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(57) ABSTRACT 

Embodiments of the present invention provide a method and 

apparatus for dynamically modifying computer graphics 
content for colors and/or patterns that are problematic for 
color-blind vieWers prior to display. In particular, graphics 
content may be modi?ed in various stages of the graphics 
pipeline, including but not limited to, the render or raster 
stage, such that images provided to the user are visible to 
color-blind vieWers upon display Without further modi?ca 
tion. 
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METHOD AND APPARATUS FOR MODIFYING 
GRAPHICS CONTENT PRIOR TO DISPLAY FOR 

COLOR BLIND USE 

RELATED APPLICATIONS 

[0001] This Application is a Continuation of Ser. No. 
09/991,629, ?led on Nov. 21, 2001, entitled “Method and 
Apparatus for Modifying Graphics Content Prior to Display 
for Color Blind Users”. 

BACKGROUND 

[0002] 1. Field 

[0003] The present invention relates generally to color 
blind systems and more particularly to ?ltering graphics to 
enable color-blind vieWing. 

[0004] 2. Background Information 

[0005] Computer graphics systems are commonly used for 
displaying graphical representations of objects on a tWo 
dimensional video display screen. Current computer graph 
ics systems provide highly detailed representations and are 
used in a variety of applications. Such systems typically 
come pre-installed With a plethora of accessibility tools for 
people With disabilities. Yet, providing color corrected 
graphics for people Who suffer from color blindness still 
remains a challenge. 

[0006] More than 20 million Americans, many of them 
computer users, experience some form of color blindness, 
Which is the inability to distinguish certain colors. When 
light enters the eye, it passes through several structures 
before striking the light sensitive receptors in the retina at 
the back of the eye. These receptors are called rods and 
cones. Rod are responsible for night vision, and cones are 
responsible for color vision, functioning best under daylight 
conditions. 

[0007] Each of the three types of cones, red cones, blue 
cones and green cones, has a different range of light sensi 
tivity. In an individual With normal color vision, the cone 
population consists of approximately 74 percent red cones, 
10 percent green cones and 16 percent blue cones. The 
stimulation of cones in various combinations accounts for 
the perception of colors. For eXample, the perception of 
yelloW results from a combination of inputs from green and 
red cones, and relatively little input from blue cones. If all 
three cones are stimulated, White is perceived as the color. 
Defects in color vision occur When one of the three-cone cell 
coding structures fails to function properly. One of the visual 
pigments may be functioning abnormally, or it may be 
absent altogether. Most color-de?cient individuals have 
varieties of red or green de?ciency. 

[0008] Since most color-blind people see black and White 
accurately, color is not an issue if images are in grayscale. 
HoWever, most applications and Web sites are heavily color 
reliant. Color is a particular problem With image maps in 
Which clickable areas are delineated by color. Application 
and Website designers have attempted to address this prob 
lem by enhancing areas by placing underlined teXt or a black 
outline in the image. Another technique is to place colors 
against an appropriate background Where they can be more 
visible. Furthermore, considering that most color-blind 
people have a red-green color blindness, limiting using red 
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and green together is another option. HoWever, this limits 
the palette of acceptable colors. Consequently, very feW 
application and Web developers are Willing to sacri?ce 
having a ?ashier site to accommodate color-blind users. 

[0009] What is needed therefore is a method, apparatus 
and system for providing color corrected graphics for color 
blind users. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 illustrates a block diagram of an embodi 
ment for providing color corrected graphics for color-blind 
users. 

[0011] FIG. 2 illustrates a block diagram of an embodi 
ment of a computer graphics system for implementing color 
corrected graphics for color-blind users. 

[0012] FIG. 3 illustrates a block diagram of an embodi 
ment of a graphics pipeline including implementation of the 
color corrected graphics at the render and raster stages. 

[0013] FIG. 4 illustrates a block diagram of an embodi 
ment of a graphics device including a color blind ?lter 
implemented in the render stage. 

[0014] FIG. 5(a) illustrates a non-color corrected image as 
seen by a color-blind user. 

