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Dear Reader,

Thank you for choosing Maya at a Glance. This book is part of a new wave of Sybex graphics
books, all written by outstanding authors—artists and teachers who really know their stuff
and have a clear vision of the audience they're writing for. It's also part of our growing
library of truly unique 3D graphics books.

Founded in 1976, Sybex is the oldest independent computer book publisher. More than
twenty-five years later, we're committed to producing a full line of consistently exceptional
graphics books. With each title, we're working hard to set a new standard for the industry.
From the paper we print on, to the writers and photographers we work with, our goal is to
bring you the best graphics books possible.

I hope you see all that is reflected in these pages. I'd be very interested to hear your
comments and get your feedback on how we're doing. To let us know what you think about
this, or any other Sybex book, please visit us at www.sybex.com. Once there, go to the prod-
uct page, click on Submit a Review, and fill out the questionnaire. Your input is greatly
appreciated.

Please also visit www.sybex.com to learn more about the rest of our graphics line.

Best regards,

D &

Dan Brodnitz
Publisher
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About Sybex

Based in the Bay Area since 1976, Sybex is the oldest independent computer book pub-
lisher. We were founded at the very start of the personal computer revolution and we've
been an innovator in the field for more than twenty-five years.

While lecturing in the mid-1970s, Sybex’s founder, Dr. Rodnay Zaks, realized there was-
n't much documentation available to help people grapple with the rapidly changing tech-
nology of the day. Starting with books based on his own classes, he launched Sybex simul-
taneously in his adopted home of Berkeley, California, and in his original home of Paris,
France.
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Introduction

Many years ago, I was a frustrated software engineer working in Silicon Valley. I was in a
very technical field, which I enjoyed, but I also had a strong desire to exercise my artistic
side. Writing code for UNIX workstations just didn't satisfy that. I loved cartoons, so I
decided to take the plunge and learn animation by taking some night courses at a local col-
lege. Even back then, when I was learning to draw animation a frame at a time, I found it
to be a great balance of right- and left-brain activities. You could get a good creative right-
brain rush by drawing lots and lots of pictures, but there were also the technical left brain
tasks of making those images move and bringing them to the screen.

As computers started to work their way into the animation world, I found that this cre-
ative/technical split became even more pronounced. People were either programmers or
artists, but there were very few who knew both. Soon packages like Maya came along that
helped bridge that gap. Maya is the perfect package for confused right/left-brain types
such as myself. Maya can be as technical as you would ever want, yet it still allows an
artist to easily create stunningly beautiful images.

For the artist, learning something as technical as Maya can seem daunting, and for tech-
nical people, creating a beautiful image can be challenging. Hopefully, this book will
bridge more of the gap by providing much of its information visually. Since Maya is geared
towards the visual arts, we thought that a highly visual book would appeal to those who
use the Maya by explaining this somewhat technical topic in a visual language that is easy
to understand.

This book is certainly not an encyclopedia of Maya, but as its cover says, it shows you all
of the major features of Maya “at a glance.” Although the book is compact, we've tried to
pack a lot of good information on Maya into a small space. You should be able to flip open
the book and see most of the pertinent information on a topic within a single set of pages.
For those just learning Maya, I have also added tutorials at the end of each chapter to give
you hands-on coverage of some of the more important tasks covered in the book. By read-
ing through each chapter and working through the tutorials, Maya at a Glance can also be
used as in introductory course for those learning Maya.

Ideally, this book will appeal to those just getting started in Maya as well as those with
experience who need a handy reference. Whatever category you fall into, I hope you enjoy
Maya at a Glance.




Xvi ]

Introduction

What's Inside

Here is a brief synopsis of what we will cover:

Chapter 1, Introduction to Maya: This chapter gives you the basic roadmap so you
know where things are in Maya. You'll understand the basic interface, file manage-
ment, and how to navigate within the package.

Chapter 2, NURBS Modeling: NURBS are a great way to model organic shapes, and
this chapter explains all of the basic tools you need to understand this modeling
technique.

Chapter 3, Polygonal Modeling: Polygonal modeling is used extensively in game ani-
mation and, combined with subdivision surfaces, is used in television and feature
films. This chapter presents all the tools you need to create polygonal models and
subdivide them onto smooth, organic shapes.

Chapter 4, Creating Textures: Maya's texture tools give you the freedom to color and
shade your surfaces in any way desired. The chapter covers the creation of shaders
and textures, as well as how to map those textures on a model.

Chapter 5, Lighting: This chapter covers the many methods for adding and manipu-
lating light within the scene.

Chapter 6, Rendering: Rendering in Maya can be done using Maya’s own tools or the
Mental Ray renderer. This chapter explains all of the rendering features and effects
for both renderers, including mental ray’s global illumination and caustics tools.

Chapter 7, Paint Effects: Paint Effects is a 2D and 3D paint tool that can create any-
thing from a simple brush stroke to complete 3D environments. This chapter gives
you a nice overview of this very flexible and fun tool.

Chapter 8, Deformations and Rigging: Maya offers several tools for deforming
meshes as well as rigging characters for animation. This chapter shows how to rig a
character as well as explaining topics such as skeletons, deformers, and skinning.

Chapter 9, Animation: Animation is where you bring a scene to life. The chapter
covers Maya's animation tools, including the Graph Editor and dope sheet interfaces
as well as the Trax nonlinear editor.

Chapter 10, Special Effects: Special effects artists use Maya’s dynamics tools to

accurately simulate reality. This chapter gives a good overview of particle systems
and the forces that affect them as well as hard and soft body dynamics.
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What's on the CD

The companion CD contains all the images and source files used in the step-by-step tutori-
als throughout the book. Use these to follow along with the instructions as you learn to try
out the methods in each chapter.

If you don't already have a copy of Maya, you can install the Maya Personal Learning
Edition software from the CD. Maya PLE is a special version of Maya that gives you free
access to Maya Complete for noncommercial use (which means it displays a watermark on
images and produces a special noncommercial file format). For hardware requirements and
compatibility information, see the Alias website:

http://www.alias.com/eng/products-services/maya/maya_ple/
system_requirements.shtml

The Three-button Mouse

In order to work properly, Maya requires a three button mouse. To reference these different
mouse buttons in the book, we'll use the following conventions:

LMB—Left mouse button
MMB—Middle mouse button
RMB—Right mouse button

How to Contact
the Author

I'd love to hear your feedback to this book. You can reach me through my company’s web-
site, www. rubberbug. com.

NOTE Sybex strives to keep you supplied with the latest tools and information you need
for your work. Please check www. sybex. com for additional content and updates that supplement
this book and CD.






Introduction to Maya

aya is a powerful 3D modeling, animation, effects, and rendering
solution that has been used in everything from product design to
feature films. In capable hands, it can produce any sort of image ima-
ginable, from an impressionistic painting to highly realistic anima-
tion and special effects.

Because of its power, Maya has a wealth of features and can seem complex at first
glance. But this shouldn't overwhelm those new to the package. Getting to know a major
piece of software such as Maya is much like getting to know a large city. First you need
to look at a large map of the city to get a general overview, and then you explore it a
neighborhood at a time. Essentially, that’s how this book works. This first chapter intro-
duces you to a general map of Maya and helps you get used to navigating the software.
Subsequent chapters explore sets of features such as modeling, rendering, and anima-

tion in greater depth. When you take it a step at a time, Maya is easy to learn and use. (1




2 )

1 - Introduction to Maya

The Maya Interface

Knowledge of the Maya interface is the foundation of everything you will do in Maya, from creating models to tex-
turing, animating, and final rendering. Maya offers a lot of flexibility, and you can customize it in myriad ways.

QWERTY tools Used to
manipulate objects and
named after their keyboard
shortcuts: (Q) Select; (W)
Move; (E) Rotate; (R) Scale;
(T) Show Manipulators; and
(Y) Repeat Last Tool. ----.

Viewports Primarily used to l

see your 3D scenes through
camera or orthographic views.
Viewports can also contain

data about the scene, such as <

with the Hypergraph or the
Multilister.

Layouts Instantly changes
the configuration of the
viewports to a number of
preset layouts.

Time Slider Lets you fﬁove
left and right to scrub
through the scene.

The Status

Main menu bar Contains
standard menus (File, Edit,
Modify, Create, Display,
Window) followed by menu
items that are displayed or
hidden depending on the
e selected menu set.

Menu sets Lets you switch
between sets of menus for
the tasks of animation,
modeling, dynamics,
rendering, fur, live, and
cloth.

=y
v o] B ] o

Range Slider Limits the “--Help line A short description
range of the Time Slider. This  of the tools and how to use
is handy for long scenes, them.

when you want to focus on a

smaller segment of time.

Line

Status line Contains icons
used for a number of
important tasks, such as file
operations, object and
component selection,
snapping, and rendering.
Each logical group of icons is

- separated by a vertical bar.

. Shelf A place to set your

own custom tools and scripts
to speed up work flow.

: Channel box Contains data

about the selected objects,
such as position, rotation,
and scale.

--- Playback controls Let you

play, stop, rewind, and step
through your animation.

" Command line A place to

type text-based commands to
Maya, such as a MEL script.
Custom MEL scripts can help
automate any number of
tasks.

The Status line contains a lot of important icons that assist you with tasks such as manag-
ing files, selecting masks, snapping, and rendering options.

Menu sets Lets you switch
between sets of menus for
the tasks of animation,
modeling, dynamics,
rendering, fur, live, and

Selection masks
Let you decide
which components
are selected when
you're in compo-

Scene File Contains icons
that let you open, save, and
create new scenes.

Snapping
functions Snap
the cursor or
objects to specific
parts of the scene.

Input/output
connections
Manage the way
objects are
connected as well

cloth e nent mode. as construction
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e history.
Arinaten -|[g4-.+-|_n +mnn|:l+:. 2leH#[¥[@[7 nr&+u?° &,o+-aﬁa|5§:5}..1-1— Eaggg

Presets A list of preset ~
component types for use
with selection masks.

Select1on modes Let you
select by hierarchies,
objects, and components.

Name select1on
Lets you select
objects by name
or part of a name.

Render controls
Contain icons
used to render the
scene and control
rendering

options.

Channel box Three
buttons that let you
show and hide the
Attribute Editor,
tool settings, and
Channel box.
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The QWERTY Tools Layouts

These tools are used for selecting and translating and  The Layouts Tool Box quickly changes the arrange-

are accessed primarily through the shortcut keys Q, ment and layout of the viewports. The viewport
W,E R T andY. arrangement you choose depends on the task at hand.
If you are texturing and lighting a scene, you'll want
.- Select (Q) Selects an object or, by clicking and the Hypershade available. An animator will need easy
dragging, multiple objects. access to the Graph Editor. Clicking any of the preset
 Lasso Selects object(s) by drawing a lasso. buttons instantly changes the views as follows:

.~ Move (W) Moves the selected object(s). = Single perspective

. Rotate (E) Rotates the selected object(s). .

! - Four perspectives
.~ Scale (R) Scales the selected object(s).

- Perspective and Outliner

.~ Soft Modify Allows modification of the object with :
falloff.

- Perspective and Graph Editor

-~ Show Manipulator (T) Shows the manipulator,

allowing you to adjust construction history. - Hypershade and Perspective

~ Last (Y) Selects the last tool used. - Perspective, Graph Editor, and Hypergraph

- Mode select: Each button reveals a rollout allowing
~| > you to change the mode of the corresponding
|- view.

Floating Menus

In Maya, you can tear off and “float” drop-down menus when you need repeated
access to the menu. Simply left-click the double bar at the top of the drop-down.

Modify Modify E3]
i Transformation Tools » " Transformation Tools 4
Reset Transformations o Left-click here to float the Reset Transformations o
;m;'::ht:‘:m R o window. Freeze Transformations o
. Snap Align Objects 3
Evaluate Nodes »
Evaluate Nodes »
Make Live
Center Pivot Make Live
Prefix Hierarchy Names... X
Search and Replace Mames... Center Piol
Prefix Hierarchy Names...
Add Attribute. .. e
Edit Attribute. .. Search and Replace Names. ..
Doleto Atirbuts... Add Attribute. ..
Convert * Edit Attribute. ..
Paint Scripts Tool o Delete Attribute. .,
Paint Attributes Tool o
Convert ]
Paint Scripts Tool o
Paint Attributes Tool o
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The Hotbox

Another way to easily access menus is by using the hotbox, which appears when you press
the spacebar. The hotbox places all the menu commands at your cursor. You can customize
the hotbox to include all the available tools or only those currently needed.

Recent Commands A list of Common menus The Panel menus Menus Hotbox controls Lets you
the last tools used; handy standard menus from the associated with the active show and hide menus and
when performing the same menu bar. . panel. . menu sets as well as control
operations on different : hotbox display options, such
obejcts. as transparency.

Iﬁo Edt  Modly Cieate Display  Window Hdn|(."

|\'iun Shading  Lighting  Show Pm}

IA_uu Deform  Skeleton  Skin  Constrain Clwaﬂur|

|Ed‘ll:um Sulaces Edit NURBS Polygons  Edit Polygons smsmm.|

| Patticles _ Fluid Effects  Hai  Fields  Soft/Rigid Bodies  Effects Soluul

"’|Lmbarsm Tesiuing  Fonder  Paint Effects Fuf|

Cloth  Constraints  Simulation

l‘. I Soene Track Solve LiveConstraints LivePanels |

View select Clicking in the = Menu sets Menus that are

center box lets you change contained within the menu

the view in the current sets and can be turned

viewport. on/off using the hotbox
controls.

Marking Menus

Marking menus let you quickly access functions wherever the
cursor is located. Once you memorize a marking menu, you can

quickly select options with a simple keystroke and mouse ges- — ] = |
ture. Maya has a number of preset marking menus. You can cus- . .

. . . . You can configure and customize hot keys and
tomize the interface to your own needs using the Hotkey Edi- marking menus using the Hotkey Editor (choose
tor, which lets you assign a marking menu to a particular key. Window — Settings/Preferences —> Hotkey).

Here are a few standard marking menus:

O ol | _ Modsing | B local |
O Object | O Nomal | TR | o] O Gimbal |
B wold I«Q% Move Options_| _Rm_l'iéfg__l _m@i-w
Along Rotation Axis B Keep Spatng | | o Relative Mode | O Companent Usa Object Pivat_ |
O _Snap Move Ml ] Rotate
[ Relative Mode
[ Update Triad

Holding down the W key while pressing  Pressing the H key selects Pressing the E key displays the options for rotat-
the left mouse button opens a marking  the menu set. ing objects.

menu that gives you options for mov-

ing objects.



The Channel Box

Clicking this button [#], which is on the far right of the Status line, displays the Channel
box. The Channel box sits along the right side of the interface and lets you quickly edit an
object’s main attributes. Translate, Rotate, and Scale are the most common attributes, but
the Channel box provides control over many parameters of an object. It can also act as an
animation interface, in which you can key parameters simply by right-clicking. You can
also lock attributes so they can't be changed. This is helpful when the object needs to

remain stationary, for example.

Mode Switches between Channel box, ..
Layer Editor, or both.

Channels Drop-down menu that lets you
key attributes, copy and paste
attributes, and lock or unlock attrbutes.
This menu is also available by right-
clicking over the Channel box.

Object If multiple objects are selected,

lets you show the individual channels of .-~

any one object.

Attributes Attributes for the object,
such as Translate, Rotate, and Scale,
along with others. You can change these
by typing new values or by highlighting
the attribute(s) and then dragging the
mouse while holding down the middle
mouse button.

The Maya Interface
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Channels, . Object

pSpherel
" TranslateX 0
Translatey' 0
Translate 2 0
Rotatex 0
.~ Rotate 0
Rotate Z 0

Scalex NN

ScaleZ [N
Visibility on

SHAPES
pSphereShapel

INPUTS ---------..__ .
ffd1 -
tweak1

Envelope 1

Local Influence § 2

Local Influence T 2

Local Influence U 2

Scaley TN |

Layers Options

| Display -]

Locked attributes To lock or unlock an attribute,
highlight the attribute, and then right-click to
display the Channels menu, which has the lock and
unlock selection command.

Inputs Modifiers that change the object.

IR Input attributes Modifiable attributes related to

the selected input.

--- Layer Manager Controls layering.

<« | >>
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The Attribute Editor

The Attribute Editor is an important window in Maya and takes the concept of the Channel
box a step further. Every object in Maya is defined by a collection of attributes, such as its
position, color, shading, shape, and so on. The Attribute Editor is the interface where you
can control and modify these attributes in detail.
The Attribute Editor has a series of tabs representing the nodes connected to the main
object. Each node affects the object in a specific way, from altering the shape of the object

to determining its shading.

Clicking this button [#], which is on the far right of the Status line, places the Attribute
Editor on the far right of the screen. You can also open the Attribute Editor by choosing
Window — Attribute Editor from the menu bar. Pressing Ctrl+A also displays the Attribute

Editor for the selected object.

Main menu Menus to control the ---..
Attribute Editor.

Nodes Tabs that contain attributes for

each node connected to the object.
These can be nodes that contain
attributes used to modify the shape of
the object, apply shaders, and so on.

Transform Attributes Translate, Rotate',"

and Scale attributes for the master
node.

Pivots Lets you display a separate -~~~
rotate and scale pivot.

Local/World Space Lets you adjust thé )

rotate and scale pivots to local and
world space.

Limit Information A series of rollouts
that let you limit the object’s transla-
tion, rotation, and scale.

Display Attributes that control how an

object is displayed.

a handle with which to select the
object.

Rollouts Contains more parameters. ~

Extra Attributes Any node can contain

custom attributes defined through the
Attributes drop-down at the top of the
Attribute Editor.

Selected Focus Attributes Help

2] wond Space
Bc ll Limit Information

|_D| Bounding Box Information
R Lb_] Drawing Dvenides
__[J mental ray

List N
-{ pSpherel | 5 101ig | fidl | tweakd | inialSt 4 "f'
e e e LG T | M
[ | _Pressls -
=] Transform Attiibutes 1
Tianslote [0005  [0.000 [oo7e
Ratate [0.000 [o.000 [ooo0™,
""""" Scale [2289 [2000  [21%6 -,
Shear [0.000 [0.000 Joooo .
Rotate Order |z ~
Rotate Awis [0.000 [0.000 [0.000
) ¥ Inherits Transform
;I Pivots
I” Display Rotate Fivot
s | Dy Scale Eivek
[+] Local Space

4 Display Handle
,-*" I Display Local Axis
Selection Hande [0.000 [0.000 [o.000
Show Marip Defaul | None v|
Masip Histosy Node |
¥ Vishily

_IvJ Display

sl

I™ Templste T
g ¥ LOD Visibity
1+ | Ghosting Infarmation

Display Handle When checked, displai/s DIt

__.DJ Extra Attributes

Hotes: fidlLattice

Select Load Atributes Copy Tab

List Lets you load attributes
manually or automatically
when the object is selected.

Selected If multiple items
are selected, lets you display
the attributes of any one

> object.

* Focus Displays all nodes that

have been selected in the
scene while the Attribute
Editor is open. The most
recently selected node is at
the top of the list.

|- Attributes Lets you add,

edit, and delete extra
attributes for an object or a
node. These appear in the
Extra Attributes section. You
can also add, edit, and delete
attributes using the Modify
menu.

-- Notes Each node can contain

notes to aid in documentation.



Viewports

Viewports

Viewports are where most of the work in Maya happens. Viewports can hold views of your
scene as well as other types of windows that display information about your scene. The two
types of views within Maya are perspective and orthographic. You select and change views
using the Panels drop-down at the top of every viewport.

Perspective views let the camera rotate in 3D space as well.

" S
View Shading Lighting Show k

Perspective » \s . A
Orthographic » S > | —
Look Through Selected o :
Panel » # o 3
Layouts »
Saved Layouts L4
Tear Off... y
Tear Off Copy... e _-.'
Panel Editor... =

- &

Use the Panels drop-down to change views.
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Shading N

High Quaity Rendering a
Wireframe 4
v Smocth Shade A1
Each view can have its own level of shading for view- S S S
ing objects at different levels of realism. If you are i oo e
creating models, you might want to view just the Fonts
wireframe, but others might want to view the fully ;’lf’.;m_ B _' o
shaded and textured objects. The more realistic the o
shading, however, the slower the interaction; so com- Herdwars Testuring o
plex scenes can bog down the system. One handy ssaiee =
. . . . Apply Currenk to Al
option is shading only the selected items. Not only
hi : s ; The Shading drop-down on Wireframe shows a simple

does this speed mt.eractlon in complex scenes, it the top of the viewport con-  outline of the object.
helps the selected items stand out. trols the shading level.

Flat Shading fills in the Smooth Shading displays a Hardware Texturing displays High Quality Rendering

spaces between the wires. smooth object. textures. The quality of the shows advanced features
textures depends on the such as bumps and
graphics card. transparency.

Navigation $ 4’. ’,—.—

To navigate within a view, hold down the
Alt or Option key while clicking a mouse
button.

Additionally, pressing F frames the
current selection, and pressing A frames
everything in the current scene.

Tumble: Alt or Option Track: Alt or Option Dolly: Alt or Option
plus the left mouse plus the middle mouse  plus the right mouse
button rotates the button moves the button moves the
camera around a per- camera left/right and camera toward and

spective view. up/down. away from the subject.
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Selecting Objects

Objects in Maya can be NURBS (Non-Uniform Rational B-Spline) surfaces, E,;.‘ li E
polygonal surfaces, curves, cameras, lights, cameras, and joints, among

others. Maya has three levels of selection: objects themselves, groups of '
objects (hierarchies), and parts of objects (components). Maya also has a

sophisticated masking system that lets you select only the objects or A group of icons on the Status line
determines the selection mode.

Compbnents

components you want.

[ [
H 1 e I'a rC h 1 e S You use hierarchies to logically group objects for

scene management, as well as to help create complex

Hierarchies are groups of objects. To create a animations. A good example is the lamp. The base of
hierarchy, select multiple objects, and then choose the lamp is the “root” node of the hierarchy; moving
Edit — Group. You can select a hierarchy by clicking  this moves the child nodes, such as the arm and the
the Hierarchy icon on the Status line, from within head of the lamp. Adjusting a child node, however,
the Hypergraph (choose Window — Hypergraph), such as the arm of the lamp, affects only those nodes
and from within the Outliner (choose Window — lower in the hierarchy, such as the head of the lamp.
Outliner).

& Outliner Elrﬂ_l[zl

HEAD

polSutacethaped
BULE

a
&
a
> pokSutacaShanet
o
Es
&

You can manage and select
hierarchies of objects in the
This object is actually made ...which are tied together in Hypergraph ... ...as well as in the Outliner.
of several obects... a hierarchy.

Handles Used to aid in  Curves Used to help
the selection of objects. build surfaces.

[
o b] e CtS : Joints Usedas Surfaces NURBS,

. bones to deform ! polygonal surfaces,
% characters. ..} subdivision

Maya supports a variety of object types, including surfaces, curfaces, or planes.

curves, joints, and handles, among others. To select individual

objects or multiple objects, set the selection mode to Object Ll | - [.,.& E[;“@

and select with the mouse. You can also select objects in the PRPISISRSREE e

Hypergraph or Outliner. Deformations Clusters, -~ Rendering Lights,
lattices, and other tools - cameras, textures,

Using the selection masks on the Status line, you can refine | ..4'+o deform objects. and other objects

related to

object selection. By toggling the selection masks, you can Dynamics Particles s

select only the types of objects you want. systems, and soft bodies
used for special effects.
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Components

You use components to modify and change the shape of an object, such
as a curve or a surface. Each type of object has different types of compo-
nents. A NURBS surface has components such as hulls and control ver-
tices (CVs), and a polygonal surface has vertices, edges, and faces. Using
the selection masks helps you to limit the types of components selected:

E’ Polygonal vertices Polygonal edges Polygonal faces

Quick Select O

Quick Select, located on the Status line, lets you enter the
name of an object to select it. This is handy when an object is
in a complex scene and hard to find. Using an asterisk (*)
selects all objects containing the characters, making it easy to
select all similar items with a few keystrokes. For example,
when selecting parts of a character, typing Hand* might select
everything related to that character’s hand. Devising and
sticking to a naming scheme can help tremendously when
working on large projects.
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The Qutliner

Another way to select objects and manage hierarchies is with the Outliner. The Outliner
presents all the items in the scene as a hierarchical list. You can quickly scroll through this
list to select scenes, and objects or hierarchies of objects.

To open the Outliner, choose Window — Outliner. You can also configure the Outliner to
reside in a viewport using the viewport’s drop-down menus.

To select an item in the Outliner, left-click it. To select multiple items, left-click and
drag them. Holding down the Shift key lets you select objects in groups by clicking the
first and last item of the group. Holding down the Ctrl key lets you add or subtract items
from the selection individually. You can easily rearrange hierarchies by middle-clicking the
item and dragging it.

Display Drop-down menu to control how much mformatmn is
displayed. .

il Outliner

- Displayr Show Help

[
Show Drop-down menu to show and hide types of objects. -~ "] '“'
top
Text filter Typing a name or a global (such as bolt*) displays fat
only those objects that match the criteria. i
sige
Fbx_Root
Root node Highlighted in green, this is the root node of the Omni01
selected item(s). Omni02
Omni03
Selected item Selected items are highlighted in gray. ------....... =] m

MotorCycle
TheFork
WheelBack
BreakO
SealS
BackLights
Cables01
Egzoz
Footies

Close hierarchy Left-clicking the minus sign (-) sign cioses
the hierarchy.

Open hierarchy Left-clicking the plus sign (+) sign opens the
hierarchy.

HEEEEEHBBEO

Second view Moving the bar along the bottom of the screen
gives you a second view of the hierarchy; useful when
managing complex scenes. . Bail3

Cover
Torus03
Tank
(®) defaullightSet
(® defaulbjectSet
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Transforming Objects
Choose Modify — Freeze Trans-

Transformations change an object’s translation, rotation, and
scale. These changes are stored in the object’s transform node.

You access the Transformation tools using the hot keys: W

(Move); E (Rotate); R (Scale). You can also select these tools

from the Tool Box on the left side of the interface.

Each transformation tool has its own manipulator, and each
manipulator is color coded. Red is the X axis, green is Y, and

blue is Z. Left-clicking and dragging in the center of the

manipulator moves the object on all available axes; clicking and

formations to set all your objects’ current

transformations at their zero positions.
Choose Modify > Reset Transformations to

set the transformations on selected objects

back to zero, placing the objects at their ori-
gin. This resets any transformations since

the objects were created or the last time you

dragging an individual manipulator transforms the object only

on the selected axis.

AL

. Move manipulator

. Rotate manipulator

used Freeze Transfomations.

. Scale manipulator

L

Coordinate Systems

Transformations can take place along a number of dif-

Transformation Tools
Reset Transformations
Freeze Transformations
Snap Align Objects

Move Tool
Rotate Tool
Scale Tool

Mave Normal Tool

OO@L

ferent XYZ coordinate systems. These primarily affect

Evaluate Nodes

how an object is moved. You can change coordinate sys-
tems using the options panel for each tool.

Make Live
Center Pivot
Prefix Higrarchy Names...

Search and Replace Names...

Add Attribute. ..
Edit Attribute. ..
Delete Attribute...

Convert

Paint Scripts Tool
Paint Attributes Tool

Move/RotatefScale Tool
Show Manipulator Tool

Default Object Manipulator

Proportional Modification Tool
Soft Modification Tool

»

— 1
To access the options fgr_

any command, click the
small box to the right of the
command’s name in the
menu.

D.‘_|

=
=



The Move Tool

Transforming Objects

(13

Move tool options (choose Modify — Transformation Tools > Move Tool) select the coordi-

nate system for the Move tool.

World space is the default
coordinate system and has
its axis aligned with those of
the scene’s X, Y, and Z axes.

Object space is aligned with
the selected object. If the
object is rotated, the
orientation of X, Y, and Z
rotate as well. --.

e

Local space is aligned with
the selected object’s parent.

Normal space is aligned with
the individual normals when
in component mode. Instead
of X, Y, and Z, Maya uses U, V,
and N for the coordinates.

Tl . J Move Settings

Discrete Move [

" Along Rotation Axis

The Move tool options panel

The Rotate Tool

Rotate tool options (choose Modify — Transformation
Tools —> Rotate Tool) select the coordinate system for
the Rotate tool.

Pivots

The pivot is the center of each object’s coordinate
system. This is particularly important when using the
Rotate tool, because the object rotates around the
pivot.

To adjust the placement of the pivot, press Insert
while in move mode. Once the pivot is in the proper
location, pressing Insert locks the pivot in place.

Another way to automatically adjust pivots is to
choose Modify — Center Pivot. This moves the pivot
to the geometric center of the object.

El._Ro.t-a.te Seltings
Rotate Mode * Local " Global " Gimbal

e [FE0T—

™ Component Use Object Pivot

When the pivot is placed outside the
wheel, the wheel rotates around the
wrong center.

When the pivot is
moved to the cen-
ter of the wheel,

the wheel rotates

properly.
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Connecting Objects

In Maya, every object is a collection of intercon-

nected nodes. These nodes modify such items as the
object’s shape, shading, and construction history. To
control the attributes of these connections, you can

The Hypergraph

The Hypergraph shows the contents of a scene as a
network of boxes connected via lines. In this way, it
functions much like a graphical version of the Out-
liner. The Hypergraph goes much deeper, however.
Not only does it show the hierarchical connections
between objects, but it also shows the way nodes and
their attributes are connected.

Graph Selects between
displaying hierarchies or
connections. These functions
are duplicated with the
Scene Hierarchy and
Input/Output connections :
icons. :

Edit Commands that let you
collapse and expand :
hierarchies.

View Commands to frame
selected objects as well as
hierarchies or branches of
hierarchies. These functions
are duplicated with the

Frame All, Frame Selection,
Frame Hierarchy, and Frame

. N Hypergraph
Branch icons.

.- related to rendering.

.Options Manage the
. Hypergraph.

use the Attribute Editor, but the Hypergraph and the
Connection Editor give you control over the connec-
tions and dependencies themselves.

To open the Hypergraph, choose Window — Hyper-
graph. You can configure the Hypergraph to reside in
a viewport using the viewport's drop-down menus.
You navigate in the Hypergraph the same as you
navigate in any view:

e Alt or Option plus middle mouse button for pan
e Alt or Option plus right mouse button for zoom

Rendering Commands used
to manage and display nodes

-Help Help menu.

. . Toggle freeform Toggles
. . between freeform and
automatic layout of nodes.

: i .Bookmark icons Create and
/i Show Options to show and/ ; ; manage bookmarks.
/hide objects by type ]

.~ . . Display Connections icons
* [ Displays the input/output

- connections for the selected

object.

Edk Vew Boomarks Gragh Rendering Optiors Show Help

Bookmarks Commands to

create bookmarks to easily .
index parts of a complex .-+~
scene or hierarchy. These
functions are duplicated with
the Add Bookmark and Edit
Bookmark icons.

Nodes Object nodes. -::

' rvohedSudacel o

isitslty
boundngBuMas
beunangeazn
beurdngliaaSize
rotate

sudle
baneMinmuRotatePrict
banelsts

Right-clicking the body
of a node displays the
main Hypergraph menu.

for that node.

--- Display Hierarchy icons
Displays the scene hierarchy.

View icons Frame All, Frame
) Selection, Frame Hierarchy,
B and Frame Branch.

- Text filter Typing a name or
a global (such as bolt*)
displays only those objects
that match the criteria.

> Connections Connections
between nodes.

Conrect Outzat of: revobvedSuface]

Right-clicking along the right edge of a
node displays the possible connections
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In hierarchy mode (choose Graph — Scene Hierarchy), the
Hypergraph shows the objects in the scene as a tree. Each
object is represented as a box, with the hierarchy represented
as lines. Selecting the box in the Hypergraph also selects the
corresponding item in the scene.

To modify the hierarchy in the Hypergraph, select the
nodes, middle-click, and drag the line to the parent. To com-

When you select freeform mode (choose Options —

. Layout — Freeform), these boxes can be arranged
pletely unparent a node, drag the line to an empty spot on the iy 7any order. This is useful for creating graphic

Hypergraph. representations of the objects in the scene, such
as having the boxes represent the joints of a
character.

The Dependency Graph (choose Graph — Input and Output Connections)
is the graphical equivalent of the Attribute Editor. It lets you view the
nodes that comprise objects and visualize how those nodes are con-
nected. The Dependency Graph displays the connections for selected
objects only.

Connections are created automatically as the scene is constructed.
You can also make and break the connections manually to create all
sorts of relationships between objects. The motion of an object along ) )
one axis can be used to drive the scale of another object, for example. Ivmiscﬁe:rdee{gfiggngtesfhde?zgﬁ;sc:rsvfrs—'

To delete a connection, click the line representing the connection and  faces — Loft) to create the surface.
press Delete. To create a connection, move the mouse over the right end
of the originating node until the cursor changes, middle mouse click,
drag to the upstream node, and release. This opens a menu, which allows
you to select the parameters to be connected in the Connection Editor.

Curves  Loft Deleted

The Dependency Graph shows how the Deleting the connection from one of ...also removes it from the resulting
four curve nodes are connected to the the curves to the loft node.... surface.
loft node, which creates the surface.
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The Connection Editor

You use the Connection Editor (choose Window — General Editors - Connection Editor) to
connect attributes. It is divided into two vertical panes. Each pane contains a list of attrib-
utes from the selected objects, which can then be selected and connected using the “from

-> to” button.

To load an object’s attributes into the Connection Editor, select the object and click

either Reload Left or Reload Right. To connect attributes, left-click to highlight them on

each side of the window.

Loads the selected object’s attributes in

the left pane.

