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FIG. 4A 
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USING POLYNOMIAL TEXTURE MAPS FOR 

MICRO-SCALE OCCLUSIONS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to the ?eld of com 

puter graphics imaging, and more particularly to techniques 
for ef?ciently representing micro-scale occlusions. 

[0002] In computer graphics, the process of generating a 
2-dimensional image from a 3-dimensional scene compris 

ing one or more objects from a given vieWpoint is referred 

to as rendering. Animated sequences can then be created by 

rendering a sequence of images as the scene is gradually 

changed over time. A great deal of time and effort is being 

devoted toWards improving the photo-realism of rendered 
images. This includes providing graphic systems With the 
ability to render objects of different types, various textures, 

re?ections, shadoWs, etc. 

[0003] The depiction of shadoWs in rendered images goes 
a long Way in enhancing the realism of a 2-dimensional 

image. ShadoWs help to give a 2-dimensional image the look 
and feel of 3-dimensions. Accordingly, an important com 

ponent of any graphics system is its ability to determine 
shadoWs cast by objects in a scene and to store the shadoW 

information such that it can be used for rendering the 

2-dimensional image. 

[0004] A shadoW is cast by occlusion of light by an object 
or opaque surface. An object can cast a shadoW on another 

object or onto itself (self-shadoW). Accordingly, in order to 
determine shadoW information for a scene, a graphics sys 

tem determines occlusions that occur in the scene. An 

occlusion occurs When an opaque surface casts a shadoW on 

another surface from the perspective of the light source. For 

example, an object closer to the light source can cast a 

shadoW on other objects that are further aWay from the light 

source in the scene. A surface geometry of one object may 

occlude another surface of the same object or a different 

object. 

[0005] Various techniques are presently used for determin 
ing occlusion information. These include Z-buffering tech 
niques, ray-tracing, and others. Various techniques are also 
used for storing the shadoW information. For example, in 

techniques using Z-maps or shadoW maps, a shadoW map 

stores shadoW depth values that are used by the graphics 

system to determine Which portions of a surface are in 

shadoW during the rendering process. In techniques using 
ray tracing, a “light feeler” ray is sent out from a shaded 

point to determine if it hits something on its Way to the light 

source. 

[0006] The existing techniques of determining occlusions 
and storing the occlusions information are hoWever not 

suitable for occlusions that occur on a micro-scale, for 

example, occlusions that occur at a scale of a feW pixels 

(e.g., less than 3x3 pixels). Such micro-occlusions can be 

caused, for example, by a Weave pattern on a cloth or fabric, 

by ?bers of a material such as Wool, velvet, etc., by fur 

particles, by grass blades, by hair strands, by “fuZZy” 
materials, knitWear material, and other structures that have 
?ne divots and grooves that are too small to be represented 

accurately by either a shadoW map or a ray-tracing tech 

nique. In the past, such micro-scale occlusions Were ignored 

by graphics systems. Alternatively, extremely high resolu 
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tion shadoW maps Were used to represent the micro-scale 

occlusions. These high resolution shadoW maps hoWever 

require extensive memory and processing resources for 

storage and computations of the shadoW maps. As a result, 

the use of high resolution shadoW maps for representing 

micro-occlusions is very prone to aliasing artifacts, resource 

expensive, and often impractical if feasible at all. 

[0007] Improved techniques are thus needed for represent 
ing micro-occlusions that are more ef?cient than conven 

tional techniques. 

BRIEF SUMMARY OF THE INVENTION 

[0008] Embodiments of the present invention provide 
techniques for using a polynomial texture map (PTM) to 
encode micro-occlusions information. The occlusion PTM is 

then used during the rendering process to display micro 
occlusions. 

[0009] According to an embodiment of the present inven 
tion, techniques are provided for storing a texture map 

encoding micro-occlusions information for a surface. A 

plurality of sets of values is determined for the surface. Each 

set of values in the plurality including values corresponding 
to coef?cients of a polynomial function that yields an 

occlusion value based upon a light direction. The plurality of 

sets of values encodes information for micro-occlusions for 

the surface under varying irradiance conditions. The plural 
ity of sets of values is then stored as a texture map. 

[0010] According to an embodiment of the present inven 

tion, information is received identifying a light source 
direction. An occlusion value is determined for each set of 

values in the plurality of sets of values of the texture map, 

the occlusion value for each set of values determined based 

upon the values in the set of values and the light source 

direction. An image is displayed based upon the determined 
occlusion values for the plurality of sets of values in the 

texture map. 

