pixels in the display have a ?nite area 
and are depicted as squares. Because the pixels in the display 
10 have a ?nite siZe, the edges 22 and 32 as Well as the 
implicit edge 12 are jagged. 

[0030] FIG. 2 depicts a simpli?ed block diagram of one 
embodiment of a computer graphics system 100 With Which 
the present invention is used. Portions of the computer 
system 100 are described more completely in co-pending 
US. patent application Ser. No. 08/624,261 entitled 
“Method and Apparatus for Identifying and Eliminating 
Three-Dimensional Objects Visually Obstructed from a Pla 
nar Surface” ?led on Mar. 29, 1996. Applicant hereby 
incorporates by reference the above-mentioned co-pending 
application. The present invention is also related to co 
pending US. patent application Ser. No. 08/624,260 entitled 
“Graphics Processors, System and Method for Generating 
Screen Pixels in Raster Order UtiliZing a Single Interpola 
tor” ?led on Mar. 29, 1996. Applicant hereby incorporates 
by reference the above-mentioned co-pending application. 

[0031] The computer graphics system 100 includes a 
central processing unit (CPU) 102, a display 104, a user 
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interface 106 such as a keyboard or mouse or other com 

municating device, a memory 110, and an image generating 
unit 120 coupled With a bus 108. The display 104 includes 
a plurality of pixels, not shoWn. Each of the plurality of 
pixels has an area. The display 104 could include a display 
memory (not shoWn) to Which pixels are Written. For 
example, the display 104 could include a frame buffer. 
HoWever, the present invention can also be implemented 
Without a frame buffer. HoWever, nothing prevents the 
method and system from being implemented in a different 
computer system having other components. The system 100 
is used to display objects, particularly three-dimensional 
objects. In order to do so, each of the objects is preferably 
broken into polygons to be used in rendering the objects. In 
a preferred embodiment, the polygons are rendered in raster 
order. That is, portions of the polygons are rendered in the 
order of the pixels in the display 104. 

[0032] The image generating unit 120 includes an inter 
face 121 connected to the bus 108. The interface 121 
transmits data to a data processing unit 122. A processor 
block 124 is coupled With the data processing unit 122. The 
processor block 124 identi?es data describing portions of 
polygons (“intersecting polygons”) Which intersect the area 
extending along a Z-axis from a selected pixel in an x-y 
plane corresponding to a screen of the display 104. In a 
preferred embodiment, the processor block 124 includes a 
sufficient number of processors to have a separate processor 
for each intersecting polygon. Consequently, the intersecting 
polygons can be processed in parallel. The data for With the 
portion of the intersecting polygon associated With the 
selected pixel is termed a fragment. For example, a fragment 
includes the color, texture, and depth value for the corre 
sponding polygon. Data relating to each selected pixel 
includes a fragment for each of the intersecting polygons. In 
the context of this disclosure, a fragment for an intersecting 
polygon Will be described as intersecting the pixel that the 
polygon intersects. The processor block 124, therefore, 
provides and indication of the fragments that intersect a 
pixel currently being processed. 

[0033] An obstructed object identi?er/removal unit 126 
receives at least a portion of the fragment from each inter 
secting polygon associated With the selected pixel and 
removes portions of the fragments for the intersecting poly 
gons Which are obstructed. In one embodiment, the 
obstructed objected identi?er/removal unit 126 performs 
this function by indicating to the interpolator Which frag 
ments are valid (unobstructed) and Which fragments are 
invalid (obstructed). In a preferred embodiment, the 
obstructed object identi?er/removal unit 126 performs this 
function Without determining the precise Z-value of the 
polygon. 

[0034] The interpolator 128 receives the fragments for the 
intersecting polygons for the selected pixel and interpolates 
the data, including interpolating texture, color, and alpha 
values for the fragment. The interpolator 128 also provides 
a mask, discussed beloW, for each fragment. Although mask 
generation can be considered logically distinct from inter 
polation, the mask is preferably generated by a sub-block 
(not shoWn) of the interpolator 128. HoWever, in an alternate 
embodiment, mask generation can be provided by another 
unit. The mask can be considered part of the fragment for an 
intersecting polygon. Because the obstructed object identi 
?er/removal unit 126 has removed fragments for obstructed 
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objects, the interpolator 128 may perform its function for 
only those intersecting polygons Which are not obstructed. 
The fragments for these remaining intersecting polygons are 
provided by the interpolator 128 to a hardWare sorter 130. 
The hardWare sorter 130 sorts the fragments for the inter 
secting polygons based on the value of a key associated With 
the fragment. Preferably, the key is the Z value, or depth 
value, for the fragment at the selected pixel. Note, hoWever, 
that the present invention is consistent With other sorts or 
With no sort. 