[0015] FIG. 5(b) illustrates a color-corrected image as 
seen by a color-blind user. 

[0016] FIG. 5(a) illustrates a color-corrected generated by 
overlaying a pattern on top of a dif?cult to see color. 

[0017] FIG. 6 illustrates a How diagram of an embodiment 
of a process for providing color corrected graphics for 
color-blind users implemented at the render stage. 

[0018] FIG. 7 illustrates a block diagram of an embodi 
ment of a graphics device including a color blind ?lter 
implemented in the raster stage. 

[0019] FIG. 8 illustrates a How diagram of an embodiment 
of a process for providing color corrected graphics for 
color-blind users implemented at the raster stage. 

DETAILED DESCRIPTION 

[0020] FIG. 1 illustrates a block diagram of an embodi 
ment 10 for providing color corrected graphics for color 
blind users. Embodiments of the present invention provide 
a method and apparatus for dynamically modifying com 
puter graphics content for colors and/or patterns that are 
problematic for visually challenged, in particular color-blind 
vieWers, prior to display. In particular, graphics content may 
be modi?ed in various stages of the graphics pipeline, 
including but not limited to, the render or raster stage, such 
that images provided to the user are visible to color-blind 
vieWers upon display Without further modi?cation. As illus 
trated and discussed in detail beloW, embodiments of the 
present invention may be implemented in hardWare, soft 
Ware or a combination thereof. 

[0021] In particular, referring to FIG. 1, graphics content 
12 in the form of an original screen image (eg in piXels or 
other format) is provided to the color-blind ?lter 14 of the 
present invention. The color-blind ?lter 14 detects colors 
and modi?es images. In particular, the color-blind ?lter 
analyZes computer graphics content in accordance With 
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prede?ned color pro?les that identify Which graphics may be 
problematic for color challenged users. It then modi?es 
problematic graphics content that falls Within at least one of 
the prede?ned color pro?les such that the graphics content 
is visible to color challenged users. Display technology 16, 
such as a graphics card or operating system video card driver 
displays the modi?ed image. 

[0022] In the detailed description, numerous speci?c 
details are set forth in order to provide a thorough under 
standing of the present invention. HoWever, it Will be 
understood by those skilled in the art that the present 
invention maybe practiced Without these speci?c details. In 
other instances, Well-knoWn methods, procedures, compo 
nents and circuits have been described in detail so as not to 
obscure the present invention. 

[0023] Some portions of the detailed description that fol 
loW are presented in terms of algorithms and symbolic 
representations of operations on data bits or binary signals 
Within a computer. These algorithmic descriptions and rep 
resentations are the means used by those skilled in the data 
processing arts to convey the substance of their Work to 
others skilled in the art. An algorithm is here, and generally, 
considered to be a self-consistent sequence of steps leading 
to a desired result. The steps include physical manipulations 
of physical quantities. Usually, though not necessarily, these 
quantities take the form of electrical or magnetic signals 
capable of being stored, transferred, combined, compared, 
and otherWise manipulated. It has proven convenient at 
times, principally for reasons of common usage, to refer to 
these signals as bits, values, elements, symbols, characters, 
terms, numbers or the like. It should be understood, hoW 
ever, that all of these and similar terms are to be associated 
With the appropriate physical quantities and are merely 
convenient labels applied to these quantities. Unless spe 
ci?cally stated otherWise as apparent from the folloWing 
discussions, it is appreciated that throughout the speci?ca 
tion, discussions utiliZing such terms as “processing” or 
“computing” or “calculating” or “determining” or the like, 
refer to the action and processes of a computer or computing 
system, or similar electronic computing device, that manipu 
late and transform data represented as physical (electronic) 
quantities Within the computing system’s registers and/or 
memories into other data similarly represented as physical 
quantities Within the computing system’s memories, regis 
ters or other such information storage, transmission or 
display devices. 