[0011] The foregoing, together With other features, 
embodiments, and advantages of the present invention, Will 
become more apparent When referring to the folloWing 

speci?cation, claims, and accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a simpli?ed block diagram of a computer 
system capable of implementing an embodiment of the 

present invention; 

[0013] FIG. 2 is a simpli?ed high-level ?oWchart depict 
ing a method of determining, storing, and using an occlusion 
PTM for a textured surface according to an embodiment of 

the present invention; 

[0014] FIG. 3 depicts a con?guration that may be used to 
gather sample occlusion images according to an embodi 
ment of the present invention; 

[0015] FIGS. 4A and 4B depict examples of occlusion 
sample images of a knitWear texture captured according to 

an embodiment of the present invention; 

[0016] FIGS. 5A and 5B depict examples of texture 
images displayed using an occlusion PTM according to an 

embodiment of the present invention; and 
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[0017] FIG. 6 is simpli?ed block diagram of modules that 
may be used to implement an embodiment of the present 

invention. 

DETAILED DESCRIPTION OF THE 

INVENTION 

[0018] In the following description, for the purposes of 
explanation, speci?c details are set forth in order to provide 

a thorough understanding of the invention. HoWever, it Will 
be apparent that the invention may be practiced Without 

these speci?c details. 

[0019] Embodiments of the present invention provide 
techniques for representing micro-occlusions in an ef?cient 

manner. Micro-occlusions (or micro-scale occlusions) are 
occlusions of light sources that are caused by geometries 

having a small scale and generally a high frequency. 
Examples include occlusions caused by small groves, Weave 

patterns, fuZZy materials, etc. Due to the small scale and 
high frequencies of the geometries, micro-occlusions caused 
by such geometries cannot be sampled ef?ciently using 
traditional shadoWing techniques such as ray-tracing, 
Z-maps, deep Z-maps, etc. Each micro-occlusion is generally 

no more than the siZe of a feW pixels (e.g., 5x5) once 

projected and rendered. 

[0020] FIG. 1 is a simpli?ed block diagram of a computer 
system 100 capable of implementing an embodiment of the 

present invention. As shoWn in FIG. 1, computer system 100 
includes a processor 102 that communicates With a number 

of peripheral devices via a bus subsystem 104. These 
peripheral devices may include a storage subsystem 106, 
comprising a memory subsystem 108 and a ?le storage 

subsystem 110, user interface input devices 112, user inter 
face output devices 114, and a netWork interface subsystem 

116. The input and output devices alloW a user, such as the 

administrator, to interact With computer system 100. 

[0021] NetWork interface subsystem 116 provides an inter 
face to other computer systems, and netWorks. NetWork 

interface subsystem 116 serves as an interface for receiving 

data from other sources and for transmitting data to other 

sources from computer system 100. Embodiments of net 

Work interface subsystem 116 include an Ethernet card, a 

modem (telephone, satellite, cable, ISDN, etc.), (asynchro 
nous) digital subscriber line (DSL) units, and the like. 

[0022] User interface input devices 112 may include a 

keyboard, pointing devices such as a mouse, trackball, 

touchpad, or graphics tablet, a scanner, a barcode scanner, a 

touchscreen incorporated into the display, audio input 
devices such as voice recognition systems, microphones, 
and other types of input devices. In general, use of the term 

“input device” is intended to include all possible types of 
devices and mechanisms for inputting information to com 

puter system 100. 

[0023] User interface output devices 114 may include a 

display subsystem, a printer, a fax machine, or non-visual 

displays such as audio output devices, etc. The display 

subsystem may be a cathode ray tube (CRT), a ?at-panel 

device such as a liquid crystal display (LCD), or a projection 

device. In general, use of the term “output device” is 

intended to include all possible types of devices and mecha 

nisms for outputting information from computer system 100. 

[0024] Storage subsystem 106 may be con?gured to store 
the basic programming and data constructs that provide the 
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functionality of the present invention. For example, accord 
ing to an embodiment of the present invention, softWare 

code modules implementing the functionality of the present 
invention may be stored in storage subsystem 106. These 

softWare modules may be executed by processor(s) 102. 
Storage subsystem 106 may also provide a repository for 
storing data used in accordance With the present invention. 

For example, PTMs encoding the micro-occlusions infor 
mation may be stored in storage subsystem 106. Storage 
subsystem 106 may comprise memory subsystem 108 and 
?le/disk storage subsystem 110. 

[0025] Memory subsystem 108 may include a number of 
memories including a main random access memory (RAM) 

118 for storage of instructions and data during program 

execution and a read only memory (ROM) 120 in Which 
?xed instructions are stored. File storage subsystem 110 

provides persistent (non-volatile) storage for program and 
data ?les, and may include a hard disk drive, a ?oppy disk 

drive along With associated removable media, a Compact 

Disk Read Only Memory (CD-ROM) drive, an optical drive, 
removable media cartridges, and other like storage media. 

