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1 Which Renderers Support Custom Shaders?

For Im productionandspecialeffectsfor TV andmoviestheir arebasicallytwo
widespreadenderersout | will addanotherrenderetto the list becausehis ren-
dererwasoriginally designedo be very closeto PRMan! and| expectit to be
moreandmoreimportantto theindustryin thefuture:

RenderMan compatiblerenderers. RenderMarr is a registeredtrade-
mark of Pixar. The RenderManinterfaceis a standardnterfacebetween
modelling programsandrenderingprogramscapableof producingphoto—
realisticquality images. It's de ned in a speci cation publishedby Pixar
underthe title The RenderManinterface Thereare a lot of RenderMan
compatiblerendererdut | will focusonly onafew of them:

— PRMan? Thisis Pixar'simplementatiorof the RenderMarinterface.
In thepastit wasa purescanlineenderebasedntheREYES? archi-
tecture. Todayit's a hybrid approachwhich includesray tracingand
globalillumination features.Pixar publishedthe basicsaboutshader
writing andRenderMann thebook[1] whichwasfor averylongtime
theonly bookavailableon this subject.

— AIR is anothercommercialimplementatiorof the RenderMarinter-
facebut becausef it's low priceit's an alternatve to PRManandit
hasa few veryinterestingfeatures.

— Pixie is afreeimplementatiorandoneof the RenderMarcompatible
rendereravhich comewith the full sourcecode. | think thisis inter-
estedlyenoughto mentionherefor the few peoplewho would like to
know more about: How to implementa RenderMarcompatibleren-
derer?

— BMRT?® wasfor alongtimetheonly freely availableRenderMarcom-
patiblerendererAlbeit it did notcomewith thesourcecode.Therea-
sonwhy | mentionit hereis thatyoustill can nd versionof BMRT on
the Internetandthatthe book[2] is aboutPRManandBMRT. There
aremary examplesin that book which will work for both renderers
without changinghe shaders.

1Seebelow for reference

2PhotoRealistiRenderMan

3RendersverythingYou Ever Sav

4E.g. it's variantcalled BakeAIR which is usedfor bakingall kind of informationavailable
duringrenderingtiime.

5Blue Moon RenderingTools
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— Entropy wasa commerciaimplementatiorof the RenderMannter
faceby a compaly calledExlunabut it disappearedrom the market
afterSIGGRAPH2002togethemvith theof cial webpagefor BMRT.
Both renderersvereimplementedy Larry Gritz the coauthorof the
book[2] andyouwill still nd alot of usefulcommentsy him onthe
news groupaboutRenderMakh.

— Angel waswritten by the authorof the third book aboutRenderMan.
See[3] for referenceTherenderels freely availablefor Linux, free-
BSD, SGI,andWindows andtherewasalsoa port to the Playstation.

Mental Ray is a commercialgeneral—-purposesndererfrom a compary
called mentalimages See[4] and[5] for references.You cant buy the
softwaredirectly from mentalimagesbut it' sintegratedin alot of commer
cial modellingand animationsystemsand you can get the software from
dealerdfor this packagesWith the latestedition of the secondbook about
mentalray youwill getademoversionof therenderemwhich shouldenable
youto useall shademvriting techniqueslescribedn bothbookswithoutthe
needto buy afull licenseof therenderer

Mantra is arenderemwhich comeswith Houdini from SideEffects Hou-
dini's VEX languagés loosely basedon the C languagebut takes pieces
from C++ aswell asthe RenderMai™ shadinglanguage The reasonwhy
| includethis rendereiis that Side Effectsoffersa non—commerciabversion
calledHoudini Apprentice andyou canrenderwith Mantrafor free. The
commercialversionallowsyouto rendemwith bothPRMan’ andmentalray.
Houdini's VEX Builder canbeusedto write shadergor Mantraby simply
connectingoperators.This is a conceptwhich is found in otherpackages
aswell andin theoryyou canuseit to write even shaderdor RenderMan
andmentalray. PixaroffersaprogramcalledSLIM with theirRenderMan
Artist Tools(RAT) andAIR comeswith asimilar programcalledVshadé.

2 How Many ShaderTypesAre There?

Dependenbn the rendereryou are going to usethereare several shader
typessupported.

6comp.graphics.renderimgnderman
“or ary otherRenderMarcompatiblerenderer
8availableonly for Windows
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2.1 RenderMan

For mostRenderMarcompatiblerenderersyou will nd following shader
types:

— Surface Shaders Surfaceshadersreattachedo all geometrigorim-
itivesand are usedto modelthe optical propertiesof materialsfrom
which the primitive wasconstructed A surfaceshadercomputeghe
light re ectedin a particulardirectionby summingover theincoming
light andconsideringhe propertiesof the surface.

— Light Source Shaders A light sourceshadercalculateghe color of
the light emittedfrom a point on the light sourcetowardsa point on
the surfacebeingilluminated. A light will typically have a color or
spectrum,an intensity a directionaldependeng and a fall-off with
distance.

— Volume Shaders Volume shadersmodulatethe color of a light ray
asit travelsthrougha volume. Volumesarede ned asthe insidesof
solid objects.Theatmospherés theinitial volumede ned beforeary
objectsarecreated.

— DisplacementShaders Displacemenshaderschangethe normals
and/orpositionof pointsonthesurfaceandcanbeusedto placebumps
onsurfaces.

— Imager Shaders An imagershademanipulatesa nal pixel color
afterall of thegeometricandshadingprocessindiasconcluded.

A goodsourcefor RenderMarshaderss thefollowing webpage:

http://www.renderman.org

2.2 Mental Ray

— Material Shadersaremaybethemostimportantshadetypein mental
ray. They are calledwheneer a visible ray (eye ray, re ected ray,
refractedray, or transparengray) hits anobject.

— Volume Shadersmaybeattachedo thecameraor to amaterial. They
acceptaninput color thatthey are expectedto modify to accountfor
thedistanceheray travelledthroughavolume.

— Light Shadersare calledfrom othershaderdy samplinga light or
directlyif aray hitsasource.
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— Shadowv Shadersarecalledinsteadbf materialshadersvhenashadaev
ray intersectswith anobject. Shadev raysarecastby light sourcegso
determinevisibility of anilluminatedobject.

— Environment Shadersprovide a color for raysthat leave the scene
entirely, andfor raysthatwould exceedthetracedepthlimit.

— Photon Shadersareusedin the photontracingphaseio computethe
photonmapsthatareusedto simulatecausticsaandglobalillumination.

— Photon Volume Shadersare similar to photonshadersn the same
way thatvolumeshadersresimilarto materialshadersthey compute
indirectlight interactionsn volumes,suchasvolumescattering.

— Photon Emitter Shadersareusedin the photontracingphaseo con-
trol the emissionof photonsfrom thelight sources.

— Texture Shadersare called exclusively by other shadergo relieve
othershaderssuchasmaterialor ervironmentshadersfrom perform-
ing color andothercomputations.

— DisplacementShadersarecalledduring tessellatiorof polygonalor
free—formsurfacegeometry Wheneer the tessellatorintroducesor
copiesa verte, the displacemenshadelis calledandexpectedto re-
turn a scalarvaluethattells the tessellatoto move the vertex by this
distancealongits normalvector

— Geometry Shadersare functionsthat procedurallycreategeometric
objects. It allows mentalray to storesmall and simple placeholders
in thesceneandgeneratahe objectsonly whenthey areneededand
remove themfrom the cachewhenthey arenolongerneeded.

— Contour Shaderscomputecontourcolorsandwidths. Any informa-
tion aboutthe geometryillumination, and materialsof the scenecan
beused.

— Lens Shadersare calledwhena primary ray is castby the camera.
They maymodify theeye ray'sorigin anddirectionto implementcam-
erasotherthanthestandarginholecameraandmaymodify theresult
of theprimaryray to implementeffectssuchaslens ares.

— Output Shadersarecalledwhentheentirescenenasbeencompletely
rendered. They modify the resultingimageor imagesto implement
special ltering or compositingoperations.

— Lightmap Shaderssamplethe objectthatthe materialis attachedo,
andcomputea mapthat containsinformationaboutthe object. This
canbe usedto balke illumination solutionsor storevertex colorsfor a
hardwaregameengine.
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The sourcecodefor a lot of mentalray shaderscan be downloadedfrom
mentalimages'FTPsite:

ftp://ftp.mentalimages.com/pub/ shad ers/

2.3 Mantra

Don't worry aboutthe detailsgiven here. Importantis at the momentonly
thatthereareseveralshadetypes.SeeHoudini's documentation:

$HH/vex/html/shading.html

— DisplacementShaders Displacemenshadingcanbe usedto move
the position of the surfacebeforethe surfacegetsrendered.It is in-
tendedasa mechanisnto add ne detailto a surface,not asa mod-
elling technique.

— Fog Shaders A fog shaderis responsibldor modifying the Cf, Of
or Af variablesafterthe surfaceshadethascompletedts shading.It
is possibleto useilluminance() statementmsideof fog shaders.

— Image3D Shaders Create3D textures.

— Light Shaderswill get calledfrom surfaceor fog shadergo com-
putethe illumination from a givenlight source.The light shadercan
be invoked using the illuminance() loop or using the standard
diffuse() , sSpecular() , etc.functions.

— Photon Shaders When Mantrais generatingohotonmaps,photon
shadersare usedinsteadof surface shaders. Thus, the photoncon-
text is very similar to the surfacecontet. However, becauseof the
behaioural differencedetweerthecontexts, mostof thesurfacecon-
text speci ¢ functionsarenotvalid in the photoncontext.

— Shadowv Shaders Shadev shadersvill getcalledfrom surfaceor fog
shaderso occludetheilluminationfrom agivenlight source.Thelight
will alreadyhave beencomputedoy callingthelight shaderThefunc-
tion of a shadev shadeiis to modify the Cl variable. Typically, the
light will beoccludedcausingheCl variableto decrease intensity
However, it is possibleto create’negative” shadavs, andincreasehe
illumination dueto occlusion.
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— Surface Shaders The surfaceshadingcontet's purposes to setthe
nal color, opacityandalphaof the surfacebeingrenderedIf the Of
andAf variablesarenotset,they will defaultto 1. If the Af variableis
notset,it will resohetoavg(Of) . It ispossibleto setthe Af variable
to arny arbitraryvalue,makingit possibleto build matte/cutoushaders.

For helpaboutHoudini or Mantrapleasevisit thefollowing websitewhere
youcan nd tutorialsanddiscussiorforums:

http://www.sidefx.com/community

2.4 Exercise

Try to nd therelationshipbetweershadergor differentrenderers.

3 Quick Start

As you can seethereare so mary optionsandit's hardto get started. |
would considerstartingwith a RenderMan compatiblerendererrst to be
easierbut onceyou gotthe basicshereis alot moreto do andthe concepts
behindmental ray arequite powerful.

The mostfrustratingexperiencevhenyou startto work with renderersand

try to write customsshaderss to end up with an empty (black) picture.

| would encourageyou to try to understandat leastthe humanreadable
versionsof scenedescriptiondor severalrenderers.You might never have

to write themyourselfin a text editor but it certainly helpsif you know

aboutRIB® or MI 1° les. A lot of productionpipelinesstill export scene
descriptionles in ASCII formatonceandthenmodify themwith little shell

(Perl, Python,etc.) scriptsto renderfor examplein several passegbeauty

shadav, light, ...). Soit's goodto know wherethe shadersarespeci ed (or

called)in theresultingscenadescriptionles.

Most of the RenderMarcompatiblerenderersallow you to renderwithout
ary lights de ned in the scene. The default behaiour is “faking” a light
sourceby renderingthe sceneastherewould be a light sourcede ned. To
bemorespeci c: If youdonotspecifyary surfaceshadethenaRenderMan
compatiblerendereusesasurfaceshadecalleddefaultsurface . This

9RenderMarinterfaceBytestreanProtocol
0Thisis mentalray's scenedescriptionle format.
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surfaceshadeis ableto renderthescenewithoutary lightsde ned because
it doestake only the normalandthe incidentvectorinto accountwithout
askingthelights for their contribution. Mentalray will renderwithout any
lights de ned but theresultwill bea“black” image.Firstthingyou should
learnis to usethe alphachannelfor the resultingimages. You could at
leastcheckif somethingsin “front” of yourcameraby lookingatthealpha
channelof theresultingimage.In aRIB le youwill nd asimilarline to
theonebelow:

Display  "imageFilename.tiff" "file" “rgba”

You cancheckthe syntaxandpossibleparameterin Pixar's documeniThe
RenderMarinterface Herejust a quick reminderwhatthis line speci es:
The nameimageFilename.tiff couldbethe nameof a frame—luffer
or (in this case)the lename of the resultingimage. The type file  has
to be supportedoy all RenderMarcompatiblerenderersandstandsfor the
default le format. Themodergba speciesred, green blue, andalpha
channelsn theresultingoutputpicture. For mentalray you shouldlook for
aline likethisin theMI le:

output ['type"] "format” [opt]  “filename"

Seechapterllin thebook[4] for anexplanation.If youchoosdor example
rgb for theformat anddonotspecifytheoptionalparametersype andopt
the resultingimagewith the namefilename  will have analphachannel
aswell becausehenot speci edtype will defaultto rgba .

3.1 A ConstantSurface Shader

We will startwith a very simple surfaceshademwwhich shavs you how the

resultsof yourshadercalculationsarepassedbackto therendererWe don't

worry aboutinput parameterget but you will learnthatRenderMarusesa

graphicsstatewhich includesshadingattributeslik e the currentcolor and
currentopacity This attributesareknown insidethe shadeasif they would

have beende ned globally (outsidethe shader). Mental ray usesanother
mechanism.It passeghe stateexplicitly to the shadersaandthey grabthe

informationneededy calling functionsto extractthe neededits.
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3.1.1 RenderMan

Beforewe will look into light shadersve will startwith a simple surface
shaderOneof the standarcgshadershippingwith all RenderMarcompati-
blerendererss theconstant  surfaceshader:

surface  constant()
{

Oi = Os;

Ci Os * Cs;

The sourcecode speci es the shadertype (surface ), the shademame
(constant ), andusesonly prede nedsurfaceshadewvariables®. Seeta-
ble 1 for anexplanationof the prede nedsurfaceshadewariableswe used
sofarandtable3 on page73for acompletetable.

Name | Type | Description

Cs color | Surfacecolor

Os color | Surfaceopacity

Ci color | Incidentray color
Oi color | Incidentray opacity

Tablel: A few prede nedsurfaceshadewariables

In aRenderMarsurfaceshaderyouwill setthevariablesOi andCi to nev
values.In this caseyou simply copy thevaluefor theincomingopacityand
you multiply the alreadyexisting color by the opacityvalue. This allows
colors from behindthe surfaceto shav throughwithout over owing the
boundsof acolor.

With AIR therecomesaprogramcalledVshade for theWindows platform.
You canusethat programto write the shadervisually, compileit with an
userinterface,and renderdirectly to seethe effect. The constantshader
wouldlook likein gure 1.

But wheredo thevaluesfor Os andCs comefrom? They might bethe de-
faultvalues(if notspeci ed)or youwill nd aline startingwith Opacity
or Color intheRIB le (justbeforethe surfaceshaders calledandat-
tachedo thefollowing geometrywith Surface  "constant" ).

SeePixar's documentThe RenderManinterface for a completelist of prede ned surface
shadewariables.
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Figurel: Vshade

You candownloadthe RIB le *? which was usedto renderthe picturein
gure 2 from the sameweb pagewhereyou gotthis document.

Basicallythereis a planein front of a morecomplicatedneshwhich looks
like amonkey. The planehasthe constansurfaceshaderattachedandde-
nes agreencoloranda half transpareninaterial:

# Plane

Color [ 01 0]

Opacity [ 0.5 05 05 ]
Surface  "constant"
PointsPolygons

3.1.2 Mental Ray

The shaderwhich canbe usedto createa similar effect in mentalray is

called mib_opacity = and seemsto be signi cantly more complicated.
You candownloadthe Ml le 3, renderit with the standardshadersship-

ping with mentalray, andhave alook into theMI le to seehow theshader
is attachedo thegeometry:

camera "Camera"
output "rgh"  "constant.rgb"

end camera

12It' s calledconstant.rib.
13|t s calledconstant.mi
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Figure2: Usingtheconstanshader

material "mtl2"

opaque
"mib_opacity" (
"input” 0.0 1.0 0.0,
"opacity" 05 05 05
)
end material

object "Plane"
visible trace shadow

tag 1

group
1.0 10 0.0
1.0 -1.0 0.0
-1.0 -1.0 0.0
-1.0 1.0 0.0
v 0
v 1
v 2
v 3
p "'mt2" 0321

end group

end object

I will not explain how a mentalray le is structuredbut hereis in short
how the shaderis attachedo the geometry: The shaderis de ned in the
material  blockandthetwo necessarparametergiput andopacity
are setto the samevaluesasin the RenderManexample. The shaderis
attachedo thegeometryin theobject de nition by mentioningthename
of thematerial.
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The shademib_opacity is notreally meantto be usedasa standalone
materialshadetbut you canuseit asone. Normally you would useit asan
building block of a so—calledPhenomenotY. But that's somethingl will
explainlater.

Have alook atthe sourcecodefor mib_opacity  below. It shouldeither
comewith your mentalray distribution or canbe downloadedfrom mental
images'FTPsite'4.

DLLEXPORTmiBoolean mib_opacity(

miColor *result,
miState *state,
struct  mo *paras)
{
register miColor *opacity =~ = mi_eval_color(&paras->opacity);
miColor inp;
if  (opacity->r == 1.0 && opacity->g == 10 &&
opacity->b == 1.0 && opacity->a == 1.0)
*result = *mi_eval_color(&paras->input);
else {
mi_trace_transparent(result, state);
if  (opacity->r I= 0.0 || opacity->g 1= 00 ||
opacity->b I= 0.0 || opacity->a 1= 0.0) {
inp = *mi_eval_color(&paras->input);
result->r = result->r * (1.0 - opacity->r) +
inp.r * opacity->r;
result->g = result->g * (1.0 - opacity->g) +
inp.g * opacity->g;
result->b = result->b * (1.0 - opacity->h) +
inp.b  * opacity->b;
result->a = result->a * (1.0 - opacity->a) +

inp.a * opacity->a;

}

}
return(miTRUE);
}

Theresultof the mib_opacity  function (and mostmentalray shaders)
is storedin the variableresult . In contrastto the shaderlanguageof
RenderMaryou are not forcedto usethat namebut mostof the example
shadersill. Thethreecallsof thefunctionmi_eval color areusedto
retrieve the shadeiparameter§om theM! le 1,

If the opacityis “opaque”justtheinput coloris returned.If the material
is atleasta bit transparenyou have to elongategheincomingray by calling

l4Seesection2.2.

5They arestoredin the structparas but that's the function you shoulduseto extractthe pa-
rameterof typemiColor. Thereasorfor thisis thatshadersanoperatan the contets of shader
assignmentsind phenomenavithout needingknowledgeof the context, which is automatically
handled.
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mi_trace_transparent 16 The call might modify the resultalready
beforeit getmixedwith the currentcolor bbasedntheopacity value.

3.1.3 Mantra

In Houdiniyou canusethe so—calledvEX Builder to createVEX code.
Houdini'sVEX languages looselybasedntheC languagédut takespieces
from C++ aswell astheRenderMam* shadinganguagelnsideHoudini's

VEX Builder you canwrite VEX codewith visual programming.You

simply createnodesandlink themtogether TheVEX codeis automatically
createdcompiled,andexecuted.

In gure 3youseetheconstanshadein Houdini. Ontheright sidethereis
aViewer Pane whichshovsyoutheresultof the surfaceshadelapplied
to a sphere. You canselectseveral shapego testyour shaderor createa
whole scenewith othershapes.In the latter caseyou have to attachthe
shaderexplicitly to the geometry You can selectseveral background¥
whichis quiteusefulin this caseto seethetranspareng You haveto check
the button to the right of the Background button to turn on the alpha
display

& untitled.hip - Houdini Master Non-Commercial

Edt Settngs Toos Windaws Desaps Hep

Figure3: TheVEX Builder

16This doesnot changethe directionof theray andis thereforemoreef cient thanothercalls.
"The button with the label Badground at the bottom of the Viewer Pane givesyou several
options.
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3.2 How Do Several ShadersWorks Together?
3.2.1 RenderMan

Let's startwith theinteractionbetweeright andsurfaceshaders! explain
the detailswhile we aredoing a few tests. Pleasaeadsection5 for more
detailsaboutlight shaders.

We createavery simpleRIB le:

# test.rib
Exposure 1.0 2.2
Display "test.tiff" "file" "rgha"
Format 508 380 1.0
Projection "perspective” "fov" [ 90 ]
WorldBegin

LightSource "pointlight" 0

AttributeBegin
Surface "plastic"
Translate 001
Patch "bilinear"

"P* [ 2.0 -10 00 10 -10 0.0 -10 1.0 00 1.0 1.0 0.0 ]
AttributeEnd
WorldEnd

You couldrenderthis RIB le e.g. with render test.rib andcheck
thatthereis somethingn front of your camerabeforeyou startdoing your
own tests. It's a simplebilinear patchwith 4 control pointsin front of the
camerawith a eld of view of 90 degreesandtranslatecalongthe positive
z—axis®,

Now we startto replacethe surfaceshaderlandthelight shademwith ourown
shadersBut rst changetheresolutionof theresultingimage. Changethe
line Format 508 380 1.0 toFormat 5 4 1.0 . Thiswill reduce
the resolutionto only a few pixels in eachdirection. You will soonsee
why. The next thing which might help compiling your shadersvery time
youchangealine is to createa Makefile  andautomateherenderingand
shadercompiling:

# Makefile
SHADER= shader
RENDER= render
EXT = slo

all: test.tiff

myLight. $(EXT): myLight.sl

18The camerds looking down the positive z—axisby default.
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$(SHADER) myLight.sl

mySurface.$(EXT): mySurface.sl
$(SHADER) mySurface.sl

test.tiff: test.rib myLight. $(EXT) mySurface.$(EXT)
$(RENDER) test.rib

clean:
-rm f ¥ *$(EXT)  test.tiff

Now you justtype make to compilethe shader@&ndrenderapicturecalled
test.tiff . Go backto the RIB le andchangethe lines wherethe
shadersrecalledto useyour own light andsurfaceshader:

LightSource "myLight" 0
AttributeBegin
Surface  "mySurface”

We arereadyto createthe two shaders.For a startwe just print somein-
formationthat the shaderwas called. That's why we reducedthe image
resolutionto createonly afew linesof output. Thelight shadesshouldlook
like this:

/* myLight */

light
myLight()
{

printf("myLight\n");
}

The surfaceshadelooksvery similar:

/* mySurface */

surface
mySurface()

printf("mySurface\n");

}

But if you rendertheimageonly outputfrom the surfaceshadelis printed.
That meangthe light shademever getscalled. OK, maybewe shoulduse
the outputvariables.Leave theprintf  line asit is but addotherlinesto
male the surfaceshadeiactlikethestandarcconstant  shader:
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/* mySurface */

surface
mySurface()

printf("mySurface\n®);
Oi Os;
Ci Os * Cs;

}

Thelight shadesshouldbe similar to the standarcambientlight

/*  myLight */

light
myLight()
{

printf("myLight\n");
Cl = color (1.0, 1.0, 1..0);
}

We don't useshademparametersit the moment. Most of the time you will
startwith x edvaluesin your shadersandmake themstepby stepavailable
asshadeparametertaterto give theusersof your shadershepossibilityto
changethingsfrom outsideyour shademwithout changingthe shadeliitself
anymore.

If you run the testagainyou will notice that the light shaderstill is not
called. Why? Well, the surfaceshadethasto call somefunctionsto invoke
thelight shaderLet's replacethelastline in the surface shader:

Ci = Os * Cs * ambient();

Our ambientlight sourceshademwill now be called. The light shaderacts
like an ambientlight sourcebecauseat doesnot usea illuminate or
solar statementSeesection5.1.

The outputof the shaderanight look differentfor several renderers.For
PRMan rst only callsto the surfaceshaderaremade;afterthatonly calls
to thelight shadeiaremadé®. For BMRT or AIR thecallsareintermixed;
onecall to thesurfaceshaderonecall to thelight shaderetc. Thisshouldnt

concernyou too muchaslong asboth shadersreatethe sameoutputim-

agefor all RenderMarcompliantrenderersBut it shows for the rst time
that thingsmight be handleddifferently for all this RenderMarcompliant
renderers.

19A possiblereasorfor this might be theintentionto useSIMD — Single—InstructionStream
Multiple—DataStream— architecturegor rendering.
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For a completelist of Shadingand Lighting Functions| referto the The
RenderManinterfacedocumentfrom Pixar. Herejust a list of functions
without further detail£°:

— ambient(): Seefor example the standardsurface shadersmatte ,
metal , shinymetal ,plastic , or paintedplastic

— diffuse(normal N): Seefor examplethe following standardsurface
shadersnatte , plastic , or paintedplastic

— specular(normal N; vector V; oat roughness) Seefor example
the standardsurfaceshaderanetal , shinymetal |, plastic , or
paintedplastic

— specularbrdf(vector L; normal N; vector V; oat roughness)al-
lows usersto write anilluminanceloop thatreproduceshe function-
ality of thespecular()  function,evenif therenderehasanimple-
mentation—speci dormulafor built—in speculare ection.

— phong(normal N; vector V; oat size)implementghe Phongspecu-
lar lighting model.

— trace(point P, point R): Seefor examplePixar'sglassrefr ~ shader

Now let's have a look at someof this functionsandtalk aboutsomething
elsewhich is importantin a real productionpipeline. It's very corvenient
to renderseveral passef a sceneand do adjustmentsafterwardswith a
compositingsoftware.

Settheresolutionbackto thevaluesit hadbefore,getrid of theprintf()
statementsandchangehe surfaceshadetto:

/* mySurface */

surface
mySurface(float roughness = 0.1)

normal Nf = faceforward(normalize(N), 1);

Oi = color 1;
Ci = (color(1, 0, 0) * ambient() +
color(0, 1, 0) * diffuse(Nf) +
color(0, 0, 1) * specular(Nf, normalize(-1), roughness));

Theresultis notvery exciting becauséhelight shadesstill returnsonly the
ambientlighting. Let's changethat™:

20A11 this functionsdo returnacolor.
2IThat'sthe standargointlight shadeiby theway.
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/*  myLight */

light
myLight(
float intensity = 1;
color  lightcolor = 1;
point from = point “shader" (0,0,0);

)

illuminate(from)
Cl = intensity * lightcolor ! L.L;
}

Basically you separateand color encodethe ambient,diffuse, and specu-
lar contribution. The ambientterm is in the red componentthe diffuse
termin the greencomponentandthe specularin the blue component.In

the compositingprogramyou canseparateéhe threecomponentsnto three
grey scalepictures,multiply it with ary color you want, apply lters e.g.
blur the highlight from the specularcontribution morein x—directionthan
in the y—directionetc. This cansave a lot of renderingtime for a compli-
catedgeometryto matchthelighting andcoloring conditionsin life action.
You coulddo thatin theoryfor every light. | useit hereonly to shav you

that you shouldkeepthe post—productionn mind andthat you might use
basicallythe sameRIB le for several passesand modify certainpartsto

createseveralpictureswhich areusefulfor compositors.

The example sceneis not very interesting. So replacethe linear patch
througha sphereandaddan ambientlight sourceto getanextralight con-

tribution:
# test.rib
Exposure 1.0 2.2
Display “test.tiff" “file" "rgba"
Format 508 380 1.0
Projection "perspective” "fov" [ 90 ]
WorldBegin
LightSource "ambientlight" 0

LightSource "myLight" 1
AttributeBegin
Surface  "mySurface”
Translate 002
Sphere 1 -1 1 360
AttributeEnd
WorldEnd

Exercises:

1. Try to usethe separatingnto passesvith realproductionscenes.

2. Try to matchthelighting of a photograptwith realactorsor buildings
by addingvirtual components.
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3.2.2 Mental Ray

Now let'smake someexperimentsvith mentalray. For light shaderplease
readchapter3.13 of the book[5], for materialshadergpleasereadchapter
3.8 of the samebook. Hereis a simple scenesimilar to the RenderMan
examplein mentalray'sMI le format:

verbose  off

link  "base.so"
$include  <base.mi>
link  “contour.so"
$include  <contour.mi>
link  "physics.so"
$include  <physics.mi>

options  "opt"

samples 102
contrast 0.1 01 01
object space

end options

camera "Camera"

frame 1
output "rgh"  “test.rgh”
focal 12.0
aperture 32.0
aspect 1.33333333333
resolution 508 380

end camera

instance  "Camera_inst" "Camera"
transform

1.0 0.0 0.0 0.0

0.0 1.0 0.0 0.0

00 00 1.0 0.0

0.0 0.0 0.0 1.0
end instance

light  "Lamp"
"mib_light_point" (
“color" 1.0 1.0 1.0,
"shadow" false,
“factor" 1,
“atten”  false,
“start"” 0,
"stop" 1
)
origin 0.0 0.0 0.0
end light
instance  "Lamp_inst" “"Lamp"
transform
1.0 0.0 0.0 0.0
0.0 1.0 0.0 0.0
0.0 00 1.0 0.0
0.0 0.0 0.0 1.0
end instance
material “mtl"
opaque
"mib_illum_lambert" (
"ambient" 0.0 0.0 0.0,
“diffuse” 0.8 0.8 08,
"ambience” 0.0 0.0 0.0,
“mode" 1,
“lights" [ “"Lamp_inst"
)

end material

object "Plane"

visible trace shadow

tag 1

group
1.0 1.0 0.0
1.0 -1.0 0.0
-1.0 -1.0 0.0

-1.0 1.0 0.0
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v O
v 1
v 2
v 3
p'mt" 0321
end group
end object
instance  "Plane_inst" "Plane"

transform
1.0 0.0 0.0 0.0
0.0 1.0 0.0 0.0
0.0 0.0 1.0 0.0
00 00 10 1.0
end instance
instgroup "rootgrp"
"Camera_inst"
"Lamp_inst"
"Plane_inst"
end instgroup

render "rootgrp” "Camera_inst" "opt"

You shouldcheckthatthis Ml le rendersne with your local mentalray
installationbeforeyou proceed.Hereis a Make le which canbe usedto
renderthe sceneby simply typing make in your Unix shell. Laterwe will

addcommandso compiletheshadergtc.but for now theMakefile  looks

like this:

# Makefile

MENTALRAY = /ust/local/mentalray

RENDER = $(MENTALRAY)/linux-x86/bin/ray
INCLUDE = $(MENTALRAY)/common/include
LDPATH = $(MENTALRAY)/linux-x86/shaders
EXT = so

all:  test.rgb

test.rgh: test.mi

$(RENDER) -include_path $(INCLUDE) -Ild_path  $(LDPATH) test.mi
clean:

-rm £ ¥ *$(EXT) testrgb

Let's changethe light shaderrst. This way we are surethat the material
shadedoescall thelight shaderandlaterwe canreplacehe materialshader
aswell. We don't needshadavs atthe moment.Thelight shadeltookslike

this:

/* myLightc */

#include  <shader.h>

struct  myLight
{

I8

miColor color; /* color of the light source *
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DLLEXPORTmiBoolean

myLight(
register miColor*  result,
register miState*  state,
register struct  myLight *paras
)

{

*result = *mi_eval_color(&paras->color);

return(miTRUE);

}

To compiletheshadel changedhe Makefile

# Makefile

MENTALRAY = /usr/local/mentalray

RENDER = $(MENTALRAY)/linux-x86/bin/ray

INCLUDE = $(MENTALRAY)/common/include

LDPATH = $(MENTALRAY)/linux-x86/shaders

OBJEXT =0

SOEXT = so

CcC = gce

LINK =1d

DEFINES = -DLINUX -DLINUX_X86 -DX86 -DEVIL_ENDIAN -D_GNU_SOURCHE
-D_REENTRANT-DSYSV -DSVR4 -Dinline=__inline__

CFLAGS = -ansi -fPIC -O3 -mpentiumpro -fexpensive-optimizations \
-finline-functions -funroll-loops -fomit-frame-pointer -frerun-cse-after-loop \
-fstrength-reduce -fforce-mem  -fforce-addr $(DEFINES)

INCPATH = -I.  -I$(INCLUDE)

all:  test.rgb

myLight. $(OBJEXT): myLight.mi  myLight.c
$(CC) -c $(CFLAGS) $(INCPATH) -0 myLight$(OBJEXT)  myLight.c

myLight. $(SOEXT): myLight. $(OBJEXT)
$(LINK) -shared -export-dynamic -0 myLight.$(SOEXT) myLight. $(OBJEXT)

test.rgb: test.mi myLight. $(SOEXT)
$(RENDER) -include_path $(INCLUDE) -ld_path  $(LDPATH) test.mi

clean:
-rm f ¥ *$(SOEXT) *$(OBJEXT) testrgb

Onething | forgotto mentionis thatyou needa headerle for yourshader
aswell. In thiscasd namedt myLight.mi  andit looks(sofar) lik e this:

# myLight.mi

declare  shader
color "myLight" (color  "color")

version 1
apply light
end declare

We arereadyto usethelight shademow. Sopleasesdittheoriginal MI le
andaddrespectrely changehefollowing lines:

ii.r.\k "myLight.so"
$include  <myLight.mi>
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light “"Lamp"
"myLight" (
"color" 10 1.0 1.0
)

origin 0.0 0.0 0.0
end light

Compilethe shademwith make myLight.so  andcopy (or softlink) the
les myLight.so andmyLight.mi  to a placewherementalray can
nd it beforeyou render For my local installationthe compiled les go
to /usr/local/mentalray/linux-x86 /shad ers andtheheader
les canbe foundin /usr/local/mentalray/common/in clude
You couldalsospecifythefull pathto your les intheMlI le.

It's time to changethe materialshader We add a few morelines to the
Makefile

mySurface.$(OBJEXT): mySurface.mi  mySurface.c
$(CC) -c $(CFLAGS) $(INCPATH) -o mySurface.$(OBJEXT)  mySurface.c

mySurface.$(SOEXT): mySurface.$(OBJEXT)
$(LINK) -shared -export-dynamic -0 mySurface.$(SOEXT)  mySurface.$(OBJEXT)

test.rgb: test.mi myLight. $(SOEXT)  mySurface.$(SOEXT)
$(RENDER) -include_path $(INCLUDE) -ld_path  $(LDPATH) test.mi

Theheaderle for thenew materialshadetookslik e this:

# mySurface.mi

declare  shader
color "mySurface" (

color "ambient",
color "diffuse”,
color "specular”,
scalar "spec_exp",
integer "mode",
array light "lights"

)

version 1

apply material

end declare

The materialshadertakesthreecolors as parametergor the ambient,dif-
fuse,andspecularcolor contributions. In the RenderMan shadet just set
themin the latestversionof the shademwithout giving the userthe choice
to changethe valuesfrom outside(in theRIB le). Go backandmake the
modi cationsneededif youwantto. Themental ray materialshadeitself
needsa bit of explanation:
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/* mySurface.c  */

#include  <shader.h>
struct  mySurface
miColor ambient; /¥ ambient color */
miColor diffuse; /*  diffuse color */
miColor  specular; /* specular color *
miScalar spec_exp; /* Phong exponent */
int  mode; /* light mode: 0.2 */
int i_light; /* index of first light */
int  n_light; /* number of lights */
miTag light[1]; /* list of lights */
h
DLLEXPORTmiBoolean
mySurface(

miColor*  result,

miState*  state,

struct  mySurface* paras

)
to
int i;
int  n_light; /¥ number of light sources */
int i_light; /* offset of light sources */
int samples;
miColor*  diffuse;
miColor*  specular;
miColor color;
miColor sum;
miScalar  spec_exp;
miScalar  dot_nl;
miScalar  phong_specular;
miTag* light;

miVector  dir;

/* ambient */
*result *mi_eval_color(&paras->ambient);

diffuse
specular
spec_exp
n_light
i_light

mi_eval_color(&paras->diffuse);

mi_eval_color(&paras->specular);
*mi_eval_scalar(&paras->spec_exp);
*mi_eval_integer(&paras->n_light);
*mi_eval_integer(&paras->i_light);

light
for (i =

{

_eval_tag(paras->light) + i_light;
i < n_light; i++)

1
_Og LI L L | I T I}

sum.r = sum.g = sum.b = 0;
samples = 0;

while  (mi_sample_light(&color, &dir,
[+ diffuse  */

sum.r += dot_nl
sum.g += dot_nl
sum.b += dot_nl
/* specular  */
phong_specular

if (phong_specular

* diffuse->r
* diffuse->g
* diffuse->b

* color.r;
* color.g;
* color.b;

> 0.0)
sum.r += phong_specular
sum.g += phong_specular

sum.b += phong_specular

} * while
if  (samples)

(mi_sample_light(...)) */

result->r
result->g
result->b
Yy oFouf

+= sum.r / samples;
+= sum.g / samples;
+= sum.b / samples;
(samples)  */

}
return(miTRUE);

&dot_nl,

= mi_phong_specular(spec_exp,

* specular->r
* specular->g
* specular->b

state,

state,

* color.r;

*light, &samples))

&dir);

* color.g;
* color.b;

Firstof all youwill noticeadifferencebetweertheheaderle andthestruc-
tureusedin theC le. Every parametetranslatesasilyfrom the descrip-
tion in the headerle to the C equialent. Exceptthe light array which

resultsin threevariablesn C.
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Theambientcontribution doesnot comefrom a call to evaluateall ambient
light sourcedike in RenderMan but is simply aninput parameterWhich

meandghatevery materialshadewhich doestake ambientcontributioninto

accounthouldhave a parameteto let the usersetthe color etc.

The materialshadeldoopsover a light list which comesfrom the input pa-
rameterasan array of lights. Thereis no suchlooping mechanisnmasthe
illuminate statemenin RenderMan.

Arealights aretakeninto accountoy theloop usingmi_sample_light

becausedhat function mustbe calledin a loop until it returnsmiFALSE.
Every sampleof the light is summingup within the loop. That's why you
haveto divide by thenumberof samplesFor lightswhicharenotarealights
thereshouldbeonly onesampletaken. But becarefulnotto divide by zero.

Theresultof thecall mi_sample_light to thelight shadewmill bein the
variablecolor . Therearetwo otherreturnvaluesprovidedif the pointers
arenonzero:dir isthedirectionfrom the currentintersectiorpointin the
stateto thelight, dot_nl isthedotproductof thisdirectionandthenormal
in the state.

For the specularcontribution | took the Phongfactor but thereare other
choiceg*

— mi_phong specular. Calculatethe Phongfactorbasedon the direc-
tion of illumination dir , the specularxponentspec_exp , andthe
statevariablesnormal anddir .

— mi_fresnelspecular. Calculatethe specularfactorns basedon the
illuminationdirectiondir ,thespeculaexponentspec_exp , thein-
sideandoutsideindicesof refractionior_in  andior_out ,andthe
statevariablesnormal anddir .

— mi_cooktorr_specular. Calculatehespecularcolorresult accord-
ing to the Cook—Torrancere ection modelfor the incidentdirection
dir_in  andthere ection directiondir_out atasurfacewith nor
malnormal . Theroughness istheaverageslopeof surfacemicro—
facetsior istherelativeindex of refractionfor threewavelengths.

— mi_blinn_specular. Like mi_cooktorr_specular , but only for
onewavelength.

— mi_blong_specular. Thisis similarto mi_blinn_specular , but
implementsa hybrid of Blinn andPhongshadingnsteadof true Blinn

22Seemental ray documentatiomf this functioncallsfor thetypesof the parametersieeded.
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shading.lt is includedseparatelyo supporthe SoftimageBlinn shad-
ing model.

Finally we make someadjustments$o theMI le to renderasphere:

link  "myLight.so"
$include  <myLight.mi>
link  "mySurface.so"
$include  <mySurface.mi>

light “"Lamp"
"myLight" (
"color" 10 1.0 1.0
)

origin 0.0 0.0 0.0

end light
material "mtl"
opaque
"mySurface”  (
"ambient” 1.0 0.0 0.0,
"diffuse” 0.0 1.0 0.0,
"specular” 0.0 0.0 1.0,
"spec_exp" 40,
"mode" 1,
"lights" ["Lamp_inst"]
)
end material

$include  "sphere.mi"

instance  “"sphere_inst" "sphere”
transform
0.2 0.0 00 0.0
0.0 0.2 0.0 0.0
0.0 0.0 0.2 0.0

material "mtl"
end instance

instgroup "rootgrp"”
"Camera_inst"
"Lamp_inst"
"sphere_inst"
end instgroup

render "rootgrp" "Camera_inst" "opt"

The Ml le sphere.mi comeswith the examplesof the book [4] and
you candownloadthe examplesandall shaderdrom mentalimages'FTP
site. | madea softlink to this le atalocationwheremental ray can nd
it. In contrastto RenderMan and other rendereramental ray doesnot
supportother primitivesbesidethe usualpolygons,NURBS surfaces,and
subdvision surfaces.Thereis oneexceptionasyou canseein gure 4.
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Figure4: Thehair primitive

3.2.3 A Simple SceneWith Five Different Shaders

Let's createa very simple test sceneand write all kind of shaderdor it.
In gure 5 you seea torusin front of the camera. The right half of the
backgroundeavesspacefor ourimagershaderthe left half is coveredby
a bilinear patch. We will usethe samescenefor RenderMan andmental
ray.

Let's startwith RenderMan. TheRIB le is sosimplethatl will explainit
a bit andtell you whereto make modi cationsto integratethe shaderstep
by step.TheoriginalRIB le lookslikethis:

# shadertest.rib
Exposure 1.0 2.2

Display "shadertest.tiff" "file" "rgha"
Format 508 380 1.0
Projection "perspective"” "fov" [ 90 ]
LightSource "pointlight" 0 "intensity" [ 1]
WorldBegin

Surface "plastic"
# Patch

AttributeBegin
Translate -10 0 10
Scale 10 10 10

Patch “bilinear" "p
[ 10 -10 00 10 -10 00 -1.0 1.0 00 10 10 0.0 ]
AttributeEnd
# Torus

AttributeBegin
Translate 015
Rotate 45 1 0 O
Torus 3.0 1.0 0.0 360.0 360.0
AttributeEnd
WorldEnd
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Figure5: Simpletestscene

Thescenale nesalight sourceoutsidetheWorldBegin - andWorldEnd
block. At the momentwe useone of the standardshadergointlight

for the light sourceshader Within the WorldBegin  and WorldEnd
block we de ne the bilinear patchfor the backgroundand the torus for
the foreground. The geometryis de ned within an AttributeBegin

and AttributeEnd block. The transformationsare de ned within this
blocksbecauseave don't wantthemto affectthe othergeometry The effect
is limited to this block andrestoredutside.The geometryitself is moreor
lessde ned in a singleline. The bilinear patchuses4 pointswith x—, y—,
andz-coordinatesThetorusis de nedin aline like this:

Torus rmajor rminor phimin  phimax thetamax ...parameterlist...

Themajorradiusrmajor de nesthedistanceof acirculararcwhichcould
be usedto de ne thetorusby rotatingthis crosssectionaroundthe z—axis.
The minor radiusrminor is the radiusof the circular arc andthe angles
areusedin a way thatwe de ne awholetorusinsteadof the moregeneral
de nition.

If yourendertheRIB le with a RenderMarcompliantrenderetthe alpha
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major minor
radius radius

Figure6: RenderMars torusprimitive

channelwill “cut out” the partof the backgroundwvhich is not coveredby
thebilinearpatch.Now let's addthefollowing line beforeWorldBegin

i.rﬁager "background"” "background" [ 100]
WorIdBegin
Thiswill Il the backgroundvhich was*“cut out” beforewith ared color.

We will write our own imager shader now. Sowhatinformationdo we
have within aimagershader?.et'stry to visualizesomeof thisinformation.
Table4 on page74 shonvsafull list of prede nedimagershadewariables.

Pleasenodify theRIB le to useourown shaderYoushouldknow by now
how to dothis. Theshadetooksatthe momentik e this:

/*  mylmager */

imager
mylmager()

Ci color(0.0, 1.0, 0.0);

Oi 1;

alpha = 1,
}

Add the properlinesto your Make le andrenderthescene Well, theresult
is not what we want — the whole picture is greennow. If we take the
alpha valueinto accountwe couldcreatea simple“contourshader”:

/*  mylmager */
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imager
mylmager()

if (alpha == 0.0) Ci = color(0.0, 1.0, 0.0);
else if (alpha !'= 1.0) Ci = color(1.0, 0.0, 0.0);
Oi = 1;
alpha = 1,

}

Let's not talk aboutif a shaderlike this would be usefulor not. Whatl
wantedto shaw is thatshadersrekind of hardto delug. In theoryyou can
createoutputlineswithin ashaderanalyzethis lineswith anothemprogram,
visualizethem etc. but the simplestway is to createa testscenewherea
certaincolor like red doesno occurandusethat color to indicateproblem
areas.

The next versionof theimagershademwill shav how to accessomeinfor-
mationwhich doesnot comefrom prede nedsurfaceshadewariableg?:

/*  mylmager */

imager
mylmager()
float xyp[3] ={ 1.0, 1.0, 10 }
option("Format", Xyp);
Ci = color(xcomp(P) ! xyp[0], ycomp(P) / xyp[1], 0);
Ooi = 1;
alpha = 1;

We getaccesdo the Format line in the RIB le andextractthe x— and
y—resolutionof therenderedicturefrom there.We usethatinformationto
scalethe pixel coordinatestoredin P sothattheresultis betweerzeroand
one.We usethatto colorencodehe coordinatesn thebackgroundmage.

It's hardto nd arealapplicationfor animagershader | leave it for you
asanexerciseto nd one. In Pixar's documentyou will nd the standard
background shaderand an examplehow to write an imagershaderto
implementthe exposureandquantizatiorprocess:

imager
exposure(float gain=1.0, gamma=1.0, one = 255, min = 0, max = 255)
{

Ci = pow(gain * Ci, 1l/gamma);

Ci = clamp(round(one * Ci), min, max);

Oi = clamp(round(one * 0i), min, max);

}

23Seechapterl 5.8“MessagePassingandInformationFunctions”of the Pixar's documentThe
RenderMarinterface
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Figure7: A carvasimagershadeifor BMRT

Besidethefactthatthis shademill notcompileit' s still anexamplethatan
imagershadercouldbeusedto do color correction.| think therearenottoo
mary applicationdor animagershadeibut oneinterestingexperimentcan
befoundonthefollowing webpagefrom KatsuakiHiramitsu:

http://www.edit.ne.jp/ katsu/im g_in dex. htm

Unfortunatelytheshadedoesnotcompilefor otherrendererdesideBMRT
andit hasthe“knowledge”aboutthe scenewithin theimagershader Any-
way, maybeworthto look atit in gure 7.

At leastanimagershadercanbe usedto develop patternsor to visualize
procedurakextureswithout having any geometryor lightsin theRIB le.
Onceyou are happy with your patternyou can apply a similar line in a
surfaceshaderandgetrid of theimagershader

Let'sjust createa simplepattern— a disk— asdescribedn the book[3].
In chapter20to 22 you nd moreinformationaboutpatterngout let's just
develop one patternin the imagershaderand apply it later for a surface
shaderHereis the sourcecodeof theimagershader:
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/*  mylmager */

imager
mylmager()

/* some of this variables should be shader parameters */

float  xyp[3];

float  xcoord, ycoord;
float  dist;

float  inDisk;

float  radius
point  centre
point  here;
color inside color(0, 0, 1);

color outside color(1, 0, 0);

/* get x- and y-resolution from global options */

option("Format", Xyp);

/* make sure the coordinates are between 0 and 1 *
xcoord = xcomp(P) / xyp[O];

ycoord = ycomp(P) / xyp[1];

0.4,
point(0.5, 0.5, 0.0);

here = point(xcoord, ycoord,  0.0);
/* how far are we away from the centre? */
dist = distance(centre, here);

/* are we inside the disk? */

if (dist <= radius) inDisk = 1.0;
else inDisk = 0.0;

/* use inside or outside color *

Ci = mix(outside, inside, inDisk);

/* we don't need the alpha channel for this test */
Oi = 1;

alpha = 1;

Most of the shadeiis straightforwardand| put somecommentsnsidethe
shader Therearetwo functionswe haven't talked aboutyet. The function
distance returnsthe Euclideandistancebetweentwo point. You could
have de ned avectorfromcentre tohere andcallthefunctionlength
for this vectoror you could have calculatedhe Euclideandistanceyourself
with help of the functionsgrt 2% The otherfunction is calledmix and
takestwo colorsanda oat valueto mix both colorswith the following
formula:

Beforewe applythisto asurfaceshademwe make somemodi cationsto mix
the two colorsslowly. The following outputcomesfrom a Unix program
calleddiff whichshaows only thedifferencebetweertwo le versions:

11al2
> float fuzz = 0.1;
14c15

< color inside = color(0, 0, 1)

24Thisis the squareroot.
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>  color inside = color(1, 1, 0);

25,26¢26

< if (dist <= radius) inDisk = 1.0;

< else inDisk = 0.0;

> inDisk = 1 - smoothstep(radius - fuzz, radius + fuzz, dist);

| de nedanew variablecalledfuzz andchangedheoutside colorfrom
blueto yellow. It looksnicerto mix thecolorsyellow andredinsteadf blue
andred. Normally you would usethe color setby the userin the RIB le
asoutsidecolor andthe inside color would be a shadermparametebut we
will do thatin a minute. The last changel madeis that| usea function
calledsmoothstep  which de nes a rangewith its rst two parameters
and rampssmoothlyin between. Soif our currentpositionhere is less
thantheradius minusourfuzz distancethenwe arecompletelyinside
thedisk andusetheinside coloronly. If the currentpositionis greater
thanour radius plusthe fuzz distancewe usethe outsidecolor only.
Every positionin betweenmixesboth colorsin a way thatit slowly fades
from onecolortwo the other

Now let's apply this techniqueto a surface shader. We have to changea
few thingsto createa surfaceshadefrom theimagershademve gotsofar:

lcl
< [* mylmager */

> [* mySurface */
3,4c3,4

< imager

< mylmager()

> surface

> mySurface()

7,8d6

< float  xyp[3];

< float  xcoord, ycoord,;

17,18d14

< /* get x- and y-resolution from global options */
<  option("Format", Xyp);

20,22c16

< xcoord = xcomp(P) [/ xyp[O];
< ycoord = ycomp(P) [/ xyp[l];
< here = point(xcoord, ycoord,  0.0);

> here = point(s, t, 0.0);

28,31c22,23

< Ci = mix(outside, inside, inDisk);

< [* we dont need the alpha channel for this test */
< Oi = 1;

< alpha =1

> Oi = Os;

> Ci = Os * mix(outside, inside, inDisk);
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First of all we renamethe shaderto mySurface , we changethe type of

the shaderto surface , andwe getrid of a few variableswe don't need
anymorebecausave replacethe x— andy—coordinate®f theimageshader
by thetexture coordinates andt . We leave the opacityasit is andapply
the color withouttakingary lighting into account®.

Figure8: Testscenewith imagershademandsurfaceshader

Beforewe canrenderthe new scenewe changeheRIB le to usethenew
surfaceshader:

9c9
<  Surface "plastic"

>  Surface "mySurface"

See gure 8 for theresultingimage. | wantto changea few thingsbefore
| continuewith other shadertypes. Readchapter22 of the book [3] to
understandhe conceptof Tiling and RepeatingPatterns. | wantthe disk
patternto berepeatedeveraltimesover the surfacesandl wantto take the
lighting into account:

4c4,5
< mySurface()

> mySurface(float Ka = 1, Kd = 0.5, Ks = 0.5, roughness = 0.1;
> color  specularcolor =1)
10al12

25You cantestthis by removing thelight sourceshadefrom theRIB le.
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> float ss, ft;

15,16¢17,23

< /* make sure the coordinates are between 0 and 1 */
< here = point(s, t, 0.0);

>  color myCs;

> normal Nf = faceforward(normalize(N), 1);

> [* repeat the pattern *

> ss = mod(s*10, 1);

> tt = mod(t*10, 1);

> /* use ss and tt instead of s and t *

> here = point(ss, tt, 0.0);

23c30,32

< Ci = Os * mix(outside, inside, inDisk);

> myCs = Os * mix(outside, inside, inDisk);

> Ci = Os* (myCs * (Ka * ambient() + Kd * diffuse(Nf)) +
> specularcolor * Ks * specular(Nf, normalize(-l), roughness));

Theeasiesthingto dofor thelighting is to take partsfrom the sourcecode
of an alreadyexisting shaderike the plastic =~ shaderand changea few
linesin the old version. The shadettakesnow parametersvhich areiden-
tical to theplastic ~ shader Insteadof assigninghe color directly to the
Ci outputvariablel usea new variablenamedmyCsfor my surfacecolor.

For the repeatingdisk patternl introducethe variablesss andtt . The
mostimportantlines for the repeatingpatternare the two lines usingthe
mod function. This so—callednodulo functiontakesthe rst agumentand
dividesit by the secondone. The remainderof the division is returned.
In this casethe remainderis the part behindthe dot. The returnvalue of
mod(3.7,1) is . By scalings andt by beforewe usethe mod
functionwe make surethatthe disk is repeatedentimesin eachdirection
butss andtt still vary betweerzeroandone.

The resultingimagelooks far too dark. Insteadof changingthe surface
shaderwe are writing our own light shader. First we will not take ary
attenuatiorover distancento account:

/*  myLight */

light
myLight()
{

Cl = color 1;

}
Let's rendera picturewith this threeshaders.You have to changethe RIB
le beforeyourstartrendering:

7c7
< LightSource  "pointlight" 0 "intensity" [ 1]

> LightSource "myLight" 0



c JanWalter2003/04 37

Do you remembersection3.2? This is an ambientlight and the surface
shadercallsit becaus®f theambient()  functionwhichis multiplied by
onebecaus®f thedefaultvalueof theshadeparameteKa = 1. Let'stry
anothetight sourceshadewhichfadedromnear tofar linearlybetween
full intensityto black:

/* myLight */

light

myLight(float intensity =1, near = 1, far = 10;
color  lightcolor = 1;
point from = point “shader" (0,0,0))

{

float len, brightness;
illuminate (from)

len = length(L);

if (len < near) brightness = 1

else if (len > far) brightness = 0;

else brightness =1- (en - near) [/ (far - near);
Cl = intensity * lightcolor * brightness;

If werenderagainthetoruswill belit butthelinearpatchisin thedark. You
haveto modify theRIB le againto changdhedefaultparametewaluesfor
thelight sourceshader:

7c7,9
< LightSource "myLight" 0

> Declare “"near" “float"
> Declare "far" "float"
> LightSource "myLight" 0 "near" [ 3] "far" [ 15 ]

Now a bit of the linear patchis lit but not all asyou canseein gure 9.
We didn't implementa spotlightshadeeventhoughit looks a bit like one.
Changefor amomentthelight shader:

13c13
< if (len < near) brightness = 1
> if (len < near) brightness = 0;

Thereasorfor thisis thatit's hardto nd theborderto the nearvalue,but
simplefor the far border If we make everythingoutsidethe nearandfar
rangeunlit it's easierto nd goodparametesettings. This leadsmeto a
new exercisefor you. Think aboutawayto nd theclosestandfurthermost
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Figure9: Testscenewith imager surface,andlight shaders

point to/from the cameraon ary surfaceduringrendering.Usethis values
for thepreviouslight sourceshaderandvarythenear andfar valuesfrom
there.

We will write a displacementshadernow. A very simpleonewhich just
usesthe sin function alongthe s andt texture coordinatego vary the
positionandthe normalbeforethe surfaceshadegetscalled:

/* myDisplacement  */

displacement
myDisplacement()

float amp = 0.1 * sin(t*20*PI);
amp += 0.1 * sin(s*20*Pl);

P += amp * normalize(N);

N = calculatenormal(P);

}

Look at gure 10 for the resultif you simply changethe RIB le to in-
cludethe displacemenshademwithout specifyingadditionalattributesfor
therenderer

22a23
> Displacement ~ "myDisplacement”

Actually it' sdependendbnwhichrendereyouareusing.BMRT andAIR do
usebump mapping if you don't tell therenderetto usetrue displacement.
Pixie andAngel usealwaystrue displacement
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Figurel0: Testscenewith bumpmapping

Let's comparethisto gure 11 which wasrenderedwith the sameshader
but with thefollowing additionalattributes:

10al11,12
> Attribute "render"  "truedisplacement” [1]
> Attribute "displacementbound"” "sphere"  [1]

For bumpmappingyougetastrangertefact. Somepointsonthesurfaceare
renderedlack becausehe bump mappingbendsthe normalso muchthat
it' sfacingaway from thelight andthecamera.Thessilhouetteof thetorusis
still the original onebecauséhe positionson the surfacearenot modi ed
by bump mapping. But for someareaswherethe surfaceis far enough
away from the camerathe bump mappingworks quite well. Especiallyif
the displacements very subtly which is true for a lot of imagesyou will
render For exampleif yourenderskinit's niceto have little dentsto make
the surfacelook not too perfectbut the dentsaresmallin sizeandthey do
not perturbthe original surfacetoo much.

Exercises:

1. Finda*“good” applicationfor animagershader

2. Changethe last surfaceshaderexampleso that all parametersvhich
mightbeimportantto changdrom outsideareshadeiparametersvith
defaultvalues.

3. Usethenew surfaceshadeiparameter$o createvariationsof thesame
sceneby manipulatingheRIB le.
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Figurell: Testscenewith truedisplacement

4. Think aboutwriting a shaderto nd the closestpoint to the camera
on ary surfaceand the furthermostpoint from the camera. This is
not only usefulfor thelight shademwe talked aboutabove but alsofor
nding goodnearandfar clipping planesor to have bettervaluesfor
renderingshadov maps

4 GetYour Hands Dirty

4.1 Default SurfaceShader

In section3 | mentioneda RenderMan shadercalleddefaultsurface
which allows to renderanimagewithout ary light andsurfaceshadersised
intheRIB le. Wewantto write asimilarshadefor mentalray now. Let's

have alook how AIR %6 implementgshedefaultsurface shader:
surface  defaultsurface (float Ka=.2, Kd=.8)

0i=0s;

Ci=0Os*Cs*(Ka+Kd*abs(normalize(l).normalize( N)));

}

Theimplementatiorof the mentalray shadelis straightforward. The only
differencds thatmentalray hasno globalstatefor the currentsurfacecolor

26Be awarethateachimplementatiormight usea differentshader
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and opacity The RenderMarshadertakesthe valuesof Os and Cs into
account.This color valuescanbe setin theRIB le by usingOpacity or
Color . If youwanta similar behaiour within the mentalray shaderyou
shoulduseadditionalshadermparameterdor the color and opacity values.

Hereis theheaderle for thementalray shader:

# myDefaultSurface.mi

declare  shader
color "myDefaultSurface"

scalar

scalar
version 1
apply material

end declare

(

"Ka",
K"

To usethisshadein aMl le | changedheexamplefrom section3.1abit:

link  "myDefaultSurface.so"
$include  <myDefaultSurface.mi>

material "mtl"

opaque
"myDefaultSurface" (
"Ka" 0.2,
"Kd" 0.8
)
end material

object "Monkey"
visible trace shadow

tag 1
group
0.4375 0.1640625
p "mtl" 504 322
end group
end object
instance  "Monkey_inst" "Monkey"
transform
1.0 0.0
0.0 1.0
0.0 0.0
0.0 0.0

end instance

instgroup "rootgrp"”
"Camera_inst"
"Monkey_inst"
end instgroup

render “"rootgrp" "Camera_inst"

0.765625

320 390

0.0
0.0
1.0
5.0

"opt"

0.0

0.0
1.0
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Firstof all you haveto link your sharedibrary andincludethe appropriate
headerle. If you cant copy the compiledshaderandthe headerle to
a placewherementalray can nd it — e.g. becauseg/ou don't have root
permission®n an Unix system— you canspecifythe full pathin the Mi
le.

After having de ned the shaderandits parameterasa materialwithin the
MI le you canusethe materialin the de nition of the Monkey object.
Notice thatthereis only a cameraandonegeometryobjectde ned — no
lights. The shadeitself lookslik e this:

/*  myDefaultSurface.c */
#include  <shader.h>

struct myDefaultSurface
{

miScalar  Ka;
miScalar  Kd;

I8

DLLEXPORTmiBoolean
myDefaultSurface(
miColor*  result,
miState*  state,
struct  myDefaultSurface* paras

)

miScalar Ka, Kd;
miScalar abs_dot_nd;

[* get parameters */

Ka = *mi_eval_scalar(&paras->Ka);

Kd = *mi_eval_scalar(&paras->Kd);

/* dot product of the normal and the direction vector */
abs dot_nd = fabs(state->dot_nd);

I* result ¥/

result->r = Ka + Kd * abs_dot_nd;
result->g = Ka + Kd * abs_dot_nd;
result->b = Ka + Kd * abs_dot_nd;
result->a = 1.0

return(miTRUE);

Notice thatyou don't have to calculatethe dot productof the normaland
thedirectionvectoryourselfbecausét’' s alreadystoredin the state.

4.2 Stairs

Considerthe following problem: You have a scenewith alot of staircases
or for examplea hugepyramid. Most of the time the camerashaws the
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whole scenefrom distancewhich meansthat you cant seethe individual
stepsvery well. Insteadof modellingeachindividual stepyou considerto
createasimpli ed modelwithout stepsandfakingtheeffectof having stairs
within theshader:

Figurel2: Renderinghestairswith realgeometry

Figure13: Fakingthe stairswithin the shader

[* stairs */

surface

stairs(float Ka = 1, Kd = 0.5, Ks = 0.5, roughness = 0.1;
color  specularcolor = 1;
float steps = 5;)

normal Nf;
float sv = mod(v * steps, 1);

if (sv < 0.5)
Nf = ntransform("object", "current”, normal(0, -1, 0); [~ front ¥
else
Nf = ntransform("object", "current”, normal(0, 0, 1)) * up *
Oi = Os;
Ci = 0Os* (Cs * (Ka * ambient() + Kd * diffuse(Nf)) +
specularcolor * Ks * specular(Nf, normalize(-1), roughness));
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As you canseein gure 121 rendereda simplestaircasewith 10, 50, and
100 steps.| useda Pythonprogramto generatehe RIB le automatically
basedon a parametefor the numberof steps.On the web pagewhereyou
downloadedthis documentor whereyou readit right nov you will nd
a copy of the Pythonscript| usedto generatethe staircases.It's called
stairs.py . You shouldgeneratehe real geometryand renderit with
your favourite RenderMarcompatiblerendereto comparethe resultswith
theshadebased/ersionusingthefollowing RIB le. Changegheparameter
steps for theshadebeforeyourendertheRIB le again:

Figurel4: Realgeometryfrom differentperspecties

Figurel5: Faked stairsfrom differentperspecties

# stairs.shader.rib

Exposure 1.0 2.2

Display "stairs.shader.tiff" "file" "rgha"
Format 640 480 1.0

Projection "perspective” "fov" [ 30 ]
Translate 0 025 7

Rotate -30 1 0 O

Rotate 30 0 1 O

Rotate 90 1 0 O

Rotate 180 0 1 O
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WorldBegin
Surface "plastic"
LightSource "spotlight" 1
"color lightcolor" [ 1.0 10 10 ]
"point  from" [ 0.0 -15 5.0 ]
"point to" [ 0.0 0.0 0.0 ]
"float intensity" [ 10 ]
"float coneangle” [ 0.35 ]
# ribPatchMesh
AttributeBegin

Surface  "stairs" "float steps" [ 100 ]
PatchMesh "bilinear" 2 "nonperiodic" 2 "nonperiodic"
"P* [ -1.0 -1.0 -1.0

10 -1.0 -1.0

-1.0 1.0 1.0
1.0 10 1.0 ]
AttributeEnd
WorldEnd

You canimprove the quality by introducingafuzz areato getbetteranti—
aliasing:

[* stairs */

surface
stairs(float Ka = 1, Kd = 0.5, Ks = 0.5, roughness = 0.1;
color  specularcolor = 1;
float steps = 4, fuzz = 0.05;)
{
float p;
normal Nf;
normal front = ntransform("object", "current”, normal(0, -1, 0);
normal up = ntransform("object", “current”, normal(0, 0, 1))

float sv = mod(v * steps, 1);

if (sv < 05 - fuzz)

{
if (sv > fuzz || (v * steps) <= fuzz)
{
Nf = front;
}
else
{
p=05 +sv/ (2 * fuzz),
Nf = (2.0 - p) * up + p * front);
}
}
else if (sv > 05 + fuzz)
if (sv < (10 - fuzz) || v >= (1.0 - fuzz [/ steps))
Nf = up;
}
else
{

p=(v - 10 + fuzz) [/ (2 * fuzz)
Nf = (.0 - p) * up + p * front);
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else
{
p=(v - 05 + fuzz) [/ (2 * fuzz),
Nf = (2.0 - p) * front + p * up);

Oi = Os;
Ci = Os * (Cs * (Ka * ambient() + Kd * diffuse(Nf)) +
specularcolor * Ks * specular(Nf, normalize(-l), roughness));
}
Exercise:

Try to think aboutotherimprovementsyou could introduceto make this
solutionavailableto a wider rangeof staircasesAt the momentl assume
thatthe staircasevasmodelleda certainway. How canyou generalisat?
For the casewith 100 stepsthe differencebetweenthe real geometryand
the shaderversionis hardto seebut this is only true for this perspectie
from the camera. If you would look more or lessstraightfrom the front
you shouldbasicallyseeonly thefront of the stepsandnearlynothingfrom
thetop. This effect canbe seenaswell if you look at the top stepof the
staircaseavith only 10 stepsin gure 12. How canyou compensatéor that
in theshader?

4.3 Simple Room

Figurel6: A simplescenan aroomwith awindow



c JanWalter2003/04 47

To understandhow renderingworksit's alwaysa goodideato take an ex-
amplefrom one rendererandtry to createa similar picture with another
rendererlf youcant getaway by usingstandarghaderst mightbeagood
startingpointfor writing afew shaders.

| startechfew yearsagoacomparisorbetweerdifferentrenderer@andcame
acrossa renderercalled Radiance’’. This simple exampleis basedon a
tutorial® for thisrenderer

Have alook at gure 16. Youwill seeasimpleroomwith a oor, aceiling,

andfour walls. Oneof thewalls hasa holewherea window canbe placed.
The cameralooks at two simple objectsin the room: A glasssphereand
a blue box. Thelight is comingfrom two light sources:Thereis another
spherein the room which actsasa light sourceandwe canthink of day-
light comingfrom outsidethroughthe window. Althoughthe scends quite
simpleit cangive you someheadach&ow to producecertaineffects’® with

your favouriterenderer:

1. Firstof all aglassspherae ects andrefractslight rays. Which makes
it hardto fake it with asimplescanlinerenderer

2. Noneof thelight sourcess directly visible but the sphericalight in-
sidetheroomis showvn severaltimesin the glasssphere.Most of the
renderergon't show a light sourceeven if you would look directly
into the directionwherethe light is located. You have to take care
yourselfthatthereis a geometrywhich lookslik e alight bulb or any-
thing which motivateswherethelight comesfrom.

3. Thelight which comesfrom outsidethroughthe window is seenasa
directre ection of thewindow itself from thefront of thesphereasa
refractedandthereforedistortedcopy on the backsideof the sphere,
andasadirectre ection of thelight whichis castonthe oor andone
of thewalls®.

4. In theory you could have causticsin the scenecreatedby focusing
anddispersiorof light by speculare ection or refractionbut let'stalk
aboutthatlater:.

Let's rst try to make life easielby usingarenderemwith ray tracinganda
lot of standardshadersomingwith it. | reproducedhe scenewith mental

2Thttp://radsite.Ibl.gw/radiance/HOME.tml
28nttp://radsite.lbl.ge/radiance/refgtutorial.html

29 ook at gure 17.

30This might bevisible asa refractedcopy somavhereaswell.
3lSeesectiond.4.
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Figurel7: Re ectionsin aglassspherg Radiance)

Figure18: Re ectionsin aglasssphergmentalray)

48
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ray andherearesomecomment@abouttheeffectsl wastalking aboutbefore
andhow they wereachieved:

1. Thematerialusedn theoriginalRadiancele is calleddielectric
anddescribedn the Radiance ReferenceManual as: “A dielectric
materialis transpaent,andit refractslight aswell asre ectingit. Its
behaviouris determinedoy the index of refraction and transmission
coefcient in eath wavelengthband per unit length. Commonglass
hasa index of refractionaroundl1.5,anda transmissiorcoefcient of
roughly0.92over aninch. An additionalnumberthe Hartmanncon-
stant,describeshow the index of refraction changesas a function of
wavelengthlt is usuallyzein? Mental Ray comeswith a physics
library andyou shouldbe ableto getthe sourcecodefor the shaders
from mentalimages'FTPsite. If youlook into theheaderle *2 of the
shaderalleddielectric_material youwill nd all parameters
for this materialshader In this casel usedthecol parametefor the
light absorptiorper unit-lengthandtheior parametefor theindex
of refraction:

material "crystal”
opaque
"dielectric_material" (
"ior" 1.5,
"col* 05 05 0.5,
"lights" [ "Lamp_inst", "Sun_inst" ]
end material

Raytracingcanbeeitherturnedonin theglobaloptions  statement
or ashadet® speci esthatit canoperateonly if raytracingis enabled.
In thelatercasementalray will enableray tracingevenif noray trac-

ing wasspeci edin theglobaloptions  statement.

2. | decidedto make thelight sourceinsidetheroomvisible by usingan
arealight source:

light  "Lamp"
"physical_light" (
“color" 60 60 60
)

visible

origin 0.0 0.0 0.0

sphere .125 15 15
end light

32 ook eitherinto theMI le calledphysics.mivhich shouldcomewith mentalray anyway or
getthesourcecodeandlook into the le calleddielecshadéh.
335eefor examplethe physicallensdof lensshadeiin the physicdibrary.
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For mentalray thetype of alight sourceis determinedyy theabsence
or presencef someparameterslf you de ne only anorigin  you
will have apoint light. An in nite light requiresonly adirection
whereasa spotlight mustbegivenanorigin , adirection , and
aspread value. Pleasebe awarethatthespread valueis already
the cosinevalue of a given angle. Most of the standardshaderdor
spotlightswill haveacone parametewhichis alsogivenasacosine
valueinsteadof specifyingthe anglein degreesor radians.For Ren-
derMancompatiblerenderershe spotlight shaderequiresangles
in radiansandcalculateghe cosinevalueinsidethe shader

Therearefour differentshapeof arealight sources:rectangles,at
discs, spheresand cylinders. Although mentalray 3.1 addsarbi-
trary geometricobjects,anda userde ned shapewe cansimply usea
sphere with anradiusof and samplesn u—andv—direction.
To make thelight sourcespherevisible in there ection andrefraction
of the glasssphereon the blue box we usethe keyword visible
Have a look in the sourcecodeof light sourceshaderdo seehow to
dealwith rayswhich hit the geometryof thelight sourcedirectly. An-
otheraspecbf arealight sourcesaresoft shadowns. Youdon't getsoft
shadavs for the light sourceinsidethe room by using Radiancebut
you do get soft shadavs for mentalray. The differenceis that Ra-
dianceusesalwaysvisible light sourcedut this doesnot necessarily
meanthatRadianceusesarealights.

3. Onethingwe cant easilytranslatanto otherrendererss the usageof
theillum materialusedby Radiancefor the window. Have a look
againat gure 17 or 18. Therearetwo aspectf the light coming
throughthe window. Thereis a very bright spotof light caston the
groundandoneof thewalls, andthereis the visibility of the window
itself. If you comparegure 17 and18 morecarefully you might no-
ticethatyougetare ection of thelight sourcensidetheroomevenin
there ections of thewindow itself in theimagecreatedoy Radiance.
Thisadditionalre ection is missingin theimagel createdvith mental
ray.

Let's rst readwhattheillum materialin Radiancedoes:“lllum is
usedfor secondaryight souiceswith broaddistributions.A secondary
light sourceis treatedlike any otherlight souice, exceptwhenviewed
directly It thenactslike it is madeof a different material (indicated
by the string argument) or becomesnvisible (if no string arguments
given,or thearguments "void”). Secondargouicesare usefulwhen
modellingwindowsor brightly illuminatedsurfaces.
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| decidedto split thetwo aspectsnto two differentsolutionsfor men-
tal ray. The very bright spotof light caston the groundand one of
the walls is simulatedby adding anotherlight sourceto the scene
which actslik e the sunshining from outsidethroughthe window on
the oor. The sky simulationin Radiancecreateshe following le
calledsky.rad

# gensky 3 20 10 -a 40 -0 98 -m 105

# Local solar time: 10.34

# Solar altitude and azimuth: 43.3 -35.4
# Ground ambient level: 17.7

void light  solar

0

0

3 6.73e+06 6.73e+06 6.73e+06

solar source sun

0

0

4 0.421409 -0.593560 0.685639 0.5

void  brightfunc skyfunc
2 skybr skybright.cal
0

7 1 1.10e+01 2.12e+01 5.45e-01 0.421409 -0.593560 0.685639

| don't wantto explain exactly how this works but the importantin-

formationfrom this le is the directionwherethe sunis. Thereis a
vector usedtwicein this le.

Thisis the directionvectorto the sun. Insteadof usinga very distant
light with avery high color valuerepresentingheenegy | decidedo
calculatea matrix which will positionthelight sourcefor thesun100
units avay from the middle of the window3* along the vector men-
tionedabove and nd somevaluesfor thelight enegy which do look

good:
light  "Sun"
"physical_light" (
“color" le7 1le7 1le7
)
orign 000
end light
instance  "Sun_inst" "Sun”
transform

1.0 0.0 0.0 0.0

0.0 1.0 0.0 0.0

0.0 0.0 1.0 0.0

-45.1409 58.356 -69.5639 1.0
end instance

34The positionis
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Thereasorwhy | didn't usea distantlight sourceis thatin mentalray
adistantlight sourcehasno origin. Buthow canl specifythatthelight
sourcerepresentinghesunis outsidetheroomanddoesnotilluminate
otherobjectsdirectly besidethatlittle portion of the groundandone
of thewalls? | think 100 unitsis far away enoughto make the light
rayswhich areemittedfrom a point light andgo throughthe window
nearlyparallelandthevaluesfor thelight colora purelyfoundby “try
anderror”.

The secondaspecis the visibility of the window itself. Becausdhe
window is never seendirectlyin the nal imagel decidedo represent
the“window” just by the absencef geometryatthe holein theback
wall. Thisholemeanghatthere ectedrayswill leave thescenewith-
out hitting ary geometry In this casean ernvironmentshadelis called
by mentalray if the Ml le representinghe scenede nesone. | rst
tried to usea simplephenomenon:

declare  phenomenon
color ‘"env_sh" (
)
shader "tex" "mib_opacity" (
"input" 9.0 9.0 10.0,
"opacity” 1.0 10 10
)
root = "tex"
end declare

camera "Camera"

frame 1
output "rgh"  "room.rgbh"
focal 35.0
aperture 32.0
aspect 1.0
resolution 510 510
environment  "env_sh" ()
end camera

This phenomenorreateanunwantedartefact. Therim of thesphere
getsthesameslightly bluecolorasthere ectionsof thewindow. Why
is that? Well, attherim of the sphereherefractedandre ectedrays
hitting the front andbackof the spheremight bouncebackandforth.
This effect canhapperalot with materialsimilar to glassespeciallyif
it' sattachedo geometrywith alot of curvatureor local displacements.
The solutionto this problemis to write a very simple ervironment
shader:

/*  myEnvironmentc  */
#include  <shader.h>
struct  myEnvironment

{

miColor  color;
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b

DLLEXPORTmIiBoolean
myEnvironment(
miColor*  result,
miState*  state,
struct myEnvironment*  paras

miColor*  color;

/* get parameters */

color = mi_eval_color(&paras->color);
/¥ result ¥/
if (state->reflection_level >= (state->options->reflection_depth -1 |
state->refraction_level >= (state->options->refraction_depth -1 |
(state->reflection_level + state->refraction_level) >=
(state->options->trace_depth - 1)
{
result->r = 0.0;
result->g = 0.0;
result->b = 0.0;
}
else
{
*result = *color;
}
return(miTRUE);

}

Basicallyervironmentshadergyetcalledfor raysthatleave the scene
entirely, andfor raysthatwould exceedthetracedepthlimit. If men-
tal ray reacheghe maximumnumberof re ection or refractionrays
or a combinationof themmy simple ervironmentshademwill return
“black” insteadof thecolor whichwasgivento theshadeasaparam-
eter

Now you canchangethe ervironmentshaderattachedo the camera
to renderthesameimageasshovnin gure 18:

link  "myEnvironment.so"
$include  <myEnvironment.mi>

camera "Camera"

environment  "myEnvironment” ("color" 9.0 9.0 10.0)
end camera

The high valuesfor the color are not motivated by proper physics.
| used“try anderror” againto nd valueswhich do look good but
be awarethatif you would rotatethe cameraandlook straightat the
“window” the resultwould be very bright. In Radiancehowever you
coulddothatbecauseheillum materialtakescareof that.

Anotherthingwhichis missingin the nal imagerenderedvith mental
ray are the shadavs castby light which was emittedfrom the sun,
scatterecgroundby hitting the ground ,buildingsor plants,and nally

contributedto the illumination of the room. | thoughtaboutadding
anotherarealight atthewindow positionwhichis notvisible but does
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emit a few raysto createa soft shadav on the wall behindthe glass
sphereBut | leave thatasanexercise.

4. Finally, I didn't addcausticgto the scene.l madesomeexperiments
with that but the effect didn't contribute that muchto the quality of
thepicture. Sol droppedt. Radiancealidn't calculatecausticseither
Besidethatthe renderingtime canbe quite high for causticsandthe

color valuesfor the physical_light shadershouldmatchtheen-
ergy usedto emit photons.Seesection4.4 for a betterexamplewith
caustics.

4.4 Caustics

Causticsare light patternsthat are createdwhenlight from a light source
illuminatesa diffuse surfacevia oneor more speculare ections or trans-
missions.

Figurel9: Causticgenderedvith mentalray

In gure 19youseeaverysimplegeometryacylinder, beingmodi ed by a
displacemenshadetto createaninterestingpatternof causticsonthe oor.
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Thedisplacemenshadeifor RenderMans quitesimple:

/* myDisplacement  */

displacement
myDisplacement(float factor = 50)

float amp = 0.01 * sin(s*factor*Pl);
P += amp * normalize(N);
N = calculatenormal(P);

}

Becauseaay tracing, global illumination, and photonmappingarerelatve
new featureof Pixar'sRenderManmplementatiolPRManthereis nogen-
eraldocumentatiomow to addthe new featuresnto the the standardnter-
facespeci edby theTheRenderMarinterface Otherrendererdsike BMRT
hadGI implementedor alongtime andthey addedheir own extensiongo
the standardnterfaceto dealwith the new featuresThereforel cant shov
how to createcausticawith all the RenderMarcompatiblerenderersvhich
doimplementtheir own method.l madeatestwith PRMan11.0whichcan
be foundin the documentatiorof the RenderMan Artist Tools (RAT) but
thiswasa very basictestthatcausticscanberenderedvith PRManandfor
themoreadwancedtest! usedAIR. However PRMan hasa very nice pro-
gramcalledptviewer whichcanbeusedto interactvely look ataphoton
mapto rotateit andzoomin andout. The basicapproachs to render rst

apasgo createa photonmapandstoreit beforeyou renderthe nal image
in thesecondpass.

Sothe maindifferencebetweenthe RIB le for the rst passandthe RIB
le usedfor thesecondoasss:

1. The rst passcreatesaphotonmap le by usingaspecialHider :
Hider "photon" "emit" 1000000
This line de nes how mary photonsare emittedinto the scene.The

following line de nes that the photonsare usedfor causticsandthe
lename whereto storeit:

Attribute "photon"  "causticmap" "prmanllcaustics.cpm"

Thesamdine is usedin the secondpassto readthe photonmap.

Insteadof usinga surfaceshadein the rst passanattributeis de ned
for thegroundplanewhich recevesthe photons:

Attribute "photon”  "shadingmodel" "matte”
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For the geometryrefractingor in this casere ecting the photonsyou
de ne asimilar attribute:

Attribute "photon”  "shadingmodel" "chrome"

Unfortunatelythis “shadingmodels”don't give you the freedomto
usereal shadersvhich specifyhow muchphotonsarere ected or re-
fracted,how mary areabsorbear which additionalparametersvould
in uence thedirectionwherethe photonsgo.

2. Thesecondgassgs usingthe le wherethephotonswerestoredduring
the rst passand createsanimage. Thereforeyou have to de ne a
camerandall theothersettingswvhichin uence theimagegeneration.
The rst realdifferencebetweerthetwo RIB les besidethe camera
andrenderingsettingss:

LightSource "causticlight" 2

This de nesanadditionallight sourcewhich is usedto addthe effect
the photonshave on the caustics.Besideof de ning the lename for
the photonmapa few additionalcommandsare usedto make the ob-
jectsvisible to rays, for shadev creation— basicallyray tracing is
activatedwith that— andto de ne a numberwhich is usedfor col-
lectingthe photonsnearby

Attribute "visibility" "trace" 1 # make objects visible to rays
Attribute "visibility" "transmission" "opaque" # for shadows
Attribute "photon"  "causticmap" "prmanllcaustics.cpm"

Attribute "photon"  “estimator" 200

The groundplaneis now using a real surface shadercalled matte
whichhasadiffuse = component:

Surface  "matte"

The geometryre ecting the photonsgetsa simplere ecting surface
shadercalled simplemirror which is taken from the documenta-
tion comingwith the RenderMan Artist Tools(RAT):

surface  simplemirror ()
normal Nn = normalize(N);
vector In = normalize(l);
color reflection = Cs;

if (Nnin < 0) {
vector  refIDir = reflect(In,Nn);
reflection = trace(P, reflDir);

}

Ci
Oi

Os * reflection;
Os;
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Thisshadeuseghetrace functionto shootarayinto thereflect
directionandthereforeray tracinghasto be activated.

As | saidbeforel did useAlIR for the othertestsandcreateda very similar
scendo theonecomingwith the RAT documentation:

FrameBegin 1
Format 400 300 1
PixelSamples 4 4

ShadinglInterpolation “smooth"
Display  "aircaustics.tiff" "file" “rgha”
Projection "perspective” "fov" 22

Translate 0-05 8
Rotate -40 1 0 0
Rotate -20 0 1 0

Option "render”  "max_raylevel" [4]
Option "model" “float unitsize" [0.001]
Attribute "trace”  "bias"  [0.05]

WorldBegin
LightSource  “caustic" 1
Attribute "light" "string shadows" "on"
Attribute "light" “integer nphotons” [ 100000 ]
LightSource "spotlight” 2 "from" [-4 7 -7] "to" [0 0 0]
"intensity"” 100 "coneangle" 0.2
Attribute "render"  "string casts_shadows" ["opaque"]
Attribute "visibility" "integer shadow" [1]

# Ground plane
AttributeBegin

Attribute “caustic" "float maxpixeldist"” [ 20 ]
Attribute “caustic" “integer ngather* [ 75 ]
Attribute "visibility" "integer camera” [ 1]
Attribute "visibility" “integer reflection” [ 1]
Attribute "visibility" “integer shadow” [ 1]
Attribute "visibility" “indirect" [ 1]
Surface  "matte"
Color [1 1 1]
Scale 3 3 3
Polygon "P* [ -1 01 101 10-1 -1 0-1]

AttributeEnd

# Box

AttributeBegin
Attribute “caustic" "color  specularcolor” [ 04 04 04 ]
Attribute “caustic" "color  refractioncolor” [ 0.0 0.0 0.0 ]
Attribute “caustic" "float refractionindex" [ 1.0 ]
Color [1 1 Q]
Attribute "visibility" "integer camera” [ 1]
Attribute "visibility" “integer reflection” [ 1]
Attribute "visibility" “integer shadow” [ 1]
Attribute "visibility" “indirect" [ 1]

Translate 0.3 0 0
Rotate -30 0 10
Surface  "simplemirror"

Polygon "P* [ 000 001 011 010] # left side
Polygon "P" [ 100 101 111 110] # right  side
Polygon "P" [ 010 110 100 000] # front  side
Polygon "P" [ 011 111 101 001] # back side
Polygon "P* [ 010 110 111 011] #top
AttributeEnd
WorldEnd
FrameEnd

The main differencebetweenAlIR and PRManis that you can createthe
causticsn asingle pass Herein shortthe stepsnecessaryo producecaus-
ticswith AIR. Thisis takenfrom thedocumentatiomomingwith AIR:

1. Add acausticlight sourceto thescene:
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LightSource  "caustic" 1

2. Setthe numberof photonsto tracefor eachlight thatis to produce
caustics:
Attribute "light" "integer nphotons" [ 100000 ]

3. For eachsurfacethatis to receve caustics setthe minimumnumber
of photongo gatherfor theirradianceestimate:

Attribute "caustic" "integer ngather" [ 75 ]

andthemaximumdistancg(in pixels)for gatheringohotons:

Attribute "caustic" "float maxpixeldist" [ 20 ]
Largervaluesproducesmootheresultsandrequirethatfewer photons
beusedoverall.

4. Primitivesthatareto receve or producecausticanustbe madevisible
to indirect/photorrayswith:

Attribute "visibility" "indirect" [ 1]

5. Foreachprimitivethatis to producecausticdy re ecting or refracting
light, setthere ective color, refractive color, andrefractionindex for

caustics:

Attribute "caustic" "color  specularcolor” [ 04 04 04 ]
Attribute "caustic" "color  refractioncolor" [ 0.0 0.0 0.0 ]
Attribute "caustic" "float refractionindex” [ 10 ]

The specularcoloandrefractioncolorattributesdeterminewhat hap-
pensto photonsthat intersecta surface. Photonswill be re ected,
refractedor absorbedn proportionto (respectiely), the averagein-
tensity of specularcolqgrthe averageintensity of refractioncoloy and
1 minusthe sumof the averageintensities.The sumof specularcolor
andrefractioncolorshouldbe lessthanor equalto 1. If the sumis
greaterthanor equalto 1, no photonswill be storedon that surface
andno causticswill bevisible.

In AIR photonscanalsobe saredto a le in the rst passandreusedin
a secondpass.It's in your responsibilityto make surethatno photonsare
emittedin the secondass.

| managedo rendera very similar pictureto gure 19with AIR. Neverthe-
lessl have thefeelingthatmentalray's controlover how mary photonsare
considereavithin a certainradiusis more powerful if it comesto creating
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ne detailsin the causticspattern. AIR is measuringa similar distancein
pixelswhich makesit harderto work on detailswhich might belessthana
pixel.

Beforewe talk abouthow to createcausticswvith mentalray | will give you
thedisplacemenshadeffor it:

/* myDisplacement.c */
#include  <shader.h>

struct  myDisplacement

{

miScalar factor;

8

DLLEXPORTmiBoolean
myDisplacement(
miScalar*  result,
miState*  state,
struct  myDisplacement* paras

)
miScalar  factor;
/* get parameters */
factor = *mi_eval_scalar(&paras->factor);
I* result ¥/
*result += (0.01 * sin(state->tex_list->x * factor * M_PI));

return(miTRUE);

It shouldnt be a problemto modify the Make le | have shown earlierto
compilethis shader To createthe correspondindgMl le wherethe shader
andit's parametersiredeclaredshouldbe easyaswell. Let'sfocusonthe
relevantpartsof theMI le whichwasusedto render gure 19:

1. Causticanustbeenabledn the optionsblock.

options  "#opt"

caustic on

caustic  accuracy 700 .05

caustic filter cone 1.1

photonmap file  "mrphotonmap.cpm"”

photon trace depth 4 4
end options

Furtheroptionsgive ner control over the processand helpto ne—
tunethe result. By writing the photonmapto a le it is possibleto
createoncea photonmapwith alot of photonsandchangdateronly
parametersvhichdonoteffecttheproces®f storingthephotons.This
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processakesawhile andwill bedonebeforetheactualray tracingof
the scends done. Becauseof it's natureof beinga post—procesg's
worthto make rst adecisionaboutthenumberof photongo emitand
theenepgy usedin thelights by simpletestswithout ne—tuning. Once
thatdecisionis madeyou canreusethe photonmapandplay with the
parametertike caustic  accuracy

2. Thelight sourcemusthave anenergy statement:

light  "#/obj/lightl_obj"
"physical_light" (
"color" 1000.0 1000.0 1000.0,
"cone” 0.9867880932509171

)

origin 000
direction 00 -1
spread 0.96891242171064473
energy 1000.0 1000.0 1000.0
caustic  photons 5000000
end light
It is advisableto usea light shadellik e physical_light thaten-

suresphysicalcorrectnessThe enegy is distance—dependeand of-
tenhasto bechoseruitelarge.

3. Both the caustic—castin@nd caustic—rece&ing objectsmust have a
materialthatcontainsa photonshadeistatement:

material "#mtl0"
"dgs_material" (
"diffuse” 0.8 0.8 0.8,
"lights" [ "/objllight1" ]
photon "dgs_material_photon" 0
end material
material "#mtl1"
"dielectric_material" (
"ior" 0.8,
"col" 1.0 0.0 0.0,

"phong_coef" 0

displace  "myDisplacement” (“factor" 60)
photon “dielectric_material_photon" 0
end material

Photonshadersnay storeandeitherabsorb re ect, or transmitpho-
tons.

4. The materialshouldnot have a shadev shaderto avoid having light
passhroughthe objecttwice, oncedirectly andonceindirectly.

5. Thecaustic—castinghaterialshouldnot bediffusebecauseliffuseob-
jectsspreadhelight ratherthanfocusingit.



c JanWalter2003/04 6l

6. Thecaustics—receing materialmust bediffuse,becausetherwiseno
photonsare storedthere. Its materialshademustsupportcollecting
storedphotons.

7. If thecaustics—castingbjectis refractvetheindex of refractionshould
begreaterthan1.0to createafocusingeffect.

To generatecausticsmore ef ciently, objectscanbe agged suchthatthe
photonsareonly emittedtoward certainobjectsandstoredonly on selected
objects. Objectsarethendividedinto caustic—castingcausticl ag) and
caustic—receing (caustic2 ag), or both(caustic3 ag), or neither(caustic
0 ag).

4.5 Baking

Larry Gritz describecat SIGGRAPH2002“A Recipefor Texture Baking”
in coursel6 called“RenderMann Production”.In thesamecourseHayden
Landis,workingfor IndustrialLight + Magic,describedeveral“occlusion”
passesn “Production—ReadyGlobal lllumination”. At thattime PRMan
didn't supportglobalillumination (Gl) andLandisbasicallyshovedhow to
fake certaineffectsof Gl.

Todaya lot of rendererdo supportGl but it might be still worth to invest
sometime to think aboutef ciency. Theproblemwith Gl is thatmostof the
time you will endup with ick eringin ananimationbecausehe solution
mightbeslightly differentfrom frameto frame.

Theimagein gure 20 shows the ChryslerBuilding renderedwith a ren-
derercalled Lucille®®. The rendereris in very early developmentbut it

allowsyouto renderRIB les usinggeometrywith only trianglepolygons.
Whichmeanghatyou cant easilyrenderRIB les from productionyetbut

ontheothersidethe examplescomingwith Lucille canbe modi ed to ren-
derwith otherRenderMarcompatiblerendererandwe canusethemto test
thetechniqueslescribedat the SIGGRAPHcourseandcomparerendering
times,quality, etc.with theresultsfrom Lucille.

Evenif thebakingprocessakesquitealongtimeit mightbeworthto doit
if you canreusethe baked informationfor a whole sequencelLarry Gritz'
argumentsvhy you might wantto bake complex computationsnto texture
mapswere:

35Seehttp://lucille.sourcefage.net
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— Bakingcanspeedup rendertimeshadeexecutionby replacingasec-
tion of expensve view—independerdndlighting—independertompu-
tationswith a small numberof texture() calls. For patternsthat
aretruly dependenbn only parametriqor reference—spacgpsition,
and have no time—dependencat all, a single baking can be reused
over mary shots. This meansthatit's okay for the original compu-
tationsto be absurdlyexpensve, becausdhat expensewill be thinly
spreadacrossall framesall shots for anentireproduction.

— RenderMan-compatibkendererslo anexcellentjob of automatically
antialiasingexturelookups.High—resbakingcanthereforeeffectively
antialiaspatternsthat have resistedall the usualattemptsto analyti-
cally or phenomenologicallpntialias.

— Moderngraphicshardwarecando ltered texturemaplookupsof huge
numbersof polygonsin realtime. Although the programmabilityof
GPUsis rapidly increasing,they are still yearsaway from offering
thefull e xibility offeredby the RenderMarShadingLanguage But
by pre—bakingcomplex proceduralshadersvith an of ine renderer
thoseshaderscan be reducedto texture mapsthat can be drawn in
real-timeervironments.This revitalizesrenderersuchasEntropy or
PRManaspowerful toolsfor gameandotherrealtimegraphicscontent
development.eventhoughthoserenderersarent usedin the realtime
appitself. As acasein point, considerthatyou could useEntropy (or
anothemrenderemwith Gl capabilities)to bake out the contribution of
indirectilluminationinto light maps.Thoselight mapscanbe usedto
speedup Gl appearancen of ine rendering,or to give a Gl lighting
look to realtime—renderedrvironments.

The processdescribedin the SIGGRAPH paperwas quite technicaland
shaved how to implementthe bakingby writing “DSO Shadeops®. The
mainreasorfor thatis thatin theshadinganguageof RenderMaryou cant
open les. In mentalray this would be easybecauséehe shadinglanguage
is using C or C++ aryway. | usethis techniguequite oftento dumpary
informationneededaterin ashadeto abinary le, readtheinformationin
theinit  phaseof theshaderattachit to the stateasuser data,andreuse
theinformationin themainshader

In themeantimealot of renderersupportbakingnatively. For exampleSi-
Tex Graphicsoffersaspecialversionof theirrendereAIR calledBakeAIR
for especiallythe purposeof bakingand mental ray 3.0 supports‘light
mapping” for similarreasons.

36pSOstandgor DynamicSharedObjects
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Beforel shav a few exampleshow to bake informationwith BakeAIR |

wantto go backto the examplel mentionecearliet In the partcalled“Pro-
duction—ReadyGlobal lllumination” of the SIGGRAPHcoursethe author
talksaboutbothHDR?” imagesandambientocclusion.

Figure20: ChryslerBuilding renderedvith Lucille

| justtook the examplecomingwith Lucille andchangedheRIB le abit
to useit with a renderercalled3Delight®8. With 3Delighttherecomesan
examplehow to useHDR imagesandl justaddedhe commandsiecessary
to usea light probeasan ervironmentmapandto add someambientoc-
clusionto theresult. It makesa big differenceto the pictureyou would get
with just the defaultsurface shader And it's renderedwith just one
pass

The stepsnecessarare quite simple. Firstl removedall Surface lines,
theArealLightSource  andall linestherenderemwascomplainingabout
from the original RIB le. This allows me to renderwithout ary lights
usingthedefaultsurface shaderThenl addedhefollowing linesfor
3Delight:

3"High DynamicRange
383eehttp://www.3delight.com
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Figure21: ChryslerBuilding renderedvith 3Delight

Attribute "visibility" "transmission" "opaque”
LightSource "envlight" 3 "float samples" 32
"string envmap" "grace_probe.tdl"
"float Kenv' .5 "float Kocc" 0.5
Surface "matte”  "float Kd" 0.5

Objectscontributing to occlusionhave to be taggedasvisible to transmis-
sionrays. This is doneby the rst line. The ambientocclusionis calcu-
latedby thelight shadeenvlight . Have alook attheimplementatiorof
theshaderThe sameshadetakesthe HDR image,which wasdownloaded
from http://www.debevec.org/Probes andcorvertedto atexture,
asanervironmentmapto light the scenepurely basedon thatimage.AIR
hasa very similar shademwith the samenamebut differentparameters|
didn't try the HDR imagewith AIR but | checled the ambientocclusion
with thefollowing line3®:

LightSource "envlight" 3 "float occlusionsamples" 32

Unfortunatelywe cant usethis exampleeasilyto demonstratéakingwith
BakeAlIR becausgolygonsandsubdvision surfacedack a naturalcoordi-
natesystentor 2D textures.If themodelwould have beenrmadeof NURBS

39All otherlinesarethesameasin theRIB le for 3Delight.



c JanWalter2003/04 65

it would be easierto bake the ambientocclusion.Neverthelesambientoc-

clusioncanbeusedwith polygonswithoutbakingit andthereareexamples
comingwith BakeAIR which demonstraténow to bake with NURBS sur

faces. An interestingexample how to bake displacementgan be found
onlineatthefollowing two addresses:

http://www.drone.org/tutorials/displacement_ma ps_air .html
http://www.seanomlor.com/owenr

Figure22: Baked normalsandpositionsof a head

Theideais to usea low-resversionof a subdvision surfaceandmeasure
the distanceto a high—resversion. Oncethatinformationis baked you can
renderthelow—resversionandusethebakedinformationto displacet back
to the original high—resversion. But why would you lik e to do that? Well,
this way you canusearbitraryshapesandmorph theminto eachotherby
animatingthedisplacemenbvertime.

Let's have a look at one of the exampleswhereyou bake the normalsand
positionsof a faceandusethem later to placehairs over the whole face.
Figure22 shavs theresultingimagefor bakingthe normalson theleft, and
for bakingthe positionson the right. First you have to de ne for a each
textureyou wantto createthroughthe bakingprocessa Display line:

Display  "headP.tif" “file" "P" "quantize" [0 00OQ]
Display  "headN.tif" “file" "N" "quantize" [0 00 Q]
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The next stepis to eitherspecifya camerawhich will producea tessella-
tion during the renderingprocesswvhich will be usedfor the bakingor to
explicitly controlthetessellatiorwith someadditionalcommands:

Attribute "divide" "u" 64

Now you speci edthetessellatiorandthe lenamesfor the bakingbut you
didn't say which geometryshouldbe used. This is doneby addingthe
following linesto thegeomtryde nition:

NuPatch ... "P" [ ..
"constant string bakemap_P" "headP.tif"
"constant  string  bakemap_N" "headN.tif"

Figure 22 shows the baked textureswhich are usedto grow hair on the
NURBSsurface.Look at gure 23 for theresult.

Figure23: Useaprocedurakhadetto grow hair

But how wasthehair placedontothehead?AIR allowsyouto write — be-
sidethe ve standardshadettypesmentionedearlier— shaderof two ad-
ditional shadeitypes: The transformation andprocedure shaders.
In theRIB le creatingtheimageof gure 23youwill nd attheveryend
thefollowing lines:
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Surface  "VHair"  "color  RootColor" [.03 .02 .01]
"color  TipColor" [6 .6 .2]
Procedure  “growhair"
"float ns" 400
"float nt" 400
"string Pfile" "headP.tif"
"string Nfile"  "headN.tif"
"float height* .3
"float width" .02
"float vary" .2
WorldEnd
FrameEnd

This attachesa surface  shadercalled VHair with someparameterso

thegeometrywhichwill becreatedoy aprocedure shadewith thename
growhair . Thesurfaceshadeis comingwith the AIR distributionandthe
compiledversionof theshadewascreatedrom le whichcanbefoundin

the SAIRHOME/vshaders folder. All the le in thisfolder werecreated
visually by usingVShade on Windows. Seesectionl for a screenshoof

this program. Neverthelesshe le is storedin a humanreadablevay and
shouldnt betoo differentfrom standardshaders.The sourcecodefor the
othershadercanbe found in $AIRHOME/bakeexamples/fuzz . Ba-
sically a procedure shaderusesribprintf commanddo createthe
linesfor theRIB le wheretheshadelis called.

5 Light Source Shaders

In the chapterOther Kinds of Shaderin book[3] you nd a sectionabout
light shadersin book[1] therearetwo chaptersiealingwith light shaders:
ThechapterLightingand Shadinggivesanoverview of light sourceshaders
andthechapterA Gallery of Shades shavsthe sourcecodeof the standard
shadersThereyouwill nd thefollowing light sourceshadersxplained:

— ambientlight*®
— distantlight**
— pointlight 4

— spotlight*3

40Seesections.1.
41Seesections.2.
42Seesection5.3.
43Seesections.4.
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In the book [2] thereis sectionof chapterllumination Modelsand Lights
which dealswith Light Soucesandbesidethe standardight shaders/ou
will nd thesourcecodefor thefollowing shaders:

— arealight*
— shadavspot*®

Thebook[3] will shav yousomenon-standartight shaders:

— nearfarlight: Is anexampleof a non—physicalight.
— beamlight: Is a simpli ed versionof the standardspotlight shader

with sharpedges.

— colorlight: Shovs how to modify the light color basedon the "hsv"
color space:
lightcolor = color "hsv" (cosangle*10, 1, 1);

Hereareall thecolor coordinatesystemsupportedn theshadingan-

guage:
Coordinate system| Description
"rgb” Red,greenplue
"hsv” Hue,saturationyalue
"hsl” Hue,saturationjightness
"xyz”, "XYZ" CIE XYZ coordinates
"Y1Q” NTSCcoordinates

Table2: Color spaces

Fromthe RIB le perspectie you shouldknow the following factsabout
lights. The RenderMarinterfacede nestwo typesof light sources:

— Non—geometriclights are light sourcesfor which thereis a single
“ray” of light from the light sourceto ary given point on the surface
andthey arecreatedwith the RIB command.ightSource

44Seesections.5.
45Seesections.6.
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— Geometric lights arelight sourcedor which thereare multiple rays

of light, emanatingfrom independenpositions, streamingtowards
eachpointonthe surfaceandthey arecreatedwith the RIB command
AreaLightSource . Theeasiestvay to describehosepositionsis

to associatsomegeometricshapewith thelight source.

You canmalke furtherdistinctionsbasedn the commandsisedin thelight
shader:

An ambient light source is one with no illuminate or solar
statementSeesection5.1 for anexample.

The illuminate constructneedsa position  andoptional you
can specify a directionaxis andan angle to de ne a “cone of
light” with the apec at position . Seesection5.3 for the use of
this constructn the standardgointlight shadeiby usingonly the
position . Seesection5.4 for the useof this constructwith all pos-
sible parameter the standardshaderspotlight

illuminate(position [,axis,angle]) statement

The solar constructrestrictsillumination to a rangeof directions
without specifyinga positionfor the source.Thedirectionaxis and
theangle areoptional.Seesections.2for theuseof this statemenin
thestandarghadedistantlight . In thebook[1] youwill nd an
examplehow to usethesolar constructfor a skylight shademhich
de nesahemisphere.

solar([axis,angle]) statement

Table5 onpage74 shownsalist of prede nedlight sourceshadewariables.

5.1

Ambient Light Sources

If alight sourcedoesnot have anilluminate or solar statementit is anon—
directionalambientlight source.An ambientlight sourcesupplieslight of
the samecolor andintensityto all pointson all surfaces.The sourcecode
for the standarcdshaderambientlight is quitesimple:

light

ambientlight(
float  intensity = 1;
color lightcolor = 1)
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{
}

Cl = intensity * lightcolor;

The resultof the ambientlight shaderis placedin the global variableCl ,
whichis the outputof all light sources.

5.2 Distant Light Sources

Unlike anambientlight source,a distantsourcecastsits light in only one

direction:

light distantlight (
float  intensity = 1;
color lightcolor = 1,

point from = point “"shader" (0,0,0);
point to = point “shader" (0,0,1))

{
solar  (to-from, 0)
Cl = intensity * lightcolor;
}
Thevectorde nedby thedifference isusedn asolar statement

to restrictthe emissionto thatdirection.

5.3 Point Light Sources

A pointlight sourceis the corverseof a distantlight. It radiatedight in all
directions but from a singlelocation.

light  pointlight (
float  intensity = 1,
color lightcolor = 1;
point from = point “"shader" (0,0,0))

illuminate (from)
Cl = intensity * lightcolor [ (L.L);
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Within illuminate #® L is a vectorfrom thepositionof thelight sourceto the
surfacepoint beingilluminated. The dot productimplementsthe square—
law falloff of light intensitywith distancerom thesource.

5.4 SpotLight Sources

This shaderalsousesthe illuminate constructbut it suppliesnot just the
spotlightposition,but alsoa coneof illumination:

light  spotlight (
float  intensity =1;
color lightcolor = 1;
point from = point “shader" (0,0,0);
point to = point ‘“"shader" (0,0,1);

float coneangle = radians(30);
float  conedeltaangle = radians(5);
float  beamdistribution = 2)

float atten, cosangle;
uniform  vector A = normalize(to-from);

illuminate (from, A, coneangle) {
cosangle = (L.A) / length(L);
atten = pow(cosangle, beamdistribution) [ (L.L);

atten *= smoothstep(cos(coneangle),
cos(coneangle-conedeltaangle),
cosangle);

Cl = atten * intensity * lightcolor

Thelatteris speci edasadirection,A, andawidth, speci edin radiansby
theconeangle instancevariable.

5.5 Arealight Sources

Arealight sourcesarethosethat are associatedvith geometry Similar to
the RIB commandLightSource  thereis anotherRIB commandcalled
ArealightSource which speci es the shadername,a handle,and a
parametelist.

light arealight (
float  intensity = 1,
color lightcolor 1)

46Theonly placeit is de ned.
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illuminate (P, N, PI/2)
Cl = intensity * lightcolor [ (L.L);
}

Note the similarity to the pointlight shader— the main differenceis that,
ratherthan using a from parameteras the light position, we illuminate
from thepositionP thattherendererchosefor usby samplingthearealight
geometry

5.6 Light SourcesAnd Shadavs

Similar to the spotlight shadeishavn beforeyou cande ne a shadowvspot
shaderwhich castsshadavs. The main differenceis that beforethe nal

coloris assignedo the globalvariableCl theremight be anattenuatiorof
the light contritution becauseheilluminatedpointis in shadev. Hereare
thetwo lines (besideadditionalparameters$or the shaderwhich make the

difference:
if (shadowname != ™) {
atten *= 1l-shadow(shadowname, Ps,

"samples”, shadownsamps,
"blur", shadowblur,
"bias", shadowbias);

}

Cl = atten * intensity * lightcolor;

Notice that the sourcecode of the shaderprintedin the book is slightly
differentfrom the versionyou candownloadfrom the companiorwebsite:

http://www.mkp.com/renderman
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6 SurfaceShaders

7 DisplacementShaders

8 Imager Shaders

9 Volume Shaders

10 Tables
Name | Type | Description
Cs color | Surfacecolor
Os color | Surfaceopacity
P point | Surfaceposition
dPdu vector | Derivative of surfacepositionalongu
dPdv vector | Derivative of surfacepositionalongv
N normal | Surfaceshadinghormal
Ng normal | Surfacegeometricnormal
u,v oat Surfaceparameters
du,dv oat Changen surfaceparameters
S,t oat Surfacetexturecoordinates
L vector | Incominglight ray direction
Cl color | Incominglight ray color
ol color | Incominglight ray opacity
E point | Positionof theeye
I vector | Incidentray direction
ncomps | oat Numberof color components
time oat Currentshuttertime
dtime oat Theamountof time coveredby this shadingsample
dPdtime| vector | How thesurfacepositionP is changingperunit time,
asdescribedy motionblur in thescene
Ci color | Incidentray color
Oi color | Incidentray opacity

Table3: Prede nedsurfaceshadewariables
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Name | Type | Description

P point | Pixel rasterposition
Ci color | Pixel color
Oi color | Pixel opacity

alpha oat | Fractionalpixel coverage
ncomps| oat | Numberof colorcomponents

time oat | Shutteropentime

dtime oat | Theamountof time the shutterwasopen
Ci color | Outputpixel color

Oi color | Outputpixel opacity

Table4: Prede nedimagershadewariables

Name | Description

P Surfacepositiononthelight

dPdu Derivative of surfacepositionalongu
dPdv Derivative of surfacepositionalongv
N Surfaceshadingnormalonthelight
Ng Surfacegeometricnormalonthelight
u,v Surfaceparameters

du,dv | Changean surfaceparameters

st Surfacetexturecoordinates

L Outgoinglight ray direction

Ps Positionbeingilluminated

E Positionof theeye

ncomps| Numberof color components

time Currentshuttertime

dtime | Theamountof time coveredby this shadingsample
Cl Outgoinglight ray color

ol Outgoinglight ray opacity

Table5: Prede nedlight sourceshadewariables
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