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Goodbye, special thanks and further reading

presentation of the teacher

Paol o Berto worked in Al i a s | wavefront for 2 years as a as a
support product specialist in Belgium

He supported and consulted many custoners both in Europe and US.
Followi ng closely the nmental ray for Maya project he has provided

i nternal support and nost of the related content material used by AW
Paol o specializes in rendering techniques, lighting and shadi ng network
and he's confortable with nany rendering engi nes.



pur pose of this docunentation

First purpose of this docunentation is to show the integration of the
mental ray rendering application devel oped by Mental Images with A |

a s | wavefront 3D character ani mati on software Maya

This integration is represented by the “nental ray for Maya” plugin
(fromnowon nrfM inits current version 1.5 (a superset of the nental
ray version 3.1 standal one renderer).

This integration has been permtted by two key factors:

The power and flexibility of the Maya APl software devel opnent
kit

strong simlarities between the common DAG (directed acyclic
graph) of the Maya and nental ray scene description database
architecture

Second purpose is to |look at the special features that the use of
mental ray offers in extension to the capabilities of the Maya renderer

| evel of know edge required

The | evel of know edge required to follow this nmaterial is “beginner to
i nternmedi ate”, you do need to know sonet hi ng about Maya and specific
further know edge about the Maya rendering workflows and term nol ogy.

I will include sonme extra term nology to understand properly the nenta
ray architecture when necessary. | strongly recommend reading the
mental ray reference manual included with the online docunentation

software requirenments/ 3% part materi al

You need Maya 4.5 gold and mmfM 1.5 publicbeta or gold. Sone of the HDR
textures |’'ve used are freely avail able at www. debevec.org where you
can also find HDRShop in order to mani pul ate/transformthem

| used also a 3D plane F-5E Tiger |1, it is freely available at

www. meshf actory. com while the nodel of the cartoon shader chapter is
courtesy fromm Bruno Pollet ww.brl.org which also is the author of
the final gathering aninmation showed in the DVD and included in the DVD.
Finally the non-periodic caustics textures are fromJos Stam at
http://ww. dgp. toronto. edu/ peopl e/ stanm real i ty/ Resear ch/ Peri odi cCaustic
s/ i ndex. htm

FROM THE MAYA RENDERER TO MENTALRAY

anal ogi es

the Maya renderer *is* Maya:

the integration between the Maya renderer and Maya is not sinply
apparent, this integration is present both in the U and at the (open)
architecture level. This provides flexibility both at the programm ng
side, via the API, and at the user side, with a series of expression-
like utility nodes and an integrated MEL scripting | anguage. Such a
buil ding bl ock systemallows a conplete visual interface to shaders
creation. And this interface is conpletely supported by nental ray for
Maya.



To descri be shadi ng, the Maya renderer uses dependency graph nechani sm
called the “DG (conplete with API for user-written nodes). A shader’s
| ook is defined by a DG network and the shadi ng process is the

eval uation of this network

There is one extension to the basic DG to all ow contextual information
to flow between different nodes: this is a special network eval uator
based on “inplicit connections” which are present only when a “real”
connection doesn't exist.

So shading has its own evaluator to traverse the network. The Maya DG
is interpretive and it doesn’t take advantage of invariance in the
network. It’s a 2 pass process that first partially evaluates the
network factoring frame constants and then finishes in a faster way the
eval uati on on a shadi ng sanpl e base.

There are fundanental simlarities between Maya and nental ray scenes.
They both define a hierarchy explicitly by the use of a directed
acyclic graph (DAG. Consequently, it is a sinple matter to traverse
the Maya DAG, creating nental images (mi) entities corresponding to the

type of each Maya shape node visited. This will recreate all geonetric
objects, lights and canmeras found in the scene. Everything nental ray
needs to start rendering the scene.

W' Il see | ater what happens when nental ray starts rendering a scene.

On a nore general view there are also architecture anal ogi es:

they’re both hybrid nultithreaded raytracers (the 1st “ray” is
generated via the scanline algorithm- the word “ray” here is a
general i zation, because scanline deals with 2D space - then if
necessary raytracing is called for successive ray generations.
Note that in nental ray if there are |lens shader calls, scanline
shuts off automatically)

they both use ray marching for rendering vol unes

as previously introduced they both have a DAG hierarchy (DGis

t he dependency graph, a nore general graph to which the DAGis
part of), a hierarchy of nodes connected between input and out put
connections. Every elenent in Maya is described by either a
single node or a series of connected nodes, each node is

descri bed by an external interface (a series of attributes
related to what a node is designed to acconplish). These nodes
can be inter-connected with connection between attributes. These
connections are known as dependenci es.

they both build an acceleration structure for secondary rays
(Maya performs this in the “rendering a tile, shade geonetry
phase”) which, also supports scanline rendering.

they are both inplenmented in an i ndependent way and can work on
di versified machi ne architectures.

they both support an optim zation to nenory map textures: BOT
textures in Maya and .map textures in nmental ray.



di fferences

mental ray exists also as a standal one renderer while the Maya
renderer is part of Maya hence its nenory footprint is bounded
bel ow Maya’'s. The nmental ray standalone is separate. nrfM being
an integrated plugin renderer acts exactly as the Maya renderer
The batch renderer, |ike the Maya one runs as a separate process
Maya provides for NURBS explicit initial and secondary
tessellation attributes, a base triangulation is first performed
and then further tessellated until the secondary set of
conditions are net. In nental ray there’'s “only” one

approxi mati on statenment for a surface, initial tessellation can
be conpared to “paranetric” approxi mati on, secondary tessellation
to LDA method (Il ength/distance/angle). When the "derive from
Maya" flag for tessellation is used, tessellation is
automatically calculated trying to match the sane | evel of
quality by nrfM

Maya conpl etely separates visibility, shading and tenpora

conmput ations. Introducing a specific antialiasing nmethod for each
of them Two specific techniques called EAS (Exact Area Sanpling)
to resolve visibility and “atom ¢ super sanpling” a formof nore
fl exi bl e adaptive super sanpling which takes into account the
fact high frequencies information in different domains could not
be related: it solves each probl em domain separately to avoid
extra conputations (for exanple geonetric spatial and tenpora
aliasing are split, and the user can decide how to resolve a
quality issue changing all of themon a object basis). So Maya's
primary visibility conputation is based on higher resolution
screen masks, the point sanpling nature of raytracing inplies
that primry and secondary geonetric antialiasing quality nay be
i nconsi stent. Maya relies on adaptive antialiasing in secondary
illumnation effects (on an object basis), while nental ray uses
a | ow sanpl e approach. In Mentalray jittering, notion blurring,
area |ight sources, and the depth-of-field | ens shader are based
on nultiple sanpling that is based on varying the sanple

| ocations in tine, 2D or 3D space. nental ray offers a
proprietary inplenentation of the Quasi-Mnte Carlo nethod for
achi eving these variations. Sanple locations in time, 2D and 3D
space are determnistically chosen on fixed points that ensure
opti mal coverage of the sanple space. The algorithmis sinmlar to
fixed-raster algorithnms, but avoids the regular lattice
appearance of such algorithms. The resulting i nmages are identica
if the scene is re-rendered with the sanme options due to the
deterministic nature of the algorithm Quasi-Mnte Carlo nethods
can be succinctly described as strictly determ nistic sanpling
nmet hods. Determinismenters in two ways, nanmely, by working with
determ nistic points rather than random sanples and by the
availability of deterministic error bounds.

renderers compari son

Since its first beta version, nental ray for Maya has been able to
“interpret” many of the Maya rendering nodes, and with version 1.5
nore features are supported and basically all rendering nodes are



wor ki ng correctly.

A good exanple is this raytracing scene with Iight comng froma single
wi de area light casting raytraci ng shadows. These hand bl own vases
called “Bolle” were originally designed by a Finnish designer called
Tapio Wrkkala in 1968 for the fanous factory Venini. Wth mmfMv1.0
beta the scene was rendering fast and w thout any problem

see al so the two renderers side by side:

mental ray for maya maya renderer



and in detail:

maya renderer mental ray for maya

see al so the shading network: this scene has only 1 blinn shader for
all the surfaces, then different attributes are switched over different
sub- networ ks, basically these sub networks are driven by sanplerinfo in
order to define for each bottle different glass properties.

e
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advanced functionalities
the use of nmental ray for Maya allows for further advanced
functionality to the feature set available with the Maya renderer:



usi ng the photon nap approach gl obal illum nation and caustics
are supported.

Fi nal gathering.

real nonzero area lights.

subpi xel di spl acenent.

uncl anped val ue texture (HDR, floating point TIFFs) input and
out put .

noti on blur of everything.

i ncremental changes for ani mations.

host parallelism

participating nedia for volunetric effects.