[0026] Bus subsystem 104 provides a mechanism for 
letting the various components and subsystems of computer 
system 100 communicate With each other as intended. 

Although bus subsystem 104 is shoWn schematically as a 

single bus, alternative embodiments of the bus subsystem 
may utiliZe multiple busses. 

[0027] Computer system 100 can be of various types 
including a personal computer, a portable computer, a Work 

station, a netWork computer, a mainframe, a kiosk, or any 

other data processing system. Due to the ever-changing 

nature of computers and netWorks, the description of com 
puter system 100 depicted in FIG. 1 is intended only as a 

speci?c example for purposes of illustrating the preferred 
embodiment of the computer system. Many other con?gu 
rations having more or feWer components than the system 

depicted in FIG. 1 are possible. 

[0028] Embodiments of the present invention provide 
techniques for encoding micro-occlusions information. The 
techniques pre-generate the micro-occlusions information 
for a surface (e.g., a surface comprising small scale geom 

etries) and then use mathematical basis functions to encode 

and store the information in a compressed form. According 

to an embodiment of the present invention, polynomial 

texture maps (PTMs) are used to encode and store the 

micro-occlusions information. PTMs provide an ef?cient 

technique for storing the micro-occlusions information in a 

compressed form that is manageable and does not require 
extensive memory resources. Further, since PTMs can be 

evaluated using Well-knoWn mathematical techniques, the 
complexity of processing required for rendering the micro 
occlusions information is also reduced. 

[0029] According to an embodiment of the present inven 
tion, a PTM is used to encode micro-occlusion information 

for an object or surface. The micro-occlusions may be 

caused by the object itself (i.e., self micro-occlusion) or by 
another object. Such a PTM may also be referred to as an 

“occlusion PTM” or “micro-occlusion PTM” as it encodes 

micro-occlusions information. The resolution of an occlu 

sion PTM may be determined based upon the complexity of 

the surface to be modeled. According to an embodiment of 

the present invention, each PTM stores a set of coef?cients 
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or values for each pixel of the PTM that encodes micro 

occlusion information for the pixel. In this manner, the PTM 

With its sets of values encodes micro-occlusions information 

for a surface caused by irradiance sources (e.g., a single 

White irradiance source) incoming from any direction. Dur 
ing the rendering process, a graphics system is con?gured to 
evaluate the sets of coef?cients of the PTM for the various 

pixels to determine the shading to be applied to the pixels 

based upon local irradiance source color, direction, and 

intensity properties. The result is a more realistic rendering 

of the surface including display of micro-occlusions cast 

onto the surface by the surface geometries or by other 

geometries. The micro-occlusions are dynamically gener 

ated based upon different irradiance conditions. The use of 

PTMs for representing micro-occlusions uses less storage 

and computing resources than conventional techniques. 

[0030] According to one embodiment, each set of coef? 
cients stored in a PTM for a pixel comprises coefficients of 

a bi-quadric polynomial of the form: 

[0032] A1, A2, A3, A4, A5, and A6 are ?oating point 
coefficients of the polynomial encoding micro-oc 
clusions information for the pixel; 

[0033] u and v are parameteriZed projections of the 

light source vector projected onto a plane perpen 

dicular to the vertex normal of the surface; and 

[0034] K is an occlusion level value that is deter 

mined upon evaluating the polynomial. 

[0035] In the above embodiment, a PTM stores a set of 

coef?cients (e.g., A1, A2, A3, A4, A5, A6) for each pixel of 
the PTM encoding micro-occlusions information for a sur 

face. Aset of coef?cients for a pixel thus stores a set of value 

to be used for evaluating the polynomial to determine the 

amount of occlusion for the pixel based on the light source 

vector. 

[0036] At time of rendering, in order to determine if a 

particular pixel is occluded or unoccluded, the polynomial 
function for a pixel is evaluated using the set of coefficients 

for the pixel and the light source vector (i.e., the direction of 

the light source), to determine an occlusion level value “K” 

for the pixel. In one embodiment, the occlusion level value 

K for a pixel is bounded in [0-1] With 0 indicating no 

occlusion and 1 indicating full occlusion. Accordingly, if K 
is evaluated to be 0 it indicates no occlusion for the pixel. If 

K is evaluated to be 1 it indicates full occlusion for the pixel. 

In this manner, at the time of displaying the pixels, the sets 
of coef?cients of a PTM are evaluated to determine occlu 

sion level values for the various pixels. Since a set of 

coef?cients is stored for each pixel of the PTM, the PTM can 

store micro-occlusions information at a per pixel scale. This 

enables the PTM to encode the ?ne details of micro 

occlusions that could not be efficiently captured by conven 

tional techniques. 

