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ER An apparatus and method for rendering a Smooth circular 
point using polygons on a computer graphics display. The 
circular point is approximated by a polygon and the Selec 
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TILE BASED RENDERING OF SMOOTH POINTS 
USING POLYGONS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention generally relates to computer 
graphics, and more specifically relates to rendering of com 
puter images on a display Screen. 
0003 2. Description of the Related Art 
0004. Many computer-generated images contain points. 
The points may represent vertices of polygons. They may be 
rain, Snow, or any other particles. Illustrated on the display, 
or can be part of large features, Such runway lights. For high 
quality images, the points need to appear circular. The 
motion of the points should be smooth, and the color of a 
point should be uniform. 
0005 Most graphics application program interfaces 
(APIs), Such as OpenGL, have a method to draw points as 
Squares. This method of rendering is usually referred to as 
non-Smooth or non-antialiased points. The method can be 
used to quickly draw points. However, the rendered points 
are not circular on the display. Further, as the points move 
on the display, they jump from one pixel to the next, making 
them appear to Shake or jitter. 

0006 To overcome the limitations of non-smooth points, 
most APIs define one or more techniques for drawing 
Smooth points. These techniques require that the point have 
a circular shape, and that points be sampled multiple times 
for each pixel they touch. Sampling multiple times Smoothes 
the edges of the point and reduces the jitter as the point 
moves. However, this Smoothing increases the amount of 
processing required to draw each point. 

0007. Several methods are used to draw smooth points. 
One method computes the Sum of Squares per Sample. In this 
method, a Sample that is inside a point meets the following 
condition: 

0008 where: 
0009 r=the radius of the point, 
0010) (x, y)=the position of the center of the point, 
0011 (x, y)=the position of the sample. 
0012 Each sample evaluation requires two subtracts, two 
multiplies, one add, and one magnitude compare. Further, 
the equation is not linear, making an iterative evaluation 
more difficult. It should be noted that while triangle edge 
evaluation is a common operation in graphics System, this 
equation is not of the form used to evaluate triangle edges, 
So additional hardware is required. 
0013 Another method to draw smooth points approxi 
mates points using polygons. A circular point can be 
approximated with a polygon. Adding more sides to the 
polygon makes the approximation more accurate. Each 
Sample point inside the bounding box of the point needs to 
be checked to See if it is inside the polygon. This requires an 
edge evaluation of the form: 

Dec. 1, 2005 

0014) where: 
0015 (Xo, yo) and (x, y) are the endpoints of the nth 
edge of the polygon, 
0016 (x, y) is the position of the sample point. 
0017. This equation is of the form used to evaluate 
triangle edges. Most graphics hardware Supports three or 
four edge evaluators to handle triangles or quadrangles. 
Larger points need more than four Sides in the polygon to 
reduce visual artifacts, and therefore, additional hardware or 
processing is required to evaluate the polygons. 
0018. A third method to draw smooth points approxi 
mates points using tesselated polygons. The polygon used to 
approximate a circular point can be divided in to Small 
polygons. The proceSS is called tessellation. Typically, poly 
gons are divided in to triangles. However, using triangles is 
inefficient, and can cause visual artifacts. A triangle may 
have as many as two edges that are interior to the polygon. 
All edges are evaluated, but the interior edges do not 
determine the final coverage. In addition, each interior edge 
is common to two triangles and is wastefully evaluated 
twice. 

0019. A pixel’s final value for rendering is the sum of the 
coverage of all triangles that touch it. A pixel may have 
multiple triangles from the polygon that touch it. Inaccura 
cies in the math used to Sum the coverage of the triangles 
may result in a value that is too high or too low. In addition, 
the application may select a different blend function, result 
ing in incorrect pixel values. 
0020. In the prior art method of FIG. 1, each triangle 102 
has two interior edges 104. Each interior edge 106 is 
common to two triangles. If each triangle 102 is processed 
individually, then each of the interior edges 104 is evaluated 
twice. However, the coverage for the polygon 108 is deter 
mined only by the exterior edges 110. Some pixels are 
intersected by more than one triangle 102. The center most 
pixel is interSected by eight triangles 102, but no exterior 
edges 110. If each triangle 102 is processed individually, 
then the center pixel will be written eight times. Each time 
the center pixel is written, the intensity will be /8" the 
intensity of the point. If pixel’s colors are stored as 8 bit 
values, and the desired value of the point is 124, then the 
center pixel will have a value of 8* int(124/8)=120, or 
8*int(124/8+%)=128, depending the implementation. 
0021. As shown above, the existing methods either 
require additional hardware for rendering points or present 
inconsistent results. 