Phenonena.

cartoon rendering.

and ot her special nental ray standal one features via MR nodes.

mental ray rendering process

So we have seen that the architecture simlarities and Maya powerfu
APl SDK all ow for easy Maya scene recognition into nental ray., But
what happens when nmental ray starts rendering the scene?

Well the nice thing is that we can always see what the rendering is
doi ng, even on the tiniest detail. This is possible via the option
“export verbosity”:

render gl obal s> transl ation> export verbosity

fromno nessages to detail ed nessages, in order of how rmuch information
is passed on the output window. Al this information can be very usefu
to debug your scene, take in mind that with detail ed nessages there's a
sl owdown in render performance

A typical nental ray rendering process could be sunmarized in this way:

1. via the Maya API: construction of the scene graph (before the
Maya scene can be rendered in nental ray, it nust be processed
into a “m streant.

2. traversing the scene graph for construction of geonetry and
eventual generation via geonetry shaders. Then marki ng of the
objects for tessellation (traverse the Maya DAG creating nenta
imges (m) entities corresponding to the type of each Maya shape
node visited).

3. tessellation of objects which have not been tessellated or have
changed since | ast tessellation.

4. shadow map conputation (if required or not already present on
di sk) .

5. photon map conputation (if caustics or G are required and maps
are not already present from disk).

6. final gathering pass.

7. acceleration of data structures for secondary rays (eg: BSP/ GRI D)
if raytracing is activated.

8. rendering imge on a sanple basis and dependi ng on settings:
scanline initially and for subsequent transparency then
raytracing for reflections and/or refraction rays using
previ ously generated shadow photon maps or disk stored naps.



9. running output shaders if specified and final witing of output
i mge .

Not e: these steps may overlap in some cases, increnental changes are
expl oited plus the renderer uses cached info from previous renders if
possible. If I ens shaders are used raytracing will be used for all rays
and the scaline algorithmw |l be shut off.

Di agnostic tools to evaluate your renderings, can be found in

render gl obal s> quality settings> diagnostic

you can find useful tools to evaluate various aspect of the rendering
process (distribution of irradiance, density.) and al so eval uati on of
the acceleration structure you' re using: BSP (binary space partition)
or GRID (renewed algorithmstarting fromnental ray v3.0).

The following imge (a G Cornell Box) shows the diagnostics of the BSP
depth, BSP is a 3d space subdivision in a nested set of voxels, a sort
of tree where each leaf contains triangles, hence | eaf size and depth
have great inportance for its nenory efficiency, menmory linmt can be
set though. In this tree-structure you refer to | eaf size (the max
nunber of triangles per leaf) and tree depth (the max nested | evel).
Max depth 25 is good for small scenes, 40 for nmedium and 50 for |arge
ones.

BSP (depth)

As for the GRID acceleration: it equally subdivides 3d space in

i sovol unetric voxels.

Mental ray 3.x uses a hierarchical grid algorithmwhich has a depth and
grid parameter to further subdivide voxels if too many triangles are in
them 1t has a conparabl e speed BSP and a better nmenory usage, but it’'s
scene dependent (you should use it in scenes with heavy geonetry



uniformy distributed). Small values give rendering speed but high
menory usage while | arge val ues give preprocess speed with | ess nenory
usage.

Fol |l owi ng the sane image as before rendered using the GRID raytracing
acceleration and it's relative diagnostic node in camera space
coor di nat es.

GRID (camera)

Maya rendering process

| include also the Maya rendering process, you can find nore details on
the architecture of the Maya rendering in a paper called “Design and

| mpl enment ation of the Maya Renderer” written by the original Mya
rendering team Kelvin Sung, James Crai ghead, Changyaw Wang, Sanjay
Bakshi, Andrew Pearce, and Andrew Wo.

1. Read geonetry from Maya scene database. Only geonetry in the
viewi ng frustumis considered, object which participate in
raytraci ng are always consi dered

2. Conputation of depthmap shadows. For |ights which intersect with
viewi ng frustumw th conpression of the map and deconpression on
demand.

3. Building of the image tiling system to maintain a constant
menory footprint, using a quadtree-subdivision algorithm
threshold controll ed

4. Scan conversion for a tile: until this point the only
conmput ations were related to objects boundi ng boxes. In this
phase the renderer with a process fromfront to back, and only
for visible objects and one-tinme per multi instances perforns:
initialize object shading state, tessellation (lazy), scan
convert triangles into the screen mask



5. Render a tile:

a) conputing visibility, if notion blur present pointsanpling
triough tine

b) shade geonetry, here idf secondary rays are necessary a bsp
accellleration structure is built lazily

c) conputation of volunetric primtives, which do not participate
to the screen mask visibility operation. Instead placehol ders
of volunetric primtives are inserted into data structures.
Particle systens are considered a subclass of the volunmetric
primtive type.

d) Adaptive extra shadi ng sanples. Extra shadi ng sanples are
taken on a per object contras. No adaptive super sanpling in
tinme.

e) multi pixel reconstruction via the nulti pixel filtering

Limtations

Here | will include a short description of what is not possible to
render with ntfM 1.5 within the Maya U, workarounds are made possible
by the use of mental ray standalone and in sone cases special libraries.

I remind you that you may find a nore updated and exhaustive |ist on
the online manual and at the public FAQ at:
http://ww. al i aswavefront. com Maya/ support/faqs/

all Maya post-processing effects: Paint Effects, shader/light
glow, optical effects, 2d notion blur, and fur rendering. There
is a sinple workaround using contour shaders for a “faked gl ow
effect (see the extra section).

software rendering of particle systens (particle instancing is
i nstead supported)

direct rendering of Maya subdi vision surfaces.

Subdi vi sion surfaces are supported by nmental ray standal one when
the library “libm subdiv” is linked in. This library inplenents
the ‘Loop’ subdivision schenme for triangle neshes, and the
‘Catrmul | -Cl ark’ subdi vi sion schene for quadril ateral neshes.

C/ C++ APl for subdivision surface construction and mani pul ati on
are also available, this APl can be used by geonetry shaders to
create renderabl e subdivision surface objects. Check the nenta
ray reference manual for nore details

i nteractive photorealistic rendering (IPR). As long as it’'s not
supported you could IPR tuning in Maya and then render in nenta
ray, but only for Maya and nental ray common features

Fiel d rendering

Pre/ Post Render Mel scripts

Fluid effects

Custom nental ray text nodes cannot be interpret in the
i ntegrated renderer, they can however be exported to .m format
and rendered with the standal one renderer



other limtations/differences:

no stereographic rendering,

DOF di fferences

Limtations with | ayered shaders and bunp x | ayers and | ayered
shader with G

File texture has no prefiltering and supports only m pmap
filtering,

Bunp 2d and 3d have view dependent filtering

Pl ace3d texture uses only the transformation matrix

Render stats> receive shadows flag is not recognized

USI NG MENTAL RAY FOR MAYA

Installation / Loading
After having installed the plugin we can load it via:

wi ndow> settings/preferences> plug-in manager> Mayat onr

clicking on the (i) icon will show the current nmrfM plugin version and
the Mentalray version in use: 3.1.2.13 in the publicbheta case and
3.1.4.1 in the final (gold) release

You can also see the list of new nodes we can use/create.

See the “extra” section for activating U visibility for custom nenta
ray nodes at startup.

One last thing: to set nmental ray as the default renderer in Maya, go
to:

wi ndow> settings/preferences> rendering

Interface, the unified rendering workfl ow

VWhat has been done here is called “unified rendering workfl ow
basi cally once chosen
“mental ray” in:

render> render using> nental ray, or in the renderview cascadi ng menu.

You'll find that all the attributes you were used to tweak when
rendering with Maya are just interpreted and rendered in the Maya
renderview by nental ray for Maya in a total transparent way, plus the
new attri butes for advanced features are placed coherently in the
relative attribute editor (AE) and eventually in new sections of it.

One of the nost inportant things is that by default mental ray

will derive rendering settings from Maya w thout any user’s action, you
will see many “derive from Maya” flags in various AEs and in render

gl obals while getting confident with nental ray for Maya: they are
normal Iy switched to “on” by default, for exanple tessellation of NURBS
which in Maya is a 2 phase approach, is automatically derived to the



way nental ray tessellates geonetry providing equivalent quality. Same
di scussion for displacenent, which, even if approached in many
different ways in mental ray, outputs an equivalent of the feature-
based di spl acenment mappi ng of Maya.

Switching off “derive from Maya” flags, allows you to control manually
each particular attribute of the mental ray interpretation of the Mya
scene database. This is very useful for nore advanced users requiring
customflexibility, in this case the nmental ray technical reference
manual becones very handy.