[0037] The polynomial function described above is 
intended to be an example of a polynomial that is used to 

encode micro-occlusions information. It should be apparent 

that various other forms of polynomials (e.g., of different 

order, different number of coef?cients) may be used in 
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alternative embodiments of the present invention. For 

example, a polynomial function of the form shoWn beloW 

may also be used. 

[0038] Where 

[0039] A1,A2,A3,A4,AS,A6,A7,A8,A9,A10, and 
All are ?oating point coef?cients of the polynomial 
encoding micro-occlusions information for the pixel; 

[0040] u and v are parameteriZed projections of the 

light source vector projected onto a plane perpen 

dicular to the vertex normal of the surface; and 

[0041] K is an occlusion level value that is deter 

mined by evaluating the polynomial. 

[0042] Additionally, other types of mathematical basis 
functions, besides polynomials, may also be used to encode 
the micro-occlusions information. These include radial basis 

functions, Greene’s functions, etc. 

[0043] FIG. 2 is a simpli?ed high-level ?oWchart 200 
depicting a method of determining, storing, and using an 
occlusion PTM for a textured surface according to an 

embodiment of the present invention. The processing 

depicted in each step of FIG. 2 may be performed by 
softWare modules executed by a processor, hardWare mod 

ules, or combinations thereof. FloWchart 200 depicted in 

FIG. 2 is merely illustrative of an embodiment of the present 
invention and is not intended to limit the scope of the present 

invention. Other variations, modi?cations, and alternatives 
are also Within the scope of the present invention. The 

method depicted in FIG. 2 may be adapted to Work With 

different implementation constraints. 

[0044] As depicted in FIG. 2, occlusion data samples are 
gathered for a surface (e.g., a textured surface) under vary 

ing irradiance (light) conditions (step 202). In one embodi 
ment, as part of step 202, a sWatch of the textured surface is 

illuminated by light sources positioned at various angles to 
the sWatch and samples of the sWatch are rendered from the 

same vieWpoint. Each rendered sample image stores micro 

occlusions information for the sWatch texture for a given 

angle of the light source. Each sample image stores occlu 
sion information indicating if a pixel is either unoccluded 

(fully lit, White) or occluded (black). Different techniques 
such as high resolution deep shadoW maps, ray tracing, etc. 

may be used to generate the occlusion samples. 

[0045] FIG. 3 depicts a con?guration that may be used to 
gather occlusion samples according to an embodiment of the 
present invention. As shoWn in FIG. 3, a texture sWatch 302 

is placed in the center. A render camera 304 is positioned 

above texture sWatch 302 and is used to capture images of 

texture sWatch 302 under varying light conditions. The 

varying light conditions are provided by illuminating the 
sWatch using a light source from different angles. Dots 306 

depicted in FIG. 3 form a uniform dome and represent the 

various locations Where the light source is positioned to 

provide the varying light conditions. Each light source 
position represents a different light source vector. According 

to an embodiment of the present invention, a light source is 

automatically positioned at the each of the dot locations for 
capturing the samples. Camera 304 is con?gured to capture 
a sample image for each different light vector. Information 
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regarding the position of the light (i.e., the light source 
vector) for each captured sample image is also stored. In one 
embodiment, commercially available softWare such as Maya 
may be used to capture the occlusion image samples. 

[0046] The con?guration depicted in FIG. 3 may be 
controlled by the user for any particular application. For 

example, the user may specify the radius of the hemisphere 
for the various light locations. The “dots” may be distributed 

on the hemisphere in a regular or non-regular manner. 

Generally, a regular even distribution of “dots” is used. The 

number of light source locations and the number of samples 

to be taken may be user-de?ned. The position of the render 

camera that is used to capture the images may also be set by 

the user. The parametric projections of the light vector on the 

plane of the sWatch represent the “u” and “v” parameters of 
the polynomial. The siZe of the sWatch may be controlled by 

the user. SWatches of different textures and materials may be 

used. 

[0047] FIGS. 4A and 4B depict examples of occlusion 
sample images of a knitWear texture Where micro occlusions 

betWeen ?bers Were recorded (1024x1024 resolution) 
according to an embodiment of the present invention. As 

shoWn, the images store the light micro-occlusion informa 

tion (White—unoccluded, fully lit; black—occluded, fully 
self-occluded) that is then used to generate the sets of 
coef?cients for the occlusion PTM. High resolution (4096>< 
4096) deep shadoW maps Were used to generate the occlu 
sion samples depicted in FIGS. 4A and 4B. The occlusion 
images in FIGS. 4A and 4B Were captured using increas 
ingly shalloW light source angles. 