[0035] The sorted fragments for the selected pixel are then 
provided to an antialiasing unit 140. In a preferred embodi 
ment, the antialiasing unit 140 includes a Z mask unit 141, 
an accumulator 142, and blending unit(s) 144. The accumu 
lator 142 includes subpixel buffers, not shoWn in FIG. 2. In 
a preferred embodiment, the accumulator 142 includes a 
separate subpixel buffer for each subpixel into Which a pixel 
is divided. In a preferred embodiment, a single blending unit 
144 is used. In an alternate embodiment, multiple blending 
units 144 can be used. The antialiased data for the selected 
pixel is provided to the display 104. Subsequent pixels are 
then identi?ed as the selected pixel being processed, pref 
erably in raster order. The fragments intersecting these 
pixels are processed similarly. Thus, the objects in the 
graphical image can be rendered in raster order. 

[0036] Antialiasing using the masks provided by the inter 
polator 128 is described in co-pending US. patent applica 
tion Ser. No. 09/239,413, entitled “METHOD AND SYS 
TEM FOR PROVIDING EDGE ANTIALIASING” (JAS 
945P) ?led on Jan. 28, 1999 and assigned to the assignee of 
the present application. Applicant hereby incorporates by 
reference the above-mentioned co-pending application. 

[0037] In the above-mentioned co-pending application, 
each fragment includes but is not limited to a mask and a 
depth value. The mask indicates a portion of the pixel that 
the fragment intersects. Thus, the mask is hereinafter 
referred to as a coverage mask. The coverage mask is used 
to determine the contribution a fragment makes to the pixel 
it intersects. For example, each pixel can be broken into 
subpixels. The coverage mask indicates Which of the sub 
pixels the fragment intersects. Where a particular pixel 
includes an edge of a polygon, such as the edge 122, the 
coverage mask for the fragment indicates that the fragment 
only intersects some of the subpixels. The fragment is 
blended only in these subpixels. In order to blend the 
fragment, the accumulator 142 and blending units 144 are 
used. Each subpixel buffer in the accumulator 142 is used to 
store information for fragments contained in each of the 
subpixels Within the selected pixel. In a preferred embodi 
ment, the data in the subpixel buffers in the accumulator 142 
is averaged. The antialiased data for the selected pixel is then 
provided to the display 104. 

[0038] Although the method and system described in the 
above-mentioned co-pending application functions 
adequately for its intended purpose, antialiasing of implicit 
edges may not be adequately addressed. Although the cov 
erage mask for a fragment indicates the subpixels that the 
fragment actually intersects, the remaining data in each 
fragment in the above-mentioned co-pending application 
contains data Which is presumed to be identical in every 
subpixel. Thus, depth value is the same for each subpixel in 
a selected pixel. Implicit edges are due to differences in the 
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depth value for polygons, such as the polygons 20 and 30. 
Thus, the antialiasing described in the above-mentioned 
co-pending application may not adequately antialias implicit 
edges. Accordingly, What is needed is a method and system 
for providing antialiasing Which is capable of antialiasing 
implicit edges. 

[0039] The present invention provides a method and sys 
tem for providing antialiasing of a graphical image on a 
display from data describing at least one object. The display 
includes a plurality of pixels. The method and system 
comprise providing a plurality of fragments for the at least 
one object. Aportion of the plurality of fragments intersects 
a pixel of the plurality of pixels. Each of the plurality of 
fragments includes a depth value, a slope of the depth value, 
and an indication of a portion of a corresponding pixel that 
is intersected. The method and system comprise calculating 
a plurality of subpixel depth values for a fragment of the 
plurality of fragments. The plurality of subpixel depth values 
is calculated using the depth value and the slope of the depth 
value of the fragment. The method and system comprise 
determining Whether to store a portion of the fragment based 
on the plurality of subpixel depth values for the fragment 
and the indication of the extent the corresponding pixel is 
intersected by the fragment. The method and system also 
comprise storing the portion of the fragment if it has been 
determined that the portion of the fragment is to be stored. 
The method and system also comprise repeating the calcu 
lating, determining, and storing steps for each remaining 
fragment in the portion of the plurality of fragments. The 
method and system also comprise providing antialiased data 
for the pixel based on a second portion of the plurality of 
fragments that have been stored. 