To conclude: basically all Mya rendering and utility nodes are
correctly interpreted by mental ray for Maya and you can find the new
attributes in:

various Maya attribute editors (AE)

mental ray render gl obals

Maya rendervi ew

file> export menu

wi ndow> rendering editor> nental ray

hypershade: edit> convert to file textures (nental ray)

Finally our target is to render, then it’'s useful to know i n how nany
ways we can performthe action

interactively fromthe Maya U

bat chrender fromthe Maya U (this is a separate nenory process

whi ch allows you to keep working in the Maya U and even to

render interactively at the sane tine, in this case a good anpunt
of RAM and a dual -cpu machi ne are recommended and useful (for
exanpl e you could specify to nmental ray to render on one cpu only)
bat chrender via the command |ine using the “Myarender_with nr”
command (see online docs for flags)

export to the .m format and render with the standal one renderer
(if you have it)

render |lightmap textures via nmental ray for Maya baki ng options

t he photon map approach

mental ray for Maya supports caustics and global illum nation
simul ati on using the “photon map” nethod. A photon map is a 3D data
structure hol di ng photons, which represents a quantized flux of Iight
emtted froman energetic |ightsource(s) and then successfully stored
on scene geonetry. Caustics deal only with the specul ar conponent of a
lightsource, and they are a subset of global illum nation, which takes
into account also the diffusivity.

The photon map is generated at the end of a preprocessing step in which
photons are enmitted fromthe light sources and traced through the scene
usi ng photon tracing. You can follow the steps of a photon map
generation reading the rendering verbosity on the output w ndow via

Ment al rayd obal s> Transl ati on> Export verbosity: progress nessages



The followi ng i mage features a Cornell box with G and caustics where
an area light emits 1 million G photons and 100 thousand caustic
photons. Using very |ow accuracy and radius values results in show ng
little dots as photons stored on surfaces.




There's also an animation of the nunber of photons emitted by the |ight
i ncreasi ng exponentially in tinme. Check the "animation" directory in
the related coursenotes files.

The di agnhostic nodes are also very useful to debug your scene, they are
accessi bl e on:

Ment al rayd obal s> your-render-quality> Di agnostics

The foll owi ng i mages shows the Cornell box in its density (nunmber of
photons x unit area) and irradi ance di agnostic nodes.






Phot on maps can be saved and reused for speeding up rendertimes for
exanpl e whil e tweaki ng other non photon map dependent attributes and
whi | e rendering ani mati ons where the general illumination of the scene
doesn’t change much in tine.

You can find the relative attributes in:

Ment al rayd obal s> caustics/ G > photonmap file
Ment al rayd obal s> caustics/ Gl > photonmap rebuild

First, specify a filenane keeping the rebuild flag on, then once the
map i s generated, at the next render |leave the filenane specified and
renove the rebuild flag.

A final note about the accuracy and radius parameters:

Accuracy is how caustics/A3 is estimated fromthe photon nap
during the rendering phase. It is the maxi mum nunber of photons
to consider for illumnation within the specified radius.

Radius is the radius of the circle centered at an intersection
poi nt where nental ray will search for photons.

Accuracy and radius use the information stored on the photon map at
render time, hence, when you feel you have the right nunber of photons,
you can save and reuse the nmap and tune them

It is very inportant to optim ze render tines when using raytracing
reflections, refractions, caustics, G, FG Many paraneters should be
tweaked in order not to waste conmputational tinme for features which
won't be visible in the rendered franme, sone of themare

t he nunber of rays used,
the ray depth,

t he nunber of photons used,
t he photon depth.

From the next chapter we're going to |l ook at the specific exanples on
the DVD. Hence the explanation will be focused only on the key points
for each feature, and on special considerations. Please refer to the
vi deo for the workfl ows.

caustics

The Maya renderer does not support caustics natively, to achieve this
effect until Maya 4.0, you needed the Al W Maya caustic plugin by Tom
Kl uyskens.

mental ray for Maya supports caustics natively. It uses the photon nap
method to sinmulate them

Caustics are light patterns caused by specul ar reflections and
refractions (transm ssions) of |ight visible on diffusive surfaces, and
they are a subset of global illumnation



In the DVD we are | ooking at 2 scenes:

caustics fromreflections/refractions

reflections caustics refractions caustics

photon map caustics vs texture based caustics using the non
periodic caustic textures fromJos Stam

http://ww. dgp. toronto. edu/ peopl e/ stanm real i ty/ Research/ Peri odi cC
austics/index. htm

real caustics texture based caustics

In the texture-based caustic scene we are using a file texture in
order to represent caustics on a ground plane while the sane
texture is displacing the water plane (using fine displacenent,
see rel ated chapter) previewed in the OpenGL view by the new
utility called “height field”



& G

color texture

sonme tips for caustics useful in the reflect/refract scene:

focusing/directing caustic photon emtter |ights on objects
required to cast caustics. Particularly with spotlights, focusing
the light on an object produces better hit-rates (stored vs

em tted photons) and allows the use of |ess photons in order to
have a nmuch faster photon em ssion phase, like in the follow ng

i mage:

prefer spotlights to pointlights (if your caustic casting objects
are not all around your light origin). Pointlights enit photons
spherically, spotlight conically hence you do require to emt
nore photons to get the sanme density (photon per unit area) on
the storing surface.

checki ng eventual occlusions around the photon emtter directions
whi ch coul d make photon bounce away before reaching the caustic
caster object



use verbosity option to check hit-rate statistics and eventua
war ni ng nessages |i ke “no photons stored after enmitting n
phot ons” on the output w ndow.

This is a rendering process reported on the output w ndow when
“progress nessages” verbosity options are used. You can see per
each |ight the photons emtted and stored and how many of them
from specular reflection or refraction:

RCG 0.4 warn: 362004: no photons stored after enmitting
10000 phot ons

RCA 0.2 info: light #0, caustic enmission, emtted:
549666, stored: O

RCA 0.2 info: caustic light #0: |ight photons 549666

RCG 0.2 info: light #1, caustic em ssion, enmtted:

24593, stored: 3642

RCG 0.2 info: caustic light #1: |ight photons 24593

RCA 0.2 info: caustic |light #1: spec. refl. Photons 5364
RCG 0.2 info: caustic light #1: spec. refr. photons 16382
RCG 0.2 info: optimzing access to caustic Photon Map with
3642 phot ons

keepi ng separate the specular and diffusive |light using 2
different lights to focus the specular light in order to speedup
the caustic map generation and to control diffusion and
eventual |y shadows on the diffusive light. This result in nmuch
nore flexibility in controlling what you want to achi eve.

start rendering with | ow accuracy and radi us (see photon map
approach) to see where effectively photons are stored and then
i ncrease gradual ly.

Now | think it’s useful to show a series of images with different

val ues of accuracy and radius in order to understand what they
effectively do.

The radius value’s main function is to define where to search for

phot ons, accuracy defines how many photons to consider within the area
defined by radius at any sanple | ocation.

They must be used together to reduce spottiness (typical with | ow
radi us settings) without blurring too nuch and | osing gl oba

illum nation (high radius high accuracy).

The target is to reach equilibrium between these two extrenes avoi di ng
spottiness and blurring to reach a physically correct (if required)
simul ation. See also the global illumnation section with another serie
of i mages.



use: accuracy 200 - radius 0.

This first imge features both specular and diffusive lighting (as you
can see in the video, illumnation is splitted) with accuracy 200 and
radius 0.5, in this case it was a good conprom se between spottiness
and blurriness with a very |ow nunber of photons and a fast rendering.

specular only: accuracy 1 - radius 0.

here we’ve turned off diffuse fromthe lights AEs, and we
basically see the photons stored. Wth accuracy 1 and
radius 0.1 we can see the photons thenselves stored on the
surfaces but the result is too dotty.



specular only: accuracy 500 - radius 0.5

I ncreasi ng accuracy (the nunber of photons to consider into
the radius) and the radius will elimnate the little dots
because we are conputing illum nation on a broader area.

specular only: accuracy 500 - radius

but increasing radius too much will blur too nuch as well



the nunber of rays used is also inportant. Here we are
using 2 refraction rays in fact, we can (hardly) see a

back-refraction on the top of the glass object. (see sone
smal | white dots over the glass object)

raction ra

here we are using one refraction ray so that refraction
di sappears but we are using nore reflection rays, notice
the white caustic dotted stripe on the bottomleft of the

i mage. The follow ng paraneters are usefu

to contro
reflections,

refracti ons and caustics patterns:



trace depth: how often a ray can be reflected,
refracted and the sum of the two

photon trace depth: sanme thing but for photons
accuracy: max nunber of photons considered for
conmputing irradi ance

radi us: max di stance where to search photons for
conputing irradi ance

3.4 - global illumnation (and final gathering)

The Maya renderer supports direct illumnation, nmeaning that the |ight
reaching a given point on a surface has been following a direct and
straight path froma light or froma transparent shadow casting object
wi t hout reflections or refractions which invokes raytracing. This is
basically what is called a hybrid scanline/raytracing renderer

mental ray works in the same way but via the photon map approach
supports both global (inirect) illum nation and caustics independently.
G obal illumnation sinmulates *all* indirect light paths in a scene in
addition to specul ar ones (caustics, which are then a subset of 4d),
and a final gathering step can be used to add a one-bounce-only
indirect illum nation pass which contributes to an hi ghest physica
coherency and reveals fine details (at the price of nore conputationa
time).