[0048] Referring back to FIG. 2, the micro-occlusion data 
sample images gathered in step 202 are then processed to 
determine a set of coef?cients for each pixel of the textured 

surface (step 204). The number of coef?cients in each set 
depends on the polynomial chosen for encoding the micro 
occlusions information. For example, each set may comprise 

six coef?cients (A1, A2, A3, A4, A5, A6) for a bi-quadratic 
polynomial. The set of coef?cients for each pixel form the 

PTM representing micro-occlusion information for the 

sWatch. The occlusion PTM thus represents a pre-computed 

approximation of the per-pixel occlusion under varying light 
conditions. A PTM, using different forms of polynomials, 
can also encode illumination functions that can include the 

results in parts of complex shading and illumination calcu 
lations including high frequency self-occlusion or subsur 

face scattering. As described above, in one embodiment, the 
function is approximated by a set of six coef?cients for each 

pixel of the texture, Which are stored in channels of a texture 

map. 

[0049] Various different techniques may be used to deter 
mine the coefficients for each pixel. According to an 

embodiment of the present invention, the samples gathered 
in step 202 along With information identifying the incident 

light angles (light vectors, irradiance conditions) that gen 
erated the samples are subjected to a mathematical ?tting 

process that derives a set of six coef?cients (A1, A2, A3, A4, 
A5, A6) for each pixel of the textured surface using a least 
squares ?t to a chosen polynomial (can be bi-quadratic, 

cubic, etc.). Other mathematical techniques knoWn to those 
skilled in the art may also be used to derive the sets of 

coef?cients in the PTM. Each set of coef?cients encodes a 

polynomial function that tries to dynamically reconstruct the 
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original (light dependent) micro-occlusion function. In a 
similar manner, sets of six coef?cients are derived for the 

pixels and stored as an occlusion PTM. 

[0050] Various different techniques may be used for stor 
ing the information. According to an embodiment of the 

present invention, the resulting PTM is stored as a single 

image (1 image of 6 channels). Other types images may be 
used to such as in a ?oating point set of 2 tiff images (2 

images of 3 channels) (each coefficient of the polynomial is 
referred to as a “channel”). 

[0051] The occlusion PTM generated in step 204 repre 
sents and encodes the micro-occlusions information and can 

be used during the rendering process to display the micro 
occlusions. PTM encoding of pre-calculated micro-occlu 
sion information, as provided by embodiments of the present 
invention, requires less storage space than that What Would 
be required to capture such information using high resolu 
tion traditional shadoW (or deep-shadoW) maps The use of 
PTMs also requires orders of magnitude less memory and 
processing resources than What Would be needed for tradi 

tional ray-tracing based techniques. 

[0052] During the rendering process, a graphics system 
(e.g., a shader) is con?gured to render and display an image 
using the PTM generated in step 204 (step 206). According 
to an embodiment of the present invention, in order to 

determine if a particular pixel is occluded or unoccluded, a 

polynomial is evaluated using coef?cients in the set of 

coef?cients corresponding to the pixel in the PTM and using 
the given light vector (i.e., direction of the light source) to 
determine a value for K (the occlusion level value). The 
evaluated value of K then determines if the pixel is occluded 

or not. In one embodiment, if K is evaluated to be 0 it 

indicates no occlusion for the pixel. If K is evaluated to be 

1 it indicates full occlusion for the pixel. In this manner, in 

step 206, the sets of coef?cients of a PTM are evaluated to 

determine occlusion level values for the various pixels. The 

image is then rendered and displayed based upon the deter 
mined occlusion level values. 

[0053] Since evaluation of the polynomial for each pixel 
involves a limited number of multiplications and additions, 
the occlusion PTM can be evaluated in an ef?cient manner 

using less processing resources than conventional tech 

niques used for representing micro-occlusions. 

[0054] In one embodiment, the occlusion PTM informa 
tion is read by a surface shader. The surface shader reads the 

polynomial coef?cients from the occlusion PTM for each 

pixel and communicates the coef?cients to a light shader. 

The light shader may also receive various other inputs such 

as other texture maps information, macro-scale occlusions, 

bending effects information, buckling effects information, 
fog effects, etc. in addition to the occlusion PTM informa 

tion. Based upon the various inputs, the light shader deter 

mines and outputs a light intensity value for each pixel 
Which represents the illumination model for the pixel. The 
illumination model for the pixel represents the compounded 
effect of the different inputs to the light shader including 
micro-scale occlusions using occlusion PTMs. The illumi 

nation model for each pixel is then used to display the pixel. 
In this manner, an image is displayed that displays micro 
scale occlusions. 

