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(57) ABSTRACT 

A method and apparatus for processing line anti-aliasing 
begins by Walking a mathematical line based on the Bresen 
ham technique. While Walking the mathematical line—at 
each pixel along the mathematical line—pixel coverage area 
is determined for each pixel of a set of pixels, Where the set 
of pixels traverse a minor direction of the mathematical line. 
Note that for the mathematical line, the minor direction is 
the X direction When AY is greater than AX and is in the Y 
direction When AX is greater than AY. Once the coverage 
pixel coverage area of each pixel in the set of pixels has been 
determined, the intensity for each pixel in the set of pixels 
is determined. The intensity corresponds to the particular 
RGB value being generated for subsequent display. 
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METHOD AND APPARATUS FOR LINE 
ANTI-ALIASING 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates generally to video 
graphics processing, and more particularly, to video graphics 
processing of line anti-aliasing. 

BACKGROUND OF THE INVENTION 

[0002] The basic architecture of a computing device is 
knoWn to include a central processing unit (“CPU”), system 
memory, input/output ports, an address generation unit 
(“AGU”), program control circuitry, interconnecting buses, 
audio processing circuitry, and video processing circuitry. 
As the technology of the computing device elements con 
tinues to advance, computing devices are being used in more 
and more commercial applications. For example, computer 
devices are used in video game players, personal computers, 
Work stations, video cameras, video recorders, televisions, 
etc. The technological advances are also enhancing video 
quality, audio quality, and the speed at Which computing 
devices can process data. The enhancements of video quality 
are a direct result of video graphic circuit evolution. 

[0003] Video graphics circuits have evolved from provid 
ing simple text and tWo-dimensional images to relatively 
complex three-dimensional images. Such evolution began 
With high-end computers such as Workstations, Where the 
use of complex and costly circuitry is more commercially 
viable. For example, anti-aliasing started With high-end 
computers. In general, anti-aliasing is a technique that 
visually compensates for jagged edges of displayed images 
that result because of the ?nite siZe of pixels. The visual 
compensation begins by creating subpixel masks for each 
object that is to be draWn Within a pixel. The resulting 
subpixel masks for a pixel are then processed to produce 
pixel information for the given pixel. For example, assume 
that three objects are partially contained Within a pixel. The 
?rst object has tWenty-?ve percent (25%) coverage of the 
pixel. The second object has thirty percent (30%) coverage 
and the third object has tWenty-?ve percent (25%) coverage 
of the pixel. The remaining tWenty percent (20%) of the 
pixel is covered by background information. Once this data 
is obtained, the pixel information for the pixel is created 
from proportional contributions of pixel information of each 
object and the background. 

[0004] The basis process of generating and utiliZing sub 
pixel masks has been discussed in several prior art refer 
ences such as “A neW simple and efficient anti-aliasing With 
subpixel masks” by Andreas Schilling, et. al., Computer 
Graphics, volume 25, number 4, July 1991, and “the 
A-buffer, an anti-alias surface method” by Loren Carpenter, 
Computer Graphics, volume 18, number 3, July 1984. While 
each of these references discuss a viable means for produc 
ing anti-aliasing, the schemes Were not designed in terms of 
optimiZing memory requirements. Nor Were these tech 
niques designed to take advantage of existing video pro 
cessing technology. 
[0005] As is knoWn, the amount of memory required for 
any processing device directly affects the cost of the pro 
cessing device. Thus, the more memory requirements can be 
reduced, the more inexpensively the processing device can 
be produced. To make anti-aliasing commercially viable to 
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the general public, the cost of video graphic processing 
circuits needs to be reduced by reducing the memory 
requirements and taking advantage of existing video graphic 
processing techniques. Therefore, a need exists for a com 
mercially viable video graphics processing method and 
apparatus that performs line anti-aliasing. 