Options _ Left Display _Right Display Help b
B Reload Leit | Reload Right |
Outputs from - to | Inputs
(€] curves alle loftedSufacel 2
Caching E | Caching =
; Node State
Attributes Available e Bounding Box Viskity
attributes are shown in @ Center Intesmediate: Object
black, unavailable ones in -.....|| My Template
gay. M Irvesse Malrix Ghasting
=] ‘Wold Malix ® Inst Obj Groups
® Woild Inverse Matrix Lse Object Color
@ Parent Maliix Obiect Color
Selected Attributes The --. (=] Parent Inverse Matrix (] Draw Dverride
selected attributes are Visibilly Lod Visibity
connected and highlighted in [~ | Intemediate Object ® Render Info
blue. Tempiste e
Ghosting ® Ghost Custom Steps
@ Inst Obj Groups Ghost Frames
Use Object Color Ghost Range Start
Object Color =l Ghost Range End 2
curves ﬂ j loftedSurface1
CleatAl | Remove | Bresk | Moke Close

connection.

) Connection Editor

Toggles the direction of the

.- Loads the selected object’s attributes in
the right pane.




Managing Files

Projects in Maya can encompass many types of files: 3D geometry, texture maps, rendered
images. Organizing these files can be a challenge, but Maya provides a standard folder
structure for projects that keeps everything in the proper place. Maya is not limited to this
structure, however, and you can create and store your assets in any manner you want. Pro-
ductions that involve multiple artists can store all the files on a central server, for example.
Assets that are used in multiple projects can be stored in their own folder structure.

Maya Folders

Each user on the system gets a Maya folder 2 2 projects

in their home folder. This allows each user B O defaul-~
to maintain their own preferences, such as 2 dlips--
custom layouts, as well as have a place for © f:Iata e
their own projects. D images -
) particles ..
& [ renderData-.
[ depth
[ iprimages
- Each version of Maya [ shaders
& ) maya ]rcn?;nta;ns.itstonl'n ) renderscenes -.
@50 il Qs
® 2 prefs and scripts. ) sound -
[ presets _ ) sourceimages .
@ scripts A folder hierarchy @ textures-. :

® [ projects--
) scripts--.

The Maya folder

that contains Maya
projects.

This is where most
custom MEL scripts
should be saved.

The Maya projects folder

Managing Files (17

..- Each project has its own folder and

hierarchy. Maya creates the default
project, which you can copy to create
new project hierarchies.

--- Animation clips used in the Trax

nonlinear animation editor.
Maya stores rendered images here.

Files related to the creation of particle
systems.

“- Temporary rendered images for the IPR

renderer, depth maps, and shaders are
stored here.

- Scene files ready to be rendered should

be stored here.

*-Save your scene files in this folder.
+" Audio files for use in animation.

* A folder that holds texture and image

maps.

Exported textures are stored here.
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Creating Projects

To create a new project, choose File — Project > New to open the New Project dialog box,
in which you can define the folder locations for the project. It's always best to click the Use
Defaults button at the bottom of the window, as it fills in most of the values automatically.

Name of the project. ----------

Location of the project hierarchy.

Where the Maya scenes are stored. ----------

Data for other components of the scene,----

such as textures, particles, lights, and
so on. You can change individual entries
to point to other places on the network,
such as a shared texture library, for
example.

Folders used when exporting to
nonnative file formats. ------...._ .

Automatically fills in the entries with

& New Project

---------- T Imege [

oF |

IGES |

08 [

RE |

wie |

Move |

]

the most commonly used values.----------ceoomrmiiiineet

Setting and Editing Projects

To set the current project, choose File > Project —> Set to open a file
browser in which you can select the new project folder.

To edit the current project, choose File — Project — Edit Current to
open an instance of the project window, where you can change the fold-

ers as needed.

Browse for Folder EEWE

Set Project (C:/Documents and Settingsfad
«FfMy Documentsfmayaprojects/default)

B-C3) Local Settings A

Lo J( o ]

File browser used to select a new
project



NURBS Modeling

URBS modeling is exceptionally good at creating smooth, curved sur-
faces using a minimum of points. NURBS is an acronym for Non-Uniform
Rational B-Spline, the type of curve that defines a NURBS surface.
NURBS is the first choice for automobile designers who need the pre-
cision for defining the shape of a new car. It is popular in the area of
product design for creating models that have a high degree of curvature. NURBS can also
be used to create deformable objects, such as characters. NURBS surfaces are excellent
for creating high-resolution imagery for entertainment such as film. Because their sur-
faces are mathematically smooth, NURBS models can fill a giant movie screen and show
no artifacts whatsoever.
NURBS modeling has always been one of Maya's big strengths. Understanding NURBS
modeling is the key to understanding how Maya works.

(19
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NURBS Curves

The foundations of all NURBS models are curves, called B-splines, used to build surfaces
called patches. These patches can then be tied together to create complex surfaces and
models. Since they are based on curves, NURBS surfaces are naturally smooth.

Curves are primarily used to create surfaces in Maya, but they also have other applica-
tions, such as animation paths, surface deformations, and control of Inverse Kinematics
(IK) chains.

A curve in Maya is built on a number of components. CVs are the fundamental building
blocks of the curve and are used to define its shape. Other components such as hulls and

edit points can also be used to refine the shape.

Hull A line that connects
multiple CVs. Selecting the
hull is a good way to select
and move multiple CVs.

.-- Control Vertices (CVs)
Points that define the shape
of the curve. In a NURBS
curve, the CVs never touch
the curve itself.

Curve Direction
Every curve has a
direction, and this
square U-shape
defines the
second CV of the
curve as well as
its direction.

4
i

Creating Curves

Curves in Maya can be created in several ways, all of
which can be accessed from the toolbar or the Create
menu. To draw a simple curve, select the tool and
LMB in the desired viewport, clicking once for each
CV or EP you want to use.

@ CV Curve tool: Lets you
create a curve by drawing
the CVs that define the
curve.

NURBS Primitives: Maya provides a circle and
square primitive. You can edit these using the
Show Manipulator tool or by adjusting the val-
ues in the Channel box.

Pencil tool: Creates a
freehand curve by capturing
the stroke of a mouse or tab-
let pen. To create the curve,
hold down the LMB and drag
while drawing the desired
shape. These curves can con-
tain a lot of CVs and be hard
to manage.

Text: Text can be created in any system font,
with the resulting curves used to build surfaces.

- Edit Points (EPs) Points on

the curve itself. These can be
useful when you need to
snap the surface of the curve
to some other part of the
scene.

@ EP Curve tool: Lets you
create a curve by drawing
the EPs that lie on the curve
itself. This is helpful when
you need to place points of
the curve precisely.

(_ *.

Arc tools: Let you create
a circular arc simply by plac-
ing two or three points in a
viewport. You can then edit
these points to adjust the
curve while keeping it circular.




Curve Degrees

The degree of a curve determines how the
curve will be calculated between the CVs.
The higher the degree of the curve, the
more CVs are used, making the curve
“softer.” Maya defaults to CV curves with
Degree 3, which is fine for most applica-
tions. Degree 1 is great for creating sharp
edges.

Editing Curves

[ =] CV Curve Settings
Curve Degres © 1 Linear 12
 3Cubic c5
ci7
Knet Spacing @ Unifomn Cheed Length
¥ Mukiple End Knots |

Curve degrees are set in the CV Curve
Tool dialog box.

Once a curve is created, you can reshape, edit, and attach it to other curves using

the tools in the Edit Curves menu.

You can reshape a curve by simply entering component mode (press F8) and
then selecting and moving the desired CVs or hulls. Pressing the Up or Down
arrow key selects the next or previous CV on the curve.

Another way to alter the shape of a curve is to choose Edit Curves — Curve
Editing Tool. The Curve Editing tool operates much like the handle of a Bézier

curve, but with a few more controls.

Duplicste Surface Curves

attach Curves
Detach Curves
Aign Curves
OpenjClase Curves
Move Seam

Qooolo

Cut Curve
Trkersect Curves
Curve Fillet

Insest Knok

:
H
QoQ/Qlo~~0/20Q20Q

ging the CVs

Reshaping a curve by drag-
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As the degree of a curve
increases, the curve gets
softer. From top to bottom
here, Degree 1, 2, 3, 5,
and 7.

Point Position Moving the
point along the curve snaps
the tool to the desired
location.

- Parameter Position You can

use this handle to slide the
tool along the curve.

.- Axis Clicking an axis snaps

the tool so the curve is
tangent to that axis at the
point position.

- Tangent Scale This

determines the amount of
“bulge” in the curve at the
point position.

Tangent Direction This
controls the direction of the
curve’s tangent at the point
position.
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Refining Curves

In addition to basic reshaping, you can add and subtract detail from curves. You will often
need to extend a curve, break it in two, or remove detail to make it smoother.

To define the point where a curve will be refined, you need to understand the concept of
a curve point, which is simply an arbitrary point on the curve. Creating a curve point is as

simple as turning on curve points, clicking the curve, and dragging the point to the desired
location.

1 Curve Point
B= e 4P @® T T
SNCVH DeXrd U -
: 5 Control Vertex | =< o= Hul |
Component mode
Parm points Edit Point_ | Click and drag along the curve in Move
. mode to position the curve point.
To turn on curve points, enter compo- curvelS..,
nent mode (press F8) and toggle Parm - e Curve point
points on. Select /“"1';';_ )
Inputs » ¥ R
ok f N
puts » f \
Another way is to right-click fictiors ’ I A
the curve to open a marking Materials 4 N \n
menu that has an option for Baking » L iy
curve points. S -
-\-\‘\h .o’,/
u_‘q___bx\ —
LY A ) s o e
;\ gl 12 L RS G »
= v/ — o N
N . New CV New curve
To remove detail from a curve, select To add detail to a curve, position a To break a curve in two at the curve
the desired CV and press Del. curve point, and then choose Edit point, choose Edit Curves — Detach
Curves = Insert Knot. A new CV is Curves.

added at the curve point.
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-- Curve 2

The Attach Curves menu has the option to connect

¥ Keep Originals A /;'

the curves as one or blend then using a third
curve. When you select Blend, the blend controls

-- Joined appear.

To join two curves, enter object mode,
select both curves, and then choose
Edit Curves — Attach Curves.

Creating Corners

Typically, you use CV Hardnesss to create sharp edges
on a CV. When you create a CV curve, the end knots
default to a multiplicity factor of 3, and the arcs in
between have a multiplicity factor of 1.

Smoothing Curves

Choosing Edit Curves — Smooth Curve simply
smooths out the bumps in a curve by averaging the
CVs. This is useful when a curve has been edited but
is proving difficult to smooth.

Offsetting a Curve

Choosing Edit Curves — Offset — Offset Curve creates
a new curve that is offset by a specific distance. This
is different from simply duplicating the curve in that
the offset curve changes its curvature to maintain an
equal distance from the generating curve.

Curves can be open (top) or {
closed (bottom). To close a 3
selected curve, choose Edit ) e
Curves — Open/Close Curves. \

To harden a CV to make a corner, simply select the
CV and choose Edit Curves = CV Hardnesss. This
sets the hardness of the CV to 0, turning it into a
sharp edge.

W Oﬁginal
W Smooth = 1.4
/\/ Smooth = 3.2

The higher the smoothing number, the smoother
the resulting curve. Extremely high numbers can
cause unpredictable results.

Original

Offset curves actually change curvature to remain
the same distance from the original curve. Outside
edges are broader and inside edges tighter.
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NURBS Patches

Think of a NURBS patch as a flexible piece of paper
that can be bent and twisted into any shape. Objects
can be modeled using individual patches or collec-
tions of patches that are stitched together into a
seamless whole.

Like a NURBS curve, a NURBS patch is composed of NURBS patches can be created from basic primitives or by
many components. You can use these components to using NURBS curves to define the surface of the patch. No
edit and manipulate the shape and surface qualities n]atter what the shape, however, the patch is always four-
of the NURBS patch. sided.

= = 4

CVs Similar to the CVs used to define a Surface patch Defined by isoparms in Hulls Lines that connect groups of CVs.
NURBS curve. Like a curve, the CVs in a the U and V direction. You can think of Selecting a hull selects all CVs on the

patch lie off the surface of the patch these as individual patches that can be line that represents the hull. This is a
and allow you to manipulate its shape. copied to duplicate parts of a larger good way to select related groups of CVs
B patch. . when editing an object.

(]
Isoparms Cross-sections of the NURBS
surface itself. Clicking and dragging on
the surface of the patch displays a
yellow line that can be used much like a
curve point to add detail to or subtract
detail from the patch.

Spans The distance between fixed
isoparms. Spans determine how many
CVs a surface has, as well as its
density.

Patches are always four-sided surfaces, which
means they can have a two-dimensional coordinate v
system applied. Rather than the X and Y directions of
a flat plane, Maya uses the terms U and V to deter-
mine the position of any point on the patch’s surface.
The U and V coordinates of a patch can be important
when texturing a patch, as well as when modifying
and refining the shape of the patch.

Patches are measured using U and V
coordinates.



Creating Surfaces

from Primitives

The easiest way to create a patch is to use
the default primitives found on the Surfaces
shelf or by choosing Create - NURBS Primi-

tives. Each primitive is essentially a patch
that is already formed into the desired shape. Primitives are a great way to begin modeling,
because they can be manipulated and deformed into a number of shapes.

Building Surfaces

More complex surfaces can be built using NURBS
curves to define the surface. Using curves gives you
much more precision, control, and freedom in the

modeling process. If you use construction history,
you can also modify the underlying curves that
define a surface to animate or tweak the surface.

Plane

Sphere Cube

Loft

Qo000

Extrude

Biral 1 Tool
Birad 2 Tool
Birad 3+ Tool

oo

Square

Bevel
Bevel Plus

(= Tl = = |

Revolve: Takes a single curve
and revolves it around an
axis to create a surface.
Revolve allows you to spec-
ify the axis and pivot used
to create the surface. As
with primitive objects, you
can specify the sweep and
level of detail in the result-
ing surface.

Loft: Creates a surface using
a series of curves. To create
a loft, select the curves in
the order you want them

lofted, and then choose Loft.

You can specify the number
of spans between curves as
well as whether the surface
is open or closed.

Planar: Planar takes a curve
and turns it into a surface by
projecting it on a plane and
trimming off the excess. In
order for this to work, the

curve needs to be completely

flat in one dimension. Draw
the curve in a front, top, or
side viewport to make sure it
is flat.

NURBS Patches

Cylinder
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ead .60

Cone Torus

The Surfaces menu contains
most of the functions
required to turn a set of
curves into a surface.

Extrude: Creates a surface

using two curves. The first
curve determines the profile
of the extrude, and the sec-
ond determines the path.
There are options for the
style of extrude and the level
of detail, as well as whether
the profile curves are rotated
to match the curvature of
the path.



2 - NURBS Modeling

Birail 1 tool: There are sev-
eral types of birail curves,
which derive their name from
the number of curves they
use. The Birail 1 tool uses
two rails,” over which is
swept a profile curve. To cre-
ate the surface, select the
rails, and then choose Sur-
faces — Birail 1 Tool. The
cursor changes to a heavy
arrow that allows you to
select the profile. In order
for the tool to work, the end-
points of the profile must be
snapped to the endpoints of
the rails.

.-~ Rails.

Préﬁl-e

Birail 3+ tool: Uses three or
more profile curves to deter-
mine the surface.

Refining NURBS Surfaces

After you construct a surface, you can further refine it. If history is
turned on, you can manipulate the curves used to construct the surface
to change its shape. You can also select the components of the surface
itself and manipulate them to modify the surface’s shape.

Birail 2 tool: Uses two pro-
file curves in addition to the
two rails. To use this tool,
select the rails, choose Sur-
faces — Birail 2 Tool, and
then select the profiles.

Boundary: Uses four curves
to determine the surface. It's
a flexible tool, because the
curves do not need to be
snapped together. The Auto-
matic option allows the sys-
tem to determine the best
order, and As Selected uses
the selection order to deter-
mine how the curves are
used. Typically, the selection
order is clockwise, but
results depend on the selec-
tion order.

Blend =0

Blend = 1

Birail 2 has an option to define the blend value of the curve.
This allows you to make the resulting surface bulge toward or

away from the profiles.

Square: Uses four curves
with snapped endpoints as
the outer edges of the sur-
face. Similar to Birail 2 in
its use.

Bevels: Uses a curve as the
basis for a beveled edge.
Choose Surfaces —> Bevel to
create simple rounded edges,
and choose Surfaces = Bevel
Plus to select a list of edge
types. This tool is used a lot
with text to create extruded
and beveled lettering.

To set the point where a surface will be

refined, turn on isoparms from the
marking menu or the Mail toolbar.



Isoparm

Select the isoparm. It
will be highlighted in
yellow. To break a sur-
face in two along the
selected isoparm,
choose Edit NURBS —>
Detach Surfaces.

slide t
the su

at the

To insert an isoparm,

yellow dotted line is

Choose Edit NURBS —
Insert Isoparms to add
detail to the surface.

he mouse along
rface until the

desired spot for fied side.

the new isoparm.

Sculpting Surfaces

Using Maya’s Artisan (choose Edit NURBS — Sculpt Surfaces Tool) is a user-
friendly way to modify and sculpt a NURBS surface. This tool uses a brushlike

interface that lets you push,

pressure-sensitive tablet.

Opacity The amount of effect
the brush has on the surface.
A higher number strengthens
the effect of the brush,
which you can also control
with stylus pressure.

Brushes Preset brushes to
use. You can also load
custom brushes by chckmg
the Browse button.

Operation Determines
whether the brush pushes,
pulls, or smooths the surface.
Erase returns the surface to
its original state. Auto
Smooth feathers the edges of
the stroke to avoid

creasing.

pull, and smooth a surface using the mouse or a

Radius The size of the brush. You can
adjust the U and L size of the brush
separately for oval brushes. If you use a
pressure-sensitive graphics tablet and
stylus, you can set an upper and lower
range for the radius.

Seulpt Suifaces/Pebygens Tool .'j
[~] Brush :

Reset Tool | | ToolHelp..

Radus(U] [W I——
FladusiL] [ J—

o® I“_“J

¥ Rolate To Stroke

;'_i Sculpt Pasameters
Operation

" Puth & Pul Senocth  Erase

Rederence Vector @ Nomal  © FastMonmal View
[ 7 Y fuis 2 dais
Cu cv
Mae Di I : Flood Applies the
SeanvPole Tokrance [00080 . brush over the
Flood ------"" entire surface.

Good for smooth-

Relerence Suface ¥ Update OnEachStioke  Update ing the surface.

Erase Suilace [~ Update On Each Stroke Update:
;i Sticke

Reflection
Creates a second
brush that mirrors
the first over the
X, Y, or Z axis.

Choose Edit NURBS —
Extend Surfaces to
add an extra row of
CVs along the speci-

NURBS Patches (27

L

Choose Edit NURBS —
Offset Surfaces to cre-
ate a second surface
that is offset from the
first.

Sculpting a surface with
Sculpt Surfaces

Using pull to expand the tip
of the nose

Reflection lets you sculpt
symmetrically.
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Creating Curves on a Surface

A curve on a surface can be used to trim patches into nonrectangular shapes, to cut holes
in patches, and to create a place to attach other surfaces. A curve on a surface is similar to
a regular curve, except that it is constrained to two dimensions—the U and V coordinates
of the NURBS surface. You can create a curve on a surface by drawing the curve directly, by
projecting an existing curve, or by intersecting two surfaces.

®

When the surface goes Select the desired type of L
One way to create a “live,” it becomes a wire- curve (CV, EP, or Pencil) and Toggling live mode off
curve on a surface is to draw g0 draw the curve as desired. ends creation mode. The

resulting curves are firmly
locked to the surface.

it directly on the surface.
This method gives you maxi-
mum flexibility when creat-
ing the curve. To do so, make
the surface “live” by select-
ing the surface and toggling
the magnet-shaped Make
Live button on the toolbar.

You can draw as many curves
as you want when the sur-
face is live.

Projecting Curves on a Surface

Taking an existing NURBS curve and projecting it on a surface is useful when you need to
create specific shapes or match the end curves of an existing surface to create a blend.

c
urves on a

surface have a special
Move manipulator that
constrains the curve and
its components to the
surface and allows move-
ment across the surface
in U and V.

(left) Select both a curve and a surface. In this case, we're using a text outline for the curve.
(center) You can project a curve along its normals or along the viewport’s direction, which is
usually the most direct method. To project along a viewport, highlight the top, side, or front
viewport, and then choose Edit NURBS — Project Curve on Surface. The tool defaults to pro-
ject along the active view, but you can change the options to project along the surface nor-
mals. (right) The result should be a curve projected directly on the surface. If construction
history is on, manipulating the original curve affects the projected curve.
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Creating Trims

The Trim tool uses a closed curve on a surface (or a curve on a surface that runs from sur-
face edge to edge) as a template to trim away part of the NURBS surface. Even though the
surface still exists, the trimmed area is no longer visible and will not render. Trims are use-

ful when creating complex shapes that are difficult to model with patches.

Start with a surface
that has a curve on it.

Choose Edit NURBS —
Trim Tool. The surface
will highlight with
dark edges around the
possible trim points.
LMB inside the area to
choose whether to
keep or discard the
trim points, and press
Enter.

NURBS Booleans

Booleans are tools that automate the use of trims to add and subtract surfaces. The tools create a curve-on-
surface at the point where the two surfaces intersect and then trim away the resulting surfaces to create the
desired Boolean. Booleans are best used on surfaces that do not deform.

Q' a

The selected area of
the resulting surface
is trimmed away.

INPUTS
teim1
makeNurbPlanel
Locator U[0] 0.647
Locator V0] 0.637
Selected
Shiink  off
Tolerance 0.001

If you trimmed the
wrong area, you can
go to construction
history in the Channel
box or to the Trim
panel in the Attribute
Editor and change the
trimmed area to keep
or discard the selected
surface area. You can
also adjust the toler-
ance of the trim for
smoother edges.

To create a NURBS Boolean,
intersect two surfaces.

Choose Edit NURBS — Boo-
leans and the desired opera-
tion. Maya prompts you to
select each surface and then

press Enter.

Union joins both surfaces as
one.

Subtract removes the second
surface from the first.

You can trim inter-
sected surfaces to cre-
ate Boolean-like
effects.

Intersect removes all but the
areas that overlap.
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The Attach
Surfaces Tool

The Attach Surfaces tool joins two
surfaces as one and is useful for
simplifying a multipatch model.
Using this tool, you can blend to
join the surfaces, which smooths

Start with two NURBS surfaces. Visually ~ The tool creates a single surface. You

out the transition, or you carn con-  glign them so they are in the proper can keep the original surfaces as refer-

nect, which leaves the curvature orientation. The surfaces do not need ence, as well as adjust the bias of the
. . . the same level of detail; Maya adds connection between the surfaces if

of the original surfaces intact and detail if it is required. Choose Edit blend is used.

can cause creasing. NURBS — Attach Surfaces.

The Align Surfaces Tool

The Align Surfaces tool works similarly to Attach Surfaces, but it physically moves or modi-
fies the surfaces together so that they align at their edges. These surfaces can be attached
or left separate. Using the Align Surfaces tool gives you more control over the resulting
connection’s curvature than using Attach Surfaces.

Edit Help
T [itacH
Mukighe Krots & Keep  Remove
Continuly © Position % Tangent (" Curvature
Modiy Position % First  Second " Both
Modily Boundary ( Fist  Second " Both
Modily Tangent & Fist " Second

Tangent Scale First I‘I.UIIJ —_—l—

Start with two NURBS sur- The final result is two sur-
faces. Align them as needed. | 3 faces exactly aligned along
The surfaces do not need the Alon | e | Close |  their edges.

same level of detail. Maya
adds detail if it is required.
Choose Edit NURBS — Align
Surfaces.

The Align Surfaces tool gives you options for determining the
continuity of the join whether you want to move or modify
one or both surfaces. It also gives you the option to attach
the resulting surfaces as one.

The Stitch Surfaces Tool

The Stitch Surfaces tool works much as its name implies: it lets you literally sew points or
edges of NURBS surfaces together to maintain continuity. You use this tool to deform sur-
faces and to build characters for animation.

To access the Stitch Surfaces tool, choose Edit NURBS — Stitch, and then choose Stitch
Surface Points, Stitch Edges Tool, or Global Stitch.



Stitch Surface Points simultaneously stitches
pairs of CVs. This tool is best used for areas where
you need to do detail work by stitching only a hand-

ful of CVs.

Points

To stitch surface points,
align two surfaces visually so
that they are in the proper
orientation. Enter compo-
nent mode (press F8) and
select the CVs to be stitched.

Choose Edit NURBS — Stitch
— Stitch Surface Points to
connect the selected points

NURBS Patches (31

Stitch Edges Tool stitches entire edges together.
This works much faster than stitching a surface a CV
at a time and is much more commonly used.

Edges

As with stitch surface
points, you start with two
aligned surfaces. Choose Edit
NURBS — Stitch — Stitch
Edges Tool. Select the edges
you want to stitch.

Manipulators

The edges then stitch them-
selves together. At the end
of each edge appears a dia-
mond manipulator that you
can select and use as a “zip-
per” to open or close parts

TIP

Be sure to delete history on the surfaces before stitching them.

Global Stitch lets you quickly
stitch together a collection of sur-
faces. This is even quicker than
Stitch Edges, but has no control to
“unzip” a surface.

The Global Stitch tool works using the
distances between edges, so you need
all the surfaces aligned fairly closely.

of the stitch.

T Closedt Enct
1 Eal Paeama
-

S Cowens 001+ Ciouest P
Suchldges © 0 ¥ CosestPort

The final model is seamless
and can be deformed.

Select the surfaces you want to stitch
and choose Edit NURBS — Global Stitch.
You have options for determining the
maximum distance of the stitch as well
as the smoothness of the surface.

The final surface is seamless and will
deform nicely.
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Building a NURBS Car

1 To start building the body, cre-
ate a sphere with 8 spans and
8 sections.

Rotate the sphere 90° so that

the poles are pointing toward
the front and the back. Go to the
side viewport and start shaping the
body into a torpedo by scaling and
moving groups of CVs.

The final result should be a
torpedo shape with a slightly
flattened bottom.

Next, cut the opening for the
4 seat: Create a cylinder and
reshape it so that the front part is
a little flatter than the rear.

5 Slide the cylinder down so that

it intersects the body. You can
use the X-Ray feature (Shade
Options — X-Ray on the viewport
menu) found in the View menu of
the active viewport.

Select both surfaces. Choose

Edit NURBS — Intersect Sur-
faces to create a curve on a surface
at the intersection of the surfaces.

Using the Trim tool (choose
Edit NURBS — Trim Tool), trim
away the upper part of the cylinder.

Trim away the shape on the

body to reveal the opening.
The lower part of the cylinder is the
inside wall of the passenger com-
partment.

Create the lip around the
9 opening. Create a NURBS cir-
cle, and position it over the curve
surrounding the lip.



1 O Select the circle, and then
select the trim curve defin-
ing the edge of the opening.
Choose Surfaces — Extrude. In the
options, verify that the Result Posi-
tion is set to At Path, that Pivot is
set to Component, and that Orien-
tation is set to Profile Normal.

1 1 Create the windshield. This
needs to be attached to the
edge of the body opening. Select
the curve representing the opening
and duplicate it by choosing Edit
Curves — Duplicate Surface Curves.

Select a curve point and
use it to detach the curve
by choosing Edit Curves — Detach
Curves. The resulting curve should
be similar to the green curve.

12

TUTORIAL Building a NURBS Car

Duplicate this curve, scale
the copy down slightly, and
move 1t up.

Use the two curves to cre-

ate a loft (choose Surfaces
- Loft) This is the windshield.
Position it on the car body.

In the side view, create a
proﬁle of the seat.

As you did with the wind-
shield, duplicate the trim
curve creating the opening and
detach the back portion of it. If the
curve splits, use Attach Curves to
reconnect it. This will be the path
of an extrude.

16
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Select the seat profile and
the path, and extrude the
seat F1t it into the opening.

Now build the fenders. In

the side viewport, use the
CV tool to create an outline of the
fender.

Duplicate this curve a few

times and reshape the
duphcates to approximate the out-
line of the fender.
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Loft the curves together to °

2 O create the surface of the

fender. If you leave history on, you . To model hubcaps, create a
can adjust the original curves to 2 4 REVOI:VQ th1fs curvfe Eo cre- 2 6 sphere, select an isoparm
tweak the shape of the surface. ate the surtace ot the tire. - +1e top, and detach the top of

the sphere at the isoparm. Duplicate
these, and fit them to the wheels.

AR o>

Create the second fender

by duplicating the first 2 5 Duplicate the tires and fit 2 7 You create headlights in

fender and scaling it by -1 in the them into the wheel wells. much the same way that
X direction. you create hubcaps. Deform a sphere

into the headlight shape, and then
detach the top to make the front of
the light. Add a torus as the ring.

2 2 Adjust the fenders to fit
the body of the car.

2 3 Create some tires. Start 2 8 Duplicate and position the headlights. The car is now ready. You
with a U-shaped curve that can continue modeling to create other details, such as door han-
represents the profile of the tire. dles, taillights, and perhaps a dashboard.



Polygonal Modeling

.

olygonal modeling is one of the more intuitive ways to model. Polygonal
models are easy to construct and, unlike NURBS, have no topology limita-
tions. Where NURBS surfaces must be stitched together from four-sided
patches, polygons can have any shape or topology.

The downside to polygonal surfaces is that they are not resolution inde-
pendent. Low-resolution polygonal models tend to animate quickly and are used exten-
sively in games, but their lack of detail make them undesirable for high-resolution ren-
dering, such as for film or video. To overcome this limitation, subdivision surfaces allow
a low-res model to be smoothed automatically at render time so that artists can get the
best of both worlds. In fact, polygonal models with subdivision surfaces are quickly
replacing NURBS as the standard way to create complex, deformable characters.
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Creating Polygonal

Surfaces

A polygonal surface is much simpler than a

Edges Connect two vertices,
forming a line. Edges also

connect the sides of

NURBS surface, but can still define complex
geometry. Unlike NURBS surfaces, a polygon
is not limited to rectangular patches. Poly-

gons can define complex surfaces without
resorting to such tricks as multiple patches,
trims, and blends that NURBS require. A
polygonal surface can have any shape and
any number of branches and still remain one
complete surface in the eyes of Maya.

Polygonal surfaces have three major com-
ponents: vertices, edges, and faces. To select
one of these components, use the toolbar, or
right-click over a polygonal surface to open

a marking menu.

Creating
Individual
Polygons

Polygons can be created
one vertex at a time.
This is good for creating
polygons that exactly
match a desired shape or
for building up complex
surfaces from scratch.
You can also create indi-
vidual polygons to
extend or modify an
existing surface.

polygons.

Faces Three or more edges
make a face and define a
plane. Most modelers stick to
triangles (three-sided) and
quads (four-sided), but

polygons can have any
number of faces.

Keeping polygons planar is simply a mat-

ter of setting a preference. Choose Polygons — Tool
Options and toggle Keep New Faces Planar to On. This
keeps any new faces created on the same plane.

'”~.\

\

You can create a polygon by
choosing Polygons — Create
Polygon Tool. Each click
places a vertex into the
scene. You can use Snap to
align the vertices to a grid
or parts of another object in
the scene. Pressing Enter
ends polygon creation mode.
Add to a finished polygon by
selecting it and choosing
Polygons — Append to Poly-
gon Tool. Click the first com-
mon vertex, and continue
clicking to add more detail;
press Enter to conclude.

Keeping
Polygons
Planar

In geometry, three points
determine a plane. Work-
ing with polygons that
have more than three
vertices can easily create

Vertices Represent a single
point in space and are the
building blocks of all
polygonal objects. Press F9
to enter vertex selection
mode.

You can change any polygon
with more than three ver-
tices to a nonplanar polygon
simply by moving one vertex
off the plane defined by
three vertices. In this case,
the flat plane looks like two
triangles hinged together.

polygons that have one vertex that is nonplanar. Non-
planar polygons will render fine, but can cause pro-
blems for low-poly models used in games.



Creating Polygonal Surfaces ( 37

Creating Polygonal Surfaces
from Primitives

Primitives are basic shapes that can be used by themselves or as the starting point for a
more complex model. To display them, open the Polygons shelf or choose Create — Polygon
Primitives. Unlike NURBS primitives, which are made by deforming a patch into shapes,
polygonal primitives are solid objects with no seams.

QPE HLeo
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Boolean differ-
ence removes one
polygonal surface
from another.

Booleans

Another way to create polygonal surfaces is to choose Polygons —
Booleans to add and subtract polygonal objects. The polygonal
Boolean operators work much the same as NURBS Booleans (see
Chapter 2), but the resulting surfaces are single objects rather
than multiple surfaces. Use Booleans on objects that will remain
rigid and not deform.

Combining Polygonal Objects

Polygonal objects can contain more than one surface. This allows Maya to see a complex
collection of surfaces, such as the parts of a car, as one object. Combining objects can
streamline the work flow, because you do not have to worry about hierarchies or grouping
of objects.

By choosing Polygons — Combine, multiple objects become one single polygonal object,
which can prove easier to manage and manipulate. To separate all combined objects in the
polygonal object, choose Edit Polygons — Separate.
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Modifying Polygonal
Surfaces

Once you create a basic surface, you can modify it using a wide array of tools. You can
select, move, rotate, and scale the component vertices, edges, and faces of the surface.
Adding detail to a surface through smoothing or subdivision gives you more faces and
vertices with which to sculpt the surface. Smoothing and subdividing surfaces can quickly
make a model dense, so be careful when adding global detail. If possible, select faces and
add detail only to the areas of a model that need it.

Choose Edit Polygons —
Subdivide to subdivide edges
or faces. The default setting
cuts each edge or edge of
the face in half, but you can
set the number of subdivi-
sions to any desired value.
You cannot subdivide faces
with holes or concave faces
(unless the center point is
inside the face).

Choose Polygons — Triangu-
late to turn the entire

mesh or selected faces into
triangles.

Choose Edit Polygons —
Split Polygon Tool to specify
exactly how a polygon will
be split by creating new
edges. You can use a subdi-
vision slider to indicate the
amount of subdivision for
the drawn edges.

Choose Edit Polygons —
Bevel to bevel the entire
object or selected edges.