[0055] FIG. 5A depicts an example of a complex Weave 

texture image displayed using an occlusion PTM according 
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to an embodiment of the present invention. In the embodi 

ment depicted in FIG. 5B, the light source is positioned at 

approximately a 45 degree angle above the object from the 
bottom side of the image. FIG. 5B depicts an example of 

another image displayed using an occlusion PTM according 
to an embodiment of the present invention. ArroW 502 in 

FIG. 5B represents the direction of the incident light. As the 

direction of the light source changes, the shadoWs and 

occlusions also rotate dynamically in response to the light 

source position. The use of occlusion PTMs thus alloWs for 

enhanced light interaction and dynamic generation of micro 
occlusions. 

[0056] FIG. 6 is simpli?ed block diagram of modules that 
may be used to implement an embodiment of the present 

invention. The modules depicted in FIG. 6 may be softWare 

modules, hardWare modules, or combinations thereof. These 

modules include a sample generator module 602, a ?tter 

module 604, a surface shader module 606, and a light shader 

module 608. Many other con?gurations having more or 

feWer modules than the ones depicted in FIG. 1 are possible 

in alternative embodiments of the present invention. 

[0057] Sample generator module 602 is con?gured to 
generate occlusion samples for a surface under varying 

irradiance (light) conditions. As previously described, dif 
ferent con?gurations and set ups may be used to generate the 

samples. The samples generated by sample generator mod 
ule 602 are then passed to a ?tter module 604 that is 

con?gured to perform mathematical processing on the 
samples and generate an occlusion PTM that encodes micro 

scale occlusions information. Fitter 604 may use different 

mathematical ?tting processes to generate occlusion PTM 
612. 

[0058] Occlusion PTM 612 may then be used by a ren 

derer 610 to display an image. In one embodiment, as 

depicted in FIG. 6, the occlusion PTM coef?cients are read 

by surface shader module 606 that communicates the coef 

?cients to a light shader module 608. Light shader 608 may 

also receive various other inputs 614 such as texture maps, 

bending effects information, buckling effects information, 
fog effects, etc. in addition to the occlusion PTM informa 

tion. Based upon the various inputs, light shader 608 is 
con?gured to determine and output a light intensity value for 
each pixel that represents the illumination model for the 
pixel. The illumination model for the pixel represents the 
compounded effect of the different inputs to the light shader 
including micro-scale occlusions using occlusion PTMs. 
The illumination model for each pixel is then passed back to 

surface shader 606 and is used to display the pixel. In this 

manner, an image 616 that include micro-scale occlusions is 

displayed. 

[0059] PTMs are presently used in the computer graphics 
imaging ?eld for storing Bidirectional Re?ection Distribu 

tion Function (BRDF) information, for example, for storing 
surface color information for an object under varying light 
conditions. In such implementations, each PTM stores sets 

of coef?cients that encode color information. The BRDF 

information is then retrieved by graphics hardWare. HoW 
ever, PTMs have not been used to store exclusively micro 

occlusions information. As described above, according to 

the teachings of the present invention, instead of storing 
BRDF information, PTMs are used to encode and store only 

micro-occlusions information. A PTM thus provides an 
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ef?cient and compressed technique for storing micro-occlu 
sions information. The micro-occlusions information stored 

by an occlusion PTM can then be used efficiently to dynami 

cally render and display materials more accurately. 

[0060] Since the PTM stores only micro-occlusions infor 
mation, the representation of the micro-occlusion informa 
tion is independent of the representations of the illumination 
model. The micro-occlusions information encoded in an 

occlusion PTM may be in conjunction With any illumination 

models When an image is displayed. As a result of the 

independence from illumination models, a micro-occlusions 

information PTM can be used With various different illumi 

nation models, With differing complexities based upon the 
application, to display the image. A graphics system is thus 
free to choose the illumination model and then use occlusion 

PTMs in conjunction With the selected illumination model. 

Illumination models may thus be complemented With pre 
viously unavailable micro-scale occlusions information 
encoded by the occlusion PTMs. 

[0061] According to an embodiment of the present inven 

tion, the micro-occlusions information encoded by an occlu 

sion PTM may also be used to render repeatable or tileable 

patterns. If a surface texture pattern is tileable, then the 

occlusion samples generated for the pattern take into 
account bordering iterations of the pattern. In this embodi 

ment, When the occlusion samples are rendered, a section of 

tiles (e.g., 9 tiles of 3x3) of the pattern are represented. The 
rendering camera only renders the central pattern and the 

surrounding occlusion patterns are generated based upon the 
central pattern such that the borders betWeen the tiles is 

seamless. APTM generated from such samples also encodes 
the information and is thus tileable. The PTM encodes the 

tileable occlusion nature of the texture and the micro 

occlusions information encoded by the PTM is tileable. 