[0040] The present invention Will be described in terms of 
a particular computer system and processing fragments in a 
particular order. HoWever, one of ordinary skill in the art Will 
readily recogniZe that this method and system Will operate 
effectively for other types of computer systems and process 
ing fragments in another order. Furthermore, although the 
present invention is described in the context of antialiasing 
implicit edges, the present invention can be used in anti 
aliasing other items, such as edges or lines. Furthermore, the 
present invention Will be described in the context of speci?c 
blocks performing certain functions and methods perform 
ing certain steps in a particular order. HoWever, one of 
ordinary skill in the art Will readily realiZe that other blocks 
can provide these functions and that the steps may be 
performed in another order or in parallel. 

[0041] To more particularly illustrate the method and 
system in accordance With the present invention, refer noW 
to FIG. 3 depicting a high-level flow chart of one embodi 
ment of a method 200 in accordance With the present 
invention. The method 200 provides antialiasing for frag 
ments intersecting a selected pixel of the display 104. The 
method 200 preferably processes the fragments intersecting 
the selected pixel one at a time. Furthermore, each pixel can 
be divided into a plurality of subpixels. In a preferred 
embodiment, each pixel is divided into a four by four array 
of subpixels. 

[0042] The fragments for the objects being displayed are 
provided, via step 205. Each of the fragments provided in 
step 205 includes a depth value, a slope of the depth value, 
and an indication of the portion of the pixel that the fragment 
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intersects. In a preferred embodiment, each fragment 
includes the coverage mask, discussed above, as an indica 
tion of the extent to Which the pixel is intersected. The 
coverage masks indicates the subpixels Which the fragment 
intersects. The fragment may also include the color, blend 
ing modes, minimum and maximum Z values for the object, 
texture, and other data. In a preferred embodiment, the depth 
value is a Z value. HoWever, nothing prevents the use of 
another measurement of depth, such as W or layer order, 
from being used as the depth value. The slope of the depth 
value indicates hoW the depth value for the fragment varies 
across the pixel. For example, Where the depth value is Z, the 
slope of the depth value preferably includes horiZontal and 
vertical components, dZ/dx and dZ/dy, respectively. In a 
preferred embodiment, the slope of the depth value is 
constant. This eases the calculations discussed beloW. For 
planar polygons, the slope of the depth value is constant 
because the depth value varies linearly. HoWever, the depth 
values for a polygon may not vary linearly if the polygon is 
not planar. 

[0043] HoWever, over small distances, higher order func 
tions can be approximated linearly. Thus, even Where the 
depth values for the polygon do not vary linearly, the slope 
of the depth value can be a linear approximation of the actual 
slope of the depth value for the polygon of Which the 
fragment is a part. 

[0044] Aplurality of subpixel depth values for a fragment 
intersecting a selected pixel are calculated, via step 210. The 
Z mask unit 141 preferably carries out step 210. The subpixel 
depth values are calculated using the depth value and the 
slope of the depth value. In a preferred embodiment, a 
subpixel depth value is calculated for each subpixel using 
the horiZontal and vertical components of the slope of the 
subpixel depth value and the depth value. For example, 
assume that the depth value for the fragment is Z1. This depth 
value is presumed to be for a particular point in the pixel. 
Each subpixel may be considered to be a distance of ax1 and 
by1 in the x and y directions, respectively, from the point at 
Which the depth value has previously been calculated. In this 
case, a and b represent the number of subpixels in the x and 
y directions, respectively, betWeen the point at Which the 
depth value is knoWn and the subpixel for Which the 
subpixel depth value is calculated. The subpixel depth value 
is Z=Z1+ax1(dZ/dx)+ay1(dZ/dy). Note that a and b need not 
be integers. Thus, the subpixel depth value may be calcu 
lated a fractional number of subpixels from the point at 
Which Z1 is taken evaluated. In a preferred embodiment, the 
subpixel depth value is calculated for each subpixel regard 
less of Whether the coverage mask indicates that the frag 
ment actually intersects that subpixel. HoWever, in another 
embodiment, the subpixel depth value may be calculated for 
only those subpixels Which the fragment intersects. 