EW @e

Choose Polygons — Smooth
to subdivide every face and
smooth it. Use the conti-
nuity slider to determine the
amount of smoothing.

Choose Edit Polygons —
Chamfer Vertex to expand a

vertex along the intersecting

edges, creating a chamfer.
Width controls the chamfer
size.

Tterations = 2 ..
Iterations = 20

Choose Polygons — Average
Vertices to smooth the sur-
face by averaging the posi-
tion of the vertices. Unlike
using the Smooth command,
Average Vertices does not
add detail.

Choose Edit Polygons — Cut
Faces Tool to cut selected
faces along a predefined
plane. You can use this tool
interactively by clicking the
faces and adjusting the cut
plane with the mouse before
pressing Enter. You can also
set the cut plane by typing
exact values in the Attrib-
utes panel.

1Y
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Choose Edit Polygons —>
Poke Faces to subdivide the
selected face so that you can
move the center vertex and
“poke” or “pull” the face.
Good for making pointed
details in a model, such as
the peak of a roof.

Choose Edit Polygons —>
Wedge Faces to select a face
or faces and then an edge.
The tool pivots the faces in
or out, creating a wedgelike
detail. It works almost like a
revolve and is good for creat-
ing curves’ surface details.

Choose Edit Polygons —>
Delete Edge to remove the
selected edges, while con-
verting the remaining faces
to an n-gon.

Choose Edit Polygons — Fill
Hole to fill a hole in the sur-
face of a mesh with the
selected edges. The resulting
n-gon is attached to the sur-
face, but it does not have
edges; so deformations
might be problematic unless
you add extra detail.

Choose Edit Polygons —>
Collapse to collapse the
selected faces, edges, or ver-
tices to a single vertex,
merging the associated UVs
as well. This tool is used a
lot when reducing detail in
creating low-poly models.

<l
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Choose Polygons — Mirror
Cut to create detailed cor-
ners, such as in a picture
frame or molding. The tool
works by creating a mirror
plane at the pivot point of
the object. You can then
rotate the mirror plane to
create a detailed corner.

Choose Edit Polygons —>
Delete Vertex to remove the
selected vertex and asso-
ciated edges, while convert-
ing the remaining faces to a
polygon.

Choose Polygons — Mirror
Geometry to mirror the
selected detail along the
specified axis. Many symmet-
rical models, such as human
faces, are modeled one side
at a time. Using Mirror
Geometry is a quick way to
mirror one side of a symmet-

rical model and create a
whole.
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Extrusions

In polygonal modeling, an extrude takes a vertex, an edge, or a face and moves it away

from the surface, creating additional faces that join back to the originating surface.
Extrudes are useful for adding details such as limbs to a body or fingers to a hand.

@9 .-‘. oF Ow

Choose Edit Polygons —> Choose Edit Polygons —
Extrude Vertex to extrude the  Extrude Edge to extrude the
selected vertex outward and  selected edges to create new  selected faces.

add a pyramidal shape to tie  polygons.
it to the originating surface.

You can control the length of

the extrude, the width of the

base, and the number of

divisions from base to tip.

Extrude Curve Controls for the taper
and twist of the extruded polygons as
they follow the curve.

0

Taper Curve Lets you create a custom
graph that determines the shape of the *
extrude.

@

Divisions Number of divisions in the ..
extrude.

Random Adjusts the transforms of the
final polygons randomly.

Transform The size of the final polygon;

usually controlled by the transform
gizmo when the extrude is created.

Choose Edit Polygons —
Extrude Face to extrude the
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¥ Wodd Space

Keeb Faces Together When off, each face

is extruded separately. When on, Maya

extrudes the faces together as a whole.

The attributes panel for a polygonal extrude has options to control the size and

shape of the extrude.

You can control extrudes
with a curve. Select the

faces to be extruded, select
the curve, and then perform
the extrude.
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Joining and
Separating Geometry

At times you will need to unify two polygonal sur-
faces as one. You might model a character’s head sep-
arately, for example, and need to attach it to the
body. Conversely, at times you'll need to separate

geometry.

Choose Edit Polygons —>
Merge Edge Tool to select a
single pair of edges and
merge them, tying together
the surfaces.

Choose Edit Polygons —>
Split Vertex to open a sur-
face at the point where poly-
gons meet at a vertex. This
is good for creating holes or

Subdivision Surfaces (41

Choose Edit Polygons —
Merge Vertices to merge
selected vertices, tying the
corresponding edges and
surfaces together. The ver-
tices will merge only if they
lie within a specified dis-
tance, set by a slider.

Choose Edit Polygons —
Merge Multiple Edges to
merge selected edges, tying
together the surfaces. Edges
will merge only if they lie
within a specified distance,
set by a slider.

Choose Edit Polygons —>
Extract to disconnect the
edges of the selected faces
from the mesh. This can hap-
pen in two ways. When Poly-
gons —> Tool Options — Keep
Faces Together is toggled
off, the selected faces are
extracted from each other.

separating surfaces.

When toggled on, the
selected faces are kept
together, but extracted from
the main mesh.

Subdivision Surfaces

Subdivision surfaces combine the ease of
polygonal modeling with the smoothness of
a NURBS surface, giving you the best of
both worlds. Subdivision surfaces are used
extensively in character animation because
they can define almost any complex smooth
surface without the need to stitch patches
together.

A subdivision surface has components
similar to a polygonal surface. These create
a “cage” that surrounds the subdivision sur-
face. Modifying the cage modifies the
underlying surface. The surface itself can
have as many as 12 levels of hierarchical
detail. The base model is defined as level 0,
with each subsequent refinement receiving
a higher level.

Faces Much like a polygonal Edges The edges of the

face, but each face has a subdivision surface help

number indicating its level in  define the cage” that

the surface. surrounds the surface. Like
..-the other components, each

edge has a number indicating

its level.

Verticés Vertices help define the cage
surrounding the surface. Vertices are
indicated by their level number.
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Creating Subdivision Surfaces B

Most modelers prefer to create subdivision surface objects as polygonal models first and
then convert them to subdivision surfaces by choosing Modify —> Convert — Polygons to
Subdiv. The options include Maximum Base Mesh Faces, which needs to be set higher
the number of faces in the polygonal mesh. Depending on the complexity of th ginal

object, the resulting surface might be represented with fewer faces. The o option is o 3
Maximum Edges Per Vertex, which controls the number of edges that be connected t,o’/ i
one vertex, such as at the top of a sphere. i >

It

v
4

You can also convert from a NURBS surface, but each NURBS patch|is convert;gb!g;)ar- '
ately, so the resulting subdivision surfaces must be stitched together. Moute is to I
convert NURBS to polygons, attach the surfaces using Merge or some other tool, and thel

B
convert to subdivision surfaces. , ///f :’
Subdivision Surface Attributes { // { !

\

Jﬂ!_--

 — 4 .
Once created, each subdivision surface has Toggles the display of each Determines how fine a n@h
: se s component type on and off to display in the viewport s
attributes to control how the surface is dis- / : . . :
Resolution determines the
played and rendered. You can use these number of subdivisions. The
attributes to optimize the surface for both higher the resolution, the
. .. . . . slower the model will be to
interactivity and final rendering. deform.
= SMMM
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Modes

Subdivision surfaces have two modes, polygon proxy
and standard. To access these modes, use the marking
menu or the Subdiv Surfaces menu.

Subdivision Surfaces (43

Adding Creases

At times you need to create a hard edge on a subdivi-
sion surface. You control this process by selecting the
desired vertices or edges within standard mode and

using the three creasing options, which are located in

Polygon proxy mode lets you
model and manipulate the
base (level 0) cage surround-
ing the subdivision surface
using Maya’s polygonal mod-
eling tools. This is the pre-
ferred method for modeling
because it allows a wide array
of polygonal tools along with
the ability to see the final
surface as it's modeled.

Standard mode lets you navi-
gate the hierarchy of the
subdivision surface. You can
manipulate the components
of the surface as well as add
detail.

Working with Levels

Using levels is a great way to add local detail to a
model. As mentioned earlier, Maya allows for a maxi-
mum of 12 levels in a model, though most models
never get beyond 2 or 3 levels. Levels are set up auto-
matically by Maya as the surface is refined. To navi-
gate levels, choose Subdiv Surfaces -~ Component
Display Level or in the marking menu select either

Finer or Coarser.

g

Level 0 is the base level of
the mesh and equivalent to
the detail of the surrounding
cage.

Level 1 contains only the
detail needed to define the
parts of the model that are
more tightly curved.

the Subdiv Surfaces menu.

Full Crease causes the parts
of the surface defined by the
selected edges to be at a
right angle.

Partial Crease rounds off the
parts surface defined by the
selected edges.

Uncreased is the default for
a surface, but creased edges
can be uncreased using this
menu option.

Mirroring and

Attaching

o

Choose Subdiv Surfaces —
Mirror to create a mirror
image of the subdivision sur-
face. This command is useful
for creating symmetrical
models, such as this airplane
body.

i

Choosing Subdiv Surfaces —
Attach is similar to choosing
the Merge Multiple Edges
tool and lets you attach sub-
division surfaces together.
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Modeling a Cartoon Character

FE o [o)

Let’s work on the head first.

Create a polygonal cube with
two subdivisions on each axis.
Choose Polygons — Smooth to
round it off and add detail.

Using the marking menu, enter

vertex edit mode. Start select-
ing vertices, and reshape the model
into a rough approximation of the
cow’s nose.

Select the faces at the base of

the nose and extrude them by
choosing Edit Polygons — Extrude
Face. Be sure to toggle Keep Faces
Together in the Channel box. Scale
and rotate the extruded faces to
start forming the outline of the
head.

Keeping the same faces
4 selected, perform another
extrude to give the head more
detail. Select vertices and refine
the shape of the head.

' 4

5 Once the head is reshaped,

start working on the eyes.
Select the four faces representing
the eye socket and remove them by
pressing Delete. This creates a hole
in the mesh.

Select the edges around the
hole and extrude them forward
to create detail for the eye.

Select the vertices surrounding

the eye socket, and reshape
the newly created detail to form
the outline of the eye.

Extrude the edges surrounding
the eye socket two more times
and reshape the new detail.

Select the faces representing

the half of the head opposite
the eye socket, and delete them.
We will model only half the head
for the next few steps to ensure
symmetry.



1 O Create a sphere, and adjust
its size and position to
match the eye socket. Use this as a
guide for final tweaking of the eye

socket shape.

1 1 Create a nostril by select-
ing the face on the top-
most corner of the front of the nose
and extruding it twice. Reshape the
detail to create a nostril that looks

similar to the image.

1 Create an ear by extruding

a face on the side of the
skull and reshaping it. You might
need to rotate and scale the detail
a bit to get the correct profile.

TUTORIAL Modeling a Cartoon Character (45

, '
Once you're happy with the

1 3 shape of the head, you can
create the other half so you can put
it back together. Choose Polygons
— Mirror Geometry to create the
other half of the head.

1 6 Rotate faces and continue
to extrude until the mouth
flap is complete.

1 7 Reshape and add detail to

finish the mouth. The head
is now almost complete. Touch up
the model and refine it until you're
happy with it.

1 4 Select the vertices along

the middle of the model.
Choose Edit Polygons — Merge Ver-
tices. If all the vertices don't
merge, go into the attributes panel
and adjust the Distance slider until
they all snap together.

1 8 Now we move to modeling
the body. Start with a
polygonal cube. Make it slightly
taller in height. Add three rows
each in Subdivisions Width and
Depth and four rows in Subdivisions
Height. This will give you enough
detail to model arms and legs.

1 5 To create the mouth, select

faces on the underside of
the head, where the nose meets the
skull, and extrude them.
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1 9 Select the middle two faces

on the bottom of the
model. Choose Edit Polygons —>
Extrude Face. This is the start of
the character’s legs.

Detail .
for i
knees

2 O Continue extruding the
legs. Be sure to give

enough detail around the knees so
that they can bend smoothly. Don't
worry that the legs are square; they
will round out when we turn the
model into a subdivision surface.

2 1 Create the arms in much

the same manner as the
legs. Select faces along the top of
the sides of the body and extrude
them. Be sure to give enough detail
for the character’s elbows so they
deform properly.

Start sculpting the body by
selecting the vertices along
the outside corners and scaling
them down. This rounds off the cor-
ners of the model. Continue to
round the model.

In the side view, model the
profile of the character.
Bulge out the belly a bit and
straighten out the back. Continue
sculpting the body.

Select the faces at the bot-
tom of the legs and extrude
them slightly to make the hooves.

2 5 Now start working on the
neck. Select the faces
above the collar and delete them.

2 6 Select the edges around

the opening and extrude
them. Scale them down and flatten
them in the vertical direction so
they make a nice oval that will act
as the base of the neck.

2 7 In order for this detail to

match up with the head,
we need to reduce the opening
from 12 vertices to 8. Select the
edges at each of the four corners
and collapse them. This will reduce
the vertex count.



Select the edges around

the neck opening, and
extrude them twice to create the
neck. We will attach it to the head
later.

2 9 The body is done. Touch up
any rough spots and refine
it until you're happy.

3 O Here we begin modeling
the glove. The hand starts
with a simple box approximately
the size of the character’s palm.
The box should have three subdivi-
sions each of width and depth.

TUTORIAL Modeling a Cartoon Character

o ‘ l
Extrude the polygon repre-

3 1 senting the base of the
thumb several times to make the

thumb.

&

3 2 Select the faces at the

front of the palm. Extrude
them, making sure the Keep Faces
On option is toggled off. This will
create the fingers.

&'\

The basic topology of the

hand is now in place. Res-
culpt the vertices to get a more
natural shape.

(47
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3 4 Extrude the face at the

base of the palm several
times to create the base of the
glove and sculpt it into shape.

W

The hand is done. Although

it might look blocky, it will
subd1v1de nicely. You can test to
see how the hand will subdivide by
choosing Modify — Convert — Poly-
gons to Subdiv.
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Now that all the parts are built, we need to bring them together as one character. The first step is to get all
the parts in one scene and then scale and align all the parts of the character.

2%

You attach the head in much Snap the vertices of the top of
Select all the parts of the the same way as you attached the neck to the corresponding
character, and then choose the hands. Select the four polygons  vertices of the head. Choose Edit
Polygons — Combine to combine all  that represent the base of the skull ~ Polygons — Merge Vertices to seam-
the part into the same object. and delete them. lessly connect the head to the
body.

Attach the gloves at the

wrists. First, delete the faces
that are at the ends of the arm and
the hand.

The model is finished. Create a subdivision surface of the model by
Snap the vertices of the end of 6 choosing Modify — Convert — Polygons to Subdiv.
the arm to the corresponding
vertices of the glove. Choose Edit
Polygons — Merge Vertices to make
the joints seamless. Repeat the
process on the other hand.



Creating Textures

extures bring a model and a scene to life. Without texture, most 3D models
would look like solid plastic when rendered. Textures bring color, reflec-
tions, transparency, and roughness to a surface. You can create textures
from images such as photographs or paintings, and you can also create
them procedurally using texture generators that come with Maya.

You create textures in Maya using Shader networks, which are networks of intercon-
nected nodes. Understanding how these nodes work and how they affect surface charac-
teristics is important to mastering texturing within Maya. Getting a texture right can
take a lot of revisions. In the production process, many times you create textures along
with the lighting, as light has direct bearing on how a surface will look. Using tools such
as Maya’s Interactive Photorealistic Rendering (IPR) can also help fine-tune textures
much more quickly.

(49
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Shaders

In Maya, shaders control the way a surface looks.
Attributes such as transparency, reflectivity, bumps,
color, and texture are all contained within a shader.
Shaders in Maya are actually constructed from a net-
work of nodes. Each node contains attributes that

Lambert: Creates a
diffuse surface with
no highlights. Perfect
for any type of nonre-
flective surface, such
as rubber or cloth.

define the way the shader behaves, such as the color
or transparency of the shader.

When creating a shader, first you need to decide the

type of surface you will be shading. Different types of
surfaces react differently to light. Maya has five basic
shading types, also known as Surface Materials. Each
shader type deals with light uniquely, particularly when
handling specularity or how shiny an object appears.

Phong: One of the old-
est shading algo-
rithms and creates a
surface with distinct
specular highlights.
Supports reflections
and is good for creat-

Phong E: Similar to
Phong but with addi-
tional attributes that
allow for greater con-
trol and softer high-
lights. Good for glass
or any shiny organic

Blinn: A versatile
shading algorithm and
probably the most
popular among artists.
Has fairly soft high-
lights by default, but
can simulate almost

Anisotropic: Simulates
surfaces that have
directional highlights.
Good for such materi-
als as brushed metal,
silk, and hair.

ing shiny artificial surface.
surfaces such as plas-

tics and some glass.

Ramp Shader

A Ramp shader can simulate the way color changes with changing light and the view
angle. It’s great for surfaces such as silk and satin, but can also tweak traditional shad-

ing in subtle ways as well as produce effects such as X-ray shading.
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anything from a Lam-
bert to a Phong. Used
for almost anything
from skin to metal.

When the Color attribute of the Ramp shader is
mapped to change according to viewing angle,
the color of the surface changes as the surface
curves away. Even adding a subtle change in
color truly brings a surface to life.

Applying a ramp to the Transparency and Incan-
descence attributes produces an x-ray effect.
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Layered Shader

Allows multiple layers to be
stacked and combined. Use-
ful for shading objects with
multiple materials. You can
composite layers in myriad
ways using image maps,
ramps, or mattes.

Creating and
Editing Shaders

Maya allows you to create, edit, and manage shaders l R ety ﬂ
in several ways. You can create shaders from the Ren- e TR D
der Shelf, the Multilister, or the Hypershade window. . ° ° . o o ‘ o . . |

You can edit Shader networks using the Attributes e o

panel of the shader or within the Hypershade win- The Render shelf allows you to create and assign any type of
d d had ith either th shader to the active objects in the scene. Simply select the
ow, and you can manage shaders with either the objects and RMB the desired shader. This is an easy way to

Multilister or the Hypershade window. quickly assign basic shader types to objects.

Shader Attributes

The most direct way to edit a shader’s properties is through the shader’s Attributes panel.
Any object that has the shader applied has an Attributes panel for the shader. Since
shaders can be shared among objects, modifying a single object’s shader can affect other
objects as well.

Name The name of the shader. Each shader should have a unique and descriptive
name. One shader can be shared among many objects.

Material Sample A sample of what the shader will look like when rendered.
Material Type The type of surface material.

Common Material Attributes The attributes shared by every shader, which include
color, transparency, and bump mapping, among others.

Specular Attributes Since each surface material type handles specularity differently,
these parameters depend on the type of shader.
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The first group of attributes is common to all Maya shader types. These attributes define
the color, transparency, and bumpiness of the surface. All shader attributes are nodes that
can contain a simple value, such as an RGB color or a grayscale value. Nodes can also be
connected to other nodes, such as a texture, for creating more complex shaders.

Color: An RGB value (here, yellow vs. blue) defined by the
color wheel. The color can also be defined by a texture node
that contains a bitmap or a procedural texture.

Transparency: Usually defined by a grayscale bitmap, but can
also contain color. (Here, Transparency is set as left 0.0,
right 0.5.) Color transparencies might be used in a stained-
glass window, for example.

Ambient Color: The overall color of the object in the absence
of light (Ambient left 0.5, right 0.9). Increasing this value
can give the illusion of ambient lighting in a well-lit scene,
but if the scene goes dark, too much ambient color makes
the object appear lighter than the background.

Bump Mapping: Creates the illusion of surface relief by simu-
lating the highlights and shadows caused by a bumpy surface.
(Bump left 0.4, right 0.8.) This attribute requires a texture
node, such as a bitmap or noise node. Bump mapping is simu-
lated and does not actually change the surface, simply the way
light bounces off it. (Displacement maps change the surface.)

Translucence, Depth, and Focus: Allows the surface to trans-
mit light diffusely, like frosted glass, wax, leaves, or clouds.
Higher Translucence transmits more light; Translucence Focus
determines how much light is scattered. A surface’s translu-
cence is based on the illumination it receives from lights and
is not related to its transparency.

Incandescence: For objects that are self-illuminated, such as
light fixtures. This attribute does not emit light, however,
and will not light other objects. (Incandescence left 0.3,
right 0.7.) Turning this up makes the object appear more of a
solid color.

Diffuse: Determines how much light is absorbed or scattered
by the surface. (Diffuse left 0.5, right 1.0.) This value deter-
mines the overall brightness of the object when it is illumi-
nated by a light.
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Specularity determines how shiny an object appears, and the eye uses specularity to determine
the quality and character of a surface. The attributes controlling specularity depend on the
shader’s surface material. Lambert shaders, for example, have no specular attributes; Blinn,
Phong, and Anisotropic shaders each have their own ways of creating specular highlights.

(left) An object without specularity appears to have a matte finish. (right) Specularity adds highlights
to the object and gives it shininess.

Reflectivity is also configured in the Specular Rollout tab. An object’s reflectivity determines how much
the object reflects its environment, determined by either the reflected color or actual raytracing.

Clicking the checkered icon to the right of

an attribute opens the Create Render Node window. The
Create Render Node window allows you to choose a
type of render node, such as a texture, and connect it

The easiest way to add texture maps to an attribute to the attribute.

is to apply them within the Attributes panel. Any

mappable attribute has a little checkered box along

the right side of its controls. Clicking this box allows

you to choose a texture type.
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The Hypershade

The Hypershade window (choose Window — Rendering Editors — Hypershade) is the pre-
ferred place to create and edit shaders, as well as manage textures, lights, and special
effects. The Hypershade window displays shaders as connected nodes, much in the same
way as the Hypergraph window, allowing you to edit shaders by connecting and disconnect-

ing nodes to create Shader networks.

Graphing icons Allow you to
graph and display a Shader
network in the work area.
You can also access these
functions by choosing
Hypershade — Graph.

Create bar Use to create
surface materials, textures,
lights, displacements,
environments, glows, and
volumetric effects. These
tabs also have utilities you
can use to place textures,
adjust color, and manage
particles. You can also access
these functions by choosing
Hypershade — Create.

Connections Allow you to
view the input and/or output
connections to a node in the
network. Handy for viewing
small sections of a complex
network. You can also access
these functions by choosing
Hypershade — Graph.

Hypershade tabs Provide a
tabbed interface to organize
your projects. By default,
materials, textures, lights,
and cameras all have their
own tabs. You can create
additional tabs using the
Tabs option in the Hyper-
shade menu.

Using the Multilister window (choose Window —> Rendering Editors —
Multilister) is another way to manage and create textures and has been around since
Alias PowerAnimator. It is a simpler interface than the Hypershade window, and for
basic textures, it can be a faster way to manage texture libraries. The Multilister win-
dow has two panes: on the top is a tabbed interface containing all the Shader net-
works, materials, lights, and cameras in the scene; along the bottom are textures

associated with the scene.

Work area Where shader
networks can be edited.
Navigation is the same as in
any viewport. Moving the
mouse over a connection
displays the type of connec-
tion. MMB and dragging one
node over another creates a
connection.
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[ Mateiats | Tewhaes | Ushis | Lights | Camerss | Sheding Groups | Baka Sets | Promets | Text |

I [

The Hypershade (55

Graph Materials on Selected Clijects
Clear Graph

Inpik and Output Conections
| Inpuk Connections
Cutput Conctions

Shiws Previous Graph
Show Neat Graph

Add Selected to Graph
Remove Selected from Graph

Resrrangs Gragh

Modifying a Shader network requires that you graph it. This is done
using the window’s menu or the marking menu or by clicking the Con-
nections button on the toolbar. The graph of the network appears in the
work area.

Connect Input of: lambert4
Default Ctrl+Drop
ambientColor

color

incandescence

Shift+Drop

If a node is not listed in the shortcut menu, choose

Other and use the Connection Editor to make the connection.

[ Gieole | 6w | 7| Nodes are created
= CieataMayaNode: || USiNg the Create
S iicaracs - Maya Nodes
0“““’”"‘“ panel. When cre-
/ ating a shader,
@ you start with the
e Hai Tube Shades surface material
.Lm type. You can also
7 e create textures,
such as this file
e"m‘s"“ being used as a
° Fhons texture map.

Connections between nodes
can be made simply by MM
clicking and dragging the
node over the desired target.
A short list of attributes
appears, allowing you to
connect the output of the
node to the most common
attributes.
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Textures

Textures are images that can be mapped to
almost any attribute of a surface material.
Color is the most common type of texture; a
wood table might use a digital image of
wood grain as its color attribute, for exam-
ple. Textures can also be used for many
other attributes, such as bump mapping,
transparency, and reflectivity.

Textures can be bitmap images or can be
created procedurally. Bitmaps can be any
sort of image, from a product logo to a digi-
tal photograph, but large textures can con-
sume a lot of disk space and system mem-
ory. Procedural textures use mathematical
algorithms to create patterns, such as noise,
gradients, and checkerboards, and can be
much more efficient than bitmaps. Since
they are generated mathematically, they
don't take up disk space and are resolution
independent. Procedural textures fall into
two categories, 2D and 3D; 3D textures cre-
ate texture information in a third dimen-
sion and must be mapped differently.

Without color, the ground in this scene
has no character.

Another bitmap texture is
used to map the bumpiness
of the surface.

In this case, a photograph of
some dirt and asphalt is
used to add some color.

The final result has much more
character.

Bitmapped Textures

Creating bitmap textures is often
done in image-editing applications
such as Photoshop. The big thing
to consider when creating a
bitmap texture is the size of the
bitmap. The bitmap needs to have
enough resolution so that it
doesn't break up when it is ren-
dered. This resolution can be

e i e |

(left) When the camera is above the ground, the textures look sharp and clear.

tricky to figure out, as a bitmap
for an object in the background
requires far less resolution than an
object that is full screen.

(right) If the camera gets too close to the ground, however, the bitmap breaks up,
causing a blurred effect. To fix this, you need a higher resolution bitmap.
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Using 3D Paint

Maya offers the basic, but functional, 3D Paint tool (choose Texturing — 3D Paint
Tool) that allows you to create bitmapped textures by painting directly on a 3D

model.

Before you can begin painting, the model needs texture coordinates applied. The
default UV mapping can be used for NURBS models, though multiple patch models
need multiple texture maps. A polygonal model typically uses a single texture map,
necessitating a higher resolution map. If the resolution gets too high, the model
can be broken into multiple textures, one each for the head, body, and so on.

Dry Brush '
Hatch
Sponge

Different brush types pro-
duce different effects.

" Select
Faces

Flood
Paint

3D painting on polygonal
and subdivision surfaces
allows you to flood selected
faces. Simply select the
faces, activate the 3D Paint
tool, and toggle Selected
before flooding.

The size and shape of the 3D Paint
Brush tool are determined using the U
and L sliders. To choose the type of
brush, click an icon below the U and L
sliders. Brushes are pressure sensitive.
To load a custom brush, click th
Browse button.

The color of the brush. Reducing opacity .

allows you to paint over another color
without entirely replacing it.

Flood Paint allows you to flood an
entire area with a color. Flood Erase ..

removes color, revealing the original ™.

texture.

Allows the brush to paint color, as well

as erase, smear, clone, or blur. Set Erase
Image is typically used to define the
original image used to erase paint, but
it can be any image, so you can use it
to paint patterns.

This is where you define the attribute to
paint, as well as the image format of
the painted image. Images are stored in
the 3DPaintTextures folder of the
current project. This panel also allows
you to save bitmaps or set the tool to
save as you paint. (For large files, this
can impact performance.)
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J

When you paint on a model,
the paint is stored in a
bitmap texture that has been
assigned to the model. You
can create and assign this
texture directly from the 3D
Paint tool. You can also
paint over existing textures
previously assigned in the
Hypershade or through the
shader’s Attributes panel.
When the tool is selected, an
Artisan brush appears above
the model.

N SOV

¥ Rotate To Sucke

o [ ———— 7/

Opociy 1000 ———————|

coise [ f—

Opaciy L0000 —————

FoodPart | FloodErmse |
Flood & A1  Selected
Paint Dpesations
Adiaan = Painl " Erace T Clone
Pairt Effects  Paint " Smoa B
Set Erave Image
Rezet Bruzhes

Blend Mode | Delaut vI

B Intenaty [ —
=] File Textures

Afsbute to Part | Color -

Image Fomat | Maya IFF (o] =

Stylus Pressure

€ State
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2D Procedural Textures

2D procedural textures operate much like bitmaps. You can map them to any object using
UV coordinates, and you can also tile them. Procedural textures can be useful because they
can quickly create natural-looking effects quickly and with little overhead. You can also
animate procedural textures by keyframing their attributes.

Bulge: Creates a grid of Checker: Creates a two-color  Cloth: Simulates woven Fractal: Generates fractal

white squares that fade to checkerboard pattern. fabric. noise and is often used to

gray toward the edges. create natural phenomena.
Color Key .

Grid: Creates a grid pattern Noise: Generates noise to

for simulating regular tiles simulate a bumpy surface or

Stencil: Used when applying a bitmap or proce-
dural texture over a specific area of a model, such
as when creating a label or a decal. Stencils can
use a color key or a separate matte to mask out
the desired area.

and, as a transparency map, add variations in color.
can create meshes.



Ramp: Gradients of two or
more colors. These can be
used as color maps to repre-
sent a sky and a horizon,
flames, stripes, clouds, or
patterns. They can also be
used as mattes to blend
between different textures
or create a transparency.

Open§ the Color Chooser. Selecting
Position moves the associated handle.

Noise and Noise Freq

U ramp Box ramp Diagonal ramp

Circular ramp  Four-Corner ramp  Tartan ramp

Ramp types

Determines how the ramp will be calculated.

_:I Ramp >
Type |V Ramp e »
Interpolation [ Linear ]
@ B
® [ ]
"""" - Selected Color 1A

Selected Position IIH?EI |

N T e
A T I e
- Moise [2000 e

introduce noise to the ramp.

“ NossFieg [0Sl ———=f——— &
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Exponential

Interpolation
types

" Determines how the colors

will transition from one to
the other. Choosing None
creates hard-edged stripes.

.- Click the handle to choose

color. Click and drag to
choose position.

- Click inside the ramp to

create a new handle and
color.

Click to delete the handle
and color.

U Wave and V Wave create a wavelike
pattern along one or both axes of the

ramp.
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3D textures behave differently from 2D textures. A 2D texture is much like a sheet of paper
that is laid on the surface. 3D textures, however, exist in a volume of 3D space, so the sur-
face takes up the texture where it intersects with the volume.

Brownian: A noisy texture
based on the motion of par-
ticles in a liquid. When used
as a bump map, Brownian is
good for creating effects
such as thickly painted
metal.

Marble: A veiny, pseudo-
random texture that can
simulate marble. It can be
used for many other things,
including clouds and
lightning.

Cloud: Creates clouds with
transparent space in
between. It's best to use it
mapped onto a sphere to
create a dome to represent
the sky. You can use several
spheres to create layered
clouds.

Rock: Simulates rock using a
random 3D distribution of
two grain material types.

Leather: Simulates the
appearance of leather using
two colors—one for the cell,
and one for the veins
between the cells. This can
be quite effective for skin
textures.

Solid Fractal: Similar to the
2D Fractal, but this occupies
a volume. It's great for volu-
metric effects such as
clouds.

Granite: Gives the appear-
ance of granite using a cell-
like structure. This is the
same as the Leather texture,
except three cell colors are
used instead of one. This
makes it useful for skin tex-
tures in addition to simulat-
ing rock.

Wood: Simulates wood by
creating concentric ring lay-
ers surrounded by veins and
filler. Since this is a 3D tex-
ture, it simulates the veins
of wood in 3D, which means
that the veins are visible
across corners and edges.
This sort of effect is difficult
using bitmaps.
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Bump and Displacement
Mapping

Bump maps give a surface a sense
of roughness and depth. Most sur-
faces are not perfectly smooth,
and a little bit of bump mapping
can go a long way toward making
objects seem real. It is also easier
and more efficient to add surface
imperfections using bump or dis-

placement maps than to actually

model everv bump and pockmark (left) With ]USt a color map, the ground in this scene looks flat, fairly smooth, and
Very bump p not very convincing. (right) A bump map gives the ground a sense of roughness

on a surface. and adds an additional level of realism.

Bump Maps -
Bump mapping can be configured within the material’s Attributes panel.

Bump mapping only affects the way light interacts with the surface, but
does not actually modify geometry; so the edges still appear smooth. Specularity is a good indicator of surface
N . . roughness. The highlight on this surface
Bump mapping is perfectly fine for creating general surface roughness is smooth, making it Lok like a rubber
or more exaggerated bumps on surfaces such as a ground plane or a wall.  ball. Adding a small amount of noise as
a bump map turns the surface into the
skin of an orange. This roughness shows

D.i S p la Ce m e n t M a p S up distinctly in the specular highlight.

Displacement mapping actually changes the surface of the geometry, adding another level
of realism. This process takes significantly more processing and rendering power, so use
displacements only where they are needed and use bumps for the rest. You can also use dis-
placements as a modeling tool. Choose Modify — Convert — Displacement to Polygons,
which generates a polygonal mesh.

lambett1 286 | lambent12 | displacementShadert | noise |
i B | Focus |
shadingEngine: [lamben 1256 Erea| s
s .

(left) A simple rock—no bumps or displacements. (center) I : = =
With noise added as a bump map, the rock appears to have a :J sms.:;::::mu |
rough surface. The edge of the rock, however, remains Volme Materal | )
smooth. (right) A displacement map actually moves and : Displacement Mal. [roiset al

changes the surface at render time to match the texture map.

This completes the illusion. To set up a displacement map, add it to the Dis-
placement attribute in the Shader section’s Attrib-
utes window.
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Placing Textures

Proper placement of textures can be an important task. Many times,
details of a texture need to line up precisely with details of the model.
Placing a texture depends on the type of geometry as well as the type of

texture.