Using occlusion PTMs may be used for rendering various 
patterns and is particular useful When applied to cloth Weave 

patterns. 

[0062] Although speci?c embodiments of the invention 
have been described, various modi?cations, alterations, 
alternative constructions, and equivalents are also encom 

passed Within the scope of the invention. The described 

invention is not restricted to operation Within certain speci?c 

data processing environments, but is free to operate Within 
a plurality of data processing environments. Additionally, 
although the present invention has been described using a 

particular series of transactions and steps, it should be 
apparent to those skilled in the art that the scope of the 

present invention is not limited to the described series of 

transactions and steps. 

[0063] Further, While the present invention has been 
described using a particular combination of hardWare and 

softWare, it should be recogniZed that other combinations of 
hardWare and softWare are also Within the scope of the 

present invention. The present invention may be imple 

mented only in hardWare, or only in softWare, or using 
combinations thereof. For example, the processing per 

formed by the present invention, as described above, may be 
implemented in hardWare chips, graphics boards or accel 

erators, etc. 

[0064] The speci?cation and draWings are, accordingly, to 
be regarded in an illustrative rather than a restrictive sense. 

It Will, hoWever, be evident that additions, subtractions, 
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deletions, and other modi?cations and changes may be made 
thereunto Without departing from the broader spirit and 
scope of the invention as set forth in the claims. 

What is claimed is: 

1. A method of storing a texture map encoding micro 

occlusions information for a surface, the method compris 

ing: 

determining a plurality of sets of values, each set of values 

in the plurality including values corresponding to coef 
?cients of a polynomial function that yields an occlu 

sion value based upon a light direction, the plurality of 
sets of values encoding information for micro-occlu 

sions for the surface under varying irradiance condi 

tions; and 

storing the plurality of sets of values as a texture map. 

2. The method of claim 1 further comprising: 

obtaining a plurality of samples of the surface using a 

plurality of irradiant conditions, each sample depicting 
micro-occlusion information for the surface for a par 

ticular irradiant condition from the plurality of irradiant 

conditions; and 

Wherein determining the plurality of sets of values com 

prises determining the plurality of sets of values based 
upon the plurality of samples obtained for the surface. 

3. The method of claim 2 Wherein determining the plu 
rality of sets of values based upon the plurality of samples 

comprises using a mathematical ?tting process to determine 
the values for the plurality of sets of values. 

4. The method of claim 1 further comprising: 

displaying a rendered image of the surface using the 

texture map, the rendered image displaying one or 

more micro-occlusions. 

5. The method of claim 1 further comprising: 

receiving information identifying a light source direction; 

determining an occlusion value for each set of values in 

the plurality of sets of values of the texture map, the 

occlusion value for each set of values determined based 

upon the values in the set of values and the light source 

direction; and 

displaying an image based upon the determined occlusion 

values for the plurality of sets of values in the texture 

map. 

6. The method of claim 5 Wherein determining the occlu 

sion value for each set of values in the plurality of set of 

values of the texture map comprises evaluating the polyno 
mial function using the values in the set of values and the 

light source direction. 

7. The method of claim 1 Wherein the polynomial function 

is 

Where 

A1, A2, A3, A4, A5, and A6 are coef?cients of the 
polynomial function encoding micro-occlusion infor 

mation, and 

u and v are parameteriZed projections of a light source 

vector. 

8. The method of claim 7 Wherein determining the occlu 

sion value for each set of values in the plurality of set of 
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values of the texture map comprises evaluating the polyno 
mial function using the values in the set of values and the 

light source direction. 

9. The method of claim 1 Wherein the polynomial function 

is 

A1u3+A2v3+A3u2v2+A4142v+A5uv2+A6u2+A7v2+ 
A8uv+A9u+A10v+A11 

Where 

A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, and All are 
coef?cients of the polynomial function encoding 

micro-occlusion information, and 

u and v are parameteriZed projections of a light source 

vector. 

10. A computer program product stored on a computer 

readable medium for storing a texture map encoding micro 

occlusions information for a surface, the computer program 

product comprising: 

code for determining a plurality of sets of values, each set 

of values in the plurality including values correspond 
ing to coef?cients of a polynomial function that yields 

an occlusion value based upon a light direction, the 

plurality of sets of values encoding information for 
micro-occlusions for the surface under varying irradi 

ance conditions; and 

code for storing the plurality of sets of values as a texture 

map. 

11. The computer program product of claim 10 further 
comprising: 

code for obtaining a plurality of samples of the surface 

using a plurality of irradiant conditions, each sample 
depicting micro-occlusion information for the surface 

for a particular irradiant condition from the plurality of 

irradiant conditions; and 

Wherein the code for determining the plurality of sets of 
values comprises code for determining the plurality of 
sets of values based upon the plurality of samples 
obtained for the surface. 