[0045] Once the subpixel depth values are knoWn, it is 
determined Whether to store the fragment, via step 220. This 
determination is based on the subpixel depth values and the 
portion of the pixel that the fragment intersects. Preferably, 
this determination is made by the Z mask unit 141 using the 
subpixel depth values and the coverage mask. Via step 225, 
a portion of the fragment is then stored for some or all of the 
subpixels if it Was determined in step 220 that the fragment 
Was to be stored. In order to store the portion of the fragment 
in step 225, data for the fragment is replicated for each of the 
appropriate subpixels and, using the blending unit(s) 144, 
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stored in the corresponding subpixel buffers of the accumu 
lator 142. For example, all subpixel buffers in Which the 
fragment is stored in step 225 Will hold the same color and 
texture values for the fragment. In a preferred embodiment, 
step 225 stores data for the fragment for each subpixel the 
fragment intersects and in Which the depth value is less than 
a stored depth value. Step 225 may also include blending the 
data for translucent fragments. 

[0046] Steps 210 through 225 are then repeated for each 
remaining fragment that intersects the pixel, via step 230. 
Thus, after step 230 is completed, the subpixel buffers in the 
accumulator 142 should hold data relating to the fragments 
Which contribute to the pixel. Antialiased data for the pixel 
is then provided to the display 104, via step 240. In one 
embodiment, step 240 includes averaging the data in the 
subpixel buffers to provide the data for the pixel. Step 240 
may also include providing the data for the pixel to memory 
in the display 104. In the preferred embodiment, a depth 
value is selected from one of the subpixel buffers as the 
depth value for the pixel. Selecting one of the depth values 
instead of providing an average should not adversely affect 
the data provided for the pixel because the depth values for 
the subpixels Will probably be very similar. Furthermore, 
computation time is reduced. 

[0047] FIG. 4 depicts a more detailed ?oW chart of a 
preferred embodiment of the method 250 for providing 
antialiasing that can antialias implicit edges. Fragments for 
the objects in the graphical image are provided, via step 205‘. 
Step 205‘ corresponds to step 205 depicted in FIG. 3. Thus, 
each fragment includes a depth value, a slope of the depth 
value, and an indication of the portion of the pixel that the 
fragment intersects. In a preferred embodiment, each frag 
ment includes the coverage mask, discussed above, as an 
indication of the extent to Which the pixel is intersected. The 
coverage masks indicates the subpixels that the fragment 
intersects. 

[0048] Referring back to FIG. 4, subpixel depth values are 
calculated for a fragment intersecting a selected pixel, via 
step 210‘. Step 210‘ corresponds to step 210 of the method 
200. In a preferred embodiment, the subpixel depth values 
are calculated for each subpixel regardless of Whether the 
fragment actually intersects the subpixel. The subpixels 
Which have a subpixel depth value less than a stored 
subpixel depth value and Which the fragment intersects are 
then determined, via step 222. Steps 210‘ and 222 are 
preferably performed using the Z mask unit 141. For the ?rst 
fragment processed, step 222 Will indicate that subpixel 
depth values are less than all stored subpixel depth values. 
This is because a background subpixel depth value Which 
may be stored in the subpixel buffers Will have a higher 
depth value. For subsequent fragments processed, the sub 
pixel depth values may be less than the stored subpixel depth 
value in any number of the subpixels. 

[0049] Via step 228, the fragment is stored in the subpixel 
buffers corresponding to the subpixels determined in step 
222. Thus, the fragment is stored in subpixel buffers for 
subpixels in Which the subpixel depth value calculated in 
step 210‘ is less than a stored subpixel depth value and Which 
the fragment actually intersects. In order to store the frag 
ment in step 228, the data for the fragment is replicated in 
the subpixel buffer(s) in Which the fragment is to be stored. 
In addition, step 228 may include blending the fragment’s 
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data With data previously stored in each of the subpixel 
buffers if some of the fragments intersecting the subpixel 
buffer are translucent. Thus, color, texture, and other data 
relating to the fragment need not be independently evaluated 
at each subpixel. Instead, the fragment’s data is provided to 
the appropriate subpixels. 

[0050] Steps 210‘ through 228 are then repeated for each 
remaining fragment that intersects the selected pixel, via 
step 230‘. Antialiased data for the pixel is then provided, via 
step 240‘. Step 240‘ is analogous to step 240 and may 
provide the antialiased data to a memory, such as a frame 
buffer, in the display 104 or directly to a monitor (not shoWn) 
or other mechanism for displaying the data to a user. Thus, 
the fragments intersecting the selected pixel are rendered. 
Steps 210‘ through 240‘ are then repeated for each remaining 
pixel, via step 252. Thus, each pixel in the display is 
rendered. Preferably, the method 250 renders the objects 
displayed pixel by pixel in raster order. 

[0051] FIG. 5 depicts a preferred embodiment of step 222, 
determining the subpixels that have a subpixel depth value 
less than a stored subpixel depth value and that the fragment 
intersects. Using the Z mask unit 141, a depth comparison for 
each subpixel is provided, via step 223. Step 223 includes 
comparing the subpixel depth values for the fragment to the 
stored subpixel depth values from a previous fragment or the 
background. A depth mask is then generated, via step 224. 
The depth mask indicates the subpixels in Which the sub 
pixel depth value for the fragment is less than a stored 
subpixel depth value. In a preferred embodiment, the depth 
mask includes a one for each subpixel for Which the frag 
ment’s subpixel depth value is less than the stored subpixel 
depth value. The intersection betWeen the depth mask for the 
fragment and the coverage mask for the fragment is then 
determined, via step 226. Preferably, step 226 includes 
performing a logical AND betWeen the depth mask and the 
coverage mask. The logical AND performed in step 226 can 
generate a total mask indicating the subpixels that the 
fragment intersects and for Which the subpixel depth value 
for the fragment is less than a stored subpixel depth value. 
In a preferred embodiment, the Z mask unit 141 includes its 
oWn accumulator (not shoWn) storing depth information for 
each subpixel. The comparison performed in step 223 com 
pares the subpixel depth values for the fragment With the 
subpixel depth values stored in the accumulator of the Z 
mask unit 141. The depth mask is calculated based on this 
comparison. The intersection of the depth mask and the 
coverage mask can be used to update the depth values stored 
in the accumulator of the Z mask unit 141 as Well as to 
determine Which subpixel buffers of the accumulator Will be 
updated. Note that the total mask generated in step 226 can 
be vieWed as a modi?cation of the coverage mask for the 
fragment. The coverage mask is modi?ed by the Z mask. 
Thus, the function of the Z mask unit 141 can be considered 
to be modifying the coverage mask based on the subpixel 
depth values for the fragment. Once the total mask has been 
generated, data for the fragment is stored in the subpixel 
buffers using step 228 of the method 250. 

[0052] Because the depth value is accounted for at the 
subpixel level, implicit edges may be antialiased. Data such 
as color or texture for the fragments are simply stored in the 
appropriate subpixels, rather than being independently 
evaluated for each subpixel. For example, for each fragment 
there is a single color in each of the appropriate subpixels. 
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Consequently, the methods 200 and 250 in accordance With 
the present invention are less calculation intensive than 
conventional supersampling. The methods 200 and 250 in 
accordance With the present invention are faster and require 
less memory than conventional supersampling. 

[0053] To further describe the method and system in 
accordance With the present invention, refer to FIG. 6A 
depicting a piXel 300 in Which a portion of the tWo polygons 
20 and 30 intersect. Thus, the piXel 300 depicts a portion of 
the implicit edge 12 and portions of the polygons 20 and 30. 
The piXel 300 also includes a background 370. FIG. 6B also 
depicts the piXel 300, the polygons 20 and 30, the implicit 
edge 12, and the background 370. FIG. 6B also depicts 
siXteen subpiXels 301 through 316 Within the piXel 300. In 
the folloWing discussion, it is presumed that the fragment for 
the polygon 20 is processed ?rst, folloWed by the fragment 
for the polygon 30. 

[0054] FIGS. 7A through 7C depict masks for the frag 
ment for polygon 20. FIG. 7A depicts the coverage mask 
320 for the polygon 20. The coverage mask 320 includes 
ones in the subpiXels 301, 305-306, 309-311, and 313-316. 
Thus, the polygon 20 covers the loWer left half of the piXel 
300. 

[0055] FIG. 7B depicts the depth mask 322 for the frag 
ment for the polygon 20. The depth mask 322 is generated 
in step 224 of FIG. 5. Referring back to FIG. 7B, because 
the fragment for the polygon 20 is processed ?rst, the 
subpixel depth values for the polygon 20 Will be less than the 
stored (background) subpiXel depth values for each sub 
piXel. Consequently, the depth mask 322 has a one for each 
of the subpiXel 301-316. 

[0056] In order to determine for Which subpiXels the 
fragment’s data is to be stored, the coverage mask 320 and 
the depth mask 322 are intersected using step 226 of FIG. 
5. FIG. 7C depicts the total mask 324 generated by the 
intersection. The total mask 324 has ones for each subpiXel 
in Which both the coverage mask 320 and the depth mask 
322 has a one. Consequently, the total mask has ones for 
subpiXels 301,305-306, 309-311, and 313-316. 

[0057] FIG. 7D depicts the subpiXel buffers 331-346 in 
the accumulator 142 after the portion of the fragment for the 
polygon 20 has been stored using step 228 of FIG. 4. 
Referring back to FIG. 7D, an “a” indicates data from the 
fragment for the polygon 20. An “X” indicates background 
data. As indicated by the mask 324, data for the fragment for 
the polygon 20 has replaced background data in the subpiXel 
buffers 331, 333-334, 339-341, and 343-346. 

[0058] Next, the fragment for the polygon 30 is processed. 
FIGS. 8A through 8C depict masks for the fragment for 
polygon 30 in the piXel 300. FIG. 8A depicts the coverage 
mask 350 for the polygon 30. The coverage mask 350 
includes ones in the subpiXels 304, 307-308, 310-312, and 
313-316. Thus, the polygon 30 covers the loWer right half of 
the piXel 300. 

[0059] FIG. 8B depicts the depth mask 352 for the frag 
ment for the polygon 30. The depth mask 352 is generated 
in step 224 of FIG. 5. Referring back to FIG. 8B, the 
polygon 30 has subpiXel depth values that are less than the 
background. In the right half of the piXel 300, the polygon 
30 has subpiXel depth values that are less than the subpiXel 
depth values for the polygon 20. The subpiXel depth values 
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for the polygon 30 Will be less than the stored subpiXel depth 
values in every subpiXel containing data for the background 
and in the 20 subpiXels containing data for the polygon 20 
that are in the right half of the piXel 300. Consequently, the 
depth mask 352 has a one for each the subpiXels 302-304, 
307-308, 311-312, and 315-316. 

[0060] To determine the subpiXels in Which the fragment’s 
data is to be stored, the coverage mask 350 and the depth 
mask 352 are intersected using step 228 of FIG. 5. FIG. 8C 
depicts the total mask 354 generated by the intersection. The 
total mask 354 has ones for each subpiXel in Which both the 
coverage mask 350 and the depth mask 352 has a one. 
Consequently, the total mask 352 has ones for subpiXels 304, 
307-308, 311-312, and 315-316. 

[0061] FIG. 8D depicts the subpiXel buffers 331-346 in 
the accumulator 142 after a portion of the second polygon 30 
has been stored using step 228 of FIG. 4. Referring back to 
FIG. 8D, a “b” indicates data from the fragment for the 
polygon 30. As indicated by the mask 354, data for the 
fragment for polygon 30 replaces background data in the 
subpiXel buffers 334, 337-338, and 342. Data for the frag 
ment for polygon 30 also replaces data from the fragment for 
the ?rst polygon 20 in subpiXel buffers 341, 345, and 346. 
Since fragments for both polygons 20 and 30 that intersect 
the piXel 300 have been processed, the ?nal antialiased data 
for the piXel 300 can be provided from the subpiXel buffers 
331-346 using step 240 or 240‘ of the methods depicted in 
FIGS. 3 and 4. Referring back to FIG. 8D, the data in each 
of the subpiXel buffers may be combined and averaged or 
otherWise blended to provide antialiased data for the piXel. 

[0062] Because the variation in depth values over a piXel 
are accounted for, the method and system in accordance With 
the present invention alloW for antialiasing implicit edges as 
Well as explicit edges or lines. Furthermore, the subpiXel 
depth values are calculated for antialiasing. The subpiXels 
depth values are not stored With the fragment throughout 
processing. Since the slope of the depth value is presumed 
constant across a piXel, the slope of the depth value need not 
be calculated for each subpiXel. Where the polygons are also 
planar, the slope of the depth value can be calculated only 
once for the entire polygon. Other attributes, such as color 
and teXture, are also not evaluated individually at each 
subpiXel. Instead, the data for the fragment is simply copied 
for the appropriate subpiXels. Therefore, the method and 
system in accordance With the present invention requires 
less time and consumes less memory than conventional 
supersampling. Therefore, antialiasing of implicit edges can 
be accomplished more quickly and Without utiliZing as much 
memory. 

[0063] A method and system has been disclosed for pro 
viding antialiasing Which uses masks and the depth values 
for each subpiXel. Because only the slope of the depth value 
is stored Within the fragment, less memory is required to 
store a particular fragment. Furthermore, antialiasing of 
implicit edges can be provided in a system Which uses less 
memory than conventional supersampling. Furthermore, 
since the same values for color, teXture, and data in a 
fragment other than the Z value can be replicated at each 
subpiXel, computation time is reduced. Although the present 
invention has been described in accordance With the 
embodiments shoWn, one of ordinary skill in the art Will 
readily recogniZe that there could be variations to the 
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embodiments and those variations Would be Within the spirit 
and scope of the present invention. Accordingly, many 
modi?cations may be made by one of ordinary skill in the art 
Without departing from the spirit and scope of the appended 
claims. 

What is claimed is: 
1. A method for providing antialiasing of a graphical 

image on a display from data describing at least one object, 
the display including a plurality of pixels, the method 
comprising the steps of: 

(a) providing a plurality of fragments intersecting for the 
at least one object, a portion of the plurality of frag 
ments intersecting a piXel of the plurality of pixels, 
each of the plurality of fragments including a depth 
value, a slope of the depth value, and an indication of 
a portion of a corresponding piXel that is intersected; 

(b) calculating a plurality of subpiXel depth values for a 
fragment of the plurality of fragments, the plurality of 
subpiXel depth values calculated using the depth value 
and the slope of the depth value of the fragment; 

(c) determining Whether to store a portion of the fragment 
based on the plurality of subpiXel depth values and the 
indication of the eXtent the corresponding piXel is 
intersected for the fragment; 

(d) storing the portion of the fragment if it has been 
determined in step (c) that the portion of the fragment 
is to be stored; 

(e) repeating steps (b) through (d) for each remaining 
fragment in the portion of the plurality of fragments; 
and 

(f) providing antialiased data for the piXel based on a 
second portion of the plurality of fragments that have 
been stored. 

2. The method of claim 1 Wherein the method further 
includes the steps of: 

(g) repeating steps (b) through for each remaining 
piXel of the plurality of pixels. 

3. The method of claim 1 Wherein each of the plurality of 
piXels can be divided into a plurality of subpiXels, Wherein 
the indication of the eXtent the corresponding piXel is 
intersected includes a coverage mask, the coverage mask 
indicating a ?rst portion of the plurality of subpiXels Which 
the fragment intersects and Wherein the determining step (c) 
further includes the steps of: 

(c1) determining a second portion of the plurality of 
subpiXels in a portion of the plurality of subpiXel depth 
values is less than a portion of a plurality of stored 
subpiXel depth values, the second portion of the plu 
rality of subpiXels being Within the ?rst portion of the 
plurality of subpiXels; and Wherein the storing step (d) 
includes the step of 

(d1) storing the portion of the fragment for the second 
portion of the plurality of subpiXels. 

4. The method of claim 3 Wherein the determining step 
(c1) further includes the step of: 

(cli) comparing the plurality of subpiXel depth values to 
the plurality of stored subpiXel depth values to deter 
mine a third portion of the plurality of subpiXels in 
Which a corresponding subpiXel depth value of the 
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plurality of subpiXel depth values is less than a corre 
sponding stored subpiXel depth value of the plurality of 
stored subpiXel depth values; 

(c1ii) providing a second mask for the fragment, the 
second mask indicating the third portion of the plurality 
subpiXels; and 

(cliii) using the coverage mask and the second mask for 
the fragment to determine the second portion of the 
plurality of subpiXels. 

5. The method of claim 4 Wherein the determining step 
(c1ii) further includes the step of: 

(c1iia) performing an AND operation for the coverage 
mask and the second mask. 

6. The method of claim 3 Wherein the antialiased data 
providing step further includes the step of: 

(f1) averaging information stored relating to the portion of 
the plurality of fragments that intersect the piXel. 

7. The method of claim 3 Wherein the antialiased data 
providing step further includes the steps of: 

(f1) averaging currently stored information, other than the 
depth value, relating to the portion of the plurality of 
fragments that intersect the piXel; and 

(f2) selecting a currently stored median subpiXel depth 
value as the depth value for the piXel. 

8. A system for providing antialiasing of a graphical 
image from data describing at least one object including a 
plurality of fragments, each fragment including a coverage 
mask, a depth value, and a slope of the depth value, the 
system comprising: 

a display including a plurality of piXels; 

means coupled to the display for providing a plurality of 
fragments for the at least one object, the plurality of 
fragments intersecting the plurality of piXels, each of 
the plurality of fragments including a depth value, a 
slope of the depth value, and an indication of a portion 
of a corresponding piXel that is intersected; 

an antialiasing unit, coupled With the display, for provid 
ing antialiasing of each of the plurality of fragments 
based on the depth value, the slope of the depth value, 
and the indication of the eXtent a corresponding piXel is 
intersected. 

9. The system of claim 8 Wherein the plurality of frag 
ments are rendered in raster order. 

10. The system of claim 8 Wherein each piXel includes a 
plurality of subpiXels, Wherein the indication of an eXtent a 
corresponding piXel is intersected includes a coverage mask, 
the coverage mask indicating a ?rst portion of the plurality 
of subpiXels of the corresponding piXel Which are inter 
sected, and Wherein the antialiasing unit further includes: 

means for calculating a plurality of subpiXel depth values 
for the plurality of fragments and for determining 
Whether to store a portion of each of the plurality of 
fragments based on the plurality of subpiXel depth 
values and the coverage mask for each of the plurality 
of fragments, the plurality of subpiXel depth values 
calculated using the depth value and the slope of the 
depth value for each of the plurality of fragments; 

a plurality of subpiXel buffers, coupled With the calculat 
ing and determining means; and 
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means coupled With the plurality of subpiXel buffers for 
providing an antialiased data for the plurality of frag 
ments based on a second portion of the plurality of 
fragments that have been stored. 

11. The system of claim 10 Wherein the coverage mask 
indicates a ?rst portion of the plurality of subpiXels that each 
of the plurality of fragments intersects and Wherein the 
calculating and determining means further includes: 

means for determining a second portion of the plurality of 
subpiXels in Which a portion of the plurality of subpiXel 
depth values is less than a portion of a plurality of 
stored depth values, the second portion of the plurality 
of subpiXels being Within the ?rst portion of the plu 
rality of subpiXels; and 

Wherein the plurality of subpiXel buffers store the portion 
of the fragment corresponding to the second portion of 
the plurality of subpiXels. 

12. The system of claim 11 Wherein the calculating and 
determining means further includes: 

means for providing a second mask for the fragment, the 
second mask indicating a third portion of the plurality 
subpiXels in Which the portion of the plurality of 
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subpiXel depth values are less than the portion of the 
plurality of stored subpiXel depth values; and 

means for using the coverage mask and the second mask 
for the fragment to determine the second portion of the 
plurality of subpiXels. 

13. The system of claim 12 Wherein the mask using means 
further includes: 

means for performing an AND operation for the coverage 
mask and the second mask. 

14. The system of claim 13 Wherein the antialiased piXel 
providing means further average information stored relating 
to the portion of the plurality of fragments that intersect the 
piXel. 

15. The system of claim 14 Wherein the antialiased piXel 
providing means further average currently stored informa 
tion, other than the depth value, relating to the portion of the 
plurality of fragments that intersect the piXel select a cur 
rently stored subpiXel depth value as the depth value for the 
piXel. 