Mapping 2D Textures

In Maya, 2D textures are aligned using the place2dTexture node. This
node is created automatically whenever a 2D texture is created. Nodes
can also be shared, for times when you need to map similar textures

along identical coordinates, such as a color and a transparency map.

|»| 2d Testure Placement Altributes

Iriteiactive Placement
Coversge 1000 1000
Tiorslsis Frome [1000 0000
Iﬁ?r Ll
I e

HES

W Wisp U
™ Stagge:
RepemtUv [10D0  [2000
Ofeet [T000 o000
Roselyv 0000 ————————
Hoselv [0000 [oo0
™ Fast

[o[& & [

The 2d Texture Placement Attributes
window contains attributes to control
the placement of the texture.

Mapping 3D
Textures

3D procedural textures, environ-
ment maps, and projected 2D tex-
tures need to be mapped to an
object in three dimensions. This is
done using the place3Dtexture
node, which creates a texture ref-
erence object in the scene. You
can move, rotate, scale, and shear this object in both
world and local space to place the texture correctly
within the scene.

The place2dTexture node is automati-
cally connected to the 2D texture when
it is created. You can also connect this
node to other textures so that many
textures can share the same mapping.

Scales in V

Rotates
texture

Scalels inU

Translates texture

Interactive Placement: Shows a manip-
ulator that controls the way the texture
is mapped to the surface. The manipu-
lator has handles to scale, translate,
and rotate the texture. Middle-clicking
a handle adjusts the desired attribute.

Projections on
Polygons

Projecting an image on a
surface is similar to how
a slide projector works.
The image is cast onto
the object from a specific
direction and angle. Tex-
tures can also be pro-
jected from spheres,
cubes, and cylinders, among other shapes, to essen-
tially turn a 2D texture into a 3D texture.

Texture projected on an
object.



Polygonal objects have
projection options that can
be applied through the
Edit Polygons menu. Sim-
ply select the polygonal
mesh (or selected faces in
the mesh) and choose Edit
Polygons — Texture —
Cylindrical, Spherical, or
Planar Mapping. This
applies the projection and
provides a manipulator to
adjust the placement.
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Planar: Projects the
texture along a plane.
The positioning, size,
and rotation of the
plane can be adjusted
with the manipulator.

UV Texture Editing

One of the big benefits of polygonal modeling is that polygonal objects are not limited to
patches or networks of patches. Polygonal objects can have branches and multiple surfaces.
This, however, makes it difficult to texture them with simple projections or 2D image

placement.

Cylindrical: Wraps the
texture into a cylindri
cal shell and projects
it on the surface. The
manipulator has
options for size, posi-
tion, and rotation, as
well as sweep angle.

Spherical: Applies the texture to a

- spherical shell and projects it on the
surface. The manipulator has options
for size, position, and rotation, as well
as sweep angle.

Using Maya’s UV Texture Editor (choose Window — UV Texture Editor) is the best way to
edit the texture mapping on a complex polygonal object. It allows you to lay a wireframe
representation of the object against a texture map and place textures exactly by adjusting
the positions of the object’s UV coordinates.

A complex mesh
containing multi-
ple mapping coor-
dinates and pro-
jections. This can
be accomplished
using the UV Tex-
ture Editor.

The texture map
contains images
for all parts of the

object.
TS



64 ) 4 - Creating Textures

The process of mapping starts by creating a basic set of UV coordinates for the object.
Selecting faces of the object and projecting mapping coordinates on the sets of faces is one
way to apply UV coordinates. Another way is to use automatic mapping (choose Edit Poly-
gons — Texture — Automatic Mapping).

Once the basic UV mapping is applied, you can use the UV Texture Editor to fine-tune
and adjust the mapping. By setting the component mode to UV, you can move, separate,
and sew the object’s UV coordinates to other parts of the model.

Flip and rotate
UVs These four
icons allow you to
flip sets of UVs
along an axis or

Sew and split
UVs Icons that
allow you to sew
UVs together for
seamless textur-

Align UVs Tools
that let you align,
snap, and relax
sets of UVs.

Isolation tools
Many times, UVs
can overlap,
making selection
and tweaking

rotate them 45°
at a time.

ing, as well as
split UVs into
individual sets so
they can be
positioned
independently.

UVs Selected UVs are highlighted in
green.

Texture view Where UV texture editing
takes place. Navigate in the way you
navigate any other orthogonal viewport.
You can select and move UVs using the
standard Move, Rotate, and Scale tools.
In addition, you can separate or sew
UVs together.

To sew UVs together, select the UVs and then click
the Sew UVs button (choose Edit Polygons — Tex-
ture = Sew UVs). This connects the selected UVs
to match the topology of the model. Move and
Sew UVs moves an entire UV set to match another
and automatically sews the two together.

difficult. These
tools allow you to
isolate sets of UVs
while hiding the
rest, making
editing easier.

Texture Editor
oo [Potvorn St view Swlect Irace el

View buttons
Icons that allow
you to control the
way images and
grids appear in
the Texture View
pane.

ﬁ?m’%’k -{'L(EH'EH 2%H
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button.
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ICJ‘ 2 |
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To split UVs, select the desired edges and then
click the Split UVs button (choose Edit Polygons
— Texture — Cut UVs). This disconnects the UVs
around the selected edges. You can also split UVs
at a specific UV by clicking the Split Selected UV

UV edit buttons
Tools that allow
you to cut and
paste UVs.
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Reflection Mapping

Any shiny object reflects light. Reflections
are important in simulating reality. A
mirror might reflect an image perfectly,
while galvanized metal might only reflect
broad swaths of color, but they both reflect
at least a little bit of their environment.

The most accurate form of reflections
come from raytracing, but many artists sim-
ply use bitmapped environments. Although
not as accurate, bitmapped environments
can be much faster to render, and, in most
cases, reflections do not need to be com-
pletely accurate to sell the illusion of real-
ity. If there is no “real” environment, such
as when an object is rendered by itself,
bitmap environments are a necessity. They
are particularly useful when creating ani-
mation that integrates with film or video.
Artists who work on special effects often
take photographs of the film sets in order to
generate bitmap reflections.
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This rocket
appears to be
made of chrome
because it reflects
its environment.
These particular
reflections were
created using ray-
tracing, so actual
objects within the
environment,
such as the road,
are reflected on
the rocket’s sur-
face.

| Raytrace Options
I~ Refractions

Reftactive Index [1.000 —————i[a]|
Refiaction Limi. 6 ] e | 11}|
Light Absorbance 0000  t—————————— |
Sufsce Thickness [0000  U——————— |
Shadow Altenuation [0500 ————— 4]

™ Cheomatic Aberation

Raytracing is set
up in the shader’s
attributes under
raytracing. Ray-
tracing must also
be turned on in
the Render Glob-
als window.

Reflection Linit [2 ——— &
Rellection Specuariy [1.000 — &

Raytraced reflections do not need mapping, as the reflection is generated directly from the objects in the
scene. The reflectivity attribute of the material determines the amount of light the surface reflects.

Setting up mapped reflections takes a few more steps, but they are quicker to render and more flexible
when rendering objects individually rather than with an entire scene.

EIEnvimnment Textures

. N
o Env Bal

% Erw Chrome

B2

Mapped reflections are set up using environment
maps. There are several procedural maps, plus
some tools to assist in mapping bitmaps as
environmental reflections.

o S

Environment Sky is a
procedural texture
that creates a sky,
clouds, a sun, and a
ground plane. It is
best used for outdoor
scenes

Environment Chrome
simulates an indoor
scene, with a floor, a
roof, and grids to rep-
resent floor tiles and
lights.

Environment Sphere,
Ball, and Cube are
mapping types that
project an image to be
used as a reflection.
This is useful when
you have real-world
reference from the
scene.
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Mapping a Car Using

Multiple Textures

Open the scene

Ch04_Car_start.mb, which
contains the car. If you want, you
can use the car you built in
Chapter 2.

[y [y ey preery o Py [y ey

Open the Hypershade window.

Select the Car_body shader,
which provides color for the car,
fenders, and headlight shells. We
want to add texture to only the
body, so we need to create a new
shader.

M | Tummres | Ut | U | Samms | Sy G | Bk S | Pramin | 1ot |

Choose Edit — Duplicate —
Shading Network to duplicate
the entire shader.

Select the body of the car. In

the Hypershade window, select
the new shader and RMB it to open
a marking menu. Choose Assign
Material to Selection to apply this
to the car body.

5 Let’s add this map for the car’s
number to the color channel.
Select the shader and press Ctrl+A
to open the Common Material
Attributes window.

| =] Common Matesiad Atibustos

Coks i =
Tiaraparercy . -
|  [ad

Incandescence | (""!
Bump Mapping o

In the Attributes Editor, click

the checkered box next to the
shader’s Color attribute to open the
Create Render Node window.

[~]2D Textures
 Nommal

(" As projection
* As stencl

B

7 Since this texture is not
square, we will need to use a
stencil node to trim off the blue
areas. Toggle the As Stencil button,
and then choose File.

sercl] el | placazdTesred |

i (N1
Ims.'*.

| =] File Atnibutes
Fites Type | Duadratic =
I Poe Fites

=i |

Fieload Fila Tehise
I Use BOT
™ Disable Fie Load

T Use Image Sequence
i -

Frama Offsst [0 -

In the Attributes Editor, under

the File tab, load the file
CHO4_CarDecal.tga into the Image
Name slot by clicking to the right
of the slot and browsing the disk
for the file.

Look at the shading network in

the Hypershade. The texture is
connected to the stencil node,
which is then connected to the
material node.



1 O Look at the texture in a
viewport or do a test ren-

der. The decal is mapped on the car,

but it is mapped way too large.
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1 1 In the Hypershade window,
select the place2dTexture
node connected directly to the

decal texture. In the Attributes Edi-

tor, use interactive placement to
adjust the positioning of the tex-
ture or type the numbers directly:
Coverage 0.16 in both U and V,
Translate 0.475 in U and -0.063 in
V, and Rotation of 180°.

1 2 Many graphics cards will not

display the decal perfectly,
so a test render can ensure it is
mapped properly. We now need to
mask out the blue areas of the
decal.

TUTORIAL Mapping a Car Using Multiple Textures
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1 3 In the Hypershade, select
the stencil node. In the

Common Material Attributes win-
dow, under HSV Color Key, toggle
Key Masking and set Color Key to
pure blue (0, 0, 255)

1 4 Another test render shows

the blue areas have been
masked out. The rest of the car is
gray, however, and we need to fix
that with another map.

| ~|2D Textures

Nl

( AsPiojection
" AsStenc

1 5 Go to the Create panel in
the Hypershade window.

Under the 2D Textures tab, select

File. Since this texture will not

need to be stenciled, toggle Normal

before creating the node.
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1 6 This will create a blank tex-
ture node in the shader’s
work area, along with a place2dTex-
ture node. Select the blank texture
node, and go to the Common Mater-

ial Attributes window.

1 7 Load the file
Ch04_CarFlames.tga into

the node.

1 8 We need to connect this

node so that it shows up in
the shading network. In the Hyper-
shade, select the new texture node,
middle-click, and drag to the sten-
cil node. A small menu will appear.
Connect the attribute to default-
Color.
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1 9 A test render shows that

the color of the second map
does show through, but only within
the texture frame defined by the
decal’s mapping coordinates. The
gray area is the default color of the
decal’s texture node.

2 O Middle-click and drag the

flame texture over the decal
texture. When the menu appears,
select defaultColor. This maps the
flame texture into the gray area on
the rest of the car.

2 1 A test render shows that

flame texture now covers
the car. Last, we simply need to
adjust the mapping of the flames to
make them symmetrical.

'~| 2d Texture Placement Attributes
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™ Mioor U ™ MoV
7 Voo U 7 WhepV

™ Stagges

T I -
Otiset [0000 0000 -
ReseV [0000 f———
Nase U [BT A0 <

™ Fast

2 2 Using the attributes of the

flame texture’s place2dTex-
ture node, adjust the mapping so
that it repeats 2.0 times in the V
direction.

2 3 Do a final test render. The car is complete.
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ny photographer can tell how important lighting is when taking a photo-

graph. In the basic sense, photography is nothing more than capturing

and recording light. Artists working in Maya also use light, but because

it's a computer representation of light, there are subtle differences. Light,

for example, may not bounce through a Maya scene exactly the way real-
world lights would, but Maya provides a lot of features Mother Nature can’t provide. In
Maya, you can switch shadows on or off, sculpt light to change color over distance or
stop dead in its tracks, and configure lights to hit an object but not its neighbor. Maya’s
wide array of tools allows for a very realistic simulation of the natural world but can also
be used to create your own realities.
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The Importance of
Lighting

Proper lighting is one of the foundations of making good images. The color, character, and
amount of light give your audience plenty of information about your images. Light tells
people the difference between day and night or lets them know if something is scary,
moody, or friendly. Light also helps define the form and shape of an object. Good lighting

makes a good model look great, while poor lighting can make the best models look average.

A simple stage set with one light. The By adding a few spotlights, some color,  Changing the lighting can quickly

lighting in this scene is flat and does and a projector for the backdrop, we change the mood and tone of the
not do much to sell the image to the can bring the stage to life. scene, even from day to night.
audience.

Light can also be used to highlight the =~ When a few more lights are added, the

form of an object. When lit with one form of the car is much more apparent
light, the car is acceptable, but not and it comes to life.
interesting.

A

Types of L1@

The various types of lighting can be accessed by choosing Create - nghts or by selectmg -
them from the Render shelf. The default Maya renderer uses lights that can illuminate only'k
what the light strikes. This can be a little counterintuitive; real objects tend to reflect and
scatter secondary light. A white card next to an object in the real world, for example,
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reflects diffuse light onto the object. When using the Maya renderer, this type of secondary
lighting must be simulated with a second light to represent the card.

The mental ray for Maya renderer can do such real-world simulations. In mental ray,
light can also come from Global Illumination (GI) sources. Global Illumination simulates
the bouncing of light throughout a room. This creates a much more natural lighting, but at
a significant increase in render time.

Standard lights in Maya do not bounce, ~ When Global Illumination is used in the

so the undersides of these objects are mental ray for Maya renderer, the exact
nearly black because they do not same scene simulates the way light
receive light from the one light in the bounces around the room, turning the
scene. surfaces of the room into secondary

light sources and creating a softer and
more natural effect.

Regardless of how the renderer calculates secondary lighting, the basics of lighting in
Maya are the same. All lights share three attributes: color, intensity, and illumination. Dif-
ferent types of lights also share other common attributes.

The color the light radiates, either a solid color or.
a texture map that can simulate gels, slides, or any
other type of lighting setup.

A multiplier that scales the color by the intensity
value. Intensity can also be a negative number
that, in effect, removes light from the scene.
Negative light intensities can be useful in addmg

darkness to a scene. L.:I Spot"-]..ight Attributes
Used in conjunction with light linking. When '-.‘ Type [ Spot Light -
toggled off, the light illuminates only specified . .. Color e ]|
objects. - . Intensiy IW —— iJ
Diffuse lighting illuminates the scene; specular -.....J "7 W llluminates by Default
illuminates the highlights. By toggling these, you '/ St v EmitDiffuse oo ¥ Emit Specular
can create custom lights that can create only Decay Rate INo Decay 'I
specular highlights, allowing for finer control of ..~ - ConeAngle [58.174 —— & |
highlight pl t. =

1gHgNt pracemen . Penwnbeamge 33.045 —— & |
Determines the way the light decays over distance. .4~ .~ - Dropoft I3 I—DUEI J— -
Options include linear, quadratic, and cubic. fopo —|
Used in spotlights; controls the ---...---- Used in spotlights; controls how the
spread of the light. light fades from the center of the spot

’ to the edge.

Used in spotlights; controls the softness of thé
edge of the light.
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Ambient light is the simplest type of
lighting in Maya. Ambient lights illumi-
nate the entire scene fairly equally and
don't cast shadows (unless raytracing is
turned on). It's best to use ambient
lights subtly to add an overall tone to a
scene or to simulate bounced lighting.
Generally, ambient lights tend to flat-
ten a scene, but the Ambient Shade
attribute allows Maya’s ambient lights
to act more like a point source to add
shading without specularity.

Point lights can be thought of as bare
lightbulbs in the room. Like a lightbulb,
a point light sends its rays in every
direction. Similar to spotlights, point
lights affect the specularity of an
object and can cast shadows. The best
use for a point light is as an overall
scene light.

Spotlights originate from a single point
and spread outward in a conical shape.
Rotating them aims the light to illumi-
nate specific spots of the scene. Spot-
lights can illuminate both diffuse and
specular areas of a scene. They also can
cast shadows and decay over distance.
Cone Angle adjusts the size of the
entire light, Penumbra controls the
softness of the edge of the light cone,
and Dropoff controls how quickly the
light fades from the center to the edge.

Area lights cast their light from an area,
rather than from a point. This makes
them a good choice for simulating dif-
fuse lighting, bounce lights, or fluores-
cent tubes. When an area light is
scaled, its intensity increases.
Although area lights can provide realis-
tic effects, calculating complex shad-
ows can eat up a lot of render time.

Directional lights are similar to spot-
lights in that they have a specific
direction, but a directional light does
not emanate from a single point.
Instead, the rays are parallel and simu-
late distant lights such as the sun. This
makes them ideal for outdoor scenes,
but they do have limitations in that
directional lights cannot decay or use
effects such as fog or glow.

Volume lights are a special type of light
that illuminate a specific volume, such
as a sphere, a cone, or a cube. A major
advantage of using a volume light is
that you can limit light to a specific
area of the scene. You can achieve dif-
ferent effects with light direction. Vol-
ume lights have several options. Out-
ward behaves like a point light. Down
Axis acts like a directional light. Inward
reverses the light direction for shading,
giving the appearance of inward illumi-
nation. Volume lights also have gradi-
ents to control the character of the
light within the volume.
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Mental Ray Lights

Directional, point, and spotlights in Maya can be used with the mental ray for Maya ren-
derer, and most Maya lighting parameters translate with no effort. Each light has an Attrib-
utes panel for the mental ray options.

| montal ray e
|| Caustic msmu:::i»:‘:
Settings to control the emission of photons when used with ------ i Pholon Coce ——
Global Illumination in mental ray. Photonintenty [B000000  ————1— 4|
Exporert [2000 il
T Photors: |1 0 .'.-_..
Normally, mental ray takes the shadow map information from P e Jiood |
the Maya light panel. This panel allows you to control the - = P 5 chudowhian
settings manually. TR T
Reschaion 256 il
. . SM,I— l‘
Maya area lights do not translate to mental ray. This panel Solness [T00 -
allows you to create an area light that renders properly in || Shador bap Fio Nams
mental ray. In addition to rectangular area lights, mental ray . =] Avea Light e
gives you several other shapes, including a disc, a sphere, and - Trm [ Reciange =
a cylinder. Sameing [3 B i)
Low Lavel [0 -
Low Samglng [2 | -
™ Viskle

In addition to these lights, Maya includes a light type called Mental Ray IBL (Image
Based Lighting). This is used to generate light from an image, such as an image of the sky,
to create naturalistic lighting.

Adjusting Lights

Lights can be manipulated using the Attributes panel or the Channel box. The Show Manip-
ulator tool allows you to adjust many of these parameters interactively.

The tool has several options, which are accessed by toggling the cycle index icon. These
options include the ability to set the position of the light and its target location and adjust
the cone angle, penumbra, and decay regions, among others.

E T __'_.--Spotlight

Decay regions

Another way to adjust lights is to look through
them, much like a camera. Simply select the light

Adjusting light parameters using the Show Manipulator tool. and choose Look Through Selected to see the
scene from the light's view. You can use camera
navigation tools to position the light.

(73
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Shadows

Almost all objects cast shadows, and creating realistic shadows is one of the keys to truly
simulating reality in Maya. Shadows add not only realism, but contribute greatly to the mood
of a scene; they help the eye determine the placement of objects in a scene, and they visually
anchor objects to the ground.

Shadows add to the realism of the scene and help anchor objects to the ground. Raytraced shadows (right) render shad-
ows through transparent objects, but
depth map shadows (left) won't.

Depth Map Shadows

Depth map shadows are used extensively by artists because they render quickly. Though
not quite as precise as raytraced shadows, they're great for most general shadowing appli-
cations. To create depth map shadows, calculate one or more bitmaps showing the depths
of the scene from the light’s point of view. You then compare these bitmaps with the
objects in the scene to determine which areas are in the shadow. These parameters are con-
trolled using attributes to determine the size and placement of the map.

Determines the size of the depth map.

Larger sizes produce sharper, more

accurate shadows, but add to rendermg

time and memory usage. ) The color of the shadow

The amount of filtering that is used on™.

the shadow. Higher numbers produce . |~ sm“z@m—.Ji 2l
shadows with softer edges. -.. _J Depth Map Shadow Attributes
¥ Use Depth Map Shadows

o — ]

An offset value used to move the ™. :Z“uuauom o
shadow slightly away from the object. - Pumimelwres |
This is used to prevent shadows from T —— =
overlapping the surface of the object. ......L... et o a1
Default is 0.001, a very small number. FoaShadontniensty [T ———— &
FogShadow Samgles [20 -

When rendering extremely large scenes,
you may have to buffer depth maps to
the hard disk.

-- Fog parameters are used for creating
volumetric shadows when fog is turned
on.

Used primarily with point lights, this
allows you to create multiple depth
maps for lights that cover a wide area.




The two most important parameters to understand
when working with depth map shadows are the Dmap
resolution and the Dmap filter. Dmap resolution
determines the size of the map, which covers the
width of the light cone. Dmap filter controls the soft
edge of the shadow. The larger the map, the more
accurate the shadow. The larger the filter, the more
softening. Softening, however, is relative to the reso-
lution, so larger Dmap resolutions require more filter-
ing to get the same softness.

Although large maps are more accurate, they take
up more memory when rendering. The size of the map
depends on the cone angle of the light. If the light
covers an area the size of the image, the depth map
should be approximately the size of the image. Some-
times smaller maps are preferred, because they can
produce softer shadows with less filtering.

The main issue that affects shadow map size
is the cone angle of the spotlight. A wider
spotlight spreads the same depth map over a
wider area. Very wide spotlights may require
large depth maps to avoid pixellation.

You can use Dmap Focus, which concen-
trates the map only in the area needed to
cast the shadow, to get the most out of each
and every depth map.

Shadows
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Dmap resolution = 256,
Dmap filter size =0

Dmap resolution = 256,
Dmap filter size = 4

Dmap resolution = 512,
Dmap filter size = 4

Light cone

Depth map

Shqdow

Dmap Auto Focus limits the size of the
depth map to the size of the light’s cone
angle or to the outer edges of every object
in the scene, whichever is smaller. Toggling
Dmap Auto Focus off lets you manually con-
trol the angle of focus for the depth map.

The depth map of a light usually covers
the entire area cast by the light’s cone.
This may waste parts of the depth map,
such as in this case, in which only one
object needs a shadow.

Dmap resolution = 256,
Dmap filter size = 2

Dmap resolution = 512,
Dmap filter size = 2

Dmap resolution = 1024,
Dmap filter size = 2

When Dmap Focus is used,
the depth map can be
adjusted to include only a
portion of the scene, thus
maximizing the depth map
and creating better shadows.

If some shadows in a scene do not move, you might want to save rendering time by
saving and reusing the depth maps. To do so, toggle Disk Based Dmaps in the light's Attributes
panel. When depth maps are saved to the disk, they are calculated once for the first frame and
then used in each subsequent frame. This can save a lot of render time on large scenes. Depth

maps are saved in the renderData/depth folder.
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Raytraced Shadows

Raytraced shadows work by tracing the actual beams of light through the scene. This is
more computationally expensive than simple depth map shadows, but raytraced shadows
prove to be more accurate. They can create shadows for transparent objects, and they are
also easier to set up, as you do not have to calculate map sizes. In order for raytraced shad-
ows to render, you must turn on Raytracing in the Render Globals window.

Determines the diameter of the area Determines the number of rays cast
emitting the shadow rays. A larger from this area. More rays create
radius creates softer shadows. Area less-grainy and better-looking shadows,

lights do not have this setting, because but increase rendering time.
the radius is determined by the size of | :

the area light.
“. |x] Raytrace Shadow Attributes F
Determines the number of transparent 4 Use Ray Trace Shadows. -
surfaces through which the shadow rays | 777 Light Radius [1.000 g _ﬂl
canpass... Shadow Rays [6 .~ r——f————— iI
-------------------------------- RayDephlmt [T  —f————— &

Raytrace shadows have three main attributes.

Creating raytraced shadows is simply a matter of deciding how sharp or soft the shadow
needs to be. A small light radius combined with a small number of shadow rays creates
sharp shadows; larger values soften the shadows.

Light Radius=0, Light Radius = 1.0, Light Radius = 1.0, Area Light, Shadow Rays = 16.
Shadow Rays =1. Shadow Rays=1. Shadow Rays = 32.
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Lighting Effects

Decay

By default, lights in Maya illuminate all objects equally, no matter how far they are from
the light. In the real world, however, the intensity of a light decays with distance. To cre-
ate more natural lighting that falls off over distance, you can select Decay in the light's
Attributes panel. There are three types of decay.

Linear falls off directly with distance.

Quadratic falls off as the square of the distance. This is the same as real-world lighting.

Cubic falls off with the cube of the distance, allowing for decay that’s faster than
real life.

When decay is added to a light, you almost always need to increase the intensity of the
light to illuminate the scene. When using quadratic or cubic decay, you may have to
increase the light intensity by several orders of magnitude to illuminate the scene.

By default, lights in Maya illuminate all areas of the scene Decay causes the light intensity to fade according to dis-
equally. The spotlight in this scene illuminates the back wall ~ tance; the scene is darker closer to the light source.

as much as the front fender of the car, even though the wall

is farther away.

Intensity Curves

Another way to control the way light changes over distance is to use intensity curves.
These are much more controllable than just simple decay and allow you to draw curves that
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can increase or decrease light intensity according to distance. The Intensity Curve tool is

terrific for putting light into specific places in a scene.

'j Anim Curve Attributes
Pre Infinity | Constant -

Post Infinity | Constant -

¥ Weighted Tangents
™ Expand Spreadsheet

Keys
| Time | Value |inTan Type | OutTan Type

0 0 0 clamped clamped
1 & 2 clamped clamped
2 1 1] clamped clamped
3 30 o clamped clamped
4 34 3 damped clamped
5 44 1} clamped clamped
3 bl 2 clamped clamped
7 80 1] clamped clamped

<

|

The intensity curve can be controlled using the
spreadsheet in the Attributes panel. This allows
you to enter distances and light intensities.

Decay Regions is a way to turn a light on
and off according to distance. Unlike Inten-
sity Curves, you can adjust the values inter-
actively using the Show Manipulator tool.

Region 1 Region 2 Region 3 =~

Decay regions do not have curves; they
are simply on and off points.

# Trisaty

. Region 2

Decay regions are good for lights that
need to start away from the initial
source of a light. This car headlight has

L! Decay Regions
¥ Use Decay Regions

L[ Region 1
Start Distance [1.000 o
End Distance1 I2 000 o
Ll Region 2
Start Distance2 W -
End Distance2 |6.000 o
L[ Region 3
Start Distance3 IS.mD o

End Distance3 Il 0.000 —f— ]

“Region 1

----Region 3

a light source behind the face or surface
of the headlight. Decay regions ensure
the light starts at the front of the head-

light.

Another way to
control the curve
is to choose
Window — Ani-
mation Editors —
Graph Editor and
edit the curve.

The result is a
light that can vary
according to dis-
tance. Although
this is an extreme
example, you can
certainly simplify
the curve to cre-
ate specific light
decays or high-
lights.

Decay Regions,
in the light's
Attributes panel,
has the ability to
turn the light on
and off at three
places.

The final result has the light coming
from the front of the headlights rather
than from behind them.
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Lights can also be used to project images on parts of the scene, much like a slide projector.
This is accomplished by using a map in the color channel. This can be anything from a
bitmap to a procedural texture, such as a ramp.

'

The spotlight in this scene is set to be used as a projector to cast an image. The bitmap of the night sky
is placed in the spotlight’s color channel, and the result casts the sky on the backdrop.

One way to make lights more visible is to use fog. Fog simulates the effect of light through
a dusty or smoky room and can be used for dramatic effects. Fog can be used on spotlights,
volume lights, or point lights. Fog in a spotlight takes up a cone shape, but point light fog
can have a specific radius and falloff, for creating fog in a specific volume.

(=] Light Effects | =] Light Fog Attiwtes
Ut Fog [ightFeg? 3] coo [ 1
Foasmad T2 ————— & Densty [0 I
Fog irteraty I'I B34 (] ot | (% | F Colo Based Tranapaency
™ Fast Drop OF
. . . | Mans Opacity
The fog settings in the Light Effects i M...'.u:,un*[n_m‘n'ﬁ';:-]
panel control two parameters. Fog | Mate Opaciy [To  ——————— &

Spread determines how the fog bright-
ness varies across the light. A low num-  Creating fog also creates a fog node.
ber puts the densest part of the fog in This controls the color of the fog as
the center of the cone; a high number well as the fog density, or how thick
pushes it toward the edges. Fog Inten-  the fog appears.

sity controls the brightness of the fog’s

color. Point lights have an additional

slider for the radius of the fog.

When combined with shadows, fog can
create some dramatic effects.
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Optical FX

Many times you need to make a light source visible. To do so, you
use Maya’s Optical FX, which allows you to add effects such as
glow, halos, and lens flares to a light. Clicking to the right of the
Light Glow attribute in the light’s Attributes panel creates an

Optical FX node.

The basic parameters of the effect.
There are toggles for Glow Type and
Lens Flare, as well as drop-down menus

to determine the type of glow and halo.-..

This is the place to specify the number
of star points (if any) and their relative
brightness.

These attributes control the character of
the glow effect. Color and intensity can
be adjusted here. Glow Spread

determines the size of the glow. Glow

Noise and Glow Radial Noise can give
the effect a less regular look.

Controls the color and size of the halo.

Controls the color of the lens flare, its”
intensity, as well as its size.

A thumbnail version of the

final effect. This helps you to

visualize the effect without
having to render tests.

el [aheais ';:" fae

N Promts
-m_._,....

-1 =] Diptical Pt Attibtes

R act ¥ LaniFind
S |
Mol Ty [ =]
Fodl Frmgmecy [T
St Ports [TBTT

Moson [0 f———————— &
™ e L
=] Gl Amsbsetar
T Gk —_—ld

o I
o Sgmesd V000
Glom b [T71

i Ratal Mo DD

Gl biw Lo [iE . ——————— &

G Oyt [I00 S &

- - 2] Mok Amatutan

Halo Cair | —la
Hesiieesy IO ———— &
Koo Semud [TEF  —————— &

=] Lana Flase Altribustee
T Cotn —la
Movineesy [iG0 — —F————— &

Glow_

Star points ...

Optical FX components include glow, star points,
halos, and lens flares. You can mix and match

these to create all sorts of effects.

™ Lens flare

Area lights create rectangular glows that are the

b 'wl_ﬁm——f—' 2 size of the light, making them useful for simulat-
Flave Vesea [T50 s i) N . . .
Fien s i 1 ing such things as fluorescent fixtures or light
[ S (] 1 &

Light Linking

Light linking gives you precise control over lighting on an
object-by-object basis. This lets you assign lights to specific
objects or parts of the scene, allowing for the optimum light-
ing for each object. Choose Lighting/Shading — Light Linking
to display two options. Light-Centric allows you to choose a
light and then select which objects it illuminates. Object-
Centric allows you to choose an object and specify which lights

affect that object.

panels.

12t Relatiomship Fdlles




TUTORIAL

Lighting a Scene

Open the file Ch05Stage-
Start.mb on the CD.

Start with the footlights. Cre-

ate a spotlight and place it
inside the sconces on the floor.
Angle the light down slightly and
turn up the intensity.

Render a test of this one light.
It should illuminate just the
floor.

Duplicate this light and popu-
late the other sconces with
lights.

Render a test. The additional
lights add too much light and
completely blow out the scene.

6 Since we liked the basic light,
all we need to do to fix the
problem is to limit the light to just
the floor area, but not the objects
in the background. Turn on Decay
for all the lights. Set the lights to
Linear Decay, and render a test.

Lighting a Scene

(8

Let's light one of the trees.

First, create a spotlight to cast
a shadow. Keep it high and to the
right of the tree, so the shadow
falls on the stage. Use Look
Through Selected to adjust the
position of the light.

Render a test and tweak the
8 shadow until it looks right. In
this case, we used raytraced shad-
ows because the castle has trans-
parency in the texture map. A
depth map shadow does not work
with transparency.

Create a light to illuminate the
tree itself. Since this scene is
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supposed to be moody, some under-
lighting will do the trick. Create a
yellow spotlight, and aim it up
toward the tree.

1 3 Add a spotlight for the

castle. Since this is a night
scene, the light is given a blue
color. Adjust the light so that it
hits the castle. Turn off shadows,
since we should not need them for
this object.

1 O A test render shows good

light on the tree, but the
light spills out onto the curtains
and the rest of the scene.

[P

i iy i By i e )

» i

1 4 Render some tests and
adjust the light so that the
castle pops from the background.

1 1 This can be fixed using

light linking. Choose Light-
ing/Shading — Light Linking —
Light-Centric. Select the spotlight,
and turn it on only for the tree
model (TreeGroup1).

Create the projector for the
backdrop. Create a spotlight
and give it a fairly wide cone angle,
enough so the light covers the
entire backdrop.

15

The result is a well-lit tree
with a nice shadow. Repeat
this process for the tree on the
other side of the stage. The result
should be two well-lit trees.

12

1 6 Add the Sky.tga image map

to the color channel of the
light. Render a test to make sure
the bitmap is oriented in the proper
direction. If not, adjust the UV
mapping of the bitmap.

T S S I

o o of of of of of of of of of GO

1 7 The light illuminates every-

thing, and all we really want
is to illuminate the backdrop. Again,
we can use light linking to solve
this problem. Choose Lighting/Shad-
ing — Light Linking — Object-
Centric. Select the backdrop object
and assign the projector light to it,
leaving all other lights off.