[0024] Embodiments of the present invention may be 
implemented in hardWare or softWare, or a combination of 
both. HoWever, embodiments of the invention may be imple 
mented as computer programs executing on programmable 
systems comprising at least one processor, a data storage 
system (including volatile and non-volatile memory and/or 
storage elements), at least one input device, and at least one 
output device. Program code may be applied to input data to 
perform the functions described herein and generate output 
information. The output information may be applied to one 
or more output devices, in knoWn fashion. For purposes of 
this application, a processing system includes any system 
that has a processor, such as, for example, a digital signal 
processor (DSP), a microcontroller, an application speci?c 
integrated circuit (ASIC), or a microprocessor. 

[0025] The programs may be implemented in a high level 
procedural or object oriented programming language to 
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communicate With a processing system. The programs may 
also be implemented in assembly or machine language, if 
desired. In fact, the invention is not limited in scope to any 
particular programming language. In any case, the language 
may be a compiled or interpreted language. 

[0026] The programs may be stored on a storage media or 
device (e.g., hard disk drive, ?oppy disk drive, read only 
memory (ROM), CD-ROM device, ?ash memory device, 
digital versatile disk (DVD), or other storage device) read 
able by a general or special purpose programmable process 
ing system, for con?guring and operating the processing 
system When the storage media or device is read by the 
processing system to perform the procedures described 
herein. Embodiments of the invention may also be consid 
ered to be implemented as a machine-readable storage 
medium, con?gured for use With a processing system, Where 
the storage medium so con?gured causes the processing 
system to operate in a speci?c and prede?ned manner to 
perform the functions described herein. 

[0027] An example of one such type of processing system 
is shoWn in FIG. 2. Sample system 100 may be used, for 
example, to execute the processing for methods in accor 
dance With the present invention, such as the embodiment 
described herein. Sample system 100 is representative of 
processing systems based on the microprocessors available 
from Intel Corporation, although other systems (including 
personal computers (PCs) having other microprocessors, 
engineering Workstations, set-top boxes and the like) may 
also be used. In one embodiment, sample system 100 may be 
executing a version of the WINDOWSTM operating system 
available from Microsoft Corporation, although other oper 
ating systems and graphical user interfaces, for example, 
may also be used. 

[0028] FIG. 2 illustrates a block diagram of an embodi 
ment of a computer graphics system for implementing color 
corrected graphics for color-blind users. The computer sys 
tem 100 includes central processor 102, graphics and 
memory controller 104 including graphics engine 106, 
memory 108 and display device 114. Processor 102 pro 
cesses data signals and may be a complex instruction set 
computer (CISC) microprocessor, a reduced instruction set 
computing (RISC) microprocessor, a very long instruction 
Word (VLIW) microprocessor, a process implementing a 
combination of instruction sets, or other processor device, 
such as a digital signal processor, for example. Processor 
102 may be coupled to common bus 112 that transmits data 
signals betWeen processor 102 and other components in the 
system 100. FIG. 2 is for illustrative purposes only. The 
present invention can also be utiliZed in a discrete graphics 
con?guration. The present invention can also be utiliZed in 
a discrete or other graphics con?guration. 

[0029] Processor 102 issues signals over common bus 112 
for communicating With memory 108 or graphics and 
memory controller in order to manipulate data as described 
herein. Processor 102 issues such signals in response to 
softWare instructions that it obtains from memory 108. 
Memory 108 may be a dynamic random access memory 
(DRAM) device, a static random access memory (SRAM) 
device, or other memory device. Memory 108 may store 
instructions and/or data represented by data signals that may 
be executed by processor 102, graphics engine 106 or some 
other device. The instructions and/or data may comprise 
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code for performing any and/or all of the techniques of the 
present invention. Memory 108 may also contain softWare 
and/or data. An optional cache memory 110 may be used to 
speed up memory accesses by the graphics engine 106 by 
taking advantage of its locality of access. One skilled in the 
art Will recogniZe that the cache memory 110 can reside 
internal or external to the processor 102 or graphics engine 
106. 