G obal illum nation can be used in all the situations where indirect
light (both diffuse and specular) and color bleeding (an effect of G
whi ch causes surfaces to receive the tint of their surroundings in a
coherent way) are required.

In the DVD we are | ooking at two scenes:

a basenment scene with a distant arealight coming in froma door
which is useful to show both indirect illum nation and col or

bl eedi ng.

The foll owi ng i mages shows how the change of accuracy and radius
paraneters for G are affecting the rendering:



accuracy 400 - radius

here we are considering 400 photons in a radius of 20 units
(coherently with the dinension of this basenment) for indirect

illum nation. The scene is extrenely sinple, and shows how t he
illum nation decreases with distance fromthe door by the absorption
of photons due to the diffusive walls. The reddi sh col or under the
sphere represent the color bleeding. I want to rem nd you |’ m using
a | ow nunber of photons in the scene.

accuracy 10 - radius

using |l ower values in this case produces spottiness, but it’'s usefu
to explain a concept; imagine the photons being enmitted by the |ight
behi nd the distant door: nost of themw Il hit the visible walls in
front of the door, few of themare hitting the red sphere on the
ground. Now the white spots represent the diffusion of the first
ones and the red spots the diffusion of the second ones.



accuracy 4000 - radius 40

this is what happens when using higher values: illunmination is
conmputed on a too wi de area and physical approximation gets |ost.

spheres in a top-w ndowed box, useful to show G, col or bl eeding
and the addition of a Final Gathering pass.

In this case we'll see a series of images showing first a direct
illumnation raytracing (with rt shadows) then the sanme scene
rendered with global illumnation and finally an inage with the

final gathering step and gl obal illum nation together.



direct illuminatio

so in this case we are conputing just direct illumnation, you can
see raytraced shadows and a reflection of the chrome ball. We can
obtain this render easily with the Maya renderer and with nmental ray
wi t hout using G or pseudo-G tricks.

Let’s see what happens using global illum nation.

pal illuminatio

global illum nation reveals details inside the box, now we can see
the inner walls and the bluish sphere and a (forced) col or bl eeding
on the ground, bel ow the spheres.



I+finalgathering

adding a final gathering conputation will reveal nore details, due
to its nature it adds a one-bounce-only indirect illumnation, and
now the illum nation on the edges of the box structure, behind the
chronme sphere and at the border of the ceiling wi ndow | ooks nore

correct. Refer to the video for a detail ed explanation on workfl ow.

final gathering

mental ray for Maya supports natively another technique, this tine
useful for one-bounce only indirect illumnation, the technique is
called Final Gathering : it estimates illum nation for a given point
by either sanpling a nunber of directions over the hem sphere over
that point (such a set of sanple is called a final gather point), or
by averagi ng a nunber of nearby final gather points since fina
gather points are too expensive to conpute for every illum nated
point. This is done to conmpute the light energy contribution of the
area surroundi ng every point, and only for 1% generation rays.

Hence, when illum nation is conputed on a diffusive point, a
hem sphere above the point is conputed for indirect illumnation,
then direct illumnation is conputed. Plus, if G is activated then

a contribution fromthe photon map i s considered.
Fi nal gathering can be used in many situations:

- when indirect illum nation changes slowy in highly diffusive
scenes

- to elimnates | owfrequency noise when using G with few photons
- together with global illumnation allows nore accurate physica
coher ency

- to reveal fine details

A quick note to remind that a “fast | ookup” option is present in
render gl obals. Wen activated, it stores the irradi ance value with
every photon, this requires | ess FG points because each photon is



carrying a good estimte of |ocal irradiance. Photon tracing is
sl ower and uses nore nenory but rendering tinmes is much faster. In
this case renenber to use | ess FG points.

We are taking a | ook at 2 scenes in the DVD

a plane rendered with no |ights and no shadows
Here | would first of all remnd to turn off Maya's “default
light” option in Maya render globals, otherwi se at rendertine a

directional light will be created.
After having specified this, let’s take a | ook at the rendered
i mage:

This scene contains no lights and shadows - you're may wonder what’'s
happeni ng.

The scene consists of a plane (a free nodel downl oaded at

www. neshfactory.com, a bluish ground plane to cast the plane shadow
and a white hem sphere over the plane useful to have the nice white
reflection on the plane surface.

Light in this case cones fromthe shader of the white hem sphere which
has an anbi ent conponent near white, it could also be incandescence.
Final gathering estimates illum nation at every pixel by |ooking around
every point being rendered, for exanple the “shadow’ under the plane
depends on the occlusion of the white hem sphere by the plane itself.

Fi nal gathering works with every aspect of raytracing.

Shader attributes becone very inportant to define the |ook of the
rendering, we can control the irradiance estimted by final gathering
via the attributes on a shader basis on every material shader under the
mental ray tab via the “irradiance color” attribute.




the sane plane rendered with a softer
(reducing the shadow ng effect)

irradi ance on the ground pl ane

and as a miniature netallic nodel all obtained changing shader
properties

a Cornell Box with a displaced wal
Final gathering and global illumnation can be used together to
achieve a nmore accurate lighting. (see also the global illumnation
chapter) For exanple, when fine details are in the surroundi ngs and
to reduce flickering in animations. Wen using FG together with G
you can reduce the nunber of G photons and your energy statenents
and use less FG rays than when using only FG
This scene features a Cornell Box with a procedural fractal fine
di spl acenent (see relative chapter) red wall and the whol e scene is
illum nated by a real area light.
The detail introduced with the displaced red wall is useful to
understand when FG has a real utility conbined with 4.



First, we have rendered global illumnation only. W can see the

col or bl eeding on the back wall and in general allover the imge.

Li ghting between the displaced peaks on the | eft becones darker at
the bottom of the peaks



Then we have rendered just final gathering. We can notice a slightly
different illumnation in the displaced area at the left, lighting
seens nore accurate between the displaced peaks. On the other hand
havi ng the typical FG one-bounce-only indirect diffuse |ighting
isn't so precise as the previous multi-bounce G



Finally we have rendered both G and FG together. Lighting now shows
both correct G approxi mati on and good |ighting between the peaks
thanks to the addition of the one bounce only FG pass. To render
this i mmge we' ve foll owed the suggestions previously nentioned:
energy has been reduced to 1/2, the nunber of photons to 1/10
preconpute photon | ookup is set to ON

As a result, we have a nore accurate and detailed illumnation al
over the peaks and depressions of the displaced wall and on the
corner between the walls of the box.

nonzero area |ights

Maya’'s area light sinulates diffuse light as a real area |ight,
whil e for the specular conponent it uses an internal approximtion
whi ch provides a quick sinmulated behaviour of a real area |ight.

mental ray for Maya translates the Maya area lights correctly and in
addition provides real non-zero area lights with sanpling control of
the primary and secondary rays (|l ow sanpling). Real area lights are
avail abl e via Maya point and spot lights on the arealight tab
present in the |ightshape AE. There are 4 primtives supported:
rectangl e, disc, cylinder and sphere, all defined by a 2D

di rectional sanpling (these surfaces can in fact be all defined by 2
vectors).

You can access real non-zero area lights in every |ight AE under the
mental ray tab. After turning ‘on’ the area light, you can choose



whi ch geonetric type, |ow sanpling and visibility. To change the
size of your light, use the scale manipul ator on the OpenGL view.

When using nr area lights, the light radius paranmeter should be 0 to
avoid artifacts.

As you can see in the DVD, the nmain purpose of area |ight sources is
to generate nore realistic lighting, and usually results in

soft shadows (a point on an object nay be illum nated by only a
part of a light source producing then a soft shadow, analog to

t he penunbra produced by an eclipse) the two follow ng inages to
conpare a standard pointlight to a non-zero arealight

pointlight

a point
mrror.

light with raytraced shadows all reflected on a nei ghbor



A visible spherical non-zero arealight producing soft
shadows reflected on a neighbor mrror

mental ray 3.1 supports also ‘user’ and ‘geonetric object’ area
light, as for now these two features are available only via custom
shaders.

raytraced

Broader edge |ighting, neaning that |ight waps nore around the
object for the same reason, as we can easily see fromthe next
coupl e of inmmges.

[ "

The thin white line you can see in the top-right part of the
image is a small area light. Zoomed on the left, the illum nation
on the orange cylinder, note the hard edge shadow.



Here the area |light has been scal ed up (you have feedback in the U)
in order to show the broader edge of the lighting on the cylinder
and the relative soft shadow.

|’ ve been placing a mirror behind the cylinder to show anot her

i nteresting characteristic:
Sanpling over the |light surface can be controlled via the sanpling
attribute, while for 2nd generation rays (eg the reflection of an
area |light on a neighbour mrror or refractions) it can be
controlled via the low level value: the light will sanple with the
| ow sanpling values if their sumis superior to the |ow |level value
As default, reflections/refractions are sanpled at 2 and 2.
Ray depth should be higher than one for a Iight shadow to be
refl ected.

The next couple of inages show what happens on the reflections when

using low or high sanples rate for our area light:



lowsampling 0, 0

L
Here we are using |ow sanples set at 0 and O consequently on the mrror
the shadow results are very inprecise as you can see fromthe zooned
region while on the plane the shadow is sanpled with the rendergl oba
settings

lowsampling 2, 2

Here low sampling is set at 2 and 2 and the shadow on the reflection
results are much nore accurate.



fine displacenment approximtion

Di spl acenent approxi mation in nmental ray for Maya by default is
‘derived from Maya’ using a techni que anal ogous to Maya's feature-based
di spl acenent nmappi ng.

There’s a new subpi xel displacenent technique called “fine”

di spl acenent (coherently with nental ray 3.1 specification).

It’s a tessellation technique which can be used for surface and

di spl acenment approxi mation and is fully integrated with every aspect of
raytracing. The followi ng i mage features fine displacement with rea
non-zero area |lights producing raytraced shadows and refl ections.

As output you'll get a very fine mcrotriangle approxi mati on that works
especially well for very detailed displacement maps, resolving every
little detail instead of introducing tessellation artifacts such as

broken edges at contrast boundaries in the displacenent map. The
al gorithm perforns very well both for abrupt, snoboth and noi sy
di spl acements as you can see in the follow ng series of inmages:



di spl acing a bul ge texture



di splacing a fractal texture

In nrf M you can access the approximtion style via:
W ndow> rendering editors> nental ray> approxi mation editor

Sel ect the object shape you want to apply the approxination style to
and on the Approximtion Editor click on the button ‘create’ and then
‘assign’. A new node called nentarayDi spl aceApprox (or

ment ar aySur f aceApprox) will be connected to your object shape (if you
want all your objects to be rendered with this approxi mation, go to
render gl obal s> your Render Quality> overrides> tessellation).

When you click on the *edit’ button or select the node you Il see the
relative AE with all the attributes: ‘fine’ approximtion style is only
available with the ‘Spatial’ approxi mati on net hod.

You can set the following attributes: Mn and Max Subdi vi sions, Length
(view or non-vi ew dependent) and Sharp

Vi ew. displacenment is now working in in raster space, interpreting the
paranmeters in pixels instead of 3D units. Effectively, closer objects
are tessellated nore finely (take in mind if instanced objects are
present they may be triangulated nultiple tines).

Length: specifies the mnimumtriangl e edge | ength under which
tessellation is no | onger perforned.

M n and Max subdiv: is a recursive subdivision process, it can be
controll ed setting these two boundary | evels.

The foll owi ng i mage shows the difference in rendering with different
| ength paraneters using a fractal texture (over) as displacenent. Using
| ength val ues | ower than zero results in subpixel displacenment.



length 0.25 4 length 20

di splacing a fractal texture added over a bulge texture

A final note on menmory. Fine displacenment critically depends on the
speci fication of a cache size limt. Oherwise, the fine tessellation
results would not flow through the cache but accunulate until nenory
runs out. Physical and virtual menmory can be controll ed under

ment al raygl obal s> nenory and performance> nenory limts

-1 neans default, for physical nmenory stands for 512MB of RAM

There are 2 fields: physical and virtual nenory, physical nenory is

i nportant for fine displacement perfornmances: the default value, -1
stands for 512MB of RAM lowering this value too much could result in a
continual flushing of the cached chunks created by the fine

di spl acenent (you can eventually see this activating verbosity during
rendering). 0 value neans infinite, and you can specify your own val ue
whi ch should be the half of your physical RAMinstall ed.

You can override this value in the U as just explained or with the —

j obmenory option using nental ray standal one.

Virtual nmenory is useful nostly for .map textures. These are nenory
mapped textures equivalent to Maya BOT textures. Values have the sane
meani ng, the default -1 stands for 1GB of disk space

.map textures can be generated via the command line utility inf_disp
(in your ntrfMbin directory), you can actually convert a texture eg
from.tif to .map keeping the sanme extension (in this case tif), hence,
you won’'t need to change the reference path fromyour filetexture node.



HDRI techni ques

mental ray for Maya 1.5 now supports high dynam c range textures as
i nput and output (HDR .hdr, nental ray HDR .cth and various floating
poi nt formats).

You’ ve probably seen many related tutorials published all over the
internet. The website of Paul Debevec www. debevec.org , who | want to
thank for letting ne use his HDR probe textures for this DVD, will
answer all your questions on what are HDR textures, how to produce and
practically use them He has an inpressive collection of rel ated papers
presented at siggraph you definitely have to | ook at.

In any case, few words are worth here: the HDR acronym neans the hi gher
dynam ¢ range of colors resulting in a wi der range of pixel color

val ues stored in a texture. The "dynam c range" of a scene can be
represented as the contrast ratio between its brightest and darkest
parts. HDR i mages can be created taking nultiple pictures of the sane
camera view (scene) at different exposures in the real world or as an
out put of a capabl e renderer

So, if in a usual .iff texture you have the highest value of RGB set to
1,1,1 (normalized white, which would be 255, 255,255 in the 0-255 range

of a 8-bit per channel inmage) in a hdr texture you will have ‘super-
whites', like 8,8,8 or 16,16,16 and in general all other ‘super’ colors.

In practice, these high dynam c range pixels are represented by
floating point nunmbers and unli ke nost regul ar i mages whose pi xe

val ues are nonlinearly encoded, pixel values are proportional to the
amount of light in the world corresponding to that pixel

In the end for rendering software, colors are nunbers and what is
really inmportant is that this whole new range of colors becones a wi der
range of val ues which can be used by algorithns |ike final gathering
and raytracing to conpute illum nation, reflections, refractions etc.

We are going to see:

HDRI for illum nation
HDRI for reflections and refractions
HDR output in nental ray

Before starting a quick note: when selecting an HDR i mage file to use

as a file texture, this inmage will not appear in file swatches or in
the hardware render or when rendering with the Maya Software renderer
it only works when rendering with the nental ray renderer. You'll also

get a warning in the script editor, just don't bother with it.

HDRI for illum nation
One of the npbst common ways to use HDR textures is to |let them define
the environment illum nation of a scene thereby |leaving nental ray’s

final gathering algorithmto conpute the illum nation |evels.



HDR and FG - illumination from:

In this very sinple scene an environnent sphere texture is w apped
around the scene, and the hdr texture is piped in to the file texture
node as col or, then anbient or incandescence is set to non-black

In this way, final gathering picks up the dynam c range of color for
illumnating the scene. The HDR texture is the Uffizi in Florence,
Italy. Notice how the white color of the sky gets nicely and

dynam cally readapted on the reflective color of the chrome sphere
(100% refl ective) and the glass sphere (20% reflective).

See later for HDR reflections and refractions.

HDR and FG - illumination from: [ RS SRy

N
Changing the texture to the St.Peters Cathedral (Rone, Italy) in the
sane sinple scene results in a change in the illumnation. To contro

or change the color of the illum nation you can change the intensity




via the color gain attribute in the texture node and on a shader basis
you can always control the irradiance with the new ‘irradi ance col or’
attribute in the mental ray tab of your material shader’s Attribute
Edi t or.

Anot her way to use your HDR texture for illumnation is for exanple to
map the color of a spotlight with an HDR file texture, what we could
call a light projector. |’'ve prepared a couple of inmges first using a

standard JPG texture and then using HDR to see the difference.

Sinmply a chrone ball, a spotlight with a volunmetric fog node (renenber
to override the volunetric sanple in the cone shape render stats)
connected and a JPG texture napped as |light color. Notice the

bl urriness caused by the JPG cl anped col or range.



Wth HDR, everything becones nore defined. The reflection on the chrone
sphere and the projection of the Iight, thanks to the uncl anped range

of color. As you can see, the volunetric rendering of the Maya foggy
spotlight gets correctly rendered by nental ray’s raymarching algorithm

HDRI for reflections and refractions

When you want to use your HDR texture for reflections/refractions you
need to map your texture to the “reflected color” attribute of your
specul ar - conmponent shader. Usually, with nore objects in the scene you
shoul d use an environnment texture to map on the “reflected color”. Wth
the values unclanped it will allow a nore accurate adaptation on the
reflections of different specular materials in use.



plastic shader specular color chrome shade

reflectivit
Thi s i mage uses Paul Debevec’s Kitchen texture nmapped as
reflected col or on both spheres and on the ground.
See the different adaptation of the reflection first on a plastic
shader (the nental ray billiard ball) and then a chrone shader
which features nore reflectivity and has a 100% white specul ar
color. The higher dynam c range allows the plastic shader to show
the reflection of the tree outside the wi ndow while the
refl ection gets bl own on the chrome shader because of the
characteristics of the shader itself.
Final gathering is also activated to conpute illum nation (no
lights in the scene).

Following is another image with different material s.



Here we are still using the kitchen texture both for final gathering

and reflection/refractions, plus the floor is now a marble DGS materi al .
As you can see, the reflections on the floor becomes softly blurred

with distance, see later on the extra section for the blurred
reflections via DGS material .

HDR out put in nmental ray

First of all: the output of HDR i mages cannot work in the U render
(render view), you need to use instead the batchrender.

As long as you know this, the correct way to proceed is to create a new
franmebuffer option in:

Ment al rayd obal s> format & esol uti on

A click on the map icon will create a new franebuffer, now to output
HDR you need to use:

out put format: HDR
dat atype: RGBE (byte) 4x8 bit

Which is a special nmental ray frame buffer which stores RGB
colors (no al pha) as floating-point val ues conbi ni ng the storage
efficiency of 8-bit RGB with the ability to store values greater than
1.0.

You can al so output pure floating point formats using for example TIFF
and RGBA (float) 4x32 bit but your file will be 4 tinmes bigger in size.

Finally, to see your image (which will be rendered on the nmental ray
directory of your project) use the nmental images utility inf_disp in
the /bin directory of nrfM



Li ght baki ng

Wth version 1.5 of nental ray for Maya, we can now access the “convert
to file texture” function via the “nental ray baking options” avail abl e
in the hypershade w ndow:

Hyper shade: Edit> Convert to file texture (nental ray)
As you can see fromthe option window (and in the online docunmentation)
this inplenentation supports both direct and indirect illum nation
(whi ch can be baked independently), shading and shadows and it’s based
on the “lightmap” rendering function available fromnmental ray 3.0.
Two main ways of |ight baking are avail abl e:

o To texture

o To polygon vertices (per vertex col or)

In general terns, this is a nethod for sanpling an object before
rendering and storing the results for |ater use.

The npst common application sanples illum nation for each point of a
texture i mage wrapped around the object, and stores that illum nation
in the texture. The sanpling can be controlled for texture by the UV
texture space and al so on the vertices of polygon neshes.

[l'lumnation is effectively frozen into the texture, which can later be
mapped onto an object in the conventional way.

The advantage is that rendering can obtain illumnation quickly from
the frozen illum nation, instead of conputing it at rendering tine.
This is especially valuable for indirect illunm nation, which takes nore
time to conpute than direct illumnation.

As previously said we can decide to bake using various options, for
exanple direct or indirect light (G and FG; in the follow ng i mages
we have a Cornell Box scene setup with a floating sphere in the niddle
on whi ch various options of illumnation were baked.



direct illumination ightmap

Here direct illumnation is baked, as a result mfM1.5 wites a
texture (you can follow the process on Maya help line if at |east
“progress nessages” are selected on the export verbosity field), it’s
rather obvious the white part of the texture represents the sphere

surface facing the light. In this scene there is no global illumnation
nor final gathering activated and we are baking “incomng illumnation
only”.

glabal illumination hghtmap

R

Now gl obal illunmibation is activated in render globals and we are
emtting G photons froma point light inside the Cornell Box.
In the baking options “inconing global illumnation only” is chosen. On

the texture witten by the lightmap rendering we can clearly see the



diffused indirect illum nation caused by the photons bouncing first on
a colored wall and then on the white sphere, storing on it the
transported col or.

Finally, if we activate FGinstead of G in the sane scene we can bake
its one-bounce-only indirect illumnation using the sane option
“incoming G only”.

In the DVD you can see how to bake your illum nation to vertices and
have an instant feedback on the Opend viewports and doubl e checking
col or values using the conponent editor on selected group of vertices.

Here | prefer to show the possibility to render the global illunm nation
only (so this is not anynore related to |ight baking but it can be used
to obtain “light passes” to conposite |later on, in order to control

illum nation independently) which is now possible with the final
rel ease of nrfM 1.5.

After you ve set up the scene to obtain A, this is possible performng
two actions, first you need to activate the “render global illumnation
gl obal pass” flag on:

ment al rayd obal s> quality> render globillum gl obal pass

and then activating gl obal render passes in the Maya render gl obals
together with disabling *all* global render passes (setting themto off)

in the |ower table:

Maya render gl obal s> render |ayer/pass control > enabl e gl obal passes



This is the sane Cornell Box setup with a spotlight instead of a
pointlight, it’s rendered in the renderview as a standard rendering in
direct illum nation.

direct+Gl

Here we aren’t doing anything new. Activating G we can better see the
scene environnent because in addition to direct illum nation photons
are reveal i ng surroundi ngs.



I glabal pass

There it is, by enabling render globillumglobal pass in nmental ray

gl obal s and enabling render passes in Maya render globals (swi tching
all passes to off) we get basically the difference between the previous
i mges, neaning: “direct+d” - “direct only’= G only.

Sone consi derations on |ight baking:

- Once alight map is witten to disk, it becones just like
any other texture and so it can be eventually nodified with
any texture editing software. So, manipulating the texture
maps can be useful to obtain/correct lighting effects in a
free and fast way.

- Lightmap textures can be nmapped to any shader “irradiance”
attribute in order not to reconputed indirect lighting in
successi ve renderings. In this case the “irradi ance color”
sets the “strength” of the irradi ance cached nmap

- The baking process is perforned at the quality settings in
mental ray gl obals.

- notion blur effects may not appear, blur your texture naps
with a filtering option in a conpositing software instead/

- volunes are not consi dered.
- the al pha channel is always rendered in file textures.

- Baking object “A" and then baking object “B" is different
t han baki ng them t oget her
baki ng(A) + baki ng(B) != baking (A+B)
It’s nore noticeable when using indirect illumnation. This
i s because once an object gets baked it's assigned to a
surface shader and no | onger reflects light in the scene.



noti on bl ur

In mental ray for Maya the notion blur algorithmworks with scanline,
raytracing and indirect illum nation effects. It basically nmotion blurs
everything: shaders, highlights, textures, |ights, shadows, caneras,
caustics, transparency, intersecting objects, reflections and
refractions. OF course notion blur introduces rendering overhead, but
only where blur nust be conputed. If the canera noves this could be the
entire image but if only a snall object noves the overhead is snull

Moti onbl ur can be activated in nental rayd obals using the
“previ ewbt i onbl ur” preset or manually in your user-created render
quality setting. Options can be defined under the notion blur tab

All the previously nentioned features are shown in the follow ng serie
of inmages based on a setup scene with a sphere bouncing on a pl ane
(with an inmpulse coming fromleft to the right). There is also a back
mrror to show the capability of notion blur to work on secondary rays.
The left image is not notion blurred, the right one yes. Features are
reported on i mage basis.




texture motionblu

camera motionblu




austics, shadows, re
ow time contrast)

This imge features G, caustics, reflections, refractions and shadows
and it’s rendered with low tinme contrast settings in render globals to
obtain high quality notion blur.

As specified in the mental ray online reference manual, there are two
alternative notion blur algorithms.

The regular notion blur algorithmis based on adaptive tenporal over
sanpling. It’s enabled if the shutter period is nonzero for exanple
when the shutter tinme is greater than the shutter

delay tinme.

The fast notion blur node is based on coordi nated spatia



and tenporal over sanpling, which requires far fewer sanples (typically
by a factor of five) for notion blurred pixels. Fast notion blur node
is enabled if the shutter period is nonzero, and if the time contrast
is set to 0 and if the min and max sanpling values are set to the sane
val ue.

Also in nental ray you can switch between “lnstance” nmotion blur and
“Exact” notion. Instance notion blur uses a transformation matrix to
define the correct directional blur. Exact notion blur uses a per
vertex notion vectors to create internal notion caused by shape changes
i ke the norphing of an object. MfMs based on the 3.1 inplementation
of the nental ray standalone. It therefore supports notion paths with
up to 15 notion vectors per vertex!

To switch between these nodes and to be able to set the nunber of
notion vectors (the attribute is called “notion steps”) goto:

ment al rayd obal s> your-quality-setting> notion blur> calculation

Also nmental ray 3.1 allows for delaying the shutter tine opening. This
is useful for bidirectional notion blurring in output shaders.
Paranmeters are available in mfMin the sane tab via the “shutter

del ay” attribute.

The use of nultiple notion steps is useful when we have shape

def ormations, norphings etc. It can be very useful in all cases where
you need to notion blur a propeller, an helix, an old engine of a plane
rotating, and in general any rotating object. |’'ve prepared an exanple
setup scene to show this in detail

This scene features an ani mated “organic propeller”.
The supporting geonetry is a single object obtained with a snooth proxy
operation. The helix is nmade of three elenents at 120 degrees. Also, to
meke this nicer an HDR environment sphere texture is mapped to the
“reflected color” of the propeller. This image is rendered with 1



notion vector per pixel. The blur is not correct; (see alpha for nore
contrast) the rotation should produce a rounded blur an not a |inear
bl ur.

See what happens when using multiple notion vectors (7, in this case)
the blur is now correct. See a different view in the next inmage.

multi-segment motionblur




At this point | would Ilike to sunmarize our findings: notion blurring
can be solved in many ways. | would like to represent the main concepts
starting fromthe one we have seen until now

noti on blur via nmental raygl obal s> yourqualitysetting> notion blur

Sanpling works in the sanme way as the renderer sanpling quality but
in this case sanpling is perfornmed over tine.

Hence you have “RGBA tinme contrast” to control supersanpling, and
“motion blur by”, “shutter”, “shutter delay” to control the anount
of blur and the eventual delay intine (if set to 0.5 it shifts the
evaluation tinme to the center of the frame).

In addition to the regular notion blur, we’ve nentioned a “fast
node” enabled if the shutter period is nonzero, and if the tine
contrast is set to 0 and if the mn and max sanpling val ues are set
to the sane val ue.

Then we can choose between |inear (shape translation/rotation)

and exact (shape deformatiom notion blur choosing to use up to 15
notion steps for nulti segment notion bl ur

Keep in mind, if shutter is equal to 1 then notion blur length is
equal to notion vectors |ength.

Al so, in:

ment al raygl obal > performance

there’s an option called export shape defornmation which is needed
for correct notion blur of deforming objects (exact notion blur). If
not using nmotion blur and not rendering an aninmation with

i ncremental changes, switching off this option can speed up the
process.

In order not to waste conputational time remenber that |owering the
time contrast val ues produces finer quality at the expense of
rendertime. Increasing the global rendering sanpling quality also
produces better results and in this case you can keep higher tine
contrast val ues.

You can keep the alpha (A) tinme contrast lowif you don’'t need al pha
i nformati on.

You could obtain 2d notion blur via an output custom shader which
uses exported notion vector information. It is not available in the
nrfM U, but it’s achievable via shader wwiting. | recomrend the
“programm ng with nental ray” book from Thomas Dryemeyer if you're
interested in nmental ray shading witing.

nmotion blur in post is also another solution considered in
production environments (and non), using 3™ part tools which are
avai l abl e for high end conpositing packages



EXTRA FEATURES

howt o activate nental ray custom shadersnodes

In mfM 1.5 there is new support for nental ray custom shaders, which
are used in all the extra features scenes bel ow. These shaders are
assenbl ed i nto shadi ng networks using Maya's Hypershade and assigned to
Maya obj ects. Everything gets rendered in the U renderview.

In order to ensenbl e these shaders in your shadi ng networks you need to
set up an environnment vari abl e:

MAYA_MRFM_SHOW_CUSTOM_SHADERS = 1

Then after (re)starting Maya you will see a collection of new nodes in
the hypershade’s create render node panel (or when clicking with the
RVMB on the wi ndow). All these nodes correspond to shaders which are
expl ained in the online docunentation

“mental ray Shader |ibraries reference”

I won’t explain what every shader does while I’Il show how to use them
usual |y many of these nodes can be created and dragged and dropped to
the correct “ports” available in the shading group node of every Mya
mat eri al shadi ng group (SG) .

But let’s see sone of what we can get with these nodes in the follow ng

exanpl es.
You'll find all the files used in this doc in their relative directory
in the DVD.

Blurred reflection (Dgs_material)

Dgs_material can be useful to get the “blurred reflection” effect, a
reflection that vani shed/blurs with distance.

The node is available in Hypershade on

create> nental ray material > dgs_materia

let’s see an exanpl e:
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blurred reflections:

material shader: dgs_material
Here we have a ground plane a fine displaced cone and a mirror.
Notice how the reflection of the fine displaced cone gets blurred on
the plane and reflected correctly in the mrror.

To get the blurred reflection effect you need to assign first a classic
Maya shader to the ground plane, a |anbert shader for exanple. After
this you need to select the SG node of the | anbert shader and browse
the nental ray tab. Init’s attribute editor (everything is shown on
the DVD), you' |l find a “material shader” attribute where you have to
map via drag’ n’ drop (or connection editor) your dgs_materi al

You can check the paraneters |’'ve set on the file in the docunentation
Bel ow i s anot her sinple example.



This is the sane file used to show the HDRI for ilfunination features.
Here the ground floor shader is a dgs_material, you can see again how
nicely the reflection vanishes away wi th distance.

Cont our rendering (contour_store_function_sinple;
contour_contrast_function_sinple; contour_conposite;
cont our _shader _si npl e)

Cont our rendering has an entire chapter on the nental ray custom shader
reference online nanual and there are nmany shaders which can be created
to obtain a whole set of contour effects; you can access these nodes
vi a hypershade:

create> nental ray mscellaneous> contour_...

In the foll owi ng exanple (the nodel geonmetry “doodle” is kindly from
Bruno Pollet, ww.brl.org) there are few steps to follow to get the
contour rendering effect:

First we need to create a contrast and a store function which basically
defines where and how to sanple the contour (read the online docs on
how cont our shaders work) which we can find in hypershade:

create> nental ray mscellaneous> contour_contrast_function_sinple
create> nental ray m scell aneous> contour_store_function_sinple

these nodes don’'t have any paraneter (but you can use the non-sinple
functions to get additional flexibility) and they nust be assigned in
the relative fields via drag’' n’drop or connection editor on

ment al rayd obal s> your _render_qual ity> contours

once this is done you need to create another node:



create> nmental ray mscellaneous> contour_conposite

this node nust be assigned to the “output_shader” attribute in the
shape node of the canera you' re using to render under nental ray tab in
the canerashape attribute editor with the sane system (drag n' drop —
connection editor). This node takes care of the conpositing of the
contour over the geonetry.

Finally we need to create and assign a material shader
create> mental ray mscell aneous> contour_shader_sinple
and assign it to the “contour shader” port on the shading group (SG of

a previously assigned shader to our geonetry (in this case the pinky-
orange blinn). Now we are ready to render

model courtesy: www.bri.org

contour rendering:
store function: simple
contrast function: simple
output: composite
shader: contour shader widthfromlight
In this case |'"musing a shader called “width fromlight”: as you can
see the contour works with aspects of raytracing, the ground floor is
in fact a reflective background shader w th shadownaski ng.

faked gl ow (using contour_conposte)
As you probably knowin nmfM 1.5 Maya posteffects are not rendered with



mental ray, being shaderglow a post effect it’s actually not possible
to render it’s glowin the scene. A rather sinple workaround could be
easily set up with contour shaders by using the contour_conposite
shader.

The setup is identical to the one in the previous scene. The only
difference is that we are using nore contour width (an attribute in the
contour _shader_sinple) and the “glow flag ON in the contour_conposite
shader. See inmmges bel ow.

lambert contour

In this couple of imges we have assigned to the tree first a couple of
standard | anmbert shaders (on the left) then a coupl e of

contour _shader_sinple with a width of 4 (on the right), the glow flag
in the contour_conposite shader assigned to the canmerashape node is not
yet activated

faked glow

et voila', glowflag is on and now you can start rendering Broadway by

ni ght .



Vol unetric fog effects (transmat, parti _vol une)

The transmat nmaterial together with a parti_volune volunetric materia
can be used together to define a volune on which participating nmedia
are interacting with light.

In order to crete these shaders goto:

create> mental ray material > transmat
create> nmental ray volunetric material> parti_vol une

let’s see an exanple on how to use them pointing out that you must
setup a nomi nal connection between your |ight and the parti_vol une
shader.

non-uniform voelume fog:
material shader: transmat
volume shader: parti volume

In this scene we have a visible spherical real non-zero area |ight
i nside a polygon cube. To obtain the “sleepy holl ow noonlight effect”
first assign to the cube a Maya shader (like a |anbert) then you need
to assign the transmat material (which has no options) to the “materia
shader” port in the | anbertSG shadi ng group. The transmat is a totally
transparent shader that hel ps define the volunme where the participating
media is defined (please refer to online docs and the excell ent book
“Rendering with mental ray” by Thomas Dryeneyer). Then the parti _vol unme
shader must be assigned in the sane manner to the “volume shader” port-
al ways on the SG node. Here, sone paraneters nust be changed to get a
correct scattering in the volune and al so you have to connect via the




connection editor the |ightShape node to the parti_volune |ight array
attribute, it’s a nom nal connection. It allows the parti_volunme to
know which light is interacting with the participating nedia.
Connecting the caching attribute for exanple is enough, sonething |ike:

poi nt Li ght Shapel. caching --> parti_volunmel.|ights[O0]

An attribute on the parti_volune node you nay want to change is “non
uni forn’, which defines if scattering happens unifornely or not, as in
nmy exanpl e scene. Follow ng sone images that explain this:

nonuni form= 0

nonuni form= 0.5



Vol umetric caustics (lots of shaders.))

Vol unmetric caustic effects can be obtained in nmental ray for Maya 1.5
and rendered within the U renderer. There is an extrenely good

expl anation on the book “rendering with mental ray” by Thomas Dryeneyer
you should read to understand well how photons work in volunes. Here
will just explain in a sinple way what you need to do, please refer to
the foll owi ng i rage and the scene file on the DVD

First, let’s see howto create the shaders we need in hypershade:

create> nmental ray material > transmat

create> nmental ray photonic material > transmat_photon

create> nmental ray photonic material> dielectric_material _photon
create> nental ray volunetric material > parti_vol une

create> nmental ray mscellaneous> parti_vol ume_photon

create> mental ray |ight> physical _|ight

Both transmat mmterials have no paraneters.

Ok, so now let’'s define the geonetry in the follow ng i nage and the
associ at ed shader assignnents, always performed always in the same way
in the SG node. In the scene we have:

an invisible poly cube with the sane di mensi ons of the Cornel
box to which we have connect ed:

“transmat” to “material shader”

"parti_volunme” to “vol ume shader”

"transmat photon” to “photon shader”
"parti _vol unme_photon” to “photon vol une shader”

a Cornell Box without 3 walls (top, front and behind), this just
to see better the volunmetric caustic effect (which detached
better on a black background). To this object | have assigned
standard Maya shaders.

A refractive glass sphere floating in the Cornell Box to which is
assigned a glassy Maya blinn shader and:

“Dielectric_material _photon” to “photon shader”

a visible real non-zero arealight comng froma Maya pointlight.
To this light is then assigned a nental ray light, just goto the
i ght Shape attribute editor under nental ray> export options and
connect :

“physical _light” to “light shader”

After setting the parameters for raymarching, shading and lighting in
all nodes correctly and setting up caustics as usual (check the scene
for all paraneters) you can finally hit render and see the progress in
t he renderview.



volumetric caustics:
dielectric_material_photon
transmat

parti_volume
transmat_photon
parti_volume_photon

As you can see photons are now interacting with participating nmedia in
the volune defined by the transparent box. A bunch of paraneters are

available to control such effects and are explained in the nental ray
online reference manual .

anti al i asi ng gui de
The raytraci ng approach to solving aliasing issues is point sanpling.

There are various ways to resolve “the” problem of synthetic inmagery
al i asi ng i ssues.

mental ray has its own advanced antialiasing algorithm featuring
special algorithns |like edge follow ng, sanple lock and jittering etc.
Keep in mind that in sone cases you' |l have to solve jagged edges and
flickering in animation, while in sonme other cases you will won't want
to have accurate antialiasing for fast preview reasons.

mental ray controls sanpling via the various attributes on

render gl obal > quality setting> sanpling quality:

Contrast RGBA (after sanpling with the m n value, on a channe
basis) if the contrast between nei ghboring pixels is higher than
what is specified by the contrast statenent, over sanpling is
performed until the contrast will be equal or |ower. Sanpling
will stop when the max sanples value is reached.



M n/ Max sanpl es, the nmi ni rum and maxi mum nunber of sanples to
take (with lock and jittering options),
Final spatial multipixel filtering

Lock: introduces artificial flickering to avoid static noise pattern
(eg: during a slow canera pan)

Jitter: displacenent of sanples to avoid systematic aliasing (eg: noiré
patterns)

Dithering: introduces a very snmall noise to avoid mach bandi ng (eg:

soft snooth faded ranp on the background)

Refer to the nental ray reference for accurate descriptions of these
attributes.

These attributes are used to control aliasing in BOTH ways, | nean, you
don’t really need to have accurate anti-aliasing in all your renders,
expecially in a preview phase: hence you can use these values to

i ncrease exponentially the speed of your renders!

In Maya the m ni mum nunber of sanple per pixel is 1, nmental ray
supports a technique called “infrasanpling”, basically you sanple

“bet ween” pixels or at the corner of them

Infrasanpling is activated using a negative value in the “mn sanples”
field.

| MPORTANT: infrasanmpling is very useful because in nmany cases it
doesn’t matter if the initial sanpling |oses a |ong thin object because
a technique called “edge following” will fix this as long as a sanple
is taken el sewhere.

Sanmpling values are specified in powers of 2 and they are bidirectional
2" 2*sanpl es

sanples = 1 = 272*1 -> 4 sanples x pixe
sanples = 0 = 272*0 -> 1 sanple x pixe
samples = -1 = 272*-1 -> 1 sanple x 4 pixels

To understand better see the followi ng i mage, rendered with the
“di agnose sanpl es” diagnostic node set to on
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So after the preview phase you probably want to render at serious
quality. If the standard production quality provided in nental ray for
Maya i s not enough for your specific needs, there are 2 approaches to
sol ve these probl ens:

1. oversanpling, assunming you re starting from production quality,
in order you can follow these steps to increase anti-aliasing:

a) reducing the contrast RGBA val ues but not under a val ue of
0. 05, then RGBA values don’t need to be all the same, take in
m nd human eye perception is nore sensitive to Green than Red
and finally Blue.

b) use a high order nultipixel filtering, even if gauss 3 3 is
nor e than enough.

c) increasing the mn max values is the last thing to do (for the
exponential generation of rays) renmenber that generally
between the min and max values there shouldn't be a
di fference greater than 2 units; values 1 2 or eventually 1 3
shoul d be enough for production quality.

2. Rendering at double size

usi ng medi um sanpling quality (eg contrast 0.2 0.2 0.2 0.2, mnmx 2 2,
Gaussian filter 2 2,). Double the size and resize of half in a
conmpositing software whi ch supports an advanced high order filtering
algorithm (eg Mtchell). Keep in mnd two other things:

a) You can control area light |owsanpling (see area
light chapter).
b) You can control cartoon rendering secondary sanpling

if you' re using for exanple the
contour_contrast_function_levels with the min and max
| evel s.



Goodbye, special thanks and further reading

Thi s documentation is finished, | hope you ve enjoyed the material and
thanks for arriving at this point. If you wish to contact me pl ease do
it via email:

mai |l to: pberto@upiter-jazz.com

or check ny website for any further information about nyself:
http://ww. jupiter-jazz.com

I have to thank some people for their supporting material and support:

Jos Stam @Al i as| Wavefront, for his periodic caustic textures

Ryan Meredith Jones @A\l ias|Wavefront, for zillions of question answered
with patience

Thomas Schaedlic @Mental |Images, for extensive and detail ed support

Thomas Drienmeyer @Mental |mages, for his excellent book “rendering
with nmental ray”

Bruno Pollet @ww. brl.org for the nodel “doodle” and the animation on
the DVD “cl ot hdog and the nysterious ball”

Paul Debevec @ www. debevec.org for its HDR textures

and finally sone bibliography and further reading:

Thomas. Drieneyer - Rendering with nental ray

Thomas Drieneyer - Programring with nental ray

mental ray 3.1 reference manual

mental ray for Maya 1.5 docunentation

Kel vin Sung, Janes Craighead, Changyaw WAng, Sanjay Bakshi,

Andr ew Pearce, and Andrew Who - Design and inplenmentation of the
Maya renderer

Andrew Wo — Aliasing artifacts in Maya: a technical overview

Andrew Pearce, Kelvin Sung - Maya Software Rendering: a technical
overvi ew

Maya rendering courseware
Maya rendering online docunentation