Render some tests and
tweak the lighting until
you're happy with it. The final file is
called Cho5StageFinal.mb on the
CD; this file has a basic stage scene.

18



Rendering

endering is the process whereby your Maya scenes come together into an

image. Much like printing film in the darkroom, you truly create an image

by rendering it. Creating good renders involves knowing a little bit about

the technology behind the scenes, such as the way lights and cameras

interact, as well as the way Maya and mental ray smooth and anti-alias
images. Mental ray provides advanced lighting simulations to create global illumination
and caustics. Although knowing the technology can get you to the point where you can
render almost anything, it's your artist’s eye that puts this knowledge to use and makes
the difference between a good image and a truly great one.

(83
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Cameras

Cameras in Maya are similar to real-world cameras. In addition to controlling what you see
through viewports, they allow you to take virtual photographs, or renders, of a scene. Came-
ras in Maya have controls such as focal length and aperture as well as f-stop and shutter
speed for creating effects such as depth of field and motion blur. Maya cameras, however,
don't use film, so shutter speed and f-stop do nothing to affect the exposure of the image.

Types of Cameras

Although all cameras in Maya share the same sets of attributes, you'll see three types of
cameras listed when you choose Create — Cameras. The only difference between these
cameras and the other Maya cameras is the way they can be manipulated in the scene. You
can also set these differences in the camera’s Attribute Editor.

Aim Up "1 Aim

Camera is a basic camera that can be Camera and Aim create a camera, along ~ Camera, Aim, and Up add a third point
controlled using translation and rotation. ~ with an aim point. The camera always that is used when you need to animate
points to this point in space. This side-to-side rotation of the camera,

makes positioning the camera simply a such as when banking around a curve.
matter of translating the camera and

the aim point, rather than rotating the

camera. This can be useful when the

camera is following the moving object.

If the aim point follows the object, the

camera will too.
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Focal Length

The focal length of a lens determines the distance it takes for the lens to focus the image
to a point. The focal length also determines how much of the scene can be focused, which
is called the angle of view. In Maya, these two parameters are directly linked: as the Focal
Length option increases, the Angle of View option decreases.

"~| Camera Attributes Focal length (mm)

cwm|m;mwu» '1 85

Angle of View [55.22 S P ‘ 50 <

Focallength 34216 —————— |
Camera Scale [1.000 A

¥ Auto Rendes Clip Plana
Neat Clip Plane [0.010 |
Far Cip Flane: [1000.000 -

Focal Length and Angle of View are set using the
Camera Attributes panel. This is also where you
set clipping planes.

| 28 ~—

14.7 248 42.8 Light

Angle of view (degrees)
The closer the focal point is to the lens, the wider the angle of view.
Shorter focal lengths mean that objects must be closer to the camera to fill the field of

view. Extremely short focal lengths can distort the perspective of a scene, and long ones
tend to flatten it.

Focal Length 15mm, Angle of ~ Focal Length 28mm, Angle of  Focal Length 50mm, Angle of  Focal Length 135mm, Angle

View 100.3. An extremely View 42.8. A standard wide View 24.7. A 50mm lens is of View 9.3. Longer lenses
short focal length creates a angle lens reduces this one of the most common and  can be good for portraits,
fish-eye effect. effect. is good for most general but at very long lengths, the
applications. lens might flatten the scene
too much.

If the focal length of a real-world camera goes to infinity, the camera sees everything with no perspec-
tive. Such a camera is called an orthographic camera and is used for the familiar top, front, and side viewports. In a
camera’s attributes under Orthographic Views is a setting to create an orthographic camera. This can be handy if you

need to create a bottom or a right-side viewport.



86 ] 6 - Rendering

Clipping planes define the distances over which the camera will work. Typically, Maya sets
this automatically by toggling Auto Render Clip Plane on. The clipping plane then includes
the closest and farthest objects in the scene. Clipping planes can, however, be used for a
number of tasks, such as dividing a scene into layers for rendering.

Far clip plane ---------..

Near clip plane.

Clipping planes determine what the camera sees. In this case, the clipping plane is set to see only the
front part of the stage, as shown by the rendered view.

You might also want to adjust a clipping plane manually when you are modeling. For
example, you might need to work on part of a model in wireframe without being distracted
by all the vertices on the back side of the model. By setting the clipping plane close to the
working plane, you can hide the far side of the model.

i

STV

(left) When working in wireframe, wires on the far side of the model can sometimes be distracting.

(right) Setting the clipping plane to view the part of the model closest to the camera can make things
easier to see.



Depth of Field

Depth of field simulates how a real-world camera
focuses. Focus is important in cameras because it
allows the photographer to guide the viewer's eye to
the important parts of the scene. Cameras tend to
focus objects in a range of distances. A low depth of
field means the range is narrow; fewer parts of the
scene will be in focus. Conversely, the higher the
depth of field, the more of the scene will be in focus.

In a real camera, the f-stop determines the depth
of field. The f-stop number is determined by the size
of the lens and the size of the aperture, which is the
opening that allows light to reach the film. Higher f-
stop numbers mean smaller apertures, which give a
greater depth of field.

F-stop is the primary parameter used to determine
the depth of field. Lower f-stop numbers mean that
more of the image will be out of focus; higher num-
bers put more of the image into focus.

-fp welp e

F Stop = 1. F Stop = 2.

Cameras ( 87

_~| Depth of Field
IV Depth O Field
Focus Distance [20.000 4|
F Stop [4.000 &
Focus Region Scale [0.500 ]

Focus distance is the distance to the focal point, usually a
point of interest in the scene. Depth of field blurs the image
behind and in front of this point. The amount of blurring
depends on the values of F Stop and Focus Region Scale.

F Stop = 4. F Stop = 16.

In addition to F Stop, Maya also has a parameter called Focus Region Scale. This is pri-
marily used to fine-tune focus effects. The number is essentially a multiplier. Numbers less
than one reduce the depth of field, and numbers more than one expand it, causing less

blurring.

g

Focus Region Scale = 0.5. Focus Region Scale = 1.0.

w-gr

Focus Region Scale = 2.0.
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Motion Blur

Another camera effect is motion blur. In the real world, it
takes time to expose a frame of film. If the subject moves dur-
ing this exposure time, the resulting image is blurred. In Maya,
there is no such thing as film speed, so motion blur has to be
simulated. This is done in two places. First, by using the Shut-
ter Speed attribute in the camera’s Attributes panel. Second,
by configuring the motion blur attributes in the Render Glo-
bals window. Maya has two types of motion blur.

Unblurred shadow

' ~| Motion Blus
¥ Motion Blus
Motion Blur Type & 2D
C 3

Blur by Fiame |1,l]]J
Blrlengh [1000  rfJ——————————
Bhur Shatpress |1_ﬁ:?f— = f——
Smooth % Alpha " Color
SmoothVake [§

I” [Keep Motion Vectorg
¥ Use 2d Blur Memory Limit

2d Blhur Memory Limit I?EIJ.UIII

Motion blur is set in the Render Globals window.
3D Motion Blur is set to on or off, but 2D Motion
Blur has a number of options. Blur by Frame con-
trols the amount of blur in numbers of frames.
Blur Length controls the intensity of the blur, and
Blur Sharpness controls the spread of the blur.

Depth map shadow:
Size = 256, Filtering =5

2D Motion Blur is a postrender process
that simply blurs the pixels of the
scene. It renders quickly, but the
results are not completely accurate. It
is best used for objects in the back-
ground of the image.

3D Motion Blur takes into account the
movement of the geometry itself as

well as the shutter angle of the camera.

It renders slower than 2D Motion Blur,
but is more physically accurate and
suitable for foreground work. A limita-
tion of Maya motion blur is that it does
not blur shadows. It also does not blur
raytracing or particles.

If an image includes shadows, it's best
to use a depth map shadow with a high
degree of filtering. This gives a soft
shadow that appears to be blurred.

Motion Blur in Mental Ray

Motion Blur in mental ray is more robust than Maya’s motion blur, and it has no limita-
tions. Mental ray blurs anything in the scene: shaders, textures, lights, shadows, reflec-
tions, refractions, and caustics. There are two types of motion blur in mental ray:

Linear mode calculates motion blur for every object in the scene, but does not con-
sider shape changes. This is fine for most applications.

Exact mode adds extra calculations to consider changes in the shape of an object.
This is a little bit slower, but good for fast-moving characters or creatures that tend
to change shape quickly.



_ﬁ Calculation

Motion Bha By |1.000

Shuter [TO00 —————————|
Shutter Delay [0000  —————————
Time Contiast A [0200  ————————
Time Contiast G [0200  ——f———————
Time ContrastB [0200  +—F——————
Time ContrastA [0200  —f—————

Maotion Steps |1 L —

Like Maya’s 3D Motion Blur, mental ray uses the cam-
era’s shutter angle to determine the amount of blur.
This is modified by the Motion Blur attributes in the
Render Globals window. Motion Blur By is a multipli-
er to amplify the effect. Shutter and Shutter Delay
define exactly how the shutter closes to simulate
real-world cameras. Time Contrast determines how
much the motion blur is sampled per image channel;
lower numbers increase quality and rendering time.
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Motion Blur for mental ray is more accurate than
Maya’s Motion Blur and can blur such things as

shadows and reflections.

Render Globals

Much of the rendering process in Maya is controlled in the Render Globals window (choose
Window — Rendering Editors — Render Globals). This window has two tabs. The first is a
common panel that you can use to specify the size and format of the render and the file-
names. The second tab is unique to each renderer: Maya Software, Maya Hardware, mental

ray, and Maya Vector.

The renderer is selected here: Maya

Software, Maya Hardware, mental ray, or ----

Maya Vector.

A tab holds custom settings for each
renderer.

The name and type of the rendered files -----

are selected here.

Frame Ranges The start and end frames ---

to be rendered, as well as how many
frames to skip and number of frames to
pad.

- Which objects should be rendered—all

objects in the scene or only the active
objects.

- The camera to be used when rendering.

- The size of the rendered image. You can

select from a number of presets for most
film and video types, as well as create
your own.
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Render View

The Render View window (choose Window — Rendering Editors — Render View) is where
Maya shows you what it has rendered. It opens automatically whenever a rendering opera-
tion is launched, either from the menus or the Status line.

A menu to save Changes the way Allows you to Options for Options to open Options to turn
and load image the final image is  render the entire rendering images the Render RGB channels
files. viewed. image, a region, using Maya’s Globals window as  on/off as well as
- or a different Interactive well as change the  luminance and
camera or Photoreal renderer. dithering.

viewport. Rendering (IPR). -~

& Render View
Fle” View Render IPR_Options Cisplay _Help

A Te R A | 0 R ome @

Render Image Renders the entire image. -~~~
Render Region Renders only the selected region. -~
IPR Renders using IPR. -----ooommeeeem
Channels Displays the RGB or Alpha channels. ------ ’
Buffers Allows you to create a buffer of images.
Moving the slider on the bottom of the window

steps through the buffer.

Renderer Chooses the renderer to use. «------------"""""]

Render Region

Rendering regions is a great way to speed up the time it takes
to do test renders. It allows you to select a region of the image
and render only the pixels within that region. This can be
handy when tweaking lighting or texturing.

Regions are selected by clicking and dragging the
mouse over the image in render view. Choosing
Render Region from the menu or toolbar renders
only the selected pixels.
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Interactive Photoreal Rendering

IPR is similar to Render Region, except IPR is completely interactive. It stores all the infor-
mation relating to each pixel of the image and then uses that to update the image quickly
as parameters are changed. IPR works with both the Maya Software renderer and mental ray.

There are a few limitations to IPR. When using the Maya Software renderer, it does not
render raytracing, PaintFX, particles, or motion blur. Mental ray does, however, support
particles and raytracing in IPR. For unsupported features, you can use the standard render
options, including Render Region. You can launch IPR from render view, with the IPR icon
on the toolbar, or by choosing IPR — IPR Render — Current.

] Comman Material Attiibutes IPR works simi-
coo [ & larly to Render
Mo o = Region. In the
e Render View win-
dow, click and
drag to define a
region. That area
renders. As sur-
face parameters
in the scene are
changed, such as
the color of this
fender, the IPR
region updates
automatically to
reflect the
changes.

& &6 0B W0 & b @ o

When IPR is used with the Maya Software renderer, raytracing is not supported, but you
can choose (in the shortcut menu) whether IPR will update shading and lighting as well as
glows. Mental ray’s shortcut menu offers the option of calculating raytracing as part of the
IPR solution.

Maya offers a basic batch rendering utility that is accessible by choosing Render —>
Batch Render. Whatever options are selected in the Render Globals window are rendered, with
the results showing up in the current project’s folder. Batch Render has one option for the num-
ber of rendering threads. This can be handy on a multiple processor machine to reduce the ren-
dering overhead so that you can continue to work as the scene renders.
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Maya Software Renderer

Maya’s software renderer is the default renderer for the software and is a good general-pur-
pose renderer. It’s the renderer used in most of this book, so you've already had some
experience with it. Maya’s software renderer is also the most tightly integrated renderer
available to Maya, and any feature in the renderer can be connected seamlessly with any
other feature in Maya. The renderer supports both scanline and raytracing, so only those

parts of the scene that need the extra processing power of raytracing receive it.

When Maya Software is the chosen renderer, all its options are controlled through the
Maya Software panel in the Render Globals window.

Anti-Aliasing

Anti-aliasing controls how the
renderer smooths and blends
jagged-edge pixels. Getting good-
looking edges is important to
achieving superior quality render-
ings, so Maya provides a wide
degree of control over the way
images can be anti-aliased.

Maya provides a number of presets.
Selecting one of these may be all you

Low anti-aliasing (left) vs. high anti-aliasing (right). Notice the jagged edges on

the left; everything is smooth on the right.

Preset quality controls affect the way
edges are anti-aliased.

need to get the right results. You can ..
also choose Custom and set the
attributes manually.

Controls the amount of oversampling of
the image. Maya uses an adaptive
method for shading pixels, so the
settings for shading and for 3D motion

blur have a range. The more contrast in ..
the image, the higher the sampling rate. " -

The ranges limit the minimum and
maximum amount of oversampling.

Determines exactly how the adaptive
sampling methods work. Lower numbers
increase the sampling, and each
channel of the image can have its own

controls. This is particularly useful for .
tweaking the contrast of alpha channel ™

mattes.

Common  Maya Software I

| ~| Anti-aliasing Quality

Qualy [ Froducton Gualty =

Edge Antraiasing [ Highest Qualty ]+ --------

TumgIaFilet
ian Filter

| -Number of Samples

Shading [2 | e
Ma Shacing ] ——

- Multi-pixel Filteting
¥ Use Multi Pixel Filter
Pivel Fiter Type ITrimjeFM 'l
Pivel Flter Width X [2200  ————————
Poel Fter Widhy [2200 ————F——

-Contrast Tt

Red [0.400 r )
Gieen 7300 ———————
Bue [080— ——————
Coverags IT ] p——

Quadiatic B-Spline Fiter
Plug-in Filter

- Blurs or softens the entire

rendered image to help
eliminate jagged edges as
well as improve the edges of
thin lines and highlights. The
filtering method is selected
using a drop-down menu.
Multipixel filtering renders
much faster than increasing
the number of samples, so it
is often advantageous to
increase the values here
first.
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Raytracing

In addition to shadows, raytracing in Maya’s [ =| Raytracing Quality
. . ¥ Rayliscing
software renderer allows it to create highly Reflecions [T —f———
realistic reflections and refractions. Ray- Refractions [6 —
3 k T f 3 h f Shadows Iz_ '_J—
tracing works by tracing rays of light from e

the camera throughout the scene. Raytrac-

ing is configured in two places. First, the Raytracing is configured by setting the number of

s times a raytracing ray can reflect or refract off a
shadel‘r must have a reflective or transparent surface. This can be set both in the material and
material. Second, the renderer must have in the Render Globals window.

raytracing enabled.

e S

(left) When the number of reflections is set to 1, one object can reflect another,
but not much else. (right) Adding more reflections allows objects to reflect one
another’s reflections, adding to the sense of realism.

The number of refractions needed in a scene can add up quickly. (left) We have at L
refract: two sides of the front of the glass, the front and back of the liquid, an
back of the glass. (center) When the number of refractions is se

refracts. (right) Setting it to 4 refracts the front of the gla:

glass.
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Mental Ray Renderer

Mental ray for Maya is an excellent renderer that has become a standard at many studios
around the world. Mental ray is much more robust than Maya's Software renderer when it
comes to creating highly realistic effects. Global Illumination allows mental ray to simulate
the way light bounces off diffuse surfaces. This can create a much softer and more realistic
scene. Caustics simulate the way light reflects or passes through complex objects and can
simulate such materials as glass, water, and reflective metals.

Maya has fairly tight integration with mental ray, meaning much of it is invisible to the
average user. Shaders, lights, and cameras from Maya transfer over to mental ray with little
effort. For additional control, cameras, lights, objects, and shaders all have mental ray
attributes that become active when mental ray is used as the renderer. Additional mental
ray rendering features, such as Global Illumination and caustics, can be used on most Maya
scenes as well.

Basic controls over the mental ray renderer are located in the Render Globals window
under the Mental Ray tab. Many of the basic parameters are similar to Maya’'s software ren-
derer. These attributes include settings for anti-aliasing, shadows, and raytracing.

Like Maya's software renderer, mental -...

ray has a number of useful presets that
are helpful when creating previews or
getting ready for the final render.

Sets the minimum and maximum -~~~

number of samples per pixel to use
when calculating anti-aliasing.

Blurs or softens the entire rendered
image to help eliminate jagged edges as
well as improve the edges of thin lines
and highlights. The filtering method is
selected using a drop-down menu.

Options include Box, Triangle, Gaussian, i
Mitchell, and Lanczos. Gaussian is the -

most accurate, but renders the
slowest.

Determines exactly how the adaptive °
sampling methods work. Lower numbers
increase the sampling, and each
channel of the image can have its own
controls. This is particularly useful for
tweaking the contrast of alpha channel
mattes.

i | - Quably Presets I Custom ‘:J

[=] Anti-aliasing Quality

“Number of Samples
Min Sample Level [0 —
Max Sample Level [2 D — L

|-Mulli-pixel Filtering

Fiter | Gauss v|

Filter Width |3.0000

Fiter Height [20000

| Contrast Thieshold

Contrast R (0,100 | s

Contrest G [0.100 A ——
Conlrast B [moo Ll

Contrast A [0.100 -
~Sample Options — =

W Sample Lock

I~ Jittes

=] Raytracing

Max Trace Depth |2|J— )
Shadow Trace Depth |4 e
Scanline | On -

Faces | Bolh vl
|~ | Shadows

Shadow Method | Segments
Shadow Maps |

Sample Lock locks the
positions at which mental ray
samples the pixels. Usually
the best way to sample.
Jitter introduces a random
effect and can reduce or
eliminate some rendering
artifacts, such as moiré

- patterns.

Sets the attributes for
raytracing. Allows for the
maximum number of
reflections and refractions, as
well as the total depth for
both combined. You can also
specify how deep the

.. renderer traces shadows,

whether to use scanline
rendering for increased
speed, and which faces of
the objects to render—back,
front, or both.

Controls for mental ray
shadows. Mental ray uses

-- three methods. Simple is the

fastest and is good for most
applications, Sort is used
only when using custom
shadow shaders, and
Segment is used for volume
effects, such as fur, particles,
and smoke.
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Global Illumination

Global Illumination is a rendering method used to create
highly realistic lighting and shading. It simulates the actual
scattering of photons of light around the scene. Although it is
computationally expensive, the results are often worth the
extra processor time.

Global Illumination is controlled in two places. First, the
light must be set up to cast photons; then the renderer must

be configured to accept these photons and render the results. Global Illumination on a scene
The color of the photons. It is usually Allows the light to emit photons so that
best to match this color to the light it can become a light source for global

color, but it can be varied for other illumination.
types of effects. ;

The amount of energy emitted by the light source. ~| Caustic: and Global lllumination

Higher energies create stronger global illumination . ¥ Emit Photons *

(or c§ust1cs) lighting. This value also depends on P O —_—
the size of the scene. Larger scenes require more .|

energy to get the same lighting effect as a smaller | Photon Intensity [8000.000  * il

scene. IUTUUIRORE (SRS Exponent |2.UBI]

I EE

Similar to decay, it allows you to set The mental ray attributes for a spotlight

how quickly the photons lose energy. : :

The default value of 2.0 sets the energy ~ The actual number of photons emitted The actual number of photons emitted
to decay at the inverse square of the when calculating global illumination. when calculating caustics. More photons
distance, simulating reality. Higher More photons create more accurate create more accurate results, but at the
values limit the energy, and lower results, but at the cost of more cost of more rendering time.

values effectively intensify it. Values rendering time.

below 1.0 can create noisy results. Toggles the effect on or off.

The accuracy of the solution.
Higher numbers create more

Determines the maximum radius of global illumination photons, and physically accuratg renfjers at
values between 1 and 2 can eliminate graininess at the expense of the cost of rendering time.
blurring. When set to the default of 0, the optimum number is calculated Values over 90 significantly
automatically. . increase render time.
Used to control the intensity of caustics and global illumination through = I Global llumination -~
objects such as lenses. | Ew|mmw B
Controls the maximum distance that mental ray projects photons. This " Glbl lhum Radus [0.000
allows Maya to stop calculating photons that fly off into empty space., | PhotonVolume Accuacy [64 o
Controls the maximum number of reflections and refractions that a mv@nm [o000
photon will calculate. <1 Max Reflcton Photons [3 : g

. ) ) ) ) Max Refraction Photons [5 ] ——
The qu1mum.number of times a photon will bounce in a reflection or ----... - MaxPhotonDeph [§ — ——f————
refraction. This needs to be adjusted to account for transparent or Photon Map Fis |
reflective surfaces. I Enable Map Vizualizer

IV Photon Map Rebuid
I Direct llumination Shadow Effects

The Global Illumination panel in the mental ray
Render Globals window
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Photons

There are two main lighting parameters to consider when setting up global illumination;
photon intensity and number of photons. Intensity is the brightness of the light. The num-
ber of photons is similar to a sampling rate and affects the quality of the image. More pho-
tons produce more accurate results, but at the cost of additional render time. For physically

accurate renders, the number of photons can get incredibly high, into the millions.

(left) Photons = 500. When the number of photons is low, the individual spots of light can be seen.
(center) Photons = 2000. As the number of photons increases, they start to blend. (right) Photons =
10,000. Eventually, the photons overlap, and the illumination can be seen. When using just photons to
illuminate the scene, it can take millions of photons to completely smooth out the graininess.

Final Gathering

Final Gathering is used as a finishing tool for Global Illumination and can help reduce the
need for high numbers of photons. In its simplest sense, it can be used as a blending algo-
rithm, and it smooths and interpolates the light created by the photons to simulate a
radiosity solution.

Final Gathering is similar to raytracing, but whereas raytracing traces light rays from the
camera’s point of view, Global Illumination starts at the light source and traces from there.
Final Gathering rays are emitted from a light; when they hit a surface, mental ray calcu-
lates the way the rays are scattered, along with their new energies. This process is contin-
ued, and the secondary rays of light continue to bounce off other surfaces and so on, creat-
ing a soft and realistic lighting of the scene.

(left) Global Illu-
mination photons
are plainly visible
in this scene;
many more pho-
tons could be
added, but at the
cost of rendering
time. (right) Final
Gathering smooths
out the graininess
in this scene,
creating a good
final result.




Controls the size of the sample region
for computing Final Gathering. When set
to 0, the amounts are calculated
automatically. For manual control, enter
a value that is 10% of a scene’s overall
dimension for Max Radius, enter 10% of
that for Min Radius, and then tweak
from there.

Used to eliminate speckles and hot
spots in the Final Gathering process.

Higher numbers eliminate speckles, but

at the cost of accuracy.

Numbers to control the start and

stop of Final Gathering rays (but not
Global Illumination photons). Used to
limit the reach of indirect light.

Controls the number of times a Final
Gathering ray bounces before stopping.
Additional values control reﬂectlons and
refractions. .

" | =] Final Gather .

Toggles the effect on or off

Approximates the irradiance at
each point in the scene as the
. photons are traced. This can help
' speed render times.
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Controls quality of the final render by
controlling the number of rays shown
from each light at each Final Gathering
step. Low numbers around 100 are good
for previews; numbers above 1000 are
good for final rendering. Large numbers
can raise render times exponentially.

MinRadius [0.000
Max Radius |I].DDEI

I Precompme Photon Lookup
Final Gather Rays |1000 ......- ——— I

Fier [T
_ FalloffStat [0.000

* FalloffStop [0000
[[F==50==000 Trace Depth IZ—
Trace Reflection I1—

Trace Refraction |1—

Final Gather File |

[~ Enable Map Vizualizer
¥ Final Gather Rebuild

[V Preview Final Gather Tiles

The Final Gather panel in the mental ray Render Globals window

Photon Intensity

The second major attribute used to calculate global illumination is the photon intensity.
This is roughly equivalent to a light's brightness. Photons, however, perform only indirect
lighting, so increasing photon intensity will increases only the amount of indirect light in
the scene. Photon intensity is also sensitive to the scale of the scene. Larger scenes need
much larger intensities to get the same amount of lighting as a smaller scene.

Photon Intensity = 2000.
At low intensities, photons
don’t do much to provide
additional illumination.

Photon Intensity = 16,000.
Increasing the photon inten-
sity adds diffuse global illu-
mination to the scene.

Photon Intensity = 75,000.
At very high intensities, the
diffuse light from the pho-
tons starts to overwhelm the
direct lights in the scene.

With the direct light's inten-
sity turned down to O, the
indirect light created strictly
by the scene’s photons can
be seen.
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Caustics

Caustics simulate the way light refracts through a
complex surface or reflects off it. Caustics are useful
in simulating such surfaces as water, glass, and met-
als. Working with caustics can be a little bit tricky
because a number of variables affect the way the
final render looks. The photon intensity and the
exponent of the falloff, as well as the distance of the
light, number of photons, and the materials of the
objects all affect the outcome.

—
-

Reflective caustics simulate
the reflection of light off a
surface.

Refractive caustics simulate
the transmission of light
through a transparent
material.

A number that determines the physical
accuracy of the caustics solution.
Higher numbers produce more accurate
renders at the cost of render time.

Toggles rendering
of caustics on or
off.

Default is 64.

The radius of the -~

volume used to
render caustics.
Generally this is
the size of the
scene, but it can
be reduced to
limit caustics to
specific areas. At
the default of 0,
the value is
calculated
automatically.

[+] Caustics and Global Iumination
| I

TUo Couschcouscy 5 —————————
P P Caustic Radus [0000

.- CounbeFites Type |Box =

Canstic Fi

|1.mn L= )

" Box is faster and

generally makes
caustics look
sharper; Cone
produces
smoother results.

A number used by
Caustic Filter
when smoothing
the caustics.
Bigger numbers
produce softer
caustics.

The Caustics And Global Illumination panel in the mental ray
Render Globals window

Photon Intensity is probably the most important value when generating caustics. The
intensity of caustics pretty much follows the intensity of the photons. When the value is
too low, the caustics appear faint, but high numbers can easily blow out a render.

Photon Intensity = 4000, Exponent = 2.

Photon Intensity = 8000, Exponent = 2.

Photon Intensity = 16,000, Exponent = 2.
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The position of the light is another important value to consider. By default, photon
intensity decays at the square of the distance from the light. This means that placing the
light twice as far away reduces the intensity of the photons by a factor of four. Conversely,
moving the light twice as close quadruples the intensity.

The distance of the light When the light is far away, As the light gets closer, the When the light gets too
from the subject has a real the photons do not have caustic becomes stronger. close, the photon intensity
effect on the strength of the  enough energy to create a is too much and starts to
caustic. caustic. Increasing photon overexpose the image.
intensity could solve this
problem.

Finally, the Exponent attribute also plays a factor in how the caustic is generated. This
number represents the exponential value at which the light energy decays. Generally, this
is kept at the default of 2, which simulates the inverse square law and real-world lighting,
but lower numbers can extend the power of the light, and higher numbers will limit it.

Exponent = 2.0. The light obeys the Exponent = 1.0. The decay is linear,
inverse square law, which simulates effectively making the photons more
reality and is similar to the quadratic intense over a longer distance. In this
falloff on Maya lights. case, the extra intensity blows out the

image, but reducing photon energy can
correct this. Lower exponents are good
when you need to light a larger area or
animate lights.

Exponent = 2.75. When the value
approaches 3, the photons lose inten-
sity at the cube of the distance, which
produces a steep falloff that severely
limits the light energy.

For truly realistic lighting, it is a good idea to set the decay of the light to match that
of the photons. If your photon exponent is 2, set your light to quadratic, for example.
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Rendering Global Illumination

from the CD. This should contain
a very simple scene with a cube and
a sphere inside a box.

it at the top right of the
objects in the box.

Select the light, and choose

Panels — Look Through
Selected in a viewport menu. Turn
on the Manipulator tool and adjust
the light so it shines directly on the
objects.

list_Salected Foous ittributes Heip |

soilich] woolihiShape! | camerShape! | deloligheSet |
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¥ BaenDocer =
LeABanDoxe l0s1 ———— &
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TopBamDox iT767  ————1—— &
BowmBanDon 1157 ————1—— |

turn it on in the mental ray tab of
the Render Globals window. You can
also select the preset Global Illum.

| mentaliy
| =] Caustic and Giobal litumnation
¥ Emd Photors

[eoon000 f
Exgerent [2000
T

Giobal lm Phatons [10000

—

Phaton Color

LY

M %

4 Use the Barn Doors light's Attrib-
utes panel to turn the light from
a circular to a long rectangle shape.

When viewed through the light,

the result should look someth-
ing like this. To see the effect of
the barn doors, the Manipulator
tool must be toggled on.

Select mental ray as the ren-

derer and render a test. You
should see a slit of light, but no
global illumination.

¥ Glbal lhumination
GhbdllkmAccuacy B~
Gl lhum Rladuss [2000
R
Photen Vohume Radus [0.000
MaxRellection Photons [§ ———————
MaxRishackon Photons 5 ———F————
MuProtonDeph 5 ———————

¥ Prcton Map Retuid
I™ Dinect Bumination Shadow Effects

You configure Global Illumina-
tion in two places. First, you can

Select the light, and in the
Attribute Editor turn on Emit
Photons. Leave the values at the pre-
sets: Photon Intensity 8000, Exponent

2.0, and Number of Photons 10,000.

9 Render a test. This will show
you the photons and look a lit-
tle grainy, but it will give you a gen-
eral idea of how the scene will be lit.
In this case, it looks a little dark.

Set Photon Intensity to
24,000. This brings up the
level of the diffuse light in the
room. If you want to take down the
graininess, you can bring up the
number of photons. This was ren-
dered with 20,000 photons.

10
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1 1 Now it’s time to add Final
Gathering to smooth out

and blend the photons of the scene.

In the Render Globals menu, turn
on Final Gather and leave the val-
ues at the default.

TUTORIAL Rendering Caustics
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Render a test. This looks

pretty good, but the shad-

ows are grainy. This is because
we're still using the default depth
map shadows on the light. In the

spotlight’s Attributes panel, select

Raytraced Shadows.

Rendering Caustics

Caustics are the best way to realis-
tically render such things as glass
and water. Rendering caustics,
however, can require a lot of fine-
tuning. The process is similar to
creating global illumination.
Lights are set to emit photons, and
then the intensities are adjusted
until the scene looks good.

=

1 Open the file Ch06_Caus-

tics_start.mb from the CD.
This file contains a simple scene
with a glass of wine and a bottle
illuminated by a single spotlight.

1 3 Render another test. This
looks pretty good. Adjust the

final anti-aliasing settings for a final

render, and render the final scene.

Select the mental ray renderer

from the Render Globals menu
and render the scene. The depth
map shadows don't work with the
scene.

J Raytiace Shadaw Allibutes
¥ [Use Alay Trace Shadows

Light Rradun [T000 2|
Shadow Flags [1 T &
ﬂubeﬁlhﬂr— — &

3 Select the spothght and turn

on Raytraced Shadows in the
Attributes panel.

4 Render another test. The shad-
ows look good, but we need to
allow for more refractions.

[ ] Raytiacing
¥ Ray Tracing
Reflectors [ ——————
Rebsciora [f == —————————
MaTisceDegth 1 |
Shadow Trace Degth [6 — —

Scartee [On ~]
Faces 'soo._j

In the Render Globals window,

turn up the number of refrac-
tions, reflections, and shadows. For
the glass to render properly, the key
number here is six refractions, but
we can go higher just in case.
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Another render has the scene

looking fairly good. Now it's
time to add the caustics. We need
to turn it on both in the light and
the renderer.

il Caustics and Glabal lllusination
P Causts
Cauntic Accuracy |B4 —_——
Cauntic Radus [0000

cm?m'lmlkw 'I

Caustic Fiter Kemel [1100 T s

I~ Global liumination
= &3 -_—_—

In the Render Globals window,
turn on Caustics.

| »| Caustic and Global Iusination

¥ Emk Photces
——|

6000.000 i—

Exponert [Z000

Photon Color

EIERIETES

Coustic Photors [10000

Global lum Photoria

In the spotlight’s Attributes
8 panel, turn on Emit Photons.
Leave the values at the default:
Photon Intensity 8000, Exponent
2.0, and Number of Photons
10,000.

9 Render a test. The caustics
really aren’t showing up. We
need to get more light energy into

the scene to get the effect.
Increase the light’s Photon Inten-
sity to 24,000.

1 1 Another render test shows

we went a little bit too far.
Let's split the difference, and back
off the exponent to 1.7.

1 O Render another test. This

is getting close, but we
could use a little more contrast.
We could continue to increase
light energy, but let’s play with
Exponent instead. Turn the light’s
exponent to 1.5. This will let the
light’s photons lose energy at a
slower rate.

1 2 This is looking pretty good
and is probably suitable for

final rendering.