12. The computer program product of claim 11 Wherein 
the code for determining the plurality of sets of values based 

upon the plurality of samples comprises code for using a 
mathematical ?tting process to determine the values for the 

plurality of sets of values. 

13. The computer program product of claim 10 further 

comprising: 

code for displaying a rendered image of the surface using 

the texture map, the rendered image displaying one or 

more micro-occlusions. 

14. The computer program product of claim 10 further 
comprising: 

code for receiving information identifying a light source 

direction; 

code for determining an occlusion value for each set of 

values in the plurality of sets of values of the texture 

map, the occlusion value for each set of values deter 

mined based upon the values in the set of values and the 

light source direction; and 

code for displaying an image based upon the determined 
occlusion values for the plurality of sets of values in the 

texture map. 
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15. The computer program product of claim 14 wherein 
the code for determining the occlusion value for each set of 

values in the plurality of set of values of the teXture map 

comprises code for evaluating the polynomial function using 
the values in the set of values and the light source direction. 

16. The computer program product of claim 10 Wherein 

the polynomial function is 

Where 

A1, A2, A3, A4, A5, and A6 are coef?cients of the 
polynomial function encoding micro-occlusion infor 

mation, and 

u and v are parameteriZed projections of a light source 

vector. 

17. The computer program product of claim 16 Wherein 
the code for determining the occlusion value for each set of 

values in the plurality of set of values of the teXture map 

comprises code for evaluating the polynomial function using 
the values in the set of values and the light source direction. 

18. The computer program product of claim 10 Wherein 

the polynomial function is 

Where 

A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, and All are 
coef?cients of the polynomial function encoding 

micro-occlusion information, and 

u and v are parameteriZed projections of a light source 

vector. 

19. Acomputer system for storing a teXture map encoding 

micro-occlusions information for a surface, the system com 

prising: 

a processor; and 

a memory coupled to the processor, the memory con?g 

ured to store a plurality of instructions executable by 

the processor, the plurality of instructions comprising: 

instructions for determining a plurality of sets of val 

ues, each set of values in the plurality including 

values corresponding to coef?cients of a polynomial 

function that yields an occlusion value based upon a 

light direction, the plurality of sets of values encod 
ing information for micro-occlusions for the surface 

under varying irradiance conditions; and 

instructions for storing the plurality of sets of values as 

a teXture map. 

20. The system of claim 19 Wherein the plurality of 

instructions further comprises: 

instructions for obtaining a plurality of samples of the 

surface using a plurality of irradiant conditions, each 
sample depicting micro-occlusion information for the 
surface for a particular irradiant condition from the 

plurality of irradiant conditions; and 

Wherein the instructions for determining the plurality of 
sets of values comprise instructions for determining the 
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plurality of sets of values based upon the plurality of 
samples obtained for the surface. 

21. The system of claim 20 Wherein the instructions for 

determining the plurality of sets of values based upon the 

plurality of samples comprise instructions for using a math 
ematical ?tting process to determine the values for the 

plurality of sets of values. 

22. The system of claim 19 Wherein the plurality of 
instructions further comprises: 

instructions for displaying a rendered image of the surface 

using the teXture map, the rendered image displaying 
one or more micro-occlusions. 

23. The system of claim 19 Wherein the plurality of 

instructions further comprises: 

instructions for receiving information identifying a light 

source direction; 

instructions for determining an occlusion value for each 

set of values in the plurality of sets of values of the 

teXture map, the occlusion value for each set of values 

determined based upon the values in the set of values 

and the light source direction; and 

instructions for displaying an image based upon the 
determined occlusion values for the plurality of sets of 

values in the teXture map. 

24. The system of claim 23 Wherein the instructions for 

determining the occlusion value for each set of values in the 

plurality of set of values of the teXture map comprise 

instructions for evaluating the polynomial function using the 
values in the set of values and the light source direction. 

25. The system of claim 19 Wherein the polynomial 

function is 

Where 

A1, A2, A3, A4, A5, and A6 are coef?cients of the 
polynomial function encoding micro-occlusion infor 

mation, and 

u and v are parameteriZed projections of a light source 

vector. 

26. The system of claim 25 Wherein the instructions for 

determining the occlusion value for each set of values in the 

plurality of set of values of the teXture map comprise 

instructions for evaluating the polynomial function using the 
values in the set of values and the light source direction. 

27. The system of claim 19 Wherein the polynomial 

function is 

Where 

A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, and All are 
coef?cients of the polynomial function encoding 
micro-occlusion information, and 

u and v are parameteriZed projections of a light source 

vector. 