SUMMARY OF THE INVENTION 

0022. In one aspect, the invention is a method for ren 
dering a circular point on a display device, wherein the 
circular point has a center, radius and a circumference and 
locating within a bounding area. The method includes Select 
ing a polygon representing the circular point from a pre 
defined set of polygons, determining vertices of the polygon, 
dividing the bounding area into one or more tiles, classifying 
at least one tile of the one or more Sections according to the 
center and the radius of the circular point, wherein the at 
least one tile is classified into one or more predetermined 
Sections, generating a mask for the at least one tile according 
to a Section of the at least one tile, and rendering the circular 
point according to the mask. 
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0023. In this method the step of selecting a polygon may 
further include the Step of Selecting an entry from a polygon 
table according to the radius of the circular point. The Step 
of determining vertices may include the Step of Selecting 
Vertices from a vertex table. The Step of generating a mask 
may include the Steps of determining an edge that connect 
two vertices and touch the at least one tile, determining 
whether a point in the at least one tile is inside the polygon 
based on a position of the point relative to the edge, and 
representing the point in the mask. 
0024. In another aspect, the invention is a method for 
rendering a circular point on a display device, wherein the 
circular point has a center, radius and a circumference. The 
method includes approximating the circular point by a 
polygon, defining a bounding area for the polygon, dividing 
the bounding area into one or more tiles, generating a mask 
for each tile, and rendering the circular point according to 
the mask 

0.025 In this method the step of approximating may 
include the Step of Selecting a polygon from a polygon table 
according to the radius. The Step of defining a bounding area 
may include the Step of calculating four corners based to the 
center and the radius of the circular point. The Step of 
generating a mask further comprises the Steps of determin 
ing vertices of the polygon, determining an edge that con 
nect two vertices and touch at least one tile, determining 
whether a point in the at least one tile is inside the polygon 
based on a position of the point relative to the edge, and 
representing the point in the mask. 
0026. In yet another aspect, the invention is an apparatus 
for rendering a circular point on a display device, wherein 
the circular point is approximated by a polygon bounded by 
a bounding area and the polygon having an internal area and 
an external area within the bounding area. The apparatus 
includes a polygon database, a vertex database, an edge 
evaluator in communication with the polygon database and 
the vertex database, and a drawing element in communica 
tion with the edge evaluator. The edge evaluator receives 
polygon information from the polygon database and Vertex 
information from the vertex database and determines 
whether a point in the bounding area is internal or external 
to the polygon. The drawing element approximates the circle 
by rendering every point in the bounding area depending on 
whether the point is in the internal area or external area of 
the polygon. In this apparatus the polygon database may 
include a plurality of entries, each entry listing a diameter 
and a corresponding polygon and the diameter may be 
measured in pixels. 
0027. In yet another aspect, the invention is a computer 
readable medium on which is Stored a computer program for 
rendering a circular point on a display device, wherein the 
circular point having a center, radius and a circumference 
and locating within a bounding area. The computer program 
includes instructions which, when executed by a computer, 
perform the Steps of Selecting a polygon representing the 
circular point from a predefined Set of polygons, determin 
ing vertices of the polygon, dividing the bounding area into 
one or more tiles, classifying at least one tile of the one or 
more Sections according to the center and the radius of the 
circular point, wherein the at least one tile is classified into 
one or more predetermined Sections, generating a mask for 
the at least one tile according to a Section of the at least one 
tile, and rendering the circular point according to the mask. 
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0028. In yet another aspect, the invention is a computer 
readable medium on which is Stored a computer program for 
rendering a circular point on a display device, wherein the 
circular point having a center, radius and a circumference 
and locating within a bounding area. The computer program 
includes instructions which, when executed by a computer, 
perform the Steps of approximating the circular point by a 
polygon, defining a bounding area for the polygon, dividing 
the bounding area into one or more tiles, generating a mask 
for each tile, and rendering the circular point according to 
the mask. 