1 3 Increase the anti-aliasing preset in the Render Globals window to
“production.” If you want, you can continue to tweak the image.
Adding more photons can sharpen the caustics and eliminate some of the
graininess. In this case, we went fairly high and rendered the scene with
250,000 photons. Rendering a final version may take a little while.



Paint Effects

aint Effects is a 2D and 3D paint tool that can create anything from a simple
brush stroke to complete 3D environments. The tool works like a paintbrush,
but in addition to painting color, you can also paint geometry. The tool can
work in 2D much like a traditional painting package, but its full power is
realized in 3D. You can paint anything from grass and flowers to underwater
scenes, lightning bolts, fire, cityscapes, and anything else you can imagine. The tool has
a robust library of brushes that can be used to create many effects, and its versatility
reaches a new level when these presets are customized to create new and novel brushes.
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Paint Effects Basics

Much like Artisan, Paint Effects uses a brush-driven interface. A Paint
Effects brush can paint anything from a solid color to actual geometry.

Paint Effects works with two main components, strokes and brushes.
Painting in a viewport creates strokes; these are essentially curves,
either on a surface or in space. Connected to these strokes are brushes;
these are what the renderer sees and can be anything from a paint
stroke to complex geometry.

By separating the stroke from the actual image, you have a tremen-
dous degree of flexibility, allowing brushes to be edited and changed
after the fact. Grass that was painted as short and green can quickly be
changed to long and brown.

File View Tabs Help
Paint Effects | Dcean Examples | Fhid Examples | Flid Iniial States | Character Cips | Chasacter Pases | Unused Cips | U ¢ | * |

ﬁf_’]l C:/Program FiI_L_I
-] airbrush

F animal

P cityMesh

-] clouds

-2 electrical

7] feathers

F) fibers

-2 fire

FT) flesh

F flowers

- 7] flowersMesh
P food

F foodMesh

-7 fun

-7 funMesh

-] galactic

L) glass

-7 glows

‘.\_;'] q
v hair
-] liquid
=Sl |

Open Visor (choose Window — General Editors = Visor) and select a Paint Effects
brush.

To use Paint Effects on an object,
select the object, and choose Paint
Effects = Make Paintable.

Paint a stroke on the object. As
the stroke is painted, the brush applies
the desired effect (in this case, grass).

Rendering the scene shows realistic
grass.
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Brushes

A Paint Effects brush is incredibly flexible because a brush can have hundreds of attributes,
allowing it to achieve a wide array of effects. When a brush is attached to a stroke via the
painting interface, its attributes are used to calculate the look and behavior of the brush.
In its basic sense, a Paint Effects brush is simply a preset that stores the attributes needed
to create the desired effects. Loading a brush simply changes the attributes.

Brushes can be used to create paint, as well as natural objects, hair, and other effects.

Strokes

When a brush is applied to the scene, it creates a curve known as a stroke. This curve is
then used to define how the brush is rendered. Stroke curves are not to be confused with
standard NURBS curves. Strokes contain additional data, such as tablet pressure. Paint
Effects integrates nicely with pressure-sensitive graphics tablets. Almost any attribute in
the Paint Effects interface can be affected by the pressure of the brush stroke.

When Paint at Depth is on,

Low qualities Stioke Setlings ... Paint at Depth !

display less detail, .. ¥ Paint st Deg- -- -~ i ) the brush always paints at a
but allow the - Displag Quaity [l ———————| Paint at Depth  fixed depth, set by the posi-
scene to be e (leaves. surface) tion of the cursor on the first

manipulated more

- Pressure Mapping 1 [ianspavency =

click of the stroke, almost

quickly. . T Normal like a plane is placed at that
i i ) e B — (sticks to depth for the duration of the
If painting on a * ) e surface) b stroke. This allows the stroke

Pressure Mapping 2 | scale -

Joiryor S to leave the surface, such as
Pressure Min 2 [1.0000

for chimney smoke or water

surface, the
strokes can be

--Pressure can

, PressweMax2 [10000  —————————| be applied .
oEfset ) tbhffy re e ' to almost fountains.
4BOVE O DESH PressueMn3 00000 ——— | any

the surface. parameter.

PressweMax3 [T0000  ——————| .7

The way strokes are painted is managed by the Paint Effects tool (choose Paint Effects —>
Paint Effects Tool).

Paint Effects allows you to paint strokes directly on NURBS or polygonal surfaces. This is
great for adding grass to a ground plane, hair to a head, or feathers to a duck. When you
paint directly on an object, Paint Effects creates a curve on the surface. This curve is
locked to the geometry and moves and deforms with the object.

You can also paint on view planes. This allows you to paint strokes that are not con-
nected to a specific piece of geometry, such as a cloud floating in the sky.
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Paint Effects Window

While painting can be done in any 3D viewport, the Paint Effects window (choose Window —
Paint Effects) can offer increased performance, as well as the ability to blur and smear
brushes in 3D. It is also a place to create 2D paintings using Paint Effects’s brush tools.

Main menu "~ Clear Canvas Deletes all the Color Allows you to see the . Flip Tubes Reverses direction
Paint Chooses between ™. strokes or clears the 2D .-~ RGB or Alpha channel. : of tubes in relation to the
. . surface normals.

scene and canvas mode. .~ canvas. . :
: : - Refresh Updates the display. :

Camera Allows you to

Brush settings These icons
choose a camera from the

change, depending on the

scene. : [ . IUUPIPRTES brush, and allow you to
Brush Allows you to choose* H modify such attributes as
the brush and set options . eyt ‘ - color, transparency, and
such as Smear and Blur. R T — —— 1 tubes per step without

@O o &V & B—~ W~ s | digging through an

Resolution Helps speed
Attributes panel.

work flow on complex
scenes. It simply renders a
fraction of the pixel in the
scene, allowing for faster
screen updates.

Object Shading Chooses
between wireframe, shaded,
or textured, as well as
default or scene lighting.
Stroke Refresh When set
to Shade, it shows a fairly
accurate representation of
the final render.

Viewport In scene mode, the
window is 3D; in canvas
mode, 2D.

Scene Mode

Scene mode in the Paint Effects window works much like any 3D viewport, but it has a few
advantages. Brushes are fully rendered, and you can use tools such as Blur and Smear in
3D. It also gives you easy access to brush attributes such as color and transparency. This is
helpful for modifying brushes as you paint.

Unlike a 3D viewport (left), scene mode (right) Scene mode also allows you to see effects such as
allows you to view rendered brushes in the view- smear and blur, which are not shown in normal 3D
port. Although this can take up resources, it's viewports.

much faster than doing test renders.
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Canvas Mode

Canvas mode does have limitations. Undo is limited to one level, and when painting, only
the images are applied. Underlying strokes and brush attributes are discarded, so post-
stroke editing is not possible.

w Bsh Carera Reschion Ctec Shadeg Cepley Sushs hefmh vep

@O & &V msEE fu B E— o

wire: W41 402 pmee 1,990
S

Canvas mode allows you to paint on a 2D canvas. Another use for the window is in painting seam-
This can be used to create entire paintings from less textures. The canvas can wrap paintbrushes,
scratch or to add paint effects to existing images.  so when they move off one edge of the canvas,
The Blur and Smear brushes are particularly useful  they appear on the opposite edge. This is particu-
in touching up existing images. larly useful when creating seamless textures.

L Paint Effects Brush Settings

Modifying Brushes
ying
Painting with the supplied brushes can create some amazing effects, but Emﬁiﬁ
the true power of Paint Effects shows itself when you create custom =] Drush Profle :
brushes. Understanding how brushes work goes a long way toward U —

Funes) im0 ——————
understanding how Paint Effects works. Fiiress2 T2 S —

Twst 00—
When you create a brush, you can observe its attributes by pressing ';i_;g*—' -

Ctrl+B to open the Brush Settings dialog box (choose Paint Effects — B ,__L.__M“_’;_‘“"‘”“""’“ |
Template Brush Settings.) Here you can change a brush’s behavior while j::‘m '
you paint. Once the stroke is complete, the exact same set of attributes ﬂm
are located in the Attribute Editor, where you can change brushes that et
have already been painted.

When painting a fairly large surface, such as a field of grass, you will probably need
to create several strokes to cover the area. If you need to change brush settings, such as the
color or height of the grass, you normally have to change these values for every stroke. This is
because Maya creates a new brush node for every new stroke. Toggling Share One Brush (choose
Paint Effects — Share One Brush) allows you to paint many strokes, yet connect all of them to
the same brush node. This makes editing easier, because you can edit one node, yet change
many strokes.
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Brush Types

When creating a brush, first consider the type of brush. Different brushes produce different
effects as well as affect how a scene renders. Certain types of brushes also reveal different
sets of attributes pertaining to that brush.

Paint: Applies paint to the canvas.
Paintbrushes can create color as well as
tubes and most other effects. They do
not, however, create meshes, and some
objects may break up when the camera
gets close.

Smear: Distorts paint already applied.

Blur: Softens the look of the paint.

Erase: Removes the color from the
painted pixels, revealing the underlying
canvas.

e
ooy

Thin Line (bottom): Used to render
large numbers of fine tubes much more
quickly than the standard paintbrush
(top). When used with the Multi Streak
method, the Thin Line brush is much
faster at creating hair than the stan-
dard paintbrush type and allows for
effects such as wet hair.

The difference between the results of
using a mesh-type brush (right) and a
paint-type brush (left) can be seen
here. As the camera moves—compare
the top images with the bottom—the
mushrooms painted as a mesh change
perspective, but those created as paint
don't move properly. The paintbrush
type is best used for objects that are
less defined or don't change
perspective.

Mesh: Renders Paint Effects using mesh-
based tubes instead of brush stamps.
This gives you much better control over
textures and creates convincing close-
ups of trees and plants. Generally, the
Paintbrush tool is better when creating
soft, fuzzy brushes, and the Mesh Brush
tool is better at hard surfaces.

y T
) - G
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Brush Attributes

Paint Effects creates the illusion of solid paint by using a series of dots to represent
splotches of paint. The closer the dots, the more solid the brush strokes appear. The basic
brush attributes (found in the brush’s Attribute Editor window) control the way the brush
behaves as well as color and transparency.

a2, V)Y M 7]

Brush Profile controls the size and Shading controls how the brush stroke Illumination allows the brush to appear
shape (left) of the brush as well as its is rendered. These controls are similar 3D, much like a tube. The controls
softness (center). Stamp density (right)  to the color controls in a material and include settings for specularity and
controls how solid or dotted the brush affect (left to right) color, incandes- translucence. More important, this is
line paints. cence, and transparency. where you control how the brush is lit,

either from a user-defined lighting
model or from real-world lights. Left,
Specular Power; right, Specular Color.

Fractal  Checker Ramp Texture

Shadow Effects gives a brush the ability ~ Texturing allows you to apply some

to cast shadows into the scene (center, procedural textures, such as ramps,

a 2D shadow; right, a 3D shadow). Fake  checkers, and noise, along with a
shadows work great for strokes on flat bitmap. Textures can also be applied to
surfaces, and real shadows are good attributes such as transparency and
when the stroke needs to cast shadows  displacement.

on more complex geometry.

Tubes

In Paint Effects, a tube is an object that grows at angles from a stroke. If a brush
containing tubes is painted on a surface, those tubes grow in the direction of the surface
normals. If painted on a view plane, the direction of growth is specified by the user.

Alone, tubes are good at simulating anything from grass to hair. By applying texture
maps, you can even use tubes to simulate objects, such as mushrooms, rocks, or cities.

Tubes can get even more complex when they start branching. A simple tube can sprout
branches, twigs, leaves, and flowers. Although these are primarily geared toward creating
organic effects such as foliage, the same branching structures can be used for lightning, ice
crystals, fire, and many other natural phenomena.
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Basic Tube Attributes RN

Width 1.,

Tube creation attributes determine how  Tube Length: The range of lengths that ~ Tube Width: These attributes determine
many tubes are created and their den- the tubes will occupy. When creating the maximum diameter of the tubes.
sity. Tubes Per Step determines how grass, for example, the Length Min Tubel determines the width at the
many tubes are created per stroke sam-  value is the shortest blade of grass, and  base; Tube2, the tip.

ple; this can be affected by a random Length Max is the longest.

amount. Here, Tubes Per Step is set at

(left to right) 2, 12, and 48.

Width Scale: A ramp that
can explicitly specify how a
tube’s width will change
over its length. In this case,
the stairstep outline of the
buildings is created by
defining a profile with the
Width Scale ramp.

Tube Direction: This determines the
direction in which the tubes will point.
This can be along either the surface
normals (left) or the direction of the
path (right).

Growing and Branching

Tubes really show their power when they start growing and branching. Tubes can sprout
tubes much like a tree trunk sprouts branches. These branches can, in turn, sprout twigs and
leaves. Many objects and effects besides trees use branching structures, and one of the more
powerful aspects of Paint Effects is the ability to generate these components in any way
desired. A branching structure could just as easily be lightning flashing through the sky as a
vine climbing on a wall.

L




Growing a Tree
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Paint Effects brushes can create incredibly complex objects. The sheer number of parameters can
seem overwhelming. Even the most complex objects are built a step at a time, and if you break a
complex object, such as a tree, into its component parts, it is much easier to understand.

Creation
TubesPerStep [0000  f——————————
TubeRand [1000 —————————|
StatTubes [I  f—————————
Segments [21

Length Min IIJ.SHJ o] i
Length Max |0.650 (] s

TubeWidtht [0200  ————f———
TubeWidh2 [0088  ———————f——
WidhRand 0000 f—————————

WidhBies [0000 ————F———

Width Scale
Selected Position |0-473

Selected Value |0.760

Intespolation | Spine "I

A tree always starts at the trunk, and Paint Effects starts Tree trunks are seldom straight, and this trunk is no excep-
with tubes. Here, we are creating a single tube for the trunk.  tion. To add some variation, the width of the tube is scaled
The width parameters are adjusted so that the trunk is using Width Scale. Anyone familiar with ramps will recognize
slightly wider at the base to create a conelike shape. the interface; a grayscale ramp defines variations in the

width of the trunk.

Testure Type | Fie 'I

Tube 2D

Map Method
Tex Urifoarmity E —]| p—
Tes: Colarl ——————|
reccoce [
TexAphal [l00 —————————|
Texdphaz [0000  —————F———
Repeatl 0537  —f————
Repeatv [1000 r——f———
Offsetl [00D0  f——————————
OffsetV [0000 ——————————
BlrMut 0808  ——————
Smear [0.100 e
Smearll 0000 ——————————
Smearv [0000  f—————————

Image Name [oakiWhiteBark.tf

™ Use Frame Extension

Frame Extertion Ii

™ Fringe Removal

~a|

To add even more realism, color is added in the form of a photographic bitmap containing a
tree bark texture. For a more stylized tree, you can draw or paint the texture and use that as a

bitmap.
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A tree always needs branches, so under Growth, branches are
checked, and under Branches, the number of branches is

configured.
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Humlood Qe [H02— ———————
Leal Drogeat [O000  p——
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Leaves are next. Much like twigs, the size and number can be
configured. Leaves can also be grouped in clusters. The width of
the leaf can be set using a ramp. Additional attributes include
the way the leaf curls and twists, as well as its stiffness.
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Twigs are next and are simply branches of branches. Attrib-
utes to consider are the number of twigs, how much they
twist, and their randomness, as well as a ramp that deter-
mines the length of the twigs.

Leaves also have color attributes. Simple color gradients can
be applied, along with such parameters as specularity and
translucence. For greater accuracy, a bitmap can be applied,
such as this photographic leaf texture.

Flowers and buds can also be
added. Flowers are similar to
leaves, but instead of clus-
tering, they can be arrayed
radially in a series of petals.
Attributes include the size
and shape of the petals and
the amount of curl and twist
as well as color, which can
include a bitmap. Buds are
simply defined by the size of
the bud and its color.



TUTORIAL Painting a Scene

Painting a Scene

1 Choose File — Project — Set,
navigate to the Chapter 7 folder
on the companion CD, and set the
current project to PaintFX. Load the
scene Ch07_PaintFX_start.mb.

Using the perspective window,

render the scene (choose Ren-
der — Render Current Frame). You
should see a basic landscape with a
sky in the background. Let’s paint
some foliage in the scene.
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Select the ground plane
(nurbsPlanel) as paintable
(choose Paint Effects - Make

Paintable). Next, select a brush for
painting. Open Visor (choose
Window — General Editors —
Visor), and, in the treesMesh
folder, select Heavy Oak Tree.

In the perspective view, posi-
tion the brush above the
ground plane and paint a stroke to

create an oak.

Display Show Help
[
e

~ shokeDakHeavyl
curvelakHeavy

B @ defaulighiSet
@ defaullDbjectSet

5 In the Outliner, you will see an

object called strokeOakHeavy1.
This is the brush stroke that gener-
ates the tree. Select this so we can
manipulate the tree.
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List Selected Foous Attrbutes Help
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To make the tree larger, you
6 can adjust the scale of the
stroke in the Attribute Editor under
the oakHeavy1 tab.

=] Growth

Other parameters can affect

the shape, size, and color of
the tree. Under the Tubes/Growth
rollout, for example, we can change
the number of branches, which
affects the density of the foliage.
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This shows the difference
between one and three
branches, respectively.
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Let’s add some grass. In the

Visor window (choose Window —
General Editors — Visor), select a

grass brush.

1 O Paint some grass along the
ground plane.

1 1 Select the stroke you just
painted. In the Attribute
Editor for the brush stroke, you can
adjust the density of the grass by

increasing or decreasing the
strokes per step found under the
Tubes/Creation rollout. This rollout
also allows you to adjust the
length, direction, and randomness
of the grass.

1 2 To change the color of the

grass, modify the color of
Tube Shading found under the
Shading rollout.

1 3 Now that you have a basic understanding of the concepts, it’s time
to have fun. Add some more plants, grass, and trees as you see fit.



Deformations
and Rigging

eformations change the shape of an object. Almost any sort of organic

animation—from a fully skinned character to flowers swaying in the

breeze—will need deformations of one sort or another. In addition to

using deformations for animation tasks, you can use them as modeling

tools. Since deformations can reshape a lot of detail quickly, deformers
are good choices for global changes to an object.

Rigging is primarily used in character animation to create hierarchical structures
called skeletons. Skeletons are used as a framework with which to deform the character
as well as animate it. A good rig builds upon the skeleton to provide additional tools
that make the animator’s job easier by allowing the character to be quickly posed and
manipulated.
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Deformers

Basic deformations can be created using a class of tool called deformers. These are found in
the Animation menu set under the Deform menu and work on any type of geometry. Maya
deformers can be used as both an animation and a modeling tool.

Nonlinear Deformers

Nonlinear deformers (choose Deform — Create Nonlinear) can be used to quickly create a
number of standard deformations and effects. You can use these for modeling, or you can
animate the parameters. Each of these deformers can be adjusted from the Attributes panel
or using built-in manipulators. The effects are as follows.

( “C

Bend: Deforms the surface along an arc.  Flare: Allows you to expand or contract ~ Sine: Deforms the object based on a
the top or bottom of the object. sine wave

Squash: Allows you to stretch or squash ~ Twist: Twists the object along an axis. Wave: Deforms the object using a circu-
the object and still maintain its volume. lar wave.
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Clusters

Clusters (choose Deform — Create Cluster) are probably the simplest
type of deformer, but they can also be useful. A cluster is simply a col-
lection of points. When modeling, you can use clusters almost like selec-
tion sets to save collections of vertices. When animating, you can use
clusters to fine-tune deformations or to create effects such as muscle
bulging.

There are two main parameters to a cluster. Envelope is a falloff
parameter used to create soft deformations. Relative is used to prevent
double transformations when the vertices of the cluster are being con-
trolled by another deformer.

You can weight clusters to give smooth falloffs. You can paint weights
using the Paint Cluster Weights tool, or you can modify weights manu-
ally using the Component Editor.

oo ° The vertices at the tip of this finger can
SOft M 0 d] f] Cat.l 0 n be added to a cluster. Moving the clus-
ter moves the vertices that constitute

e L. e L. . . the cluster.
Soft Modification (choose Deform — Soft Modification) is designed

primarily as a modeling tool. It gives you the ability to push and pull

geometry much like sculpting clay. Simply select the tool from the menu or from the Tool
Box, and then select a point on the surface. The Soft Modification tool appears, along with
a manipulator that allows you to adjust the radius and falloff, which can also be adjusted
using the tool’s attributes.

|| Soft Madification Attributes

|~ Falloff Auributes
‘ Falloff Center [0.280 [11.605  [oss4

Falloff Radius IB.?DS f—

~| Falloff Curve

Selected Posiion |1-000

Selected Value 10.000

Interpolation | Smocth +

¥ Falioff In% W Falioff InY
W Falloff InZ

The Soft Modification tool’s attributes can allow for custom falloff graphs.
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Lattices

Lattice deformations (choose Deform — Create Lattice) use a three-dimensional grid of
points as a way to deform an object. Changing the shape of the lattice changes the under-
lying object. Lattices are ideal for creating fairly large changes of a complex mesh, such as
when the vertices are too close together for direct editing. You can use lattices as a model-
ing tool and, if the lattice is animated, as a deformation tool.

A lattice is a grid of points. When the lattice is deformed, the underlying mesh deforms along with it.

Lattices have controls to determine the number of points in each of the three dimen-
sions. The trick to working with lattices is to use only enough detail to get the job done.
Lattices are meant to simplify the deformation of an object, and too many lattice points
defeats the purpose.

Lattices can also be used as an animation tool—for example, to make this fish deform so it can swim.



Sculpt Deformers

Not to be confused with Sculpt Surfaces, a sculpt deformer
uses a tool called Influence Object to create bulging effects.
Although this tool is normally spherical, a NURBS object can

be used to manipulate the effect. Sculpt deformers can be used

for a simple task, such as bulging a character’s cheek, and for

complex setups that mimic realistic muscles.

The mode determines how the tool works. Flip
mode simply sticks the object’s surface to the
surface of the tool, so when the center of the tool
passes through the object’s surface, the surface
snaps back. Project mode uses a projection to stick
the object’s surface onto the tool. Stretch mode
stretches the object’s surface to match that of the
tool. :

The maximum
distance a vertex
can be pushed.

Deformers
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A sculpt deformer uses a NURBS object, such as
this sphere, to create bulges in an object.

Basic | Advanced |
Mode  Fiip € Project .-~ Stietch
...... Irside Mode " Ring = & Even
I_J_
Diopolf Type  None & Linex

Grouping I Gioup Sculplor With Locator
Scuipt Tool ¥ Use Secondary NURBS Object as Sculpt Tool

The falloff of the
deformation.
Linear sets a
falloff, which can
then be adjusted
using the dropoff
distance slider.

Determines how the vertices
inside the sculpt sphere
behave. Even creates a
smooth deformation; Ring
pushes the vertices to the
outside of the sphere.

Sculpt deformer options

Allows you to add
a secondary
NURBS object as
the deformer. This
is used when
creating advanced
effects such as
muscles.

Sculpt deformers (left) can be used to simulate
the realistic action of muscles (right). The mus-
cle’s shape is animated using a set driven key con-
trolled by the angle of the elbow.
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Wire Tool

Wire

Holder

Moving the wire moves the underlying surface. When you manipulate only The holder is a curve that limits the
part of the wire, you can effect of the wire.
smoothly deform parts of the

The Wire tool (choose Deform — Wire Tool) ~ model. The curves are usu-

is similar to a sculpt deformer, but instead
of using a NURBS surface to control the
deformation, the Wire tool uses a simple

ally animated using clusters
or blend shapes.

NURBS curve. Manipulating the curve moves the underlying surface within the falloff

distance.

The process for creating a wire deformer is a little bit different from the process for cre-
ating most deformers in that you first select the tool, then the deformed surface, and

finally the wire.

At times, a wire curve’s influence can affect unwanted parts of the model. You can pre-
vent this using a holder to limit the effect of the wire. Those parts of the model on the

other side of the holder will not deform.

Wrap Deformers

A wrap deformer allows a low-resolution mesh to
deform a more complex model. This is particularly
useful in character animation, in which low-resolu-
tion meshes are employed to speed animation author-
ing and playback, but high-resolution meshes are
needed for rendering. Wraps can be computationally
expensive, however, and wrapped objects may have to
be placed on layers and hidden to speed work flow.

Wraps are easy to apply. Simply select the objects
to be wrapped, then select the wrapper, and choose
Deform — Create Wrap. The only setting is an enve-
lope slider to determine the overall effect of the
wrap on the object. The real trick with wraps is

Wrap deformers allow a low-res object to control a more
complex one.
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create a good wrapper. This can entail creating an entirely new model just as the wrap. In
the case of a polygonal model, a wrapper can be created from the original low-res version
of the complex model. In the case of a NURBS model, you have to model a polygonal cage,
paying attention to where the detail on the NURBS surface lies.

Jiggle Deformers

Primarily used in animation, a jiggle deformer (choose Deform — Create Jiggle Deformer)
automatically moves the affected surface points to create a jiggle motion as the object
moves. This is great for creating secondary motion in character animation to simulate such
motions as a jiggling belly.

Since the Jiggle Deformer tool can be resource intensive, Maya offers an option to cache
the motion (choose Deform — Create Jiggle Disk Cache) for faster work flows. Once the
cache is created, subsequent playbacks happen much closer to real-time. Additionally,
when jiggle animation needs to be rendered with motion blur, you must create jiggle disk
cache.

—_—

Jiggle deformers create automatic secondary
motion.

Jiggle Attributes
Enable | Enable -
Stifness [0500  —————f———
Damping [0500  —————/————
JigdeWeight 1000  —————f——
Force Along Mormal ’T —
Force OnTangent [TO00  ———————————|
Motion Multipher IT
DiectionBiss [0.000  —————|———

I Ignore Transform

There are several attributes to consider when set-
ting up a jiggle deformer. Stiffness, Damping, and
Jiggle Weight control the amount of jiggle effect,
and Force Along Normal, Force On Tangent, and
Direction Bias control the direction of the jiggle.
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Blend Shapes

Blend shapes, also known as morph targets, allow you to change the shape of one object to
match another. This is a precise way to deform an object, as each target of the blend shape
can be modeled using Maya’s modeling tools. Blend shapes can also combine multiple tar-
gets to mix and match deformations.

The big task in creating a blend shape is creating the targets. This is primarily a model-
ing task. The one requirement for blend shape targets is that they all have the same topol-
ogy as the base object. This is easily accomplished by duplicating the base object (such as a
head) and reshaping it to create the appropriate shape (such as a blink or a smile.)

Once the targets are created, setting up the blend shape is simply a matter of selecting
all the targets first, the base model last, and choosing Deform — Create Blend Shape. Once
the blend shape is created, the resulting shapes can be mixed using the Blend Shape Editor
(choose Window — Animation Editors — Blend Shape).

.- Sliders
'~ |blendShapel =
Delete [ r
Add
Key Al [

Reset Al .|_I
— —

[Closed  [Smie  [SmieRT - [SmielT [Oooh  [Uh-.  [Frown  [Frownll [FrownfT
Key | Key | Key' | Key | Key | Keyr| Key | Key | Key |

Kéy Slider value Target name

The Blend Shape Editor allows you to mix multiple targets. Each chan-
nel has a slider and a Key button, as well as a box for the slider value.
By default, sliders go from 0 to 1, but you can type any number into the
slider value field to push a slider past its limit or make it go negative.

60% 100%

Blend shapes allow you to mix different shapes to
create a new result.
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Blend shapes called
phonemes can be created to
mimic the basic mouth posi-
tions used in dialogue.

006

“0ooh” “Oh”

AAR:

“A" and “T" “Eh” and “Uh” “F" and “V” “" and “Th”

“E” and consonants

Blend shapes work by averaging the X, Y,
and Z positions of each individual vertex or
CV in the object. When a slider is at 0%, the
vertex is at the rest position; at 100%, it is
at the target. Mixing multiple targets aver-
ages the positions according to the weights
on the sliders.

Although blend shapes can be used for
any type of shape animation, by far the
most popular application for blend shapes is
in facial animation. A modeler creates indi-
vidual facial poses representing the extreme
motions of the individual parts of the face,
such as smiling or opening the jaw. By mix-
ing these, you can create an infinite variety
of facial expressions.

668
b b

Other blend shapes can be modeled for positions
the mouth makes when not speaking, such as a
smile. It's always a good idea to create right and
left versions of these shapes so that the animator
can create asymmetry in the facial expressions.

bbb

Shapes for the upper part of the face include
blinks and brow positions for emotions such as
worry, anger, and surprise. Again, it is a good idea
to create left and right versions of these shapes to
give the animator more control.
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Skeletons and Rigging

Skeletons in Maya are constructed from objects called joints. These joints are tied together
in a hierarchy. The skeleton, in turn, is used to deform a mesh using Maya's skinning tools.
Although skeletons are used primarily for character animation, they can also be used to

deform all sorts of other deformations. A garden hose, for example, can easily be deformed

using a series of joints. Joints can also help refine the behavior of hair and clothing.

joi nts

.-- Bones

Joints are used to guide deformations using the skinning tools.
When the joints move, the mesh deforms to match. The joint is
the actual axis of rotation, and the bones span the joints.

Basics of Joints

Joints are created using the Joint tool (choose Skele-
ton — Joint Tool), which is also available on the Ani-
mation shelf. Choosing the tools allows you to sketch
out the joints, almost like drawing a curve, with one
joint being created per LMB click.

Click 1--"

Click
Click 2"~ :

Click 3+

Creating joints is as simple as drawing
them using the LMB. Each click creates
a joint.

Modifying joints is fairly easy, as you
can simply select the joint and move it
to precisely position it.

When building a skeleton, it is always a good idea to study
the anatomy of the character or creature you are rigging. Get-
ting the skeleton anatomically correct will make the resulting
deformations anatomically correct as well. The joints of this
character closely mimic the joints of a real skeleton.

To add to a skeleton, highlight a joint in

the skeleton, choose the Joint tool, and start drawing

joints. The new joints become children of the high-
lighted joint. You can also connect existing joints by
choosing Skeleton —> Connect Joint.

When a skeleton is drawn, the joints
automatically form a hierarchy.
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Joint Attributes

Each joint has an array of attributes to control how it behaves when manipulated and ani-
mated. The basic attributes control the joint’s position and rotation, but there are addi-

tional attributes.

Draws the resulting joint as a .
bone or a box.

_*
R

One degree
of freedom

(2

Limiting the degrees of freedom limits

how the joint will rotate. A neck or
wrist joint usually has three degrees of
freedom, and a knee or an elbow has
only one.

N ¥

Three degrees of freedom

The translation, rotation, and
scale of the joint

_l ‘I‘lamfntm Attiibutes

Translate 23787 [0000 0000
Roste 000 foo0  foo

Rotate Order

Rotate Axis |— [oooo |—

¥ Inhesits Transfom

Scae IF fow foe

=| Joint 3
Draw Style
.- Degrees of Freedom ¥ X VY Vi
-7 Stiffness 0,000 Jo.000 Joooo ;S
" Pferedange [0000 [0 o000
JointOrent [Z7678  [065 1181

¥ Segment Scale Compensate

Type |Hand
otherType |iaw
¥ Draw Label

The stiffness of a joint comes into play when
inverse kinematics are applied. Stiffer joints resist
motion, so they rotate less when inverse kinemat-
ics (IK) solutions are calculated.

N 1

A -—% Preferred angles
\| Ly
- \|
Rest i
position

_~| Rotate

.- Used in Inverse Kinematics

to determine the rest
position of a joint.

- Determines how the joints
are oriented with respect to

each other.

Labels

Joints can have labels
applied to them, making
them easier to identify in a
complex rig.

RotLimt X ¥ I«‘-B:; jln:lm j|3eu“; v
RotLimtY [ [0:00 jllmu ﬂhﬂ [~
Rotlimtz [# [000 jllm jluno -3

Joints can also be limited in their range of
motion. Limiting the motion at the joint to limits
found in nature also keeps the character’s motion
natural when animated.

A knee, for example, only
rotates through about
100-120 degrees.
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Inverse Kinematics

By default, joints in Maya move strictly by rotation. This is called Forward Kinematics (FK),
because a series of joints is manipulated from the root joint forward. If a character picks up
a cup of coffee, the joints are posed starting at the shoulder and forward to the fingertips.
Forward Kinematics is great for most motions, but it can pose a serious problem whenever a
character needs to keep one part of the body stable while the other moves, such as keeping
a foot on the ground during a walk or a run.

To overcome this limitation, Inverse Kinematics (IK) can be used. Inverse Kinematics
automatically rotates a chain of joints so that the end points can be positioned using
translation instead of rotation. This is perfect for a character’s legs, but also can be used in
other areas, such as arms. If a character climbs a ladder, for example, the hands have to
remain stable on the rungs while the shoulders move.

J
[ —R
o o /- |
/ \,1? g
ks T 2 ] i 3 .-'f f;’:! |
c A\
\ W \"“ l
Q .'
To get the end of this joint chain to Inverse Kinematics allows you to posi- A character’s legs are a perfect place to
reach the ball using Forward Kinemat- tion the joints simply by translating use IK because it allows the hips to
ics, all joints in the chain need to be the IK handle to the desired location, move freely while the feet remain
rotated, requiring several steps. using one step. The IK Solver rotates firmly planted on the ground.

the joints automatically.

Joint flipping is an unwanted effect that happens when the end effector of the
chain is moved past the pole of the chain. At this point, the IK solution crosses over 360
degrees, flipping the joints. To offset this, you can animate the pole vector of the chain away
from the end effector to avoid flipping.
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To set up IK, choose Skeleton — IK Handle Tool, and then select the start and end joints of
the IK chain. Selecting the IK handle lets you control the attributes and behavior of the

chain, using the IK Attributes panel.