BRIEF DESCRIPTION OF THE DRAWING 

[0006] FIG. 1 illustrates a graphic representation of a line 
With anti-aliasing in accordance With the present invention; 

[0007] FIG. 2 illustrates a pixel by pixel representation of 
the line being draWn in FIG. 1; 

[0008] FIG. 3 illustrates a graphical representation of the 
pixel information of the line of FIG. 1; 

[0009] FIG. 4 illustrates a schematic block diagram of a 
video processing circuit that performs line anti-aliasing in 
accordance With the present invention; 

[0010] FIG. 5 illustrates a schematic block diagram of a 
video processing circuit that performs an alternate line 
anti-aliasing processing in accordance With the present 
invention; 
[0011] FIG. 6 illustrates a logic diagram of a method for 
processing line anti-aliasing in accordance With the present 
invention; and 

[0012] FIG. 7 illustrates a logic diagram of an alternate 
method for processing line anti-aliasing in accordance With 
the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0013] Generally, the present invention provides a method 
and apparatus for processing line anti-aliasing. The process 
begins by Walking a mathematical line based on the Bresen 
ham technique. While Walking the mathematical line—at 
each pixel along the mathematical line—pixel coverage area 
is determined for each pixel of a set of pixels, Where the set 
of pixels traverses a minor direction of the mathematical 
line. Note that for the mathematical line, the minor direction 
is the X direction When AY is greater than AX and is in the 
Y direction When AX is greater than AY. Once the coverage 
pixel coverage area of each pixel in the set of pixels has been 
determined, the intensity for each pixel in the set of pixels 
is determined. The intensity corresponds to the particular 
RGB value being generated for subsequent display. With 
such a method and apparatus, the Bresenham technique may 
be utiliZed, Which is used in other video graphic processing 
functions, to assist in the generation of line anti-aliasing. As 
such, memory requirements for storing line anti-aliasing 
information is substantially reduced. 

[0014] The present invention can be more fully described 
With reference to FIGS. 1 through 6. FIG. 1 illustrates a 
graphical representation of a line 16 displayed on a pixel 
grid 12. The line 16 has a theoretical Width of 0, Which is 
represented by a mathematical line 14. The line 16, hoWever, 
has a Width of at least one pixel due to the physical 
limitations of displays. To process the anti-aliasing of line 
16, computational lines 22 are used. Each computational line 
16 is shoWn a pixel distance from the mathematical line 14. 
Note that the computational lines 22 may be further from the 
mathematical line When the thickness of the line is greater 
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than one pixel. Further note, for this illustration, the X 
direction is from the left of the page to the right and the Y 
direction is from the top of the page to the bottom. 

[0015] Line 16 is shoWn to begin at pixel location (1,1) 
and ends at pixel location (10,4). Given this information, the 
slope, the minor direction, the major direction, delta major, 
and delta minor can readily be determined. For example, the 
slope is 3/9 (i.e., delta minor divider by delta major), the 
minor direction is the +Y direction, the major direction is the 
+X direction, delta minor 20 (dn) is three, and delta major 
18 is nine. 

[0016] To determine the anti-aliasing of line 16, the math 
ematical line 14 is Walked based on the Bresenham tech 
nique. The Walking begins at pixel location (1, 1) by 
generating a Bresenham error term (Be) therefor. The 
Bresenham error term at the initial pixel location is derived 
from the equation (Be)=2*(dn—dj). For this example, the 
initial Bresenham error term is —3. Because the Bresenham 
error term is less than Zero, the Walking to the next pixel is 
in the major direction, Which is pixel location (2, 1). When 
the current Bresenham error term is less than 0, the next 
Bresenham error term is Be=Be+2*dn, Which, for this 
example, equals +3. Because the Bresenham is noW greater 
than Zero, Walking to the next pixel is done in both that 
major and minor direction, Which is pixel location (3, 2). 
When the current Bresenham error term is greater than Zero, 
the next Bresenham error term is Be=Be+2*(dn-dj), Which, 
for this example, equals —9. Walking the rest of line 16 is 
done based on these equations and is shoWn in the table of 
FIG. 1. 

[0017] FIG. 2 illustrates the coverage area of the line at 
several pixel locations. The pixel coverage area may be 
determined in a plurality of Ways. For example, the cover 
area of a pixel may be calculated on the ?y by determining 
the pixel intersection 32 and then calculating the other pixel 
intersections to generate the corners of a polygon. Having 
the corners of a polygon, the coverage area can be deter 
mined. Alternatively, the pixel coverage areas may be pre 
calculated and stored in a look-up table. The look-up table 
is then addressed based on a pixel error term and the slope 
of the line. To minimiZe additional circuitry, the pixel error 
term may be derived from the Bresenham error term, Where 
Pe=Be/dj. The pixel error term can be readily derived While 
Walking the line 16. 