[0030] In some embodiments, graphics engine 106 can 
of?oad from processor 102 many of the memory-intensive 
tasks required for rendering an image. Graphics engine 106 
processes data signals and may be a complex instruction set 
computer (CISC) microprocessor, a reduced instruction set 
computing (RISC) microprocessor, a very long instruction 
Word (VLIW) microprocessor, a process implementing a 
combination of instruction sets, or other processor device, 
such as a digital signal processor, for example. Graphics 
engine 106 may be coupled to common bus 112 that trans 
mits data signals betWeen graphics engine 106 and other 
components in the system 100, including display cache 110 
and display device 114. Graphics engine 106 includes ren 
dering hardWare that among other things Writes speci?c 
attributes (eg colors) to speci?c pixels of display 114 and 
draW complicated primitives on display device 114. Graph 
ics and memory controller 104 communicates With display 
device 114 for displaying images rendered or otherWise 
processed by a graphics controller 104 for displaying images 
rendered or otherWise processed to a user. Display device 
114 may comprise a computer monitor, television set, ?at 
panel display or other suitable display device. 

[0031] Memory 108 stores a host operating system that 
includes one or more rendering programs to build the images 
of graphics primitives for display. In particular, the method 
for providing color corrected graphics content to color-blind 
users may be stored in memory 108. The graphics primitives 
produced are laid out or rendered in the buffer memory for 
display on display device 114. System 100 includes graphics 
engine 106, such as a graphics accelerator that uses custom 
iZed hardWare logic device or a co-processor 104 to improve 
the performance of rendering at least some portion of the 
graphics primitives otherWise handled by host rendering 
programs. The graphics engine 106 is controlled by the host 
operating system program and its host graphics application 
program interface (API) through a driver program. The 
graphics primitives produced thereby are laid out or ren 
dered in the buffer memory for display on display device 
114. 

[0032] FIG. 3 illustrates a block diagram of an embodi 
ment 200 of a graphics pipeline including implementation of 
the color corrected graphics at the render and raster stage. 
Rendering is considered to be the entire process of taking 
models (usually 3D although could be 2D), performing 
lighting, vieWing, clipping, composition and other activities 
to arrive at a ?nal 2D image. RasteriZation, or Rastering, is 
considered to be a single stage process of determining a set 
of pixels values (based upon a current display mode color 
depth, etc.), for display on the screen. Rendering is typically 
a multi-stage process, Whereas rasteriZation is typically a 
one-stage process. The result of a rendering pipeline is fed 
into the raster for display. Modern computer monitors are 
commonly called “raster display devices” for this reason— 
they display information on screen via a set of bytes that 
represent a series of pixels. This set of pixels is often called 
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the refresh buffer, or more commonly the frame buffer. 
Pixels in the frame buffer are piped to the raster display (e.g. 
your monitor). For a very simple display that Was just a 
single bit-mapped image, there is no rendering. The graphics 
engine simply rasters (i.e. BitBlt’s) the image into the 
graphics card frame buffer, or directly to the display. 

[0033] The color-blind ?lter can be implemented any 
Where along the graphics pipeline. For example, as dis 
cussed in detail beloW, in one embodiment, a rendering 
engine 202 generates graphics data based upon the geomet 
ric primitives and associated rendering commands. A color 
blind analyZer, implemented via display controller or display 
device driver 204, in communication With the rendering 
engine 202 analyZes graphics data generated by the render 
ing engine 202 and modi?es selected graphics data into 
color corrected data suitable for a visually challenged 
vieWer. The rendering engine 202 then concludes rendering 
of the color corrected data into a color corrected image for 
further processing 206208 and display 210. 

[0034] As discussed in detail beloW, in another embodi 
ment, at the raster stage 206, a scan-convert processor 
converts the geometric primitives to produce rasteriZed pixel 
data including color data for pixel locations in the image. A 
private memory area separate from the frame buffer stores 
the rasteriZed pixel data. A color-blind analyZer in commu 
nication With the private memory area analyZes the raster 
iZed pixel data stored in the private memory area and 
modi?es selected rasteriZed pixel data into color corrected 
pixel data for further processing 206208 and display 210. 

[0035] Color Blind Modi?cation Implemented At Render 
Stage 

[0036] FIG. 4 illustrates a block diagram of an embodi 
ment 300 of a graphics device 302 including a color blind 
?lter 304 implemented in the render stage 306. Referring to 
FIG. 3, color-blind modi?cation is implemented at the 
render stage of the graphics pipeline prior to rasteriZation of 
the image into the frame buffer. Rendering is the process of 
generating tWo-dimensional images of data for display on a 
monitor. Typically, rendering includes processing geometric 
primitives (e.g., points, lines and polygons) to determine 
component pixel values for the monitor display, a process 
often referred to speci?cally as rasteriZation. 

[0037] In particular, referring to FIG. 4, a control unit 308 
supervises the operation of the graphics device 302. Upon 
receiving a graphics order to render a scene, the control unit 
308 passes the graphics data associated With the graphics 
order on to a rendering pipeline 306. The rendering pipeline 
306 transforms the graphics data associated With the graph 
ics order from the model coordinate system to a normaliZed 
device coordinate system designated the vieW coordinate 
system and clips the graphics data against a predetermined 
vieW volume. In addition, depending upon the shading 
algorithm to be applied, an illumination model is evaluated 
at various locations (i.e. the vertices of the primitives and/or 
the pixels covered by a given primitive). The transformed 
and clipped graphics data is then passed on to a rasteriZation 
stage 308 that converts the transformed primitives into 
pixels, and generally stores each primitive’s contribution at 
each pixel. One skilled in the art Will recogniZe that the 
rendering pipeline 306 may be organiZed in a variety of 
architectures and is not limited to the con?guration 
described herein. The present invention provides a color 
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correction mechanism With perspective correction that may 
be integrated into any stage of the rendering pipeline 306. 
For the sake of description, an example of a common 
graphics pipeline is set forth beloW. 

[0038] More speci?cally, as shoWn in FIG. 4, a common 
rendering pipeline 306 includes multiple stages, typically 
including one or more of the folloWing: modeling 310, 
lighting 312, vieWing 314, clipping 316, composition 318 
and other stages. 

[0039] During or before the graphics content is rendered 
and prior to rasteriZation, graphics content, including but not 
limited to, images, constructs and shapes are analyZed to 
determine if there is any content (eg colors) that Would be 
problematic for persons With color blindness. If any content 
is found to be problematic for color-blind users, the con 
tents’ properties (or individual pixels if at the raster stage) 
are modi?ed to re?ect adjusted color or pattern shapes that 
are suitable for color-blind users. For example, analysis of 
shade properties could indicate a grouping of tWo or more 
distinct colors arranged such that a color-bind person Would 
be unable to detect the presence of tWo separate shades, and 
Would instead see them as just one ?at color. Embodiments 
of the present invention, upon detecting this pattern, Would 
modify one or more of the colors to some other color that 
Will provide contrast to the other shades, alloWing the 
color-blind person to see the distinct color shades, Where 
before there Was but one prior to modi?cation. 

[0040] If the original models contain complex color infor 
mation suitable for modi?cation, colors Within a speci?c 
color blind range can be modi?ed in the original model 
itself. Note that this process Would probably best be per 
formed after lighting, vieWing, and composition are per 
formed, as these stages may change the color properties of 
3D models. One skilled in the art Will recogniZe that 
color-blind modi?cation can be performed prior to any one 
of these stages. 

[0041] Additionally, in another embodiment, stock 
images, textures, or geometric shapes stored by application 
programs, as part of graphics libraries, or as part of the 
graphics subsystem itself could be modi?ed per this inven 
tion earlier in the graphics pipeline (i.e. before pixel raster 
iZation) using the same or similar methods. For example, a 
JPEG image texture used in an application could be ana 
lyZed to determine if any pixel color patterns Would obscure 
different shades of colors to the color-blind person. If such 
patterns are found, the individual image pixels could be 
modi?ed so that When used in the future (eg as a texture), 
the analysis and modi?cation had already been performed. 