Snaps the IK handle back to " [+] skeleton Info
the end of the joint; useful Start Joink [joint? Bl
when switching from IK to FK  EndEffector [effectort B
and back. | IK Handie Attibutes
e [¥ Snap Enable
Stickiness [off v | ---oee
Used when creating overlap-
; =T OVERADT | [ —
ping IK chains; allows one freaviit
T e 1 J r———
handle to take priority over w”f“" 10
others in case of a conflict.  .== O MU 1,000 J
" =] IK Solver Attributes
; 1k Blend [1.000 — |
Used with multiple IK chains; JHUk B Conbol
allows the chain’s priority to o LR [APsolver <] 3
be weighted. - PoeVector 0495 [o000 - [0008
Offset [R000
Roll [0000 E
Twist [0000
"xQTwiatType Linear -
Maya provides two different
ways for an IK chain to be
solved, allowing for slightly
different behaviors.
A
Reference plane
- 8 v'-\;
- 7‘*&
Handle vector ;y

Handle

&

!

Single Chain Solver The
simplest solver, it rotates
the joints so that they all lie
along a fixed plane. Good for
simple joints that have only
one degree of freedom, such
as a knee.

second pa

rotate the

rotated to

Rotate Plane Solver Adds a

rameter to allow

you to use a manipulator to

chain around an

axis. Useful for joints such
as elbows,

which can be
many positions,

even though the ends of the
chain (shoulder and wrist)

are in fixe

d positions.

When stickiness is enabled, movement of
/ the start joint does not affect the end

effector (center object is set to Sticky,
right is Off). Sticky is desirable for a
character’s legs, where the hips need to
move while the feet remain stable.

:

Off

-+ Used when switching from IK to FK and

back. If IK is simply toggled on or off,
it can cause the animation to “pop.”
Blending allows you to gradually turn
on the IK handle, allowing for a
smoother transition from IK to FK and
back.

- Determines the position of the Pole

vector; useful in preventing joint
flipping.
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Spline IK

Another way to configure IK is by using Spline IK, which employs a
curve to control the joints and their rotations. This is a good choice for
manipulating long chains, such as a tail, a trunk, or even a spine.
Spline IK works best with chains that have a lot of short bones. To
create a Spline IK chain, choose Skeleton — IK Spline Handle Tool, and
then choose the start and end joints in the chain. Maya automatically
generates a curve to fit the chain. You can modify the resolution of the

curve as the chain is created using the tool’s options.

Once created, the Spline IK curve is like any other NURS curve and

can be animated using clusters or blend shapes.

Constraints

Spline IK uses a NURBS curve to control
the shape of a joint chain.

Constraints are a way to automatically control an object’s position, scale, or orientation.
Constraints are used in animation as well as in character rigging to provide animators with
ways to attach parts of a character’s body to other objects or parts of a scene.

Point

In animation, a point constraint causes one object to
move to and follow the position of another object, or
the average position of several objects. Point con-
straints are particularly useful when you want an
object to match another object’s position while keep-
ing it outside the hierarchy, such as when a character
is lifting something.

When the character lifts the ball, the ball is constrained to
the palm of the hand. This allows the ball to move with the
hand as the hand itself is animated.

Aim
An aim constraint constrains an object’s orientation
so that the object aims at other objects. In character

setup, a typical use of an aim constraint is to set up a
locator that controls eyeball movement.

The eyeball is aim-constrained to the locator and rotates to
follow it.
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A pole vector

PO le Ve CtO r constraint and an
IK chain’s pole

. tor, allowi
A pole vector constraint causes an IK \é?éftzoiaﬁwmg
chain’s pole vector to move to and follow J control of the
the position of an object. This is useful for solver plane
preventing joint flipping and can be used to [
create a helper object used in positioning
joints such as knees.

Multiple Constraints and
Constraint Weights

Constraints can be weighted to allow objects to attach and detach themselves from other
objects, such as when a character is lifting an object. You can also apply multiple con-
straints to allow an object to switch from one object to another (such as when a character
is moving an object from one hand to another) or to keep an object between two other
objects.

pSpherel_pointConstrai
Node State Noimal
. Offset® 0
. OffsetY 0
OffsetZ 0

P Cubel W0 1
P Cube2 W1 1

The sphere is constrained to both cubes; so when In the Channel box, the constraint’s

one cube is moved, the sphere remains centered node contains a weight for each con-

between them. strained object (here, P Cubel WO and
P Cube2 W1). When a weight is zero,
the constraint has no effect. Adjusting
the weights allows the object to favor
one object over another.

Skinning

Skeletons provide the structure of the body, but the skin provides the appearance. Getting
the mesh of the character to deform according to the position of the character’s skeleton is
called skinning. Most characters animated in Maya will be skinned in some form, and get-
ting a character’s mesh to deform smoothly usually takes a good knowledge of the skinning
tools and how they work. Maya has two features for skinning characters, Rigid Bind and
Smooth Bind. These tools work slightly differently, and each has advantages.
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Rigid Bind

Rigid Bind (choose Skin — Bind Skin — Rigid Bind)
breaks each part of the surface into clusters and asso-
ciates each cluster with a joint. This type of binding
does not allow for the weighting of vertices across
multiple joints.

To compensate for the lack of weighting, Rigid
Bind incorporates a number of tools called Flexors
that allow for control over the joints. Flexors are
attached to the joint or the bone and can be used to
fine-tune the bending and creasing of a joint or to
create other effects, such as muscle bulging.

Lattice Flexors

These surround the mesh with a user-defined lattice
that is centered on the joint’s rotation axis. The lat-
tice’s attributes contain some predefined behaviors.

! | '\." -
i \

Creasing determines the amount of crease on the inside of
the bend.

JJId

Length In/Out allows sliding of the skin over the joint.

By default, Rigid
Bind assigns each
part of the mesh
to only one joint.

Jm'.rtlt 2

Finscn Typn [aics %] ] Crea)te Flexor
Hoints Bones options
Al Selected Jointa] ‘Fﬁ!ww]
L8 o] | I a2 Borete) |
Lattice Options
Slh-w-[z—l 1
T Dovisierns |5 ——_—
U Dvsions. [2 | e |
I~ Postion the Flexor

Lattice Flexor

Creasing [0.000 —t— .
attributes

Roundng [0000 ———————
Lenghin [0000  —F———————
LenghOw 0000 —f—————
Widhlet [0000  —f—————
WidhRight [0000 ———————

Rounding determines the bulge at the “elbow” of the joint.

Width Left/Right allows the skin in the joint area to squash
outward or inward to help preserve volume.



Sculpt Flexors

Sculpt Flexors apply a sculpt deformer and
center it on the joint. Sculpt Flexors can be
used to create muscle bulges based on joint
angle. To do so, create a set driven key for
the sculpt deformer and drive it by the
angle of the joint.

Joint Cluster
Flexors

These create a cluster representing the ver-
tices affected by the joint. This allows for
weighted deformations, and joint clusters
are differentiated from regular clusters by
using the letter “J.”

When modifying joint weights or

flexors, it’s a good idea to animate the joint
into its extreme positions before modifying
the weights. This way, instead of selecting
and deselecting the joint and moving it to
test a deformation, you can simply drag the
Time Slider to move the joint.

Smooth Bind

Skinning (131

1

Sculpt Flexors use a sculpt deformer to modify the appear-
ance of the skin.

1 3

Joint Clusters allow for weighting, and when the Manipulator
tool is used, the shape of the joint’s deformation can be
adjusted.

Sculpt deformer

Smooth Bind (choose Skin — Bind Skin — Smooth Bind) is the second and more widely
used type of skinning. It creates good results without the need for flexors and deformers to
control deformation at the joints. Smooth Bind works by allowing individual vertices to be
weighted across multiple joints. This allows each vertex to be controlled by multiple joints,
providing a smooth transition from one joint to another. It does not allow for effects such
as muscle bulges and creases, but you can add these by using standard Maya deformers.
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Once the skin is bound to the skeleton
using Smooth Bind, you can edit weights
using either the Component Editor or Paint
Weights. The general work flow is to use
Paint Weights for the global changes and
then fine-tune problem areas a vertex at a
time using the Component Editor.

Paint Weights

PELVIS

Smooth Bind weighting for a simple character. The gray areas are where

1\1‘...

SPINE_1 SPINE_2 SPINE_3

the weighting overlaps.

Painting weights is the most interactive way to adjust the weighting of a smoothly bound
skin. The interface uses the standard Artisan tools to paint the weight maps.

When painting weights, the affected
vertices show up as white or gray; unaf-
fected vertices show up black.

The current joint is selected
using the list or by RMB
clicking over the joint in the
viewport.

Forces all weights on the
current joint to be held at
their current weight,
allowing you to paint other
joints without affecting the
“held” joint.

Changes the behavior of the
brush to allow you to replace

current weights, as well as -

scale, add, or smooth the
weights.

Options to control the size
and shape of the brush.

rl.l Brush

Radius(U) Iu_m s
Radis(L] | 0.0010 ] s
Opacity I |
Browse
i_ Fiotate To Stioke
_»| Influence
| Sot Transf
Ih- ‘l:ramhmt
Hink:
Use the RMB
over a joint in
the modefing
view to select
it for painting

j Paint W3|yﬁ£
Pm Elpeialm * Replace " Add

) . " Scals " Smooth
Value [1.0000 — _J_l
Min/Max Value [00000  [1.0000 ;

Elamor' Lowes I"Upper

The value of the brush. A value of 1.0
fully weights the vertex to the joint.

The Paint Weight tool
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Component Editor

The Component Editor (choose Window — General Editors — Component Edi-
tor) allows you to affect the weighting of each individual vertex. To use the
editor, select a vertex or a group of vertices on the object, and
these will show up in the Component Editor. The weights of each
vertex are displayed on a per vertex basis.

.-+ Selected
" vertices

Sometimes a vertex is affected by many joints. This can cause
unwanted deformations and slow performance. Choosing Skin —> Edit
Smooth Skin — Prune Small Weights can get rid of the unwanted influences.

For a complex skin, most of Weights Each vertex has a The Component Editor has
the weights for a set of weight for each joint. The tabs for a number of Maya
vertices will be zero. To see total of all weights must features. To edit weights for T the C ¢
just the affected joints for never be greater than 1. You  a skinned object, select Eg.gse T :Tﬁone;}t. t
those vertices, choose can type weights into Smooth Skins. b ! Or’d§§ e;c c?tvhe 1ces 1o
Options — Hide Zero individual cells or select R E "&0 1ned, an Edi €n open
Columns. multiple cells for global .-~ the Component Editor
: changes. (choose Window — General
. Editors = Component
Hold Similar to Toggle Hold ~ Editor).
Joints in the Paint Weights tool, it
. ; ; are listed allows you to hold the
Vertices \ : in columns.  current weight values of that
are listed oo joint while other weights are
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The Component Editor

o o o o

Mirroring or Copying Weights
Most characters are fairly symmetrical, so you can fine-tune the skin on one side of your
character and simply mirror those weights to the other half. To do so, choose Skin — Edit
Smooth Skin — Mirror Skin Weights. The mirror axis is specified in the tool’s options. For
mirroring to work, the character’s pivot needs to be centered along the left/right axis of
the character.

Maya also offers a way to copy weights from one character to another. The weighting is
copied based on the relative positions of the vertices compared to the joints. It should give
a good first pass when skinning similar characters, leaving just minor cleanup.
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Creating a Skeleton

Open the file In the side viewport, create a

Ch08_Skel_Start.mb. This four-joint spine. Follow the
contains the character created in general outline of the back of the
Chapter 3. character.

7 Open the Outliner. Select the
spine hierarchy and expand it.
MMB and drag the root joints of the
arms to the top of the spine. MMB
and drag the root joints of the legs
to the base of the spine.

In the side viewport, use the In the front viewport, draw the
Joint tool (choose Skeleton — left arm skeleton consisting of a
Joint Tool) to draw three bones shoulder, bicep, and forearm. Make
representing the thigh, shin, and sure the shoulder joint ends slightly
foot. to the outside of the armpit. Check
the positioning of these joints in Dragging the joints into the
the top viewport to make sure they hierarchy creates new bones at
are centered in the arm. the pelvis and clavicle.

In the perspective viewport,

highlight the chain by clicking
the root joint and move it to posi-
tion it in the middle of the left leg. 6 Select the root joint of the left

Create a hand skeleton with

. . . . . . three joints for each finger, all
Duplicate this chain (choose Edit ~ arm and mirror this (choose connected to the arm at the wrist.

Duplicate) to make the right leg Skeleton — Mirror Joint) across the  mirror this to create the opposite
skeleton. YZ axis to create the right arm. hand.



1 O Create a neck joint and one
large joint for the head.

1 1 Create an IK chain for each

leg. Choose Skeleton — IK
Handle Tool, and then select the
root of the left leg (at the hip) and
the left ankle. Repeat this for the
right leg.

TUTORIAL Skinning a Character

1 2 To maintain control of the

foot, create an IK handle
between the ankle and the toe on
each leg. This will allow the foot to
point at the IK handle rather than
rotate with the ankle joint.

1 3 Select the IK handle of the

toe, and make it the child of

the leg’s IK handle. This will allow
you to move the entire foot by

grabbing the ankle, and change the

angle of the foot by adjusting the
handle at the toe.
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14 The completed skeleton is
ready for skinning.

Skinning a Character

Properly skinning a character is a
detailed process. It involves testing
the character over a wide range of
motions and making sure all the
vertices deform properly. This tuto-
rial gives you the broad strokes;
the detail work is up to you.

Open the file

Ch08_Skin_Start.mb. Apply a
smooth skin by choosing the root
of the skeleton and then the skin of
the character. Choose Skin — Bind
Skin — Smooth Bind.



136 |

Start refining the weighting. In

this case, we'll start with the
head. To make the work flow easier,
create a small test animation of the
head and neck going through the
range of motions—up and down,
right and left.

Select the mesh, and start the

weighting by using the Paint
Skin Weights tool (choose Skin —
Edit Smooth Skin — Paint Skin
Weights Tool). Select the head
joint, and paint the weights of the
head completely white.

Select the neck and paint a
transition (gray) from the head

8 - Deformations and Rigging

to the neck and from the neck to
the top of the spine. Use the Time
Slider to check the deformation to
make sure it is reasonably smooth.
Check for any stray deformations on
the body, and paint those black.

Now let’s use the Component

Editor to adjust some of the
weighting around the legs. First,
move the IK handle on the left leg
and create some keyframes to get
the legs moving.

6 There are three rows of vertices
around the knee. Select the ver-
tices in the topmost of these rows.

Opters Laymt Hls

Pty | AdePoipgrrs | Weighied Dekormers | Figid Suins - Smooth Shire | Sorng | Picies | ]

Iy sig 1i b (LF¥] ]
£l Ll

o5z 10
030
oz 1.000
0545 tom
ot 1o
oz 1.0m
o%es 1m
[ om
v = 1 i@
Lid Cemgerart | e |

Open the Component Editor

(choose Window — General
Editors - Component Editor).
Under Options, choose Hide Zero
Columns. This should just show the

weights for the two joints affecting
the knee vertices (L_Knee, L_Hip).
Select the weights, and adjust them
so that row of vertices deforms
smoothly.

Test the deformation by scrub-

bing the Time Slider. Adjust the
rest of the knee vertices in the
same manner.

9 Now you have a basic under-
standing of the two tools used
to weight the skin. The rest is just
detail work. Take your time and fin-
ish the character, using the Paint
Skin Weights tool for global changes
and the Component Editor for detail
work. To save time, work on just the
left half first, and then use Mirror
Skin Weights to copy the weighting
to the other side.



Animation

o far, we've been working in the three dimensions of space. Time adds a
dimension to your work. Changing an object over time is called animation,
and animation is what truly brings your scene to life. The way an object
moves tells the audience a lot about its size and weight and, for a character,
its personality.

Maya has a wealth of tools for creating and sculpting motion. Learning how to use
the tools, though, is only the first step in the process. An animator must understand
how the laws of motion work, as well as how the audience perceives motion. Character
animators also have to learn how motion affects a character’s personality and mood.
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Creating Animation

Maya offers a variety of methods for creating animation. Each method
has its advantages. Understanding each method will let you decide
which approach to take when ani-
mating a scene.

Creating keys (choose Animate —
Set Key) is the most common way
of animating within Maya. A key
simply records an attribute’s value
at a given point in time. By chang-
ing the value over time, you create
motion and animation. Keys allow
you a wide degree of control over
every attribute of an object, from
its position to color and just about
everything else. To edit keys, you

. Attributes such as position, rotation, Any attribute attached to an object can
use the Graph Editor and the Dope and scale can be animated to control be animated, such as this object’s
Sheet. Both allow you to control how an object moves through space. color.

timing precisely.

Path Animation

Path animation (choose Animate — Motion Paths) allows you to draw out a path that the
object will take through the scene. Path animation is used a lot when animating vehicles, but
can be used almost any time an object needs to follow a specific route through the scene.
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Set Driven Keys

Set driven keys allow you to let the motion of one object drive
another. Set driven keys are used extensively in character rig-
ging to make a character easy to animate. A blend shape that
controls a character’s jaw, for example, can drive the motion of
the teeth.

Set driven keys are also used with custom attributes to cre-
ate single points of control for a character. Controls for a char-
acter’s fingers might be ties to custom attributes on the wrist,
for example. This allows the animator to select one object and
control the entire hand.

The teeth on this character are animated using a
set driven key. As the jaw opens, the teeth move
to match.

Nonlinear Animation

Nonlinear animation uses Maya’s Trax Editor to combine animation clips to build animation
a motion at a time rather than a key at a time. Clips can be trimmed, stretched, cycled, and
blended together to create entirely new motions. Nonlinear animation is used a lot in char-
acter animation, but has uses in many other places.

Blend Run

Trax allows a walk cycle to be blended into a running motion.
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Expressions

Expressions are mathematical equations,
programming commands, and MEL com-
mands that can precisely control an object’s
motion. Expressions are used a lot in rig-
ging, but can also be used to create motion
that follows mathematical equations. For
example, an expression can rotate the tires
on a car according to distance traveled.

Motion of car

Rotation calculated by expression

Simulations

Select Fiter Object Filter  Attribute Filter Insert Functions Help
Creating Expression
Expression Name |Wheel Rotate Mew Expression
;js;ieetion
DObjects Attributes
rotate’y’
rotateZ
scaleX
scaleY’
scaleZ
Selected Obj & Altr |blires.rotate
Default Object |h|ies
¥ Always Evaluate
Convert Units: & Al " Nore = Angular only
Paticle: & Funi f ynamics €= Runtime after Dyniamics ' Crd
Editor; |Eap|essian Editor "I
Expression:
brites.rotateX={frame)*(3.14/dianeter)
Creale I Delete Reload [ Clear Close I

Expression Editor

Simulating the laws of nature can also create animation. Maya's soft and rigid body dynam-
ics let you set up an initial set of conditions, apply forces such as wind and gravity, and
run the simulation. This type of animation is particularly useful when creating special

effects.
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Creating Keys

In Maya, time is defined by keys, which record attribute changes over time. Almost anyth-
ing in Maya can be animated, from an object’s position in space to its shape and color.

You can set keys in many ways within Maya. Which method you choose depends on the
attributes being animated and the tool that is most convenient at the time.

 Ali Manipulator Handles
" Current Manipulator Handle
SetKeys at & Cument Time " Prompt
Set IK/FK Keys [~
Hierarchy & Selected  Below
Channels & All Keyable " From Channel Box
Conkrol Points [~
Shapes ¥
. . Channel box: Right-clicking in the Chan-
Set Key: Keys can be set by choosing Animate — Set Key, nel box opens a menu that contains
which sets keyframes on the selected objects. This option options to set a key for all the channels
sets keys for all keyable attributes. or just those currently selected.

Auto Key: Setting a lot of keys can get

bsSpherel | nuibsSphereShapel  makeNubSpherel | iniialShadingGroup 4 | * | tedious, so Maya provides an Auto Key

function, which can be turned on by
keNubSphere: [rakeNubSphersT 8] | _Focus | | toggling the icon with a key on it

B | _Presets | to the right of the Timeline.

Keyboard shortcuts: Pressing S sets a

| ~ | Sphere History

Stait Sweep [0.000  f———————— key for all keyable attributes on the
End Sweep [380000  ——————————| selected objects. Holding the Shift key
and pressing W, E, or R, keys position,
[ < 4000 '_J— ] B
Create New Expression... rotation, and scale, respectively.
Set Key
Set Driven Key d_etame
Create New Texture, .. 'J—
Lock Attribute b —_
Spans fﬁ r—

Attribute Editor: Right-clicking over an attribute in the Attrib-
ute Editor opens a menu from which you can set a key. This
method is good for keying attributes that do not appear in the
Channel box.
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Working with the Time Slider

The Time Slider allows you to move quickly from one frame to the next in order to set key-
frames or scrub through your animation. The slider is a horizontal bar, divided into frames.

Keys Each key in
the Timeline
shows up as a
vertical red tick at
the keyed frame.
... process

Sound Sound is imported into Maya.
You can then display it by right-clicking
in the Time Slider and choosing sounds
from the menu. Visualizing the sound

Selecting keys Shift+click and drag to
select multiple keys. You can then drag
these along the Timeline. Dragging the
arrows stretches or compresses the

Current frame

Start frame First
frame of the
animation.

Playing Animation

against your keys helps the animation ammatmn
"‘*m e me e
Ty _I——I_— \
Range start First  Time range This bar allows you to see a Range end End frame
frame of the smaller portion of a scene, which is
current range. helpful when working with large scenes.
Dragging the ends shows more or less of
the animation; dragging the middle
moves the range.
Play
‘ Next key
Once keyframes for a particular scene are set, you can play ==
back the animation. You can play back directly in a viewport oA f“"‘ﬂﬂ:l‘ﬂ]ﬂu
simply by clicking the Play button, located toward the bottom- N . "
right corner of the Maya interface. You can play back forward ext frame :
Last frame

and backward.

Playblast

Even on the fastest workstation, complex
scenes often do not play back in a viewport
in real time. This is when you need to use
Maya’s Playblast feature (choose Window —
Playblast), which steps through the anima-
tion and renders to disk a small movie file
that actually can be played back in real
time.

Viewer The viewer
can be either a
movie player
(QuickTime or
Windows) or
Maya’s own
FCheck format.

Scale Scales the

playblast down
from the display
size.

Save to File Playblasts can
be saved for later review.

Time Range The range of the animation
to be played back.