[0018] As mentioned, the Walking line 16 begins at pixel 
location (1,1). To calculate the pixel coverage area of pixel 
location (1, 1), the pixel error term is calculated, Which is 
—0.333 (—3/9). From this value and the slope, the coverage 
area of a pixel is obtain, but for a pixel that has the line 
running completely through it. To compensate for being an 
end pixel, a scaling factor 30 is used to determine the exact 
coverage area of the pixel. Note that all pixel area coverage 
calculations are derived at subpixel accuracy. Such subpixel 
accuracy may be a 4x4, 8x8, or 16x16 subpixel division. 
Having calculated the coverage area of the initial end-point 
pixel, i.e., pixel location (1,1), the process can proceed in 
many directions. For example, the process may Walk the 
entire mathematical line, calculating the pixel coverage area 
of each pixel along the mathematical line 14, then Walk one 
computational line and then the other, calculating pixel 
coverage areas as it Walks. As an alternate approach, the 
pixel coverage area of the pixels in a set of pixels may be 
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determined at one time. Thus, the coverage area at pixel 
location (1,1) may be determined, then at pixel location (1,0) 
and then at pixel location (1,2). In either case the resulting 
pixel coverage area Would be determined. Further note that 
if the thickness of line 16 Were greater than one pixel, the 
coverage area of more pixel Would be determined. This can 
be visualiZed by referring back to FIG. 1 and picturing line 
16 having a Width of tWo or more pixels. 

[0019] Returning to the discussion of FIG. 2, the coverage 
area for each pixel along the mathematical line is determined 
either by an on-the-?y calculation or by accessing a look-up 
table. The coverage area from pixel locations (2, 1) and (3, 
2) is shoWn. The coverage area for each pixel along the 
mathematical line is derived in a similar fashion. Once the 
mathematical line is Walked, the computational line (math 
ematical line plus one pixel along minor direction) is Walked 
to derive the pixel coverage area of the pixels along this line. 
The pixels have the coverage areas as shoWn at pixel 
location (1,0), pixel location (2,0), pixel location (3,1), etc. 
Next, the other computational line (the mathematical line 
minus one pixel along the minor direction) is Walked to 
derived pixel coverage area for each of pixel along the line. 
Pixels along this line include pixel location (1,2), pixel 
location (2,2) and pixel location (3,3). 

[0020] Having determined the pixel coverage area, the 
intensity for each pixel is then determined. FIG. 3 illustrates 
the intensity representation for each set of pixels (e. g., (1, 0), 
(1, 1) and (1, 2)) along the line 16. The greater intensity of 
a pixel is represented by more cross-hashed lines. As shoWn, 
the greater the intensity, the darker the pixel location. Thus, 
at the start of the line (e.g., pixel location (1,1)), the intensity 
is relatively small since the coverage area is a relatively 
small portion of the pixel. At pixel location (1,0), there is no 
coverage area of the line thus the pixel has no intensity 
component from the line. As the line is Walked, the intensity 
varies. For example, at pixel location (2,1) Where approxi 
mately half the pixel is covered, the intensity is approxi 
mately half. At pixel location (3,2), Which is almost com 
pletely covered, the intensity is much greater. Note that for 
RGB data, a binary value of 0 represents minimum intensity 
While a binary value of 255 represents maximum intensity. 

[0021] FIG. 4 illustrates a schematic block diagram of a 
video processing circuit that Would perform line anti-alias 
ing in accordance With the present invention. The video 
graphics circuit 50 includes an error term circuit 52, an 
address generation circuit 54, a look-up table 56, a blending 
circuit 58, and an end-point circuitry 60. Each of these 
circuits may be implemented as discreet hardWare compo 
nents, discreet softWare components, or a combination 
thereof. Alternatively, they may be generated as a single 
processing device, Which is implemented in either hardWare 
and/or softWare. 

[0022] In essence, the video graphics circuit of 50 of FIG. 
4 performs the folloWing mathematical equations. 

[0023] To satisfy a 4x4 subpixel anti-aliasing requirement, 
3 bits for slope and 4 bits for error are used. The Bresenham 
error term must be scaled to its useful range of [—1,1] before 
coverage determination. The Bresenham algorithm avoids 
?oating point operations by scaling up the error term With dx 
(or dj), hence, the scaled error term is 
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[0024] Where dj is delta in major direction, dn is delta in 
minor direction. The scaled increments are 

AeZ-ajor : dn 

[0025] If screen coordinates are correct to s fractional bits, 
all screen coordinates are scaled to the left by s to strive for 
integer arithmetic, hence dj and dn are also scaled by the 
same amount. The resulting error term is scaled not just by 
dj but also by s tWice. 

[0026] The line can noW be Walked using Bresenham error 
term. Given a current pixel (j,n) along the major and minor 
axes, the error term is measured at 

l 
edj-[j+ jStep, n + instep] 

[0027] to determine stepping direction. If the error term is 
positive, stepping must be done both in major and in minor 
directions. If the error term is negative, stepping should be 
done only along the major direction. When the error term is 
Zero, some rules must be applied to determine if the Zero 
should be considered positive or not. As in the Bresenham 
scheme, the incremental terms can be precalculated. 

[0028] Before the error term can be feed to the anti 
aliasing coverage look-up table (LUT) hoWever, the error 
term needs to be properly adjust back to the Euclidean 
coordinates. This should be done once for every pixel We 
Walked. The exact term is given by 

ed] 

[0029] Afour fractional error bits is needed to feed into the 
LUT mechanism, so What is needed is 

[0030] To interpolate attributes, We need 1/dj anyWay, and 
this Will be a ?oating point number, yielding 

24e=244edjxd?nv 
[0031] or 

246=24’Sedjxmantissa(djlnv)><2exp°nen‘(djlnv) =24is+exi 
ponen\(djInv)€djXmantlSSa<dj1nV> 

[0032] Thus, a formulation is arrived at that alloWs col 
lection of just the number of bits desired for multiplication. 
The ?rst half of the equation 

24*s+exponent(djh1v)edj 
[0033] Which indicates the number of bits to shift to obtain 
the loWest 4 bits as fractional bits for the error term. If s=4 
and the amount of shift reduces to exponent(djInv). The 
remaining factor 
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mantissa(djInv) 

[0034] is normaliZed and is alWays in the form of 
1.xxx . . . X. If p fractional bits is used from the error term 

and q fractional bits from the mantissa, a (p+1)><(q+1) 
multiplier is needed, producing (p+q) fractional bits With a 
maximum deviation of 

[0035] To perform the above equations, the error term 
circuit 52 includes a shifting circuit 62 that receives the 
Bresenham error term 74 and a representative value of the 
mathematical line 76. The representative value of the math 
ematical line 76 may be an inversion of the Delta major term 
of the mathematical line. From these values, the shifting 
circuit 62 shifts the Bresenham error term 74 by the repre 
sentative value 76. The resulting value is a shifted Bresen 
ham error term 78, Which is provided to a multiplier 66. The 
other input to multiplier 66 comes from a truncation circuit 
64, Which truncates the representative value 76. For 
example, the truncation circuit 64 may take the mantissa 
portion of the representative value and truncate it to the 
upper 4 bits. Multiplier 66 multiplies the shifted Bresenham 
error term 78 and the truncated representative value to 
produce the pixel error term 80. The pixel error term 80 is 
used to index the look-up table 56 to retrieve the coverage 
area for the particular pixel of interests. 

[0036] The address generation circuit 54 generates 
addresses for the accessing the look-up table 56, Where the 
addresses are generated from the error term 80 and the slope 
of the line 82. To accomplish this, the address generation 
circuit 54 includes an offset circuit 68, a pixel value offset 
circuit 70, and a combiner 72. The offset circuit 68 receives 
the error term 80 and an offset value 84, Where the error term 
80 ranges from —1 to +1. The offset value 84 adjusts the error 
term 80 to be greater than Zero such that positive indices to 
access the look-up table 50 may be used. For example, 
assume that the error term range has thirty-tWo segments. As 
such, the offset value is 01000 (binary). As one skilled in the 
art Will readily appreciate, the segmentation of the error term 
may be greater or less than thirty-tWo, and the offset value 
Would be adjusted accordingly. 

[0037] The output of offset circuit 68 is provided to the 
address combining circuit 72, Which combines the offset 
error term With the slope 82 of the mathematical line to 
produce a set of addresses 90. The address combining circuit 
72 may further combine a pixel offset value 86 With the 
slope 82 and offset error term to produce the set of addresses. 
Apixel offset value circuit 70 generates the pixel offset value 
86. The pixel offset value circuit 82 generates a null value 
When the mathematical line is being Walked, generates a 
positive pixel offset value When the ?rst computation line 
(mathematical line +1 pixel) is being Walked, and generates 
a negative pixel offset value When the other computational 
line (mathematical line —1 pixel) is being Walked. Note that 
the address generation circuit 54 uses line thickness infor 
mation 88 to generate the appropriate addresses When the 
line is thicker than 1 pixel. 

[0038] The set of addresses 90 include a single address 
When each line is Walked individually (e.g., the mathemati 
cal line is Walked, then a computational line, and then the 
other) or it includes a plurality of addresses When the lines 
are Walked simultaneously. The look-up table 56 receives 
the set of addresses 90 and subsequently retrieves pixel 
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[0041] Returning to the discussion of FIG. 4, the pixel 
coverage information 92 is provided to blending circuit 58. 
The blending circuit 58 blends color data 94 based on the 
coverage information and a pixel-scaling factor to obtain the 
pixel information 100. The coverage information 92 and the 
pixel-scaling factor 96 are used to established the intensity 
of the color data 94, thereby producing the pixel information 
100. The blending circuit 58 receives the pixel-scaling factor 
96 from the end-point circuitry 60, Which indicates When the 
line is at an end-point (i.e., When end-point information 98 
is received). Thus, if the particular pixel of interest Were at 
the end-point, the end-point circuitry 60 Would generate the 
scaling factor 96 to correctly adjust the intensity produced 
by the blending circuit 58. 

[0042] The resulting pixel information of 100 Would then 
be stored in a frame buffer and subsequently displayed on a 
computer screen. With such a circuit as described, existing 
video graphics circuitry can be leveraged to obtain an 
economical, high quality line anti-aliasing process. In par 
ticular, by taking advantage of the Bresenham technique, 
error terms may be generated to address a look-up table to 
retrieve pixel coverage information. As such, a minimal 
amount of additional circuitry and memory are needed to 
provide line anti-aliasing. 

[0043] FIG. 5 illustrates a schematic block diagram of an 
alternate anti-aliasing processing circuit 110. The anti-alias 
ing processing circuit 110 includes a processing unit 112 and 
memory 114. The processing unit 112 may be a micropro 
cessor, micro-controller, central processing unit, digital sig 
nal processor, microcomputer, or any other device that 
manipulates digital information based on programming 
instructions. The memory 114 may be read-only, random 
access memory, programmable memory, hard disk memory, 
?oppy disk memory, CD ROM memory, or any other means 
for storing digital information. 

[0044] Memory 114 stores programming instructions that, 
When read by the processing unit 112, causing the processing 
unit to function as a plurality of circuits 116-120. While 
reading the programming instructions, the processing unit 
112 functions as a circuit 116 to Walk along a mathematical 
line based on the Bresenham technique. While doing this, 
the processing unit also functions as a circuit 112, Which, at 
each pixel along the mathematical line, determines pixel 
coverage area for each pixel in a set of pixels based on area 
sampling. Note that area sampling is done by computing the 
intersections of the pixel to generate a polygon. Once the 
intersections have been determined, the area of the polygon 
can be readily calculated. The processing unit then functions 
as circuit 120 to determine intensity for each pixel of the 
pixels in the set of pixels. The functionality of processing 
unit 112 While performing the programming instructions 
stored in memory 114 can be further described With refer 
ence to FIG. 6. 

[0045] FIG. 6 illustrates a logic diagram of a method for 
processing and line anti-aliasing. The process begins at step 
130 Where a mathematical line is Walked based on the 
Bresenham technique. This has been previously discussed 
With reference to FIGS. 1 through 3. The process then 
proceeds to step 132 Where at each pixel along the math 
ematical line, pixel coverage area is determined for each 
pixel in a set of pixels, Which transverse a minor direction 
of the mathematical line. The pixel area coverage determi 
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nation is based on area sampling, Which utiliZes pixel 
intersections to calculate the area, and may be obtained in a 
variety of Ways. For example, an error term for a pixel along 
the mathematical line may be calculated from a Bresenham 
error term as the mathematical line is Walked. The error term 
and the slope of the mathematical line are used to address a 
look-up table, Which stores pre-calculated coverage areas. 
As an alternate example, the coverage area could be deter 
mined on the ?y based on points of intersection. Note that 
if the line has a thickness greater than 1 pixel, additional 
addresses Would be generated for each additional pixel in the 
set of pixels. 