[0042] For example, in a WindoWs-based operating sys 
tem, the present invention may be implemented in the 
Graphics Display Interface (GDI) subsystem, some combi 
nations of the GDI and graphics card device driver, or 
completely in the graphics device driver. The present inven 
tion could also be implemented in a graphics card that 
facilitates or has rendering capability. In graphics cards With 
rendering capability, the color-blind modi?cations can be 
executed internally on the graphics card. 

[0043] Referring to FIG. 5(a)-(c), the folloWing images 
result from graphics operands may be contained in either 
system memory or local memory to facilitate the color-blind 
modi?cation process: a rendering operand that contains data 
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forming a neWly created 2D object 400 (could also be used 
to create a 3D object) (FIG. 5(a)), a modi?cation operand to 
analyZe and modify the date if the color-blind ?lter is 
triggered by a user, a color modi?cation operand 402 that is 
used to provide an alternative stream of graphics color data 
instead of the data problematic to a color-blind user (FIG. 
5(b)), an overlay operand 404 that is used to provide an 
alternative stream of graphics data instead of the data 
problematic to a color-blind user (FIG. 5(a)), and a display 
operand that contains data used for displaying the modi?ed 
3D object. It is contemplated that other operands may be 
contained in system memory or local memory for color 
blind modi?cation such as commands and the like. 

[0044] Thus, according to the present invention, an ef? 
cient color correction mechanism is provided that may be 
integrated into the rendering pipeline of FIG. 4, or may be 
integrated into other rendering architectures. FIG. 6 illus 
trates a How diagram of an embodiment 500 of a process for 
providing color corrected graphics for color-blind users 
implemented at the render stage. Assuming the color blind 
?lter of the present invention is set as a default state or 
enabled by a user, the scene is passed to a rendering pipeline 
(step 502) Where it is subjected to various processing stages 
(step 504), including one or more of the folloWing: model 
ing, lighting, vieWing, clipping, composition and other 
stages. During or before the graphics content is rendered and 
prior to rasteriZation, the graphics content is analyZed to 
determine if there is any content that Would be problematic 
to a color-blind user (step 506). If the content is not 
problematic for color-blind users (step 508), no modi?ca 
tions are made to the graphics content. If the content is 
problematic for color-blind users (step 508), the appropriate 
changes are made (step 510). Steps 506-510 are repeated 
until all of the graphics content is analyZed (step 512). The 
graphics content is then passed to the raster stage for further 
processing and display (step 514). 

[0045] Color Blind Filter Implemented At RasteriZation 

[0046] FIG. 7 illustrates a block diagram of an embodi 
ment 600 of a graphics device 610 including a color blind 
?lter 602 implemented in the raster stage 604 of the graphics 
pipeline prior to the image being displayed 614 to a color 
blind user. A control unit 612 supervises the operation of the 
graphics device 610. During the raster stage 604, graphics 
content, including but not limited to, images, constructs and 
shapes are analyZed to determine if there content (eg 
colors) that Would be problematic for persons With color 
blindness. If any content is found to be problematic for 
color-blind users, the contents’ properties are modi?ed to 
re?ect adjusted color or pattern shapes that are suitable for 
color-blind users. 

[0047] The color-blind ?lter for improving or modifying 
color images according to the invention can be implemented 
in many Ways. One skilled in the art Will recogniZe that the 
present invention is not limited to a particular implementa 
tion. In some cases, simply changing the color can be used 
to generate an image amenable to a color-blind user. For 
example, colors that are dif?cult to for color-blind users to 
discern, such as red and green, are identi?ed. Graphics 
content including colors such as red and green are replaced 
With non-problematic colors. In another embodiment, a 
pattern is overlaid on top any dif?cult to see colors to 
provide an image vieWable to a color-blind user. In yet 
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another embodiment, graphics content is enhanced With 
underlined teXt or a black outline. Furthermore, colors can 
be positioned against a background Where they can be more 
visible. If no visibility problems are detected, no modi?ca 
tion is made to the graphics content. 

[0048] In particular, the analysis could be performed as 
folloWs: Moving through the from start to ?nish, take a 
block of (X1, y1), (x2, y2) piXels and perform per-pixel color 
analysis to ?nd color patterns in the frame buffer that Would 
affect the color blind person based upon their speci?c form 
of color blindness. In each block, the problem piXels are 
modi?ed either individually (to a neutral color such as White 
or black), or as an aggregate grouping of piXels (create a neW 
pattern overlaid on top of the problem piXel region). In 
particular, referring to FIGS. 5 (a)-(c), blocks of individual 
piXels could be analyZed to determine if color patterns 
Would affect the color blind person based upon their speci?c 
form of color blindness. The blocks analyZed are not limited 
to a particular region or shape. For eXample, the regions 
eXamined could be in any shape, including but not limited to 
circles, ovals, triangles and so forth. 

[0049] In another embodiment, any and all piXels that fall 
Within a speci?c color range (based upon the persons 
speci?ed form of color blindness) simply be changed to 
some other neutral color. For eXample, if shades of the color 
blue (speci?ed by a range of R,G,B values) are problematic 
for the color blind user, then all piXels falling Within that 
range of R,G,B values are modi?ed (in this case irrespective 
of Whatever other piXel colors are surrounding them) to 
some other non-problem color (e.g. White, black, etc.). 

[0050] Referring noW to FIG. 7, an embodiment of frame 
buffer memory 606 and private area memory 608 is shoWn. 
Rastering primitives to generate frame buffer data typically 
involves dividing the primitive into scan lines, single-pixel 
thick horiZontal or vertical regions of the primitive. Scan 
lines are also referred to as spans, a term used interchange 
ably to refer to a scan line or the series of adjacent piXels 
Which make up a scan line. Graphics content may be 
alternatively located in either of these tWo memories 606608 
based upon Whether the graphics content needs to be ana 
lyZed and modi?ed for color-blind users. If the color-blind 
?lter 602 of the present invention is activated, graphics 
content may be moved to a private area memory 608 Where 
it is analyZed and modi?ed if needed prior to being made 
available for further processing and display. Private area 
memory 608 is preferably static allocated memory, either 
already on the graphics card, part of the GDI, or memory 
mapped to system memory. In a typical implementation, the 
individual rasteriZed piXels stored in the private memory 
area 608 are analyZed to determine if any color combina 
tions eXist that Would be problematic for persons With color 
blindness. If so, the individual piXel values are modi?ed 
accordingly, and the noW modi?ed set of scan lines in the 
private memory area 608 is made available for further 
processing and display. For eXample, in a softWare imple 
mentation, the modi?ed set of scan lines is made available 
to the graphics card either by copying into the physical 
graphics card, or moving into the designated location in 
frame buffer memory 606. In a hardWare implementation, 
the shape/image modi?cations are executed on the graphics 
card. In particular, instead of implementing the present 
invention using scan-lines, BitBlitting could be used. 
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[0051] Referring to FIG. 5(a)-(c), the folloWing images 
result from graphics operands may be contained in private 
area memory 608 to facilitate the color-blind modi?cation 
process: a raster operand that contains data forming a neWly 
created 2D object 400 (could also be used to create a 3D 
object) (FIG. 5(a)), a modi?cation operand to analyZe and 
modify the date if the color-blind ?lter is triggered by a user, 
a color modi?cation operand 402 that is used to provide an 
alternative stream of graphics color data instead of the data 
problematic to a color-blind user (FIG. 5(b)), and an overlay 
operand 404 that is used to provide an alternative stream of 
graphics data instead of the data problematic to a color-blind 
user (FIG. 5(c)). It is contemplated that other operands may 
be contained in private area memory for color-blind modi 
?cation such as commands and the like. 

[0052] Thereafter, the graphics controller processes the 
three-dimensional color corrected image to be displayed. In 
a softWare implementation, during this processing stage, the 
color corrected graphics content is transferred to the graph 
ics card either by copying into the physical graphics card, or 
moving into the designated location in system memory. In a 
hardWare implementation, the shape/image modi?cations 
are executed on the graphics card. 

[0053] FIG. 8 illustrates a How diagram of an embodiment 
700 of a process for providing color corrected graphics for 
color-blind users implemented at the raster stage. Assuming 
the color blind ?lter of the present invention is set as a 
default state or enabled by a user, the scene is passed from 
the rendering stage to the rasteriZation stage (step 702). Scan 
lines are generated based upon the graphics content received 
(step 704). The graphics content is moved to a private area 
memory (step 706) and analyZed to determine if there is any 
content that Would be problematic to a color-blind user (step 
708). If the content is not problematic for color-blind users 
(step 708), no modi?cations are made to the graphics content 
and it is made available for further processing and display 
(step 714) if there is no further graphics content to be 
processed (step 714). If the content is problematic for 
color-blind users (step 708), appropriate changes are made 
(step 710). Steps 708-710 are repeated until all of the 
graphics content is analyZed (step 712). The graphics con 
tent is then made available for further processing and display 
(step 714). 
[0054] Having noW described the invention in accordance 
With the requirements of the patent statutes, those skilled in 
the art Will understand hoW to make changes and modi?ca 
tions to the present invention to meet their speci?c require 
ments or conditions. Such changes and modi?cations may 
be made Without departing from the scope and spirit of the 
invention as set forth in the folloWing claims. 

What is claimed is: 
1. An apparatus, comprising: 

a rendering engine to generate graphics data based upon 
geometric primitives and associated rendering com 
mands; and 

a color-challenged analyZer to analyZe graphics data 
generated by the rendering engine and modify selected 
graphics data into color corrected data suitable by 
overlaying a pattern on top of color characteristics 
problematic for a vieWer, Wherein the rendering engine 
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renders the color corrected data into a color corrected 
image for further processing and display. 

2. The apparatus of claim 1, Wherein the color corrected 
data comprises modi?ed color data. 

3. The apparatus of claim 1, Wherein the color corrected 
data comprises modi?ed pattern data. 

4. The apparatus of claim 1, Wherein the graphics data’s 
color characteristic is modi?ed to a color characteristic 
suitable for the vieWer. 

5. The apparatus of claim 1, further comprising: 

a graphics memory for storing the graphics data. 
6. A method, comprising: 

generating graphics data based upon geometric primitives 
and associated rendering commands; 

analyZing graphics data and modifying selected graphics 
data into color corrected data by overlaying a pattern on 
top of color characteristics problematic for a vieWer; 
and 

rendering the color corrected data into a color corrected 
image for further processing and display. 

7. The method of claim 6, Wherein the color corrected data 
comprises modi?ed color data. 

8. The method of claim 6, Wherein the color corrected data 
comprises modi?ed pattern data. 

9. The method of claim 6, Wherein analyZing graphics 
data and modifying selected graphics data into color cor 
rected data by overlaying a pattern on top of color charac 
teristics problematic for a vieWer further comprises: 

analyZing intermediate graphics data and converting 
selected intermediate graphics data into color corrected 
data suitable for the vieWer. 
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10. The method of claim 9, Wherein analyZing interme 
diate graphics data and converting selected intermediate 
graphics data into color corrected data suitable for the 
vieWer further comprises: 

modifying the intermediate graphics data’s color charac 
teristic to a color characteristic suitable for the vieWer. 

11. The method of claim 9, Wherein analyZing interme 
diate graphics data and converting selected intermediate 
graphics data into color corrected data suitable for a visually 
challenged vieWer further comprises: 

modifying the intermediate graphics data’s pattern char 
acteristic to a pattern characteristic suitable for a visu 
ally challenged vieWer. 

12. An article comprising a machine-accessible media 
having associated data, Wherein the data, When accessed, 
results in a machine performing: 

analyZing computer graphics content in accordance With 
prede?ned color pro?les; 

modifying graphics content that falls Within at least one of 
the prede?ned color pro?les by overlaying a pattern on 
top of color characteristics problematic to selected 
users; and 

facilitating display of the modi?ed graphics content. 
13. The method of claim 12, Wherein modifying graphics 

content comprises modifying color data. 
14. The method of claim 12, Wherein modifying graphics 

content comprises modifying pattern data. 