Time Aange © Time Skdes

= Stat/End
Start Time |1.owu
End Time I‘Iﬂ.l:lm
View ¥
Show Omaments ¥
............. Viewer & Movieplayer " fcheck
Displey Size [FromWindow v} ---._
%5 [E
~~~~~~~~~~ Scae [0S0  ———F——————
Remave Temporary Fies ¥
--------- Save to File ¥
Mayie fle [plagblast
Browse... l

Display Sets the size of the playblast,
either from the viewport size or the size
of the rendered image in the Render
Globals window.
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Editing Animation

Keys can be edited to fine-tune the look and feel of the scene. Simple editing can be done
on the Timeline by selecting and moving keys. For more complex editing, use the Graph
Editor and the Dope Sheet.

Dope Sheet

The Dope Sheet (choose Window — Animation Editors - Dope Sheet)
presents animation as keys set against a timeline. This window is used
primarily to adjust and set timing.

Keys are displayed in the Outliner pane on the left side of the Dope
Sheet window. LM click to select keys.

You can move keys individually, in groups, or hierarchically. To
move keys, select the Move tool (shortcut key W), MM click, and drag
the selected keys.

Outliner Loaded
objects are
displayed in this
window, where
you can expand
the hierarchy to
view different
attributes.

Objects —""01

Attributes -+

=Ty S usl O3 ATl
(B0 & s Loy MAST 00 M0Qfnde
o Rotate
Fofa
--------------- Foka ¥
_______________ Folse.Z
2o Sy S oL A
e Cory_MAST_052_008 Ring0)
BOL,  CoMAST 052 006 Fwky0l
B® /7 Con.MAST0S2 Mg
BOP  Con MiST_052 008ionflesowses. oL

Move Nearest Key Allows
you to reposition keys by
clicking and dragging.

Scene summary All keys of all objects.

Edt_View Curves Keys Tengents Lst Show Heb
RER s | I [
@ Scene Summaty
- @ Dopeshest Summary
Do) Fouth 002

Bod,. CoyMAST 152 W08 MWis

Eod. Coy MaST 052 WEiWint
S

< ] >

Keys Individual keys show up
as blocks.
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Right-clicking in the

view area of the Dope Sheet opens
a menu that allows you to cut and
paste keys as well as apply curve
filters and change tangent types.

Dopesheet summary All keys of all selected objects.

Audio Current
audio track.

-~ Selected keys

Keyframes can be
selected by LM
clicking. Multiple
keys can be
selected by
holding the Shift
key or by LM
clicking and
dragging.
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Types of Tangents

Tangents define how an object behaves before and after a specific keyframe. With tangents,
you can sculpt the object’s motion to get effects such as acceleration and deceleration as
well as constant linear motion. Tangents can be applied in either the Graph Editor or the
Dope Sheet.

Spline: Creates a smooth transition
along the curve, resulting in smooth,
organic transitions from one key to the
next.

Flat: Offers linear motion through the
majority of the curve, with slow-in and
slow-out at either end.

A
|

Linear: This tangent offers no change in
velocity and is good for objects moving
at a constant rate of speed.

Stepped: Simply jumps from one key to
the next. Useful for mechanical attrib-
utes that are either on or off, such as a
switched light.

Clamped: A hybrid between spline and
linear, it uses linear curves when values
are nearly equal. These are used when
an object needs to remain fixed for a
period and then move organically.

Maya'’s Pre and Post

Infinity (choose View —> Infinity in
the Graph Editor) curves let you
see how an object will move
before and after the last key. You
can cycle animation by choosing
Curves —> Pre Infinity and Curves
— Post Infinity from the Graph
Editor’s Curves menu.
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Tangent Weights

Adjusting the handles of the tangents by MM clicking
and dragging allows you to change the angle of the
tangent. The size and weight of the tangent, how-
ever, does not change. To adjust the tangent’s weight,
select the curve and choose Curves — Weighted Tan-
gents. You can then select the desired key and choose
Keys — Free Tangent Weight. This gives you complete
control over the size and angle of the tangent.

Graph Editor

The Graph Editor displays keyframes as curves. These curves not only display keys, but also
the interpolation between keys, giving you complete control over the animation.

Move Nearest Key Tangent types These buttons quickly Tangent controls Tools to manipulate
Allows you to change the tangent type of the selected  the tangents for animation curves.
reposition keys by keys.

clicking and ’

dragging.

Insert Keys

Places new keys
on an existing
animation curve.”" """

Add Keys Adds
keys to an

existing curve, .
maintaining the -
value of the
attribute at the
current frame.

Lattice Deform
Keys Lets you
draw a lattice

deformer around Keys Individual keys show up  Selected keys Keyframes can
groups of keys so as black dots on the curve. be selected by LM clicking.
that you can Multiple keys can be selected
manipulate many by holding the Shift key or

keys at once. by LM clicking and dragging.
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-- Tangent handles
Handles allow you
to refine the
shape of certain
animation curves.
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Character Animation

Animating a character involves setting a lot of keys for a lot of different joints, IK handles,
objects, and blend shapes. Maya has several tools that allow you to easily manage this wide
range of attributes and keep your mind focused on the task at hand—bringing a character

to life.

Character Sets

Character sets allow you to collect all the attributes
associated with a character in one place so you can L) G G B L L
P y define a character. You can create different subcharac-

have broader control over your character. Setting keys  i41c for different parts of the body. For example, you
on a character set will set keys for all the associated can set subcharacter keys for just the legs or the arms.
attributes, making it easy to animate the entire char-

acter a pose at a time. Characters are

To create a character set, choose Character — Elchﬂmm selected on the

bottom-right cor-

Create Character Set. This creates an empty character. "~ O None ner of the screen
To add attributes to the character set, select the @ character! | If subcharacters
desired attributes from the Channel box or the Attrib- ©L_Am |  Character sets... are defined, a

second menu
appears.

ute Editor and choose Character - Add to Character
Set. You can also edit character sets in the
Relationship Editor.

PELVIS Rotate 2
PELVIS Rctate Y
FELVES Fictste X,
PELVS Tiarulaie 2
PELVES Tuarslala ¥
PELVIS Toaalate X
Spinell Rotsie 2
Spinelll Rotsie 'Y
Spine0l Rotsie
Spine01. Tiamiste 2
Spine01. Tranlale ¥
Spine0) Trantlate X
Spinel? Rotsie 2
SpnelZ Rotate Y
Spnaliz Rotate
Spine02 Transtn 2
Spinel2 Tramiste Y
Spinedi2 Tranlate X 8

Character B
set : °

The Relationship Editor is used to edit character
sets.

Character sets comprise the entire character and all its
attributes; subcharacter sets segment the character into
parts.
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Animating with Character Sets

Character sets allow you to animate characters a pose Character set Subcharacter sets
at a time. Rather than worrying about each individual : :
joint, you animate the entire character (or subcharac-
ter). Setting a key for a character set is as simple as
setting a key for any attribute within that character.
When a character is active, keying one attribute in a
character set sets a key for all the other attributes.
These keys, however, can still be edited individually
in the Dope Sheet or the Graph Editor.

Trax

Trax is Maya's nonlinear animation editor. Trax stores animation as clips, which can be
dragged and dropped on the Trax Editor window, where they can be layered, trimmed, and
edited to create whole new sequences. Trax allows you to edit motion above the keyframe
level, giving broad control over animation and motion capture data.

Animation used in Trax must be part of a character set. If you create a clip for an object
that is not already part of a character set, the Trax Editor automatically creates a new
character for the clip.

L S S . S—

You can edit keys for the entire character set just as you would
for any other attribute. When selected, the character set shows
up in the Outliner section of the Dope Sheet and Graph Editor.

File Allows you to  View Tools to change the way the tracks  Create Tools to create clips, Toolbar Shortcuts for the

import and export  are viewed. Animation curves can be poses, and character sets as most frequently used menu
clips. Clips can viewed using the Graph Editor, which well as effects such as blends  items.

also be dragged can be launched from here. _...----- and time warps.
and dropped ) :

directly from the ™.
Visor window. A

-+ Character track
Each character
has a master
track, which
allows you to
move and scale
the entire
sequence.

Edit Tools to edit ----1
the clips. In
addition to cut
and paste, tools
to split and trim
the selected
clips.
Subcharacter
tracks If a
character is
divided into
subcharacters, the
subcharacter clips
appear here.

Track Controls -~
Controls to lock,
solo, and mute
tracks.

) Blend A blend
Audio Multiple audio tracks can be Clip Clips can contain animation, bgtween two
. e clips.
used. motion capture, or individual poses.

The Trax Editor window
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Clips

A clip is simply a collection of animation curves for a Drag top corners to trim
particular character. Clips let you gather a character’s '
keyframe or motion capture data into a single place

so Trax can manipulate the character all at once. 275 - 358
When you create a clip, two kinds of clips are gen- 247 109% S

erated: a source clip and a regular clip. The source Drag bottom corners to scale ;

clip is added to the character’s scene, and the regular Drag middle to move

clip is inserted under its character in the Trax Editor.
The source clip is essentially the “master” copy, but the regular clip can be trimmed,
stretched, and edited on the Timeline.

In addition to regular clips, Trax also allows you to create constraint and expression
clips. These clips hold only constraint or expression data. A constraint clip, for example,
can be used when a character picks up an object.

Poses

A pose is simply a clip that is only one frame long. Poses are used extensively in character
animation. Many times a character will need to strike a strong pose, which can be created
by a lead animator and then used by other members of the team. Trax
can be used in between these
poses to create animation.
Poses can also be used
to create snapshots of
parts of the animation. If
you need a character to
return to a specific
pose, for exam-
ple, you can )
take a snapshot
of that pose and

use it as a target in Trax.
This method can also be used
to take a snapshot of blend
shape combinations for facial
animation.
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Creating animation using Trax requires a library of clips. Building the library may take a lot
of time, but the initial investment pays off when new animation needs to be created. This
work flow makes Trax ideally suited for longer projects, such as games or a television ser-

ies, in which animation can be reused.

Clips can be stored and managed using the Visor window. You can edit clips at the key
level by choosing View — Graph Animation Curves, which opens the Graph Editor.

; 3 "

Splitting Clips: To split a clip, select the clip, position the
Time Slider at the split point, and then choose Edit — Split
from the Trax window.

a 70 70
1 1 70

Merging Clips: Clips can be merged by selecting the clips and
then choosing Edit = Merge from the Trax menu.

Blends: Blends allow for a seamless transition from one clip
to another. Select the two clips and choose Create — Blend
from the Trax menu.

'~ | Anim Clip Attributes
¥ Enable

Offset | Absol v |

[¥ Absolute Rotations
‘Weight |1.000

Weight Style | From Start 'l

Start Frame IW
PreCycle [0000
PostCycle [0000
Scale [1.000

Hold o000
Source Stait W
Source End W

I~ TimeMaip Enable

Time Warp |0.000

Clips can also be edited in the Attribute Editor. Here you can
modify the start and end times, as well as add cycles or hold
animation at the end of the clip.

With the Character Mapper window, you

can transfer animation between characters. The window
allows you to connect attributes of one character to
another. This is particularly useful in motion capture or
when reusing animation.




150 ] 9 - Animation

Walk Cycle

keyframing easier. Select the pelvis
and move it up and forward so that
it is above the right foot. Select
the IK handle at the left foot, and
move it forward and up so that it is
off the ground at the point where it
passes the right leg. Adjust the IK
handle at the left toe to point the
toe down.

Open the file Ch09_Walk-

Start.mb. This has a rigged
character with a rig similar to the
one created in the previous chapter.

Move the Time Slider to frame

12, and create a mirror pose to
that on frame 0, with the left foot
forward and the pelvis rotated so
the left hip is forward.

Start the walk with the legs.

Move the Time Slider to frame 0.
Select the IK handles at the ankles,
and position the feet so they are
apart with the right foot forward.
Select and move the pelvis so it is
halfway between the feet. Rotate the
pelvis slightly so that the right hip is
forward. Set keys for all IK handles
(including the toes) and the pelvis.

Repeat the same poses over
frames 12-24, making the right
foot pass the left at frame 18.

Move the Time Slider to frame
6. Turn on Auto Key to make

Shoulders
baclg.

--- Rotate spine
joints

Foot forward
6 Now set some keys for the
spine. As the pelvis rotates to
the right, the spine and shoulders
rotate to the left. Set keys at

frames 0, 12, and 24 to create a
balanced pose for the spine.

7 The arms are next. When the
right foot is forward, the right
hand is back, and vice versa.

8 Finally, the head. Animate
rotation on the head so that
the character is facing forward.



Special Effects

aya is used extensively as a special effects tool in the film, video,

and game industries. Special effects can be created in a number of

ways, but many of the best special effects simulate reality. Maya has

a number of tools for creating and animating objects that respond to

real-world forces such as gravity, wind, and fields. Objects animated
in this way can appear highly realistic and can seamlessly blend with real-world scenes.

Particles simulate the motion of large numbers of objects and are terrific for all sorts

of fire, water, and atmospheric effects. Rigid Body dynamics allow objects to animate
and collide with each other using forces, and Soft Body dynamics allow physical forces
to affect the actual shape of an object.
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10 - Special Effects

Particle Effects

Particle systems are used to simulate all sorts of natural phenomena, from smoke and fire
to rain, sparks, and any other effect that requires animating a large number of objects. In
Maya, you animate particles using dynamics, which simulate real-world forces such as wind
and gravity. To create a particle system, you need to set up an emitter to generate the par-
ticles and then define what the particles will look like.

Emitters

Particles originate in emitters. An emitter can control the type of particle as well as their
number, speed, direction, and rate of creation. You control these attributes either through
the emitter’s Attributes panel or by using the Show Manipulators option when the emitter

is selected.

Rate The rate at which
particles are emitted per
frame R

Cycle You can set particles to\*..
cycle for game applications. ‘

Min/Max Distance You can
set particles to be created
away from the emitter by
increasing the minimum

distance. Maximum distance .

is the farthest a particle can
exist from the emitter.

Direction For a directional

emitter, the direction the ----

particles are emitted.

Emitter Type The type of emitter: Directional,

Omni, Surface, Curve, or Volume.

' ~| Basic Emitter Attributes -
Emiter Type [ Directional ~|
" Rale [Palicles/Sec) 100467  ——f——————
I sc
=
=

“*-- Cycle Emission | None [imeRandom off)
Cre val I] 'J—

aces only)

. =] Distance/Ditection Attiibutes

Min Distance IIJ.BW f—
Max Distance IU.E!II v
Direction |4.215 — [ —

""""""" Direction [0.000  *

DirectionZ [0.000 —
Spread [0.243 ] e

'~| Basic Enission Speed Attributes
e Soeed [l ——————
SpesdRandom [0000 )
Targert Speed 1000 ———————
T ——————

Speed The speed of the
particles, which can also be
randomized to get a more
natural effect.

The Show Manipulator tool can be used to interac-
tively adjust an emitter’s attributes, such as spread,
emission rate, speed, distance, and direction.

Spread For a directional
emitter, the spread of the
particles.
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Types of Emitters

Maya has several types of emitters. Emitters such as Directional, Volume, and Omni (choose
Particles — Create Emitter) emit particles from a point or volume in space; Surface and
Curve emitters (choose Particles - Emit from Object) emit particles from an object.

Directional: Much like a nozzle or a Omni: Much like an omni light, the
spotlight, the Directional emitter Omni emitter sends particles in all
allows you to aim particles in a general  directions.

direction and control the angle of

spread.

Surface: Any NURBS or polygonal sur- Curve: A NURBS curye can also emit ~ Volume: Creates particles within a prim-
face can emit particles. particles. ° - . itive volume, such as a cube, sphere, or
) cylinder.
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Particles in Maya can appear in a variety of ways. The type of particle you choose depends
on the type of effect you want.

Points displays particles as points. MultiPoint displays each particle as Streak displays particles with an elon-
multiple points, which make the gated tail, which works well with mete-
particles appear denser. This is good ors or fireworks.

for dust, clouds, or gas.

oy

MultiStreak is a combination of Streak Sprites use a texture image or image Sphere displays particles as opaque
and MultiPoint and displays multiple sequence for each particle. You can use  spheres.

points with tails for each moving this to simulate effects such as smoke

particle. and clouds as well as other effects.

Blobby Surface calculates particles as Cloud displays particles as blurred or
metaballs (spheres that blend together  cloudy metaballs. These are perfect for
to form surfaces). It is perfect for lig- smoke and fire effects.

uid effects.



Particle Lifespans

Many types of effects require that the particles change over the course of their lifetimes.
A red fire particle, for example, might change into a gray particle as it ages to simulate

fire turning into smoke. Some effects can
require a particle’s opacity to change as it
gets older. Particles can also increase or
decrease in size.

When created, particles are given a set of
creation rules. As they move through time,
the particles are controlled by a set of run-
time rules that determine how the particle
will look, move, and react. These rules are
set in the Per Particle (Array) Attributes
rollout in the particleShape tab in the parti-
cle system'’s Attributes panel.

A ramp is used to change the color of these
exhaust particles over time from yellow to dark
gray.

|~| Per Particle [Array) Attributes

Dwibnl

rampPosition l

velocity |

ramgVelocity |

acceleration |

rampéccalatation |

ml

opacityPP |<- ExhaustanayMapper].outialuePP

liespanPP |

1gbPP |<- Exhaust anayh apper2 outColoPP

| worldelocity |
| ~| Add Dynamic Attributes
General

Opacity

Particle Effects (155

Per Particle
attributes deter-
mine how a parti-
cle behaves over
the course of its
lifetime. Some
common attrib-
utes are provided
in the default
rollout, but more
can be added
using the General,
Opacity, and Color
buttons.

The opacity of the particles in this system changes
as the particles age, causing them to dissipate.
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Particle Collisions

Particles can collide with other objects in the  [objects Eloik: Particle CﬁlliSion
scene, allowing for realistic interactions and E‘;?Qz‘te(scj%ze i
effects. Any object can become a collision cle Collision
object. Simply select the particle system, S:f:if:slc)escigl?tqilie
select the object, and choose Particles — : m emit new particles
Make Collide. This will cause the particles to Lol g when they collide
. - Sokcied Event] with another
bounce off the selected object. A resilience SetEventName | object
attribute can be adjusted to make the parti-
cles lose energy as they strike the object. CREATING EVENT | Nembve |
| 7 On which colision do you want the event to happen?
Al Colisons [
Collision Numbes Iﬂ [l p——
Zvent Type
Type I Emit W
Random # Particles [~
Num paticles [T L p——
Spiead [0500  ——————
Tasget Patticle |
Inhesit Velocky [1.000 |

Particles can collide with objects in the scene for
realistic effects.

L

o il

Affecting Particles with Fields T

R ot
The motion of particles can be affected by fields. Fields can create such -h,.- .
effects as gravity, wind, vortex, and turbulence. To connect a particle e :
system to a field, select the particle system, select the field, and then R
choose Fields — Affect Selected Object(s). Another method is to select
the pa'rtlcle system and then choose the desired field's icon from the A gravity field pulls objects in a
Dynamics shelf. specific direction, usually toward the
ground.
B % -
T T e
= W\ \f | o e e e
:f‘:x}é\\: ! P s = == e
e LA 1 £77, =
s = NS i y
RN = S . :
\ N = “::: =5 -
S

T
EZE] A vortex field creates a swirling

effect.

An air field acts much like the wind,
blowing particles in a specific direction.

5
Turbulence fields add random tur-
bulence to a particle system.



Rigid Body
Dynamics

Rigid Body dynamics animates objects auto-
matically to simulate the effect of real-
world forces and collisions. This method
creates highly realistic-looking animation
and is good for simulating natural motion.
It’s also useful for those situations in which
a large number of objects need to be ani-
mated, such as the debris of an explosion.

Mass Just like in
nature, the more
mass an object
has, the more
force it will take
to move it.

Center Of Mass Adjusts the center of
the object. A low center of mass will
make an object more stable; a high
center of mass makes an object
top-heavy and prone to tipping.,

Rigid Body Dynamics (157 )

Active rigid bodies Objects
that are affected by forces
and are automatically ...
animated during the .
simulation.

Fields Forces such as gravity,
wind, and turbulence that
affect rigid bodies.

Passive rigid bodies Objects
that are not automatically
animated but are nonetheless
part of the simulation and
act as collision objects.

A rigid body simulation has several components.

Friction Determines how much an

Bounciness
Determines how
much energy an
object loses when
it collides. Values
below 1 mean the
object loses
energy; above 1
adds energy.

Damping A force
that acts to slow

the object; similar -

to drag.

Impulse A constant force that is
applied to an object at every frame.
This can be a linear force or a rotational

one (spin).

.. | .=| Rigid Body Attributes

v Aclive
I Particle Collision
I~ Allow Discgnnection

T Mass[lo0 o f———————

CenterOf Mass [0.021 [0000  Jo.000
I Lock Center Of Mass

Foo, . Dynamic Friction |u2m — |
“--- Bounciness ID_BEIJ ==
--------------- Damping IO_IJDO rm—

Impulse |1J.DEU ]U.I]CO iB.DUI]

.- Impulse Position [0.000 [o:000 [0.000

Spin Impulse [0.000 |0.000 |0.000

= Initial Settings

Intial Spin [0.000 [0000  [ooo0
Intil Posiion [1053 1011 [5088
Intial Orientation [55.875  [o000  [ooo0
IntialVelociy [0000  [0000  [oooo

object will resist motion when in
contact with another object. Static
friction is how sticky the object is while
still; dynamic friction affects objects
once they begin to move.

Static Friction [0.200 -—J—

A way to get things moving in a scene is to give objects an initial setting such as an initial velocity or

spin.
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Setting Up Rigid Body Simulations

A rigid body simulation usually requires both active and passive bodies as well as fields and
some initial conditions, such as the mass of the objects, friction, and the object’s initial

velocities. Once you set up the initial parameters, you can run the simulation and bake the

results into animation curves.

Active objects ERRETER o g

Create active bodies: In this simula- Create passive bodies: The floor is a
tion, the bowling ball and the pins will  passive body and will remain rigid.
affect each other and thus will be Select the object and choose Soft/Rigid
active bodies. Select the objects and Bodies — Create Passive Rigid Body.

choose Soft/Rigid Bodies — Create
Active Rigid Body.

Set initial conditions: The mass of the
ball and pins are configured along with
the initial velocity for the ball.

Gravity ------ -

Add fields: To make sure the pins fall
down, add gravity by choosing Fields —
Gravity. The active objects are then
selected along with the gravity field and
connected when you choose Fields =
Affect Selected Object(s).

Run simulation: Clicking the Play but-
ton on the Timeline will calculate the
simulation. You can then bake this into
animation curves by choosing Edit —>
Keys — Bake Simulation.
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Dynamic Constraints

Many times, objects are connected together and need to affect the motion of other objects.
Dynamic constraints connect the motion of one object to another. There are several types
of dynamic constraints.

o oo J o

Nail: Connects a rigid Pin: Connects two Hinge: Constrains a Spring: Connects two Barrier: Creates a hard
body to a specific rigid bodies at a rigid body’s motion to  bodies using an elas- barrier defined by a
point in space. point. a specific axis, much ticlike connection. plane. Bodies cannot
like the hinge of a pass this plane.
door.

Soft Body Dynamics

Soft bodies use dynamics to affect the shape of an object. Soft bodies are great
for secondary motion such as a waving flag, a jiggling belly, or a dog’s floppy
ears. Soft bodies work by adding a particle to each control point or vertex of an
object. Fields or the objects can then affect these particles to deform the object’s
shape.

Soft bodies can

be created from Deforming the lattice using a
soft body saves calculation

curves, NURBS time and achieves nearly the

surfaces, or polyg-  same result as deforming the

onal geometry. complex mesh.
Lattices, wire

deformers, motion paths,

and wrap deformers can

also use soft bodies as a

way to deform their shape.
Turning a deformer into a

soft body can save calcula-

tion time on complex

meshes.

Soft bodies were used to deform this character’s
belly to make it jiggle as he walks.
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Creating Soft Bodies

Soft bodies are created by selecting the target object and choosing Soft/Rigid Bodies —
Create Soft Body. Creating a soft body creates a particle system that contains a particle for
every vertex, CV, lattice point, or other control point in the object. These particles then
drive the deformation of the object itself by animating the object’s control points.

This creates a particle sys-
tem with one particle per
surface CV.

The flag is turned into a soft
body.

Goals

In the Outliner, these parti-
cles are contained in a sepa-
rate object with its own
attributes.

Goals are target shapes for the soft body. Think of a goal as a “rest position” for
the particles, as they will always try to go back to this shape, depending on the
goal weights. The goal is typically a copy of the deformed object.

~| Goal Weights and Obiects

| Rigd Skina | ina | Spings Pastices |

Goal Smosthness [3000 e —

Mol Latti ||1m r |

Goal Active #

In the soft body’s particle’s Attributes
panel, you can set goal weights for all
the particles.

8i —
00000 0.00 1)
Load Components

| oz |

Individual weights can be edited in the Compo-

nent Editor.

Because the soft body
objects are particles, they
can be animated using the
same dynamics tools used
for particle systems, such as
gravity fields, air fields, and
turbulence.

The Paint Soft Body Weights
tool sets goal weights by
painting on the soft body
surface with an Artisan
brush. The brush can be set
to add, subtract, or smooth
the weighting map. Weights
display as a range of
grayscale values, with a
weight of 1 displaying as
white and 0 as black.
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Creating Rocket Exhaust

From the companion CD, open

the file CH10_RocketStart.mb.
We will add an exhaust plume to
this rocket using particles. First
create an emitter for the particles:
choose Particles —> Create Emitter.

Position the emitter at the

base of the rocket. In the
emitter’s Attributes panel, set
Emitter Type to Directional, Rate to
250, Spread to 0.2, and Speed to
5.0. If you want, you can adjust
these using the manipulator. Scrub
the Time Slider to see the particles.

—_

3 Now that we have particles, we
need to make them look like
smoke. Click the particleShapel tab

in the Attributes panel. This panel
controls the look of the particles.
First, in the Render Attributes tab,
set Particle Render Type to Cloud.
Scrub the Time Slider, and you'll see
that the particles are now circular
blobs.

| Per Particle [Anay) Atiributes
posiion [
rampPorition [
ey |
raeng/elocily |
sccelesstion |
rampccelessiion |
mass |
HespanPF |

wordelocily |
| Add Dynamic Atsibutes |
Genesdl ! Opacity Coke

We need to add some color to

the blobs. Go to the Per Particle
(Array) Attributes - Add Dynamic
Attributes rollout and click the
Color button to open a dialog box.

1l Particle Color Q@@

Add Per Object Attibute

I Shader

AddAmibute | Cancel |

5 We want the color to affect
each particle individually, so
select Add Per Particle Attribute
and click Add Attribute.

| Edit Array Mapper |
Create rgbUPP -> arrayMapper1,uCoordPP ‘
Break Connection
Delete Array Mapper

6 This adds an Attribute slot
called rgbPP to the Per Particle
Attributes rollout. Right-click this
slot, and choose Create Ramp. This
will add a value into the rgbPP slot.
Right-click the slot again, and
choose Edit Ramp.

| =| Ramp Auributes
Type |V Ramp >

Intespalstion [Lnes =]

Selected Color ———1'&a
Selected Postion [0000  f——————————
Uwave [i000  ———————— &
Vwae 0000 —————————— &
N[00 o &
Neise Fieq [0500 4]

We can now create a ramp for

the color of the exhaust over
the lifetime of a particle. The bot-
tom of the ramp is the color of the
particle when the particle is cre-
ated; the top color is its color when
it expires. Create yellow at the start
of the ramp, fading to red, and
then dark gray at the end.

| =] Per Pasticle [Array) Attiibutes
rampPosiion |
velociy [
tamg/elociy |
accalesation |
rarpheceleation |

mass [
BespanPP |
1ghPP |<- anstapoe] cutColeFP -

worldvelocty |
| =] Add Dynamic Attibutes
General Opacily Cokoe l

We also need to fade the parti-
8 cles to transparent to simulate
dissipating smoke. This is done
with opacity. Just like with the
color, we need to add an opacity
slot and create a ramp. Click the
Opacity button on the Add Dynamic
Attributes rollout, choose Add Per
Particle Attribute, click Add
Attribute from the dialog box that
pops up, right-click the new slot to
create a ramp, and then right-click
again and choose Edit Ramp.
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\=| Ramp Attiibutes

Type [V Ramg -
Interpolation | Lineas =
. n
L ]
° B
Selected Cokor —||{.]

SelectedPoskion 0000 ———————
Uwave [l00 ————————— &
Vew [iI0  —————— &

L T e
Noas Fioq [0500 f —{]

Opacity ramps are limited to
9 grayscale, so create a ramp
that starts white and fades to
black.

<K

1 O If you do a quick render,

you'll see that the color is
not showing up. This is because we
still have to modify the particle
system’s shader.

[0 =~
Fi II'IH:D & o

Evbusst paickeS anplerirdo? 1ambert] | tmal | anaphlagped) | ramp) | ane il ¥

1 1 Select the particles coming
from the emitter. In the

particle system’s Attributes panel,

locate the Lambert tab. Click the

box to the right of the Color attrib-
ute to open the Create Render Node
window. Choose Utilities — Particle
Utilities, and select Particle Sam-
pler. This tells the shader to use
the color ramp we just created.
Repeat this procedure for the trans-
parency channel.

<

1 2 Scrub the Time Slider to see
the results. A test render

shows the color is correct, but the

particles are expiring too soon.

[~ | Litespan Attribotes [see also per-patticie tab]

| Liespan Mode !tm.m -

‘

]_
=

1 3 To fix this, go back to the
particleShapel tab in the
Attributes panel and locate the
Lifespan Attributes rollout. Set
Lifespan Mode to Constant and
increase Lifespan to 4.5.

| =| Common Material Allribules
o [ )

TRy 8
Incandescence T
Lie Color [Exhanst paticleS amplerirfal =]
Lie Tunipwency [Ehmntpaicesanguiniad % |
Lietncandssesnce [ |
fpooa ot -
' »| Transparency
[ 2|
scosc [ ——————
Roundness [1000 1|
[T 1 |

14 Locate the particleCloud1
tab in the Attributes panel.
Click the box to the right of the Blob
Map attribute to open the Create
Render Node window. Choose a cloud
texture. While in the ParticleCloud1
tab, adjust Diffuse Coeff to 0.9.

<K

1 5 A scrub and a quick render
shows that we're almost
there. The particles are still a little

small.

™ Depth Sest

Pasticls Rerdes Type I [wfwl x|
Add dtsbutes For Cusrert Frender Type

I Better Ihumination
Rous [FE  ——————
SufsceShadng o0 ————————
Move back to the particle-

] T
1 6 Shape1 tab and locate the

Render Attributes rollout. Click the
Current Render Type button to
reveal the attributes for this type
of particle. Adjust the particle size
to approximately 2.1. You can also
play with the Threshold attribute to
make the clouds blob together
more.

1 7 That should be it. Do a final

render and go back to tweak
any colors or other attributes to
your liking.
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Note to the Reader: Throughout this index boldfaced
page numbers indicate primary discussions of a topic.

A

active rigid bodies, 158
aim constraints, 128
air fields, 156
Align Surfaces tool, 30
aligning UV textures, 64
ambient color for shaders, 52
ambient light, 72
angle of view in cameras, 85
animation, 137-138
character, 146-147
dope sheets for, 143
expressions for, 140
facial, 123
Graph Editor for, 145
keys for, 139, 141-142
nonlinear, 139
path, 138
playing, 142
simulations for, 140
tangents for, 144-145
Trax for, 147-149
walk cycle, 150
anisotropic shaders, 50
anti-aliasing, 92
Arc tools, 20
area lights, 72
Attach Surfaces tool, 30
attaching subdivision surfaces, 43
Attribute Editor, 6
attributes
for brushes, 109
in Channel box, 5
common, 52
connecting to textures, 53
in Connection Editor, 16
for joints, 125
for keys, 141
for particles, 155
for shaders, 51-53
specular, 53

attributes, continued
subdivision surfaces, 42
for tubes, 110

Auto Key function, 141

Average Vertices option, 38

axes for curves, 21

B

barrier constraints, 159
batch rendering, 91
bend deformers, 115
Bevel option, 38
bevels for surfaces, 26
Binn shaders, 50
birails for surfaces, 26
bitmapped textures, 56-57
blend shapes, 122-123
blending clips, 149
Blobby Surface particle type, 154
blur, motion, 88-89
Blur brush, 108
Bookmarks menu in Hypergraph, 14
Booleans for surfaces, 29, 37
bounciness of rigid bodies, 157
branching tubes, 110
Brownian textures, 60
brushes
for 3D Paint, 57
for Paint Effects, 105
attributes for, 109
modifying, 107
types of, 108
for sculpting surfaces, 27
buffers in rendering, 90
building surfaces, 25-26
bulge textures, 58
bump maps, 61

C

cameras, 84
clipping planes in, 86
depth of field in, 87
focal length of, 85
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cameras, continued
motion blur, 88-89
types of, 84
Canvas menu in Paint Effects, 106
canvas mode, 107
cars
NURBS for, 32-34
textures for, 66-68
cartoon character, 44-48
caustics, 98-99, 101-102
center of mass of rigid bodies, 157
center pivots, 13
Chamfer Vertex option, 38
Channel box, 5
channels in rendering, 90
character animation, 146-147
character sets, 146-147
checker textures, 58
clamped tangents, 144
clipping planes, 86
clips, Trax for, 148-149
cloth textures, 58
Cloud particle type, 154
cloud textures, 60
clusters, 118
Collapse option, 39
collisions, particle, 156
color
of lights, 71
of shaders, 52
combining polygons, 37
common attributes for shaders, 52
common menus in hotbox, 4
Component Editor, 133
components in object selection, 10
cones for polygonal surfaces, 37
connecting objects, 14
Connection Editor for, 16
Hypergraph for, 14-15
Connection Editor, 16
constraint clips, 148
constraints
in rigid body dynamics, 159
in skeletons and rigging, 128
aim, 128
multiple, 129
points, 128
pole vector, 129
control vertices
in curves, 20
in patches, 24
in surfaces, 10

coordinates

in 2D textures, 62

in 3D Paint, 57

in patches, 24

in transformations, 13
copying weights, 133
corners, 23
creases

with flexors, 130

in subdivision surfaces, 43
Create menu in Trax, 147
cubes for polygonal surfaces, 37
cubic lighting decay, 77
Curve emitters, 153
curves, 20

corners, 23

creating, 20

degrees of, 21

editing, 21

intensity, 77-78

offsetting, 23

refining, 22-23

smoothing, 23

on surfaces, 28
Cut Faces tool, 38
cylinders for polygonal surfaces, 37
cylindrical textures, 62

D

damping of rigid bodies, 157
decays

caustic, 99

lighting, 77-78
deformers, 115-116

blend shapes, 122-123

clusters, 118

jiggle, 121

lattices, 117

nonlinear, 116

sculpt, 119

soft modification, 118

Wire tool, 120

wrap, 120-121
degrees of curves, 21
Delete Edge option, 39
Delete Vertex option, 39
Dependency Graphs, 15
depth for shaders, 52
depth map focus, 76
depth map shadows, 75-76
depth of field, 87



diffuse setting for shaders, 52
direction

of curves, 20

of tubes, 110
Directional emitters, 153
directional lights, 72-73
displacement maps, 61
Display menu

in Outliner, 11

in Render View window, 90
distance

with caustics, 99

with emitters, 152
divisions for extrusions, 40
Dmap Auto Focus, 75
Dmap filters, 75
Dope Sheets, 143
dynamic constraints, 159

E

edges in surfaces, 10
polygonal, 36
subdivision, 41
Edit menu
in Hypergraph, 14
in Trax, 147
edit points in curves, 20
effects
lighting. See lighting effects
paint. See Paint Effects
special. See special effects
emitters
controlling, 152
types of, 153
Envelope parameter for clusters, 118
Erase brush, 108
exact mode for motion blur, 88
exhaust, rocket, 161-162
Exponent attribute with caustics, 99
expression clips, 148
expressions for animation, 140
extruding surfaces, 25, 40

F

f-stops, 87

faces in surfaces, 10
polygonal, 36
subdivision, 41

facial animation, 123
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fields for particles, 156
File menu
in Render View window, 90
in Trax, 147
files
folders for, 17
for projects, 18
Fill Hole option, 39
filters
for caustics, 98
in Final Gathering, 97
in mental ray renderer, 94
for shadows, 74-75
Final Gathering tool, 96-97
flare deformers, 115
flat shading, 8
flat tangents, 144
flexors
joint cluster, 131
lattice, 130
sculpt, 131
Flip mode for sculpt deformers, 119
flipping
joints, 127
UV textures, 64
floating menus, 3
flooding
with 3D Paint, 57
for sculpting surfaces, 27
focal length, 85
focus
depth map, 76
for shaders, 52
Focus Region Scale, 87
fog, 79
folders, 17
Forward Kinematics, 126
fractal textures, 58, 60
frames
in animation, 142
in rendering, 89
freedom limits for joints, 125
friction of rigid bodies, 157

G

global illumination
in mental ray renderer, 71, 95
rendering, 100-101

Global Stitch option, 31

glow Optical FX, 80

goals in soft body dynamics, 160
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granite textures, 60

Graph Editor, 145

Graph menu in Hypergraph, 14
gravity fields, 156

grid textures, 58

growing tubes, 110

H

halos Optical FX, 80
handles in object selection, 9
Help menu in Hypergraph, 14
hierarchies

in Hypergraph, 15

in object selection, 9
hinge constraints, 159
hotbox, 4
hulls

in curves, 20

in patches, 24

in surfaces, 10
Hypergraph, 14

connections in, 15

hierarchies in, 15
Hypershade

window in, 54

working with, 55

illumination

with brushes, 109

of lights, 71

in mental ray renderer, 71, 95

rendering, 100-101
impulse for rigid bodies, 157
incandescence for shaders, 52
Influence Object tool, 119
inputs in Channel box, 5
intensity

light, 71

photon, 97-98
intensity curves, 77-78
Interactive Photoreal Rendering (IPR), 91
interface, 2

Attribute Editor, 6

Channel box, 5

floating menus, 3

hotbox, 4

layouts, 3

marking menus, 4

interface, continued
QWERTY tools, 3
status line, 2
interpolation for textures, 59
intersection for surfaces, 29
Inverse Kinematics (IK), 126
configuring, 126-127
Spline, 128
IPR (Interactive Photoreal Rendering), 91
IPR menu in Render View window, 90
isolation tools for UV textures, 64
isoparms in patches, 24

J

Jiggle Deformer tool, 121
joining polygonal surfaces, 41
joint cluster flexors, 131
joints
attributes for, 125
creating, 124
Inverse Kinematics for, 126-128

K

keys
creating, 141
editing, 145
Playblast feature, 142
for playing animation, 142
set driven, 139
time slider for, 142

L

Lambert shaders, 50
lattice flexors, 130
lattices, 117
layered shaders, 51
layers in Channel box, 5
layouts, 3
leather textures, 60
lens flare Optical FX, 80
levels, subdivision surface, 43
lifespans, particle, 155
lighting effects

decay, 77

decay regions, 78

fog, 79

intensity curves, 77-78



lighting effects, continued
Optical FX, 80
projectors for, 79

lights and lighting, 69
adjusting, 73
importance of, 70
linking, 80
mental ray, 73

reflections and refractions with, 93

scenes, 81-82
shadows, 75-77
types of, 70-72
linear lighting decay, 77
linear mode for motion blur, 88
linear tangents, 144
linking, light, 80
lofting surfaces, 25

M

Main menu in Paint Effects, 106

manipulators for transformations, 12

mapping
bump and displacement, 61
reflections, 65
textures, 62-63
marble textures, 60
marking menus, 4
mass of rigid bodies, 157
materials for shaders, 51
mental ray renderer, 94
caustics in, 98-99, 101-102
Final Gathering tool, 96-97
global illumination in, 95
lights in, 73
motion blur in, 88-89
photon intensity in, 97-98
photons in, 96
menu sets in hotbox, 4
menus
floating, 3
marking, 4
Merge Edge tool, 41
Merge Multiple Edges option, 41
Merge Vertices option, 41
merging clips, 149
Mesh brush, 108
Mirror Cut option, 39
Mirror Geometry option, 39
mirroring
subdivision surfaces, 43
weights, 133
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morph shapes, 122-123
motion blur, 88-89

Move tool, 13

Multilister window, 54
multiple constraints, 129
MultiPoint particle type, 154
MultiStreak particle type, 154

N

nail constraints, 159
names for shaders, 51
navigation in viewports, 8
New Project dialog box, 18
noise textures, 58
Non-Uniform Rational B-Splines. See NURBS modeling
nonlinear animation, 139
nonlinear deformers, 116
NURBS modeling, 19

for cars, 32-34

curves. See curves

patches, 20, 24

surface components in, 10

0

object selection
components in, 10
hierarchies in, 9
objects in, 9
Outliner, 11
Quick Select, 10
Object Shading menu in Paint Effects, 106
objects
in Channel box, 5
connecting, 14-16
transforming, 12-13
offsets
for curves, 23
for shadows, 74
Omni emitters, 153
opacity for sculpting surfaces, 27
Optical FX, 80
Options menu
in Hypergraph, 14
in Render View window, 90
orthographic cameras, 85
orthographic views, 7
Outliner, 11



168 ] Index

P

Paint Effects, 103
basics, 104
brushes for, 105, 107-109
canvas mode in, 107
Paint Effects window, 106-107
scene mode in, 106
for scenes, 113-114
strokes, 105
tubes, 109-112
paint weights in skinning, 132
panel menus in hotbox, 4
particle effects, 152
collisions in, 156
emitters for, 152-153
fields in, 156
lifespans in, 155
particle types in, 154
passive rigid bodies, 158
patches, 20, 24
path animation, 138
Pencil tool, 20
perspective views, 7
phonemes, 123
Phong shaders, 50
Phong E shaders, 50
photons in mental ray renderer
for global illumination, 96
intensity of, 97-98
photoreal rendering, interactive, 91
pin constraints, 159
pivots for transforming objects, 13
planar polygons, 36
planar surfaces, 25
planar textures, 62
planes for polygonal surfaces, 37
Playblast feature, 142
playing animation, 142
point constraints, 128
point lights, 72-73
Point particle type, 154
points for curves, 21
Poke Faces option, 39
pole vector constraints, 129
polygon proxy mode, 43
polygons, 35
for cartoon character, 44-48
combining, 37
creating, 36
planar, 36
polygonal surfaces, 36
Booleans for, 37

polygons, continued
polygonal surfaces, continued
components of, 10
extruding, 40
joining and separating, 41
modifying, 38-39
from primitives, 37
subdivision, 41-43
projections on, 62-63
poses, Trax for, 148
primitives
for curves, 20
for surfaces, 25, 37
profiles for brushes, 109

Project mode for sculpt deformers, 119

projecting

curves on surfaces, 28

on polygons, 62-63
projectors for lighting effects, 79
projects

creating, 18

setting and editing, 18

Q

quadratic lighting decay, 77
Quick Select, 10
QWERTY tools, 3

R

radius

in caustics, 98

in Final Gathering, 97

for raytraced shadows, 76
ramp shaders, 50
ramp textures, 59
ranges in animation, 142
rate for emitters, 152
raytracing, 93

for reflections, 65

for shadows, 76
recent commands in hotbox, 4
refining

curves, 22-23

surfaces, 26-27
reflections

mapping, 65

in raytracing, 93

for sculpting surfaces, 27
reflective caustics, 98
refractions in raytracing, 93



refractive caustics, 98
regions
decay, 78
rendering, 90
reqular clips, 148
Relative parameter for clusters, 118
Render menu in Render View window, 90
Render View window, 90
rendering, 83
cameras. See cameras
global illumination, 100-101
Interactive Photoreal Rendering, 91
mental ray renderer. See mental ray renderer
regions, 90
Render Globals window, 89
Render View window, 90
software renderer, 92-93
Rendering menu in Hypergraph, 14
revolving surfaces, 25
rigging and skeletons, 124
constraints in, 128-129
creating, 134-135
joints in, 124-128
skinning. See skinning
Rigid Bind for skinning, 130
rigid body dynamics, 157
dynamic constraints in, 159
setting up, 158
rock textures, 60
rocket exhaust, 161-162
Rotate tool, 13
rotating
joints, 125
UV textures, 64
rounding with flexors, 130

S

sampling in mental ray renderer, 94
scene mode in Paint Effects, 106
scenes
lighting, 81-82
Paint Effects for, 113-114
sculpt deformers, 119
Sculpt Flexors, 131
sculpting surfaces, 27
selecting objects
components in, 10
hierarchies in, 9
objects in, 9
Outliner, 11
Quick Select, 10
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separating polygonal surfaces, 41
set driven keys, 139
setting projects, 18
sewing UV textures, 64
shaders, 50
attributes for, 51-53
Hypershade, 54-55
layered, 51
ramp, 50
shading
with brushes, 109
in viewports, 8
shadows, 74
with brushes, 109
depth map, 74-76
in mental ray renderer, 94
raytraced, 76
shapes, blend, 122-123
Show Manipulator tool, 73
Show menu
in Hypergraph, 14
in Outliner, 11
simulations for animation, 140
sine deformers, 115
skeletons and rigging, 124
constraints in, 128-129
creating, 134-135
joints in, 124-128
skinning. See skinning
skinning, 129
characters, 135-136
Component Editor for, 133
joint cluster flexors for, 131
lattice flexors for, 130
paint weights in, 132
Rigid Bind for, 130
sculpt flexors for, 131
Smooth Bind for, 131-132
Smear brush, 108
Smooth Bind, 131-132
smooth shading, 8
smoