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Chapter1

Occlusion

1.1 Intro

The base shaderlibrary from mental images1 providesa set of utilit y shadershelpful to gather
and control occlusion information. This document covers the practical usageof such shaders.

Pleasenote that the shadersdescribed in this tutorial require mental ray version 3.4.3 and
newer. The library we document here contains 2 shadersintro duced in 3.4.3 mib fg occlusion
and mib bent normal env and an updated version of mib amb occlusion.

1.1.1 Further resources

If you need further information, please refer to the mental ray base shader library
documentation, which is provided in HTML form. This document includes parts of that
documentation, and tries to put its contents more in the usageperspective.

For further information about mental ray refer to its online documentation and to the two
books by Thomas Driemeyer \Rendering with mental ray" and \Programming mental ray" 2

Another useful source of information is http://www.lamrug.org LAmrUG, the Los Angeles
mental ray User Group.

1.2 What is Occlusion

Occlusion is the extent to which the area above a point is covered by other geometry and is
generally usedas a simpli�ed method to \sim ulate" Global Illumination. This is achieved by

1part of mental ray and present in its OEM integrations
2both edited by http://www.springer.at SpringerWienNewY ork
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tracing a number of \prob e rays" inside the hemisphericalareaabove the point and testing to
what extent this region is blocked. Obviously the raytracing algorithm is required to sendsuch
rays. Our implementation is accomplishedat the shadinglevel through the mib amb occlusion
shader.

Occlusion through mib amb occlusion

Using this shader is not the only way to get an occlusion e�ect in mental ray. In fact, the
Final Gathering algorithm can alsobe usedto achieve a similar, though slightly di�eren t, and
in somesensesmore \accurate" e�ect. In mental ray one can also calculate actual Ambient
Occlusion by using the Final Gathering algorithm.

At the end of this document you will �nd a table which comparesstandard Ambient Occlusion
vs. Final Gathering and Ambient Occlusion through Final Gathering.

1.3 Usageof Occlusion

Occlusion doeshave several useson the practical side:

� Am bien t Occlusion The \classic" Ambient Occlusion e�ect, also called di�use
occlusion, can be used to scaledown the contribution of ambient light (which in turn
may come from a di�use environment map shader). For this use, the shader works
well when assignedto the ambient parameter of a material like mib illum lambert .
Ideally, Ambient Occlusion should be usedwith di�use illumination models such as the
lambertian one.

Ambient Occlusion shadinggraph

� Re
ectiv e Occlusion A morespeci�c occlusione�ect for re
ectiv ematerials simulating
re
ections with environment maps, allowing the shader to scaledown the contribution
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from an environment (re
ection) map. For this use,the shaderis generally plugged into
an environment or re
ection shaderslot of a material, and the actual environment map
image is plugged into the bright parameter. An alternativ e is to allow the return value
of the occlusion shader to modulate the strength attribute of a re
ection map shader.

Re
ective Occlusion shadinggraph

Re
ective Occlusion second shadinggraph

Re
ectiv e occlusion sends\prob e rays" around the re
ection ray direction instead of
around the geometry normal vector, as it happens in regular Ambient Occlusion. The
following diagram shows the di�erence.

Ambient Occlusion Vs. Re
ective Occlusion

� Occlusion �les for comp ositing Often in feature �lm production onewants the extra
control and 
exibilit y in tweaking the lighting situation in post production. (It is much
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easierto just changethe opacity of a layer in a compositing application and seethe result
in realtime than changing a shading parameter and re-rendering the entire image... or
animation!) For this reasonit is actually quite seldomonerendersa complete rendering
including all the \b ells and wistles". Instead, rendering is broken into separatepasses
for later compositing.

Onecommonsuch \pass" is an occlusion pass: a separategrayscalerendering of Ambient
Occlusiononly that is multiplied with an ambient lighting passand/or a di�use lighting
pass(or similar) in post.

Another is a bent normal pass, which encodes the direction vector to look up the
ambient environment. This passactually moves nearly the entire lighting equation to
post production, allowing almost complete re- lighting of the objects in the compositing
stage! The primary purpose of \b ent normals" is to delay the ambient lighting to
a later stage. \Later" may be either in an external compositing application (having
rendered a bent normal pass and using as a layer in said application) or in a later
rendering passwithin mental ray (having renderedto a texture, performing the lookup
with mib bent normal env ).

mib amb occlusion supports creating both these passesat once by storing the bent
normal in the color components, and the occlusion in the alpha component of the
rendering, by turning on occlusion in alpha 
ag. For this to work, the rendering
must be saved with neither the alpha nor the color modi�ed from the exact output value
of the shader. In standalone mental ray this means the\colorclip" mode must be set
to\ra w" in the options block. Standalonedefault is \R GB". 3

The compositing graph logic

Finally the shader may be used as a light shader . The light sourcemust be an area
light of the user type. This generatesan ambient light sourcewith built in occlusion,
useful if you don't want to apply the shaderon a per-object basis.

Occlusion as light shading graph

1.4 Theocclusionshadersset

On the practical side, you will end up using the following shaders,all part of the base shader
library included with the mental imagesreleaseof mental ray. Theseocclusionshadersbecome
available after the library is correctly linked and included.

3The availabilit y, and the defaut value, of this option varies between OEM integrations of mental ray -
consult your application documentation for details.
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� mib amb occlusion This is the occlusionshaderitself, which handlesall computations.
Following here its .mi declaration:

color "mib_amb_occlusion" (
integer "samples"
color "bright"
color "dark"
scalar "spread"
scalar "max_distance"
boolean "reflective"
integer "output_mode"
boolean "occlusion_in_alpha"
scalar "falloff"
integer "id_inclexcl"
integer "id_nonself"

)
version 2

� mib bent normal env This is a shaderto be usedafter light mapping (also known as
\texture baking"): it reusespreviously renderedocclusion passesallowing environment
lighting retouch without recomputing occlusion. Following here its relative .mi
declaration:

color "mib_bent_normal_env" (
color "bent_normals"
boolean "occlusion_in_alpha"
color "occlusion"
scalar "strength"
shader "environment",
integer "coordinate_space"
integer "env_samples"
scalar "samples_spread"
transform "matrix"

)

� mib fg occlusion This is a utilit y shader which returns occlusion calculated with the
help of the Final Gathering algorithm if the Final Gathering algorithm is active. If Final
Gathering is instead 'OFF' it returns a result choosenby the user.4 Following here its
relative .mi declaration:

color "mib_fg_occlusion" (
color "result_when_fg_is_off"

)
version 1

4 It could return result of the mib amb occlusion shader as well as the result of a regular illumination model.
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1.4.1 Example usesof the occlusionshaders

The setup in usefor the following examplesis fairly simple, asthe helicopter model is the only
geometry we have in the scene.There is alsoan mib lookup spherical node for environment
re
ection and environment sampling. The 3D model is kindly provided by Zhang Jian. A
mib light infinite takescareof the directional lighting while the new mib light cie takes
care of the light color in Kelvin degreetemperature; �nally , raytraced shadows are active.

When baking, the mib lightmap write is used,the texturing comesfrom a mib texture vector,
and the lightmap texture is declaredas \writable". When recovering the baked occlusion, the
mib bent normal env shader is used and textures are looked up with mib texture lookup in
the texture spacede�ned by mib texture vector.

So this is a quick render without any occlusion e�ect:

Ambient Occlusion Our helicopter with direct il lumination and no occlusion

You can easily seethat much of the geometry detail is unrevealeddue to the intrinsic nature
of direct illumination and its shadowing.

The \traditional" approach to solve this issuewould be to add ambient light of a constant level,
but this tends to look very unrealistic, sincenow the details are not lost in black, but instead
lost in a constant color, the following rendering shows our copter with a �xed "ambient" color
of somedark-ish gray (note that you can either add ambient color via an ambient light or the
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ambient color of your shading model):

Ambient Occlusion Our helicopter with direct il lumination and an ambient light (no occlusion yet)

The \mo dern" approach is instead using our occlusionshaderwhich providesvarious occlusion
e�ects available. We can decide which occlusion e�ect to output by tweaking the modeand
reflective parameters:

� Classic-style Ambient Occlusion (also known as di�use occlusion)

� Re
ectiv e Occlusion

� Environment sampledOcclusion (both di�use and re
ectiv e)

� Bent normals (in world, cameraand object space)

Up to now you've seenthe shading graph logic for all the modes,now let's analyze them one
by one with referenceimageswhere the main parametersare pointed out. You can still refer
to the example sceneswhich are provided with this tutorial in .mi format.
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1.4.1.1 Ambient (or dif fuse) occlusion

Ambient occlusion, output mode = 0

In this casewe sendprobe rays around the geometry normal, adding a percentage of color (in
the range de�ned by the dark and bright input parameters). As a result, the more occluded
the geometry, the darker the color we see,and conversely, the lessoccluded, the lighter the
color. This is the default behavior of the mib amb occlusion shader, as this is the default
setting for the output mode.

You may think of the occlusion e�ect as a \la yer" to composite over a directionally lit, or
di�use, layer. The composite can be performed as desiredusing additiv e, multiplied, or other
combination methods. Becausethis is how it is typically used in production, it is important
to keepit in mind while setting up a scenethat performs the equivalent calculation. Visually
speaking, the helicopter image now reveals much more of the detail previously hidden by
shadow.
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1.4.1.2 Diffuse, environment sampled,occlusion

Di�use, environment sampled, occlusion, output mode = 1

Here we have a sky environment visible (mib spherical lookup attached to the environment
port of your camera); by specifying output mode = 1, the shader multiplies a percentage of
color in the rangebetweenthe dark and the bright color, by the environment color. As above,
this can be usedas a layer over a di�use layer. And, we are still calculating occlusion around
the geometry normal.

When doing environment sampling you should consider the use of textures with a higher
dynamic range, they will return colors in a wider range allowing \sup er-white" colors which
greatly enhancevisual realism. The useof such textures, in primis the .EXR format, is quite
common in production, if you wish to know more about this you can refer to the mental ray
documentation and you can �nd various resourcesand tutorials in the internet. Here we are
using a free .HDR texture, though the .HDR format is slightly lesse�cien t than the .EXR.

1.4.1.3 Reflective, environment sampled,occlusion

If you apply a re
ection map to a model with specular shading, it will show re
ections
everywhere on the object's surface,even in areaswhere the object in reality would self-re
ect.
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This is the old-style approach.

A reference image with a pure chrome-like re
ection, no occlusion here

With a re
ectiv e occlusion map, the re
ection map gets attenuated in theseareaswhere the
object's re
ection is blocked (by itself or other objects).

Re
ective, environment sampled, occlusion: re
ectiv e ON, output mode = 1

This imagefeaturesan occlusione�ect calculated around the re
ectiv e ray direction instead of
the direction of the geometrynormal vector. This is necessaryespecially when the illumination
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model of the occludedobject in useis highly specular. Obviously you are not forced to follow
this rule and you can usethe re
ectiv e occlusion also with other illumination models, visually
speaking the e�ect will be slightly more pronounced; keep in mind, that re
ectiv e occlusion
can enhancethe realism of re
ection mapping greatly.

When dealing with re
ectiv e occlusion it is quite logical to be in environment sampling mode
(output mode = 1), but then again you are not forced to do that. In this �rst case, let's
stick to the logical approach and use a visible environment. We are using the samesetup as
in the previous image, but in extension the mib sperical lookup is plugged into the bright
parameter of the mib ambient occlusion shader. In this way, the re
ections on the helicopter
are coherent with the environment, and we are \la yering" on an occlusion e�ect sampled
around the re
ectiv e ray direction in the color range betweenthe dark color and the color of
the environment.

There is another shadinggraph layout which you could usefor re
ectiv e environment sampled
occlusion: just use the mib color mix shader in \mo de 4" (color multiplier) and multiply the
outcolor of the environment shaderwith the outcolor of the mib amb occlusion shader.

1.4.1.4 Bent normals

bent normal in world space: output mode = 2

\Ben t normal" is a term usedfor the averageun-occludeddirection vector from a surfacepoint.
For completely un-occluded surfacesthis is the sameas the normal vector, but for surfaces
occluded by other geometry it points in the direction in which the least amount of occluding
geometry is found. Bent normals are usedasan accelerationtechnique for Ambient Occlusion,
allowing for very fast rendering that look like Global Illumination or Final Gathering lit by
an environment.
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Ambient occlusion as done by the mib amb occlusion shader is a ray tracing technique that
castspotentially large numbers of probe rays to determine to which extent a surfacepoint is
occluded. The speed of this operation depends on the number of rays (samples ), the reach
of the rays (max distance ) and the complexity of the scene.

When rendering an animation (or multiple views of the same scene),any object that does
not move, does not change shape, or has no moving occluding object nearby will yield the
sameresult for every frame. Therefore onecan \bak e" (render to a �le) the ambient occlusion
solution once in a �rst rendering pass,and re-usethis result in subsequent rendering passes
for any number of frames, with potentially huge performancegains. If one also \bak es" the
averageun-occluded direction (the bent normal) to a texture, the entire processof lighting
the object basedon an environment is moved to this secondrendering pass,without having
to trace a single ray.

The lightmapping processin a nutshell

By setting the output mo de parameter to 2, 3, or 4 on the ambient occlusion shader
mib amb occlusion,bent normals are returned with the vector being encoded asa color where
x is red, y is green,and z is blue.

If occlusion in alpha is enabled,the scalarocclusion value is returned in the alpha channel.
This color can be baked into a texture, for example with the help of mib lightmap write by
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putting mib amb occlusion into its input parameter and rendering.

The shadinggraph for the lightmapping operation

Pleasenote that you can usethe occlusion in alpha with any value of the output mode.

occlusion can be saved in the alpha channel: occlusion in alpha ON
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bent normal can be baked with mib lightmap write
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occlusion can be baked with mib lightmap write in the alpha channel

Once the texture �le is generated,mib bent normal env can be assignedto a surfaceshader
(for example to the ambien t parameter of mib illum phong). There, it will look up an
environment to light the object based on the baked bent normal texture, which should be
connectedinto the bent normals parameter of mib bent normal env.

Using mib bent normal env into a shadinggraph
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This allows an extremely low-overheadsimulation of global illumination-lik e e�ects for rigid
objects and is especially suitable for animations. The technique doesnot work on deformable
objects sincetheir occlusion,shape, and normalscanvary from frame to frame. For deformable
objects, it is better to apply the occlusion shaderdirectly, without baking its output.

The visual results when using the shader in mode 3 and 4 are the following:

bent normal in camera space: output mode = 3

bent normal in object space: output mode = 4
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1.5 Using mib amb occlusionasa light shader

This is a tric k for expert users: the mib amb occlusion shader also works as a light shader
(you've seenpreviously its shading graph); this results into having an \environment light"
with built-in occlusion. When using the shader in such a con�guration there is no visual
di�erence asper the Ambient Occlusione�ect, but it can be handy in oneparticular situation
(hencewhy we declare it as a \tric k"). The following are the pros and cons:

Pros: { The user is relieved from assigning the shader to every surface which can be
annoying if your sceneis made of thousands of objects and if you have nested
scenes.

{ This "environment light" correctly a�ects multiple materials automatically, hence
it is very useful if your material shader does not have an \am bient" parameter,
such as for example the dgs material.

Cons: { The shader still sendsprobe rays (not shadow rays) and hence does not respect
shadow shadersor surface transparencies;you should use the shader in this way
as an \environment light" while relying on another light shader for shadows and
transparencies.

{ Lights in mental ray have no speci�c \di�use" or \sp ecular" light outputs. This
may causea light using mib amb occlusion to generate an undesirable specular
highlight.5

To do this, the light instance in the .mi �le must be of the user type:

shader "my_light_shader" "mib_amb_occlusion" (
"samples" 16,
"bright" 0.3 0.3 0.3 1,
"dark" 0 0 0 1,
"output_mode" 0

)

light "my_light" = "my_light_shader"
origin 0 0 0
user 1 1

end light

instance "my_light_instance"
"my_light"
transform

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

()
end instance

5Some OEM application have shaders with speci�c 
ags for \di�use" or \sp ecular" or can solve the issue
with custom tric ks.
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The user area light is activated by the user keyword in the light block. Samplesis set to 1
1 becauseto the lightsource the mib amb occlusion call is one sample, even though multiple
sampleshappen internally inside the shader.

The light position is not important since this createsa light \coming from all directions at
once", however, depending on the surfaceshader, it may in
uence the location of the above
mentioned potentially unwanted specular highlight.

1.6 Ambient Occlusionvs. standard Final Gathering

What is the di�erence betweenAmbient Occlusion and Final Gathering?

Final Gathering is concernedwith the bouncedlight and multib ouncetransparency, re
ection,
refraction and di�use rays, whereasAmbient Occlusion is more concernedwith the absence
of light, simulating the bounced light with an assumed omnipresent \environment light"
(generally coming from a di�use environment map or a solid color) and letting occluding
geometry block this light.

With Ambient Occlusion, the rays shoot out from the shading point, whereas, with Final
Gathering they shoot out from special �nal gather points created in a preprocess,and this
data is smoothed/�ltered to be used later by shaders. The tric k with Final Gathering is to
tune this �ltering, to acheive results that are both smooth, yet not over-�ltered (a situation
which has the potential to causevisible 
ic ker in animations and lossof small details).

The output of mib amb occlusion is not �ltered and hence is never as smooth as Final
Gathering, but instead any 
ic ker is never larger than a sample (i.e. less than a pixel,
generally). There is no risk in losing small surfacedetails.
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Occlusion obtained with regular Final Gathering

Ambient Occlusion calculated via the mib amb occlusion

Ambient Occlusion can be simpler to use, and can be computationally cheaper (especially if
\bak ed" to an object). It also creates less \surprises" - all that Ambient Occlusion does is



20 1 Occlusion

attenuate a well known contribution of \am bient light from the environment". This means
that every object is given a well-known addition of this \environment light" or less. Things
can only becomedarker (never brighter) than this level, since no actual bouncing of light
occurs.

In contrast, when using Final Gathering, true bouncing of light is performed, and while an
environment map can still act as a \w ell known baselevel" of light for all objects, the result
can be both brighter or darker than this level, due to the bounces. Naturally , in many cases
this is desirableor even highly necessary, but in other casesthis can causeunwanted problems
and di�cult y compositing the rendering into a background plate. Since the bouncing itself
is managedby the surface shadersof the objects, the Ambient Occlusion e�ect depends on
how well theseshadersbehave with bouncing light (FG rays). Someshadersmay produceodd
non-physical results from too much surface-to-surfacebounce.

When an Ambient Occlusion probe ray hits a (semi)transparent object, the object is treated
as any regular fully opaque object, hence occlusion rays do not traverse semitransparent
geometry. However, with Final Gathering, a separatetrace depth option handlesmultib ounce
transparency, re
ections, refraction for rays originated at the �nal gather point.

With Ambient Occlusion probe rays provide a 1-bounce-only illumination e�ect (or rather,
anti-illumination e�ect, since it is always subtractive), Final Gathering in mental ray can
provide di�use multibounce illumination.

Furthermore, the Final Gathering algorithm in mental ray is very much enhancedcomparedto
earlier versionsof mental ray and resolvesmany issuesrelated to potential animation 
ic kering
and detail loss,closing the gap even further betweenAmbient Occlusionand Final Gathering,
making it more an artistic and pipeline-architectural choice which method is employed.

1.6.1 Tips

Occlusion is a raytracing processtherefore it requires activation of the raytracing algorithm,
trace on. The sameof courseappliesto Final Gathering, asFinal Gathering rays are a subset
of 'trace' rays. Since we are walking through the kingdom of raytracing, the acceleration
structure is important. Hence, take a look at the BSP size and depth parameters in your
options block, check their averagevalue from mental ray feedback messages,and eventually
modify the defaults. Also note that the distance parameter in the mib amb occlusion shader
is very important becauseit limits a probe ray's length, allowing it to return the environment
color after the speci�ed distance. This reducesmemory footprin t and speedsup the algorithm

o w.

The mib amb occlusion shadermay appear unable to handle a closedscene.A fully enclosed
sceneis by de�nition fully occluded. So, in such situations, try limiting the distance of the
probe rays. To only detect surfaceswithin a certain distance, you must set the max distance
parameter. It defaults to 0, which means"in�nit y".

Note that Final Gathering has a similar control called fallo� range. As noted previously, this
can also help to reducethe memory footprin t.
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1.7 Ambient Occlusionusing Final Gathering

In mental ray the Final Gathering algorithm can return the scalar occlusion value, therefore
one can also calculate actual Ambient Occlusion by using the Final Gathering algorithm.
This ignoresany bouncedlight and simply usesthe preprocessedFinal Gathering points and
the Final Gathering �ltering to generatea grayscaleocclusion result, sort of a \b est of both
worlds" approach.

We have previously intro duced that the mib fg occlusion shadercan be usedfor this target.

Note that calculating Ambient Occlusionwith help of the Final Gathering algorithm is di�eren t
than using Final Gathering directly, sinceno actual bouncing of light occurs, only occlusion.
The di�erence is that the precomputedFinal Gathering points and the smoothing and �ltering
algorithms of Final Gathering are used.

The single parameter result when fg is o� becomesthe return value when �nal gathering
is o�. When �nal gathering is on, the occlusionvalue is returned asa grayscalevalue, and the
parameter is never evaluated at all or used in any way.

Note also that if one puts mib amb occlusion into the result when fg is o� parameter, the
result will have occlusion calculated by �nal gathering when it is on, and occlusion calculated
by mib amb occlusion when �nal gathering is o�. Obviously that is just one of the possible
uses:you can connect anything to that parameter.

The following diagram shows the shading graph logic with the occlusion shader:

Occlusion from Final Gathering or from the occlusion shader
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The following image is the result of calculating Ambient Occlusion with the help of the Final
Gathering algorithm through the mib fg occlusion shader:

Ambient Occlusion calculated with the help of the Final Gathering algorithm through the mib fg occlusion shader

Therefore, together with the two imagesof the previouschapter we can now obtain three kinds
of occlusion e�ects:

FG occlusion from plain Final Gathering (an additiv e e�ect which adds bouncing color, can
be a single bounceor multib ounce6)

AO occlusion from mib amb occlusion (subtracting occlusion from assumedomni-present
environment light)

AO-FG occlusion from mib fg occlusion with FG turned ON (where the Final Gathering
algorithm calculatesocclusion)

c
 2005 mental images, all rights reserved. Tutorial by Paolo Berto, with contributions from
Zap Andersson,Barton Gawboy and Matthias Senz.

6mental ray only