0029. Other objects, features, and advantages of the 
present invention will become apparent after review of the 
hereinafter set forth Brief Description of the Drawing, 
Detailed Description of the Invention, and the Claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030) 
0031 FIG. 2 depicts a computer display screen with a 
circular point rendered according to the invention. 

FIG. 1 depicts a prior art tessellated polygon. 

0032 FIG. 3 depicts three main steps of an algorithm 
according to one embodiment of the invention. 
0033 FIG. 4 is a block diagram of a method of rendering 
a circular point according to the invention. 
0034) 
0035) 
0036) 
0037 FIGS. 7A-7F illustrate examples of circular points 
and their bounding boxes. 

FIG. 5 depicts a circular point in a bounding box. 
FIG. 6A illustrates a polygon selection table. 
FIG. 6B illustrates a vertex lookup table. 

0038 FIG. 8 depicts a rendering process for a central 
Section. 

0039 FIG. 9 depicts a rendering process for a vertex 
Section. 

0040 FIG. 10 depicts a rendering process for an axial 
Section. 

0041 FIG. 11 depicts a rendering process for a corner 
Section. 

0042 FIG. 12 depicts a rendering process for a hexagon. 
0043 FIG. 13 depicts an alternate rendering process for 
a hexagon. 

DETAIL DESCRIPTION OF THE INVENTION 

0044) In this description, like numerals refer to like 
elements throughout the several views. To efficiently and 
accurately render a polygonal approximation of a circular 
point, the Screen can be divided in to tiles. Each tile is 
typically a Square or rectangle of W times H pixels, where 
W is the width of the tile, and H is the height. The width and 
height are usually, but not necessarily equal. When a point 
is drawn, the polygon that represents it is divided in to 
Sections along tile boundaries. The number and size of the 
Sections depend on the size and placement of the point. 
004.5 FIG. 2 illustrates a computer display device 200 
with a circular point 202 rendered according to the inven 
tion. The computer display device 200 is divided into a 
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plurality of tiles and each tile is classified into a Section 
according to a predefined classification, which is described 
herein. 

0.046 FIG. 3 illustrates an algorithm 300 for processing 
each tile within a Section to generate a Sample mask. The 
Sample mask indicates which Samples are inside the poly 
gon. The processing order guarantees that all edges that 
interSect a tile are evaluated, before processing the next tile. 
Once a tile has been processed, it will not be visited again 
by the same point. 
0047 The algorithm has three main parts. The first step 
304 is to determine the vertices of the polygon, and divided 
it in to Sections. Both operations are concurrent. The next 
step 306 is to iterate through each tile in each section. The 
final step 308 is to evaluate all the edges that intersect a tile. 
The results are accumulated in to a tile mask 310. The tile 
mask 310 is processed by the graphics pipeline to determine 
which pixels are lit and which color is used to light them. 
0048 FIG. 4 is a block diagram of a method 400 for 
rendering a circular point according to the invention. A 
polygon is Selected as an approximation of the circular point, 
step 402. The selection of the polygon depends on the 
diameter of the point. The coordinates of vertices of the 
polygon are calculated, Step 404. The coordinates of the 
Vertices depend on the radius and center of the point. The 
next step is to determine a bounding box to enclose the 
circular point and its polygon representation, Step 406. The 
bounding box divided into a plurality of tiles, step 408, and 
these tiles are classified into different sections, step 410. For 
tiles in each Section, a mask is generated, Step 412, and the 
mask is used to render the circular point, Step 414. 
0049 FIG. 5 shows an example of a circular point 501 in 
a bounding box 502 and the bounding box 502 is divided 
into 49 squares 504. Each square 504 is a tile. The squares 
504 are classified into four different sections: central section 
506, Vertex Section, axial Section, and corner Section. The 
central section 506 is where the center of the point is located. 
The vertex sections 508 cover the farthest portion of the 
point on an axial. The axial sections 510 cover tiles located 
between the central Section and the vertex Sections. The 
corner sections 512 cover the rest of tiles in the bounding 
box 502. 

0050. The first step in processing a point is to generate the 
polygon vertices and divide the point into Sections. After the 
Vertices are identified, the edges can be evaluated. The edge 
evaluation process generally has a limited number of edge 
evaluators. The Vertex and Section generation must not Send 
more edges than the edge evaluation process can handle. It 
does this by Sending packets of information that define the 
edges to process and a bounding box. In addition to the 
Vertices of the edges and the bounding box, the information 
packets include flags that control the mask generation and 
identify the Section being processed. In one embodiment, 
each information packet defines one or two edges. Multiple 
packets may be needed to proceSS a Section. 

0051. In one example, the vertices of a polygon are 
computed using the “Variable Stride Circle” algorithm pat 
ented by Lazenby, Jr., et al. (U.S. Pat. No. 6,700,576), the 
disclosure of which is incorporated hereby in its entirety. 
One embodiment of the invention Supports 4-, 6-, 8-, 12-, 
16-, 24-, 32-, 48- and 64-sided regular polygons. Generally 
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a table as shown in FIG. 6A is used to determine which 
polygon to use. The polygon table 600 contains the maxi 
mum diameter (point size) 602 for each polygon. Alterna 
tively, the polygon table 600 may contain the diameter 
measured in pixels. When the point Size changes, the new 
Size is compared to all the entries in the maximum diameter 
column 602. The polygon with the most number of sides 
whose table entry is greater than the new point size is 
selected. The table 600 is programmable to allow trade offs 
between rendering Speed and image quality. Generally, 
larger the point size, rendering Speed is higher and the image 
quality is lower. 

0052) If the point size is set to a diameter of 6, then table 
entry 2 in FIG. 6A is selected (4<=6<8), and an eight-sided 
polygon will be used. If the point size is 17, then table entry 
4 is selected (13=<17<19), and a sixteen-sided polygon will 
be used. 

0053. After determining the number of sizes of the poly 
gon, the coordinates of each vertex is determined by a table 
look up. The vertex lookup table is implemented according 
to the “Variable Stride Circle” algorithm and has a plurality 
of entries as shown in FIG. 6B. The first column 652 is the 
entry number. The second column 654 is the value at that 
entry. The last column 656 is the formula used to compute 
the value. The remaining columns 658 indicate which entries 
are used for the polygons with the indicated number of Sides. 
Each entry holds the coordinates of one vertex in one octant 
of the 32- or 48-sided polygon. By Selecting which entries 
to use, all the Supported polygons can be generated. Sym 
metry is used to obtain the coordinates in the other octants 
of the polygon. The algorithm looks up the coordinates of 
the current vertex and Scales them by the radius of the point. 
The result is offset by the coordinates of the center of the 
point. 

0054 Although, the above description uses a table and 
the “Variable Stride Circle” algorithm for selecting and 
generating the polygonal representation of the point, other 
methods may be used, as long as the resulting polygon is 
COWCX. 

0055 Tiles inside the bounding box of the point are 
assigned to different Sections as described above. Each tile 
may be assigned to different Sections depending on the 
placement of the circular point. Several examples of tiles 
and their classification are illustrated by FIGS. 7A-7F. 
Other examples of tiles are possible. 

0056. The size of each tile is set by user. For example, a 
tile Size can be 8 pixels by 8 pixels, and a display area of 
1024 pixels by 768 pixels would be divided into 12288 tiles. 
Abounding box for a circular point can be located anywhere 
in the display area and enclosing any number of tiles. The 
bounding box of a point of radius r and center located at (c., 
c) is a square whose corners are at: 
0057) (c. -r, cy-r), (c,+r, c-r), (c. -r, c-r), and (c. --r, 
c+r). 
0058. The four polygon vertices that lie on the center 
lines of the point will be at: 

0059) (c. -r, c), (c,+r, c), (c. c-r), and (c x2 Cy 
0060) If tiles are w wide and h high, then the top-left 
corner of tile (n, m) is at (wn, him). 
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0061. After learning the coordinates of the bounding box, 
the tiles inside of the bounding area can be easily determined 
and classified by comparing the coordinates of the vertices 
of the bounding box and coordinates of adjacent tiles. For 
each tile inside the bounding box, a calculation is done to 
determine vertices and Sections of the polygon that touch 
that tile. After determining the Sections of the polygon, it can 
be easily determined if a particular pixel in the tile is inside 
or outside of the polygon. Finally, a mask is generated to 
represent the Sampling of these pixels. 
0062) The following is a generation of vertices and 
Sections for each tile of the bounding box according their 
classification. The central Section is the tile containing the 
center of the circular point. If tiles are W wide and h high, 
then the top-left corner of tile (n, m) is at (wn, him): 

(n, m)=(wint(c/w), h*int(c/h)). 
0.063. The central section is rendered in one of two ways. 
If the point has one or more axial Sections, it will be rendered 
as a tile in one of the axial Sections. Otherwise, the central 
Section is rendered by Starting at the right-most vertex of the 
polygon and generating edges in the clock-wise direction. In 
FIG. 8, edge 801 is generated first, then followed by edges 
802 and 803. When a vertex is reached that is below the row 
of tiles containing the center, or when an edge reaches or 
croSS the center-line of the point, then the algorithm returns 
to the right-most vertex and reverses direction. In FIG. 8, 
edges 804-806 are generated sequentially. After finishing the 
right Side of the point, the process repeats for the left Side, 
and edges 807-809 and 810-812 are generated sequentially. 
Each type of Section has its own bounding box rules. All 
bounding boxes are at tile edges. For central Sections, the 
bounding box contains just the tile with the point center. 
FIG. 8 shows an example of a central section. Edges 
813-816 are not generated because they are outside the tile. 
The numbers along the edges are the order that the edges are 
generated. The arrows indicate the direction of the vertex 
generation. 
0.064 FIG. 9 illustrates rendering of a vertex section. 
Vertex Sections contain the left-most, right-most, top-most, 
and bottom-most vertices of the point. Only one of these 
Vertices will be in one vertex Section at any given time. Each 
vertex Section has one and only one tile. The tiles containing 
these four vertices are at: (wint((c-r)/w), hint(c/h)), 
(wint((c.--r)/w), hint(c/h)), (wint(c/w), hint((c-r)/ 
h)), and (wint(c/w), hint((c,+r)/h)). If a tile contains the 
center of the point, it is assigned to the central Section 
instead of a vertex Section. The calculation Starts at the 
extreme vertex, and proceeds clock-wise. Edges 901-903 are 
determined first. When a vertex outside of the tile is found, 
vertex for edges 903, the calculation returns to the extreme 
vertex, and reverses direction. Each time a vertex is found 
outside of the tile, the vertex number of that vertex, and the 
coordinates of the previous vertex are Saved. The Saved 
values are used to Start the adjoining Sections. For vertex 
Sections, the bounding box contains just the tile with the 
extreme vertex. FIG. 9 shows an example of a left of center 
vertex section. The state for edges 903 and 905 are saved for 
later use. Edge 903 enters the adjacent central section or 
axial Section, and edge 905 enters the adjacent corner 
Section. It is possible for either or both edges to enter either 
or both types of sections. Edges 906–907 are not evaluated. 
0065 FIG. 10 illustrates the rendering of an axial sec 
tion. Axial Sections are in the row or column of tiles that 
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contain the center. They contain one or more tiles. None of 
the axial Sections contain the extreme vertices of the point. 
Those vertices are in Vertex Sections. If there are no tiles 
between a vertex Section and the tile that contains the center 
of the point, then the circular point will not have any axial 
Sections. Otherwise, tile that contains the center is assigned 
to an axial Section instead of the central Section, and the 
point will not have a central section. Tiles between 
(wint((c-r)/w), hint(c/h)) and (wint((c-r)/w), 
hint(c/h)), and tiles between (wint(c/w), hint((c-r)/h)) 
and (wint(c/w), hint((c-r)/h)) are in axial sections. 
0066. The saved edge states from the previous section are 
used as Starting points for the axial Section. The calculation 
generates edges in the clock-wise direction, and then the 
counter-clock-wise direction. For axial Sections along the 
horizontal, the bounding box contains just those tiles 
between the tile with the point center and the tile with the 
extreme vertex. The tiles with the extreme vertices are never 
included, but the tile with the center may be included in one 
of the axial sections. When the last vertex for an axial 
Section is generated, the bounding box contains all the tiles 
in the Section. At all other times, the bounding box contains 
just the tile farthest from the center in that section. FIG. 10 
illustrates an axial section. Edges 1001 and 1003 were saved 
during the processing of a previous Section. EdgeS 1002 and 
1004 will be saved for later use. 

0067 FIG. 11 illustrates the rendering of a corner sec 
tion. Corner Sections are not in the row or column of tiles 
that contain the center. They contain one or more tiles. None 
of the corner Sections contains the extreme vertices or center 
of the point. The Saved edge States from previous Sections 
are used as Starting points for the corner Section. Edge 
generation proceeds in one direction for each Section. Edge 
1101 was saved during the processing of a previous Section. 
0068 The bounding boxes for corner sections are dic 
tated by the vertices in each information packet. The tile 
containing the first vertex defines the X and Y of the first 
corner of the bounding box. The tile containing the last 
vertex defines the Y of the second corner of the bounding 
box. The X coordinate of the second corner is the tile 
adjacent to the center column of tiles. The bounding box in 
corner Section packet may overlap the bounding box in 
another corner Section packet. 
0069. In the above example, the calculation requires two 
information packets for this corner Section. The first packet 
sends edges 1101 and 1102. The bounding box contains tile 
a through f. The second packet sends edges 1103 and 1104. 
The bounding box contains tile e through h. The first packet 
processes tiles a through c in that order. Tile d is not visited 
since it is outside of edge 1102. Tile e is processed, but the 
tile mask is Saved until processing can be completed. The 
Second packet completes the processing of tile e. Then 
processing moves on to tile f. Tile g is not visited Since it is 
outside of edge 1103. Tile h is the last tile processed. 
0070 When the polygon contains six sides, some special 
processing is needed. The polygon is oriented So that the 
pointed ends lie on the centerline of the point. The top and 
bottom are flat. The normal algorithm detects the extents of 
the polygon from the point's center and radius. With six side 
polygons, the vertices of the top and bottom edges are used 
to detect the vertical extents. No vertical vertex section and 
axial Sections exist. The tiles that were in these Sections are 
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moved to the corner Sections on the right Side of the point if 
the right vertex of the top edge is in the column of tiles 
containing the center of the point. Otherwise, they are 
moved to the corner Sections on the left Side of the point. 
0071. In FIG. 12, the right vertex of the top edge 1202 is 
in the same column of tiles as the center of the point. The 
bounding box of the top-right corner Section includes the tile 
in the center column. Tiles a, and b will be in one axial 
Section. Tile c will be in another axial Section. Tiles d, and 
e will be in one corner Section. Tile f will be in another 
corner Section. 

0072. In FIG. 13, the right vertex of the top edge 1302 is 
not in the same column of tiles as the center of the point. The 
bounding box of the top-left corner Section includes the tile 
in the center column. In addition, no bottom Sections exist. 
Even though the radius extends below the center row, the 
bottom edge does not. Tiles a, and b will be in one axial 
Section. Tile c will be in another axial section. Tile e will be 
in one corner Section. Tiles d, and f will be in another corner 
Section. 

0073. The tile iteration process receives information 
packets from the Vertex and Section generation process. It 
determines which tiles to Send to the edge evaluation pro 
ceSS. Each time it sends a tile, it also sends the edge 
parameters that need to be evaluated. 
0.074 The order that tiles are sent is determined by which 
Section is being processed. Central and vertex Sections have 
one, and only one tile. That tile is the one Sent to the edge 
evaluation. Axial Sections have one or more tiles, all in one 
row or column. Tiles are Sent Starting with the one farthest 
from the center and working inward. Central Sections have 
one or more tiles, in one or more rows and columns. 
Processing starts at the tile farthest from the center in the 
horizontal row nearest the center, working inward along the 
row. A row is complete when the tile containing the last 
vertex of the packet is reached, or at the edge of the 
bounding box. Processing then moves to the next row out 
from the center. The corners of each tile are evaluated to 
determine if the tile touches the polygon. Tiles that are 
completely outside the polygon are not visited. 
0075. The edge evaluation is the same process used for 
triangles. Each Sample point in a tile is evaluated to deter 
mine if the Sample point is inside the polygon. A mask is 
generated each time a tile is processed. The mask indicates 
which Sample points in the tile are inside the bounding box 
and edges in the information packet Sent by the Vertex and 
Section generation process. The mask may be logically 
ANDed with the previous mask to accumulate the final 
value. This allows tiles with many interSecting edges to be 
processed. Once all the interSecting edges of a tile are 
evaluated, the mask is Sent on for further processing in the 
graphics pipeline. 

0.076 The number of bits in the mask is determined by 
the size of the tile and the number of samples per pixel. If 
the Sample rate is SSamples per pixel, a tile of width W, and 
height H will have W*H*S samples. The mask will have one 
bit for each sample in the tile. 
0077. In the context of the invention, the method may be 
implemented, for example, by operating portion(s) of a 
computing device to execute a sequence of machine-read 
able instructions, Such as the wireleSS communications 
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device or the Server. The instructions can reside in various 
types of Signal-bearing or data Storage primary, Secondary, 
or tertiary media. The media may comprise, for example, 
RAM (not shown) accessible by, or residing within, the 
components of the wireless network. Whether contained in 
RAM, a diskette, or other Secondary Storage media, the 
instructions may be Stored on a variety of machine-readable 
data storage media, Such as DASD Storage (e.g., a conven 
tional “hard drive' or a RAID array), magnetic tape, elec 
tronic read-only memory (e.g., ROM, EPROM, or 
EEPROM), flash memory cards, an optical storage device 
(e.g. CD-ROM, WORM, DVD, digital optical tape), paper 
"punch cards, or other Suitable data Storage media includ 
ing digital and analog transmission media. 

0078 While the invention has been particularly shown 
and described with reference to one embodiment thereof, it 
will be understood by those skilled in the art that various 
changes in form and detail maybe made without departing 
from the Spirit and Scope of the present invention as Set for 
the in the following claims. Furthermore, although elements 
of the invention may be described or claimed in the Singular, 
the plural is contemplated unless limitation to the Singular is 
explicitly Stated. 

What is claimed is: 

1. A method for rendering a circular point on a display 
device, the circular point having a center, radius and a 
circumference and located within a bounding area, compris 
ing the Steps of: 

Selecting a polygon representing the circular point from a 
predefined set of polygons, 

determining vertices of the polygon; 

dividing the bounding area into one or more tiles, 

classifying at least one tile of the one or more Sections 
according to the center and the radius of the circular 
point, wherein the at least one tile is classified into one 
or more predetermined Sections, 

generating a mask for the at least one tile according to a 
Section of the at least one tile; and 

rendering the circular point according to the mask. 
2. The method of claim 1, wherein the Step of Selecting a 

polygon further comprises the Step of Selecting an entry 
from a polygon table according to the radius of the circular 
point. 

3. The method of claim 1, wherein the step of determining 
Vertices further comprises the Step of Selecting vertices from 
a vertex table. 

4. The method of claim 1, wherein the Step of generating 
a mask further comprises the Steps of: 

determining an edge that connect two vertices and touch 
the at least one tile; 

determining whether a point in the at least one tile is 
inside the polygon based on a position of the point 
relative to the edge; and 

representing the point in the mask. 
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5. A method for rendering a circular point on a display 
device, the circular point having a center, radius and a 
circumference, comprising the Steps of 

approximating the circular point by a polygon; 
defining a bounding area for the polygon; 
dividing the bounding area into one or more tiles, 
generating a mask for each tile, and 
rendering the circular point according to the mask. 
6. The method of claim 5, wherein the step of approxi 

mating the circular point further comprises the Step of 
Selecting a polygon from a polygon table according to the 
radius. 

7. The method of claim 5, wherein the step of defining a 
bounding area further comprises the Step of calculating four 
corners based upon the center and the radius of the circular 
point. 

8. The method of claim 5, wherein the step of generating 
a mask further comprises the Steps of: 

determining vertices of the polygon; 
determining an edge that connect two vertices and touch 

at least one tile; 
determining whether a point in the at least one tile is 

inside the polygon based on a position of the point 
relative to the edge; and 

representing the point in the mask. 
9. An apparatus for rendering a circular point on a display 

device, the circular point approximated by a polygon 
bounded by a bounding area, the polygon having an internal 
area and an external area within the bounding area, com 
prising: 

a polygon database; 
a vertex database, 
an edge evaluator in communication with the polygon 

database and the vertex database, the edge evaluator 
receiving polygon information from the polygon data 
base and vertex information from the vertex database 
and determining whether a point in the bounding area 
is internal or external to the polygon; and 

a drawing element in communication with the edge evalu 
ator, the drawing element approximating the circle by 
rendering every point in the bounding area depending 
on whether the point is in the internal area or external 
area of the polygon. 

10. The apparatus of claim 9, wherein the polygon data 
base further comprises of a plurality of entries, each entry 
listing a diameter and a corresponding polygon. 

11. The apparatus of claim 10, wherein the diameter is 
measured in pixels. 

12. A computer-readable medium on which is Stored a 
computer program for rendering a circular point on a display 
device, the circular point having a center, radius and a 
circumference and located within a bounding area, the 
computer program comprising instructions which, when 
executed by a computer, perform the Steps of: 

Selecting a polygon representing the circular point from a 
predefined set of polygons, 
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determining vertices of the polygon; 
dividing the bounding area into one or more tiles, 
classifying at least one tile of the one or more Sections 

according to the center and the radius of the circular 
point, wherein the at least one tile is classified into one 
or more predetermined Sections, 

generating a mask for the at least one tile according to a 
Section of the at least one tile; and 

rendering the circular point according to the mask. 
13. The computer program of claim 12, wherein the Step 

of Selecting a polygon further comprises the Step of Selecting 
an entry from a polygon table according to the radius of the 
circular point. 

14. The computer program of claim 12, wherein the Step 
of determining vertices further comprises the Step of Select 
ing vertices from a vertex table. 

15. The computer program of claim 12, wherein the Step 
of generating a mask further comprises the Steps of: 

determining an edge that connect two vertices and touch 
the at least one tile; 

determining whether a point in the at least one tile is 
inside the polygon based on a position of the point 
relative to the edge; and 

representing the point in the mask. 
16. A computer-readable medium on which is Stored a 

computer program for rendering a circular point on a display 
device, the circular point having a center, radius and a 
circumference and located within a bounding area, the 
computer program comprising instructions which, when 
executed by a computer, perform the Steps of: 

approximating the circular point by a polygon; 
defining a bounding area for the polygon; 
dividing the bounding area into one or more tiles, 
generating a mask for each tile, and 
rendering the circular point according to the mask. 
17. The computer program of claim 16, wherein the Step 

of approximating the circular point further comprises the 
Step of Selecting a polygon from a polygon table according 
to the radius. 

18. The computer program of claim 16, wherein the Step 
of defining a bounding area further comprises the Step of 
calculating four corners based upon the center and the radius 
of the circular point. 

19. The computer program of claim 16, wherein the step 
of generating a mask further comprises the Steps of: 

determining vertices of the polygon; 
determining an edge that connect two vertices and touch 

at least one tile; 
determining whether a point in the at least one tile is 

inside the polygon based on a position of the point 
relative to the edge; and 

representing the point in the mask. 