[0046] Having determined the pixel coverage area for a 
pixel, the process proceeds to step 134 Where a determina 
tion is made as to Whether the pixel is at an end point of the 
line. If yes, a scaling factor is generated at step 136. The 
generation of a scaling factor Was discussed previously With 
FIGS. 1 through 4. Once the scaling factor has been 
generated or the pixel is not at the end of the line, the process 
proceeds to step 138. At step 138 the intensity for each pixel 
of the pixels in the set of the pixels is determined based on 
the coverage area. This Was discussed previously With 
reference to FIGS. 1 through 4. 

[0047] The process then proceeds to step 140 Where a 
determination is made as to Whether the pixel is in a 
foreground relationship to another pixel in a second set. In 
other Words, does the current line intersect another line and, 
if so, Which Was is closer. This determination is done on a 
pixel by pixel basis. If, the ansWer to the query at step 140 
is negative, the process reverts back to step 130. 

[0048] If, hoWever, the pixel is in a foreground relation 
ship to another pixel in a second set, the process proceeds to 
step 142. At step 142, the intensity of the pixel in the ?rst set 
is blended With the intensity of the pixel in the second set. 
As such, the blending is done based on the proportional 
coverage of the area. For example, if the ?rst pixel covers 
the pixel location by forty percent (40%) and the color is a 
bright green and the other pixel covers the pixel location by 
thirty percent (30%) and it is a bright red, the resulting 
combination Would be an RGB value that includes the 
proportional contributes of the lines. The process then 
proceeds to step 144 Where a determination is made as to 
Whether the coverage area of the pixel in the ?rst set is 
greater than a threshold. The pixel coverage threshold is an 
arbitrary value set by a designer and may be in the range of 
tWenty-?ve percent (25%) to one hundred percent (100%) of 
the pixel. If the coverage area does not exceed the threshold, 
the process reverts to step 130. If, hoWever, the coverage 
area exceeds the threshold, the process proceeds to step 146. 
At step 146, a Z buffer is updated With the Z value of the 
pixel in the ?rst set. The Z value indicates its image’s depth 
Which is stored in the Z buffer When it is in the most 
foreground position. Note that, if the threshold is set to be 
50%, only the Z value for the center trace needs to be 
updated. 

[0049] FIG. 7 illustrates a logic diagram of an alternate 
method for line anti-aliasing. The process begins at step 150 
Where the mathematical line is Walked to obtain pixel 
coverage area at each point along the mathematical line. The 
process then proceeds to step 152 Where a computational 
line is Walked to obtain pixel coverage area at each point 
along the computational line. This computational line cor 
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responds to the mathematical line shifted plus one in the 
minor direction. The process then proceeds to step 154 
Where the other computational line is Walked to obtain pixel 
coverage area at each point along this computational line. 
This particular computational line corresponds to the math 
ematical line minus one in the minor direction. 

[0050] The preceding discussion has presented a method 
and apparatus for generating line anti-aliasing. The line 
anti-aliasing method and apparatus of the present invention 
leverage existing video graphic technologies to minimiZe 
additional circuitry requirements and memory requirements. 
While memory and circuitry requirements are minimiZed, 
the video quality of line anti-aliasing is not. 

What is claimed is: 
1. A method for line anti-aliasing, the method comprises 

the steps of: 

a) Walking a mathematical line based on Bresenham 
technique; 

b) determining, at each pixel along the mathematical line, 
pixel coverage area of each of a set of pixels based on 
area sampling, Wherein the set of pixels traverse a 
minor direction of the mathematical line; and 

c) determining intensity for each of the pixels in the set of 
pixels. 

2. The method of claim 1 further comprises, Within step 
(b), determining the pixel coverage area by: 

calculating an error term for a pixel of the set of pixels that 
is along the mathematical line; and 

addressing a look-up table based on the error term and a 
slope of the mathematical line to retrieve the pixel 
coverage area of the each of the set of pixels. 

3. The method of claim 2 further comprises: 

obtaining line thickness of the mathematical line; and 

addressing the look-up table based on the error term, line 
thickness, and the slope. 

4. The method of claim 1 further comprises, Within step 
(b), determining the pixel coverage area by: 

calculating an error term for a pixel of the set of pixels that 
is along the mathematical line; and 

addressing a look-up table based on the error term and a 
slope of the mathematical line to retrieve the pixel 
coverage area for the pixel. 

5. The method of claim 4 further comprises: 

Walking a computational line, Wherein the computation 
line is substantially parallel to the mathematical line 
and offset in the minor direction by a pixel offset value; 
and 

for each pixel along the computation line, determining the 
pixel coverage area by addressing the look-up table 
based on the slope, the pixel offset value, and the error 
term. 

6. The method of claim 1 further comprises: 

determining that a pixel of the set of pixels contains an 
end-point of the mathematical line; and 

scaling the pixel coverage area of the pixel based on a 
scaling factor, Wherein the scaling factor is represen 
tative of coverage along the major direction 
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7. The method of claim 1 further comprises, Within step 
(C), 

determining Whether a pixel of the set of pixel is in a 
foreground With respect to a pixel of a second set of 
pixels, Wherein the second set of pixels corresponds to 
a second mathematical line; 

When the pixel of the set of pixels is in the foreground 
With respect to the pixel of the second set of pixels, 
blending the intensity of the pixel of the set of pixels 
With intensity of the pixel of the second set of pixels; 

determining Whether the pixel coverage area of the pixel 
of the set of pixels is greater than a coverage threshold; 
and 

When the coverage area of the pixel of the set of pixels is 
greater than the coverage threshold, updating a Z buffer 
With a Z value of the pixel of the set of pixels. 

8. The method of claim 1 further comprises, Within step 
(b), determining the pixel coverage area by: 

identifying pixel intersections that identify Where a line 
intersects each pixel in the set of pixels, Wherein the 
line has a thickness centered about the mathematical 
line; and 

calculating area of a polygon delineated by the pixel 
intersections, Wherein the area of the polygon equates 
to the pixel coverage area. 

9. A circuit for processing line anti-aliasing, the circuit 
comprises: 

error term circuit operably coupled to receive a Bresen 
ham error term for each pixel along a mathematical line 
and to receive a representative value of the mathemati 
cal line, Wherein the error term circuit generates an 
error term for each pixel along the mathematical line 
based on the Bresenham error term for the pixel and the 
representative value; 

address generation circuit operably coupled to the error 
term circuit and operably coupled to receive a slope of 
the mathematical line, Wherein the address generation 
circuit generates a set of addresses based on the error 
term and the slope, Wherein each address of the set of 
addresses corresponds to a pixel in a set of pixels, 
Wherein the set of pixels traverse a minor direction of 
the mathematical line; and 

look-up table operably coupled to the address generation 
circuit, Wherein the look-up table outputs pixel cover 
age information for each pixel in the set of pixels based 
on the set of addresses, and Wherein the pixel coverage 
information is used to create an anti-aliased represen 
tation of the mathematical line. 

10. The circuit of claim 9 further comprises, Within the 
error term circuit, 

shifting circuit operably coupled to receive the Bresen 
ham error term and the representative value, Wherein 
the shifting circuit shifts the Bresenham error term 
based on the representative value to produce a shifted 
Bresenham error term; and 

multiplier circuit operably coupled to the shifting circuit, 
Wherein the multiplier circuit multiples the shifted 
Bresenham error term With at least a portion of the 
representative value to produce error term. 

11. The circuit of claim 10 further comprises the repre 
sentative value being an inversion of delta major of the 
mathematical line. 

12. The circuit of claim 10 further comprises, Within the 
address generation circuit, 
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an offset circuit operably coupled to receive the error 
term, Wherein the offset circuit offset the error term by 
an offset value to produce an error term index, Wherein 
the error term index is combined With the slope to 
produce the set of addresses. 

13. The circuit of claim 9 further comprises the address 
generation circuit being operably coupled to receive line 
thickness information, Wherein the address generation cir 
cuit further utiliZes the line thickness information to gener 
ate the set of addresses. 

14. The circuit of claim 9 further comprises a slope circuit 
that generates the slope based on a delta major and a delta 
minor of the mathematical line. 

15. The circuit of claim 9 further comprises, Within the 
address generation circuit: 

a pixel value offset circuit that generates a pixel offset 
value based on Walking of the mathematical line and 
computational lines, Wherein the pixel offset value is 
null When Walking the mathematical line and is not null 
When Walking one of the computational lines, Wherein 
the computational lines are each substantially parallel 
to the mathematical line and offset in the minor direc 
tion by the pixel offset value and Wherein the pixel 
offset value is at least partially used to generate an 
address of the set of addresses that corresponds to a 
pixel of the set of pixels that is on one of the compu 
tation lines. 

16. The circuit of claim 9 further comprises a blending 
module operably coupled to the look-up table and is oper 
ably coupled to receive color data, Wherein the blending 
module blends the color data based on the pixel coverage 
information. 

17. The circuit of claim 16 further comprises end-point 
circuitry that is operably coupled to the blending circuit, 
Wherein the end-point circuitry provides a pixel scaling 
factor to the blending module. 

18. An anti-aliasing circuit comprises: 

processing unit; and 

memory operably coupled to the processing unit, Wherein 
the memory stores programming instructions that, 
When read by the processing unit, causes the processing 
unit to (a) Walk a mathematical line based on Bresen 
ham technique; (b) determine, at each pixel along the 
mathematical line, pixel coverage area of each of a set 
of pixels based on area sampling, Wherein the set of 
pixels traverse a minor direction of the mathematical 
line; and (c) determine intensity for each of the pixels 
in the set of pixels. 

19. The anti-aliasing circuit of claim 18 further comprises, 
Within the memory, programming instructions that, When 
read by the processing unit, causes the processing unit to 
determine the pixel coverage area by: 

calculating an error term for a pixel of the set of pixels that 
is along the mathematical line; and 

addressing a look-up table based on the error term and a 
slope of the mathematical line to retrieve the pixel 
coverage area of the each of the set of pixels. 

20. The anti-aliasing circuit of claim 18 further comprises, 
Within the memory, programming instructions that, When 
read by the processing unit, causes the processing unit to: 
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obtain line thickness of the mathematical line; and 

address the look-up table based on the error term, line 
thickness, and the slope 

21. The anti-aliasing circuit of claim 18 further comprises, 
Within the memory, programming instructions that, When 
read by the processing unit, causes the processing unit to 
determine the pixel coverage area by: 

calculating an error term for a pixel of the set of pixels that 
is along the mathematical line; and 

addressing a look-up table based on the error term and a 
slope of the mathematical line to retrieve the pixel 
coverage area for the pixel. 

22. The anti-aliasing circuit of claim 21 further comprises, 
Within the memory, programming instructions that, When 
read by the processing unit, causes the processing unit to: 

Walk a computational line, Wherein the computation line 
is substantially parallel to the mathematical line and 
offset in the minor direction by a pixel offset value; and 

for each pixel along the computation line, determine the 
pixel coverage area by addressing the look-up table 
based on the slope, the pixel offset value, and the error 
term. 

23. The anti-aliasing circuit of claim 18 further comprises, 
Within the memory, programming instructions that, When 
read by the processing unit, causes the processing unit to: 

determine that a pixel of the set of pixels contains an 
end-point of the mathematical line; and 

scale the pixel coverage area of the pixel based on a 
scaling factor, Wherein the scaling factor is represen 
tative of coverage along the major direction 

24. The anti-aliasing circuit of claim 18 further comprises, 
Within the memory, programming instructions that, When 
read by the processing unit, causes the processing unit to: 

determine Whether a pixel of the set of pixel is in a 
foreground With respect to a pixel of a second set of 
pixels, Wherein the second set of pixels corresponds to 
a second mathematical line; 

blend the intensity of the pixel of the set of pixels With 
intensity of the pixel of the second set of pixels When 
the pixel of the set of pixels is in the foreground With 
respect to the pixel of the second set of pixels; 

determine Whether the pixel coverage area of the pixel of 
the set of pixels is greater than a coverage threshold; 
and 

update a Z buffer With a Z value of the pixel of the set of 
pixels When the coverage area of the pixel of the set of 
pixels is greater than the coverage threshold. 

25. The anti-aliasing circuit of claim 18 further comprises, 
Within the memory, programming instructions that, When 
read by the processing unit, causes the processing unit to 
determine the pixel coverage area by: 

identifying pixel intersections that identify Where a line 
intersects each pixel in the set of pixels, Wherein the 
line has a thickness centered about the mathematical 
line; and 

calculating area of a polygon delineated by the pixel 
intersections, Wherein the area of the polygon equates 
to the pixel coverage area. 

* * * * * 


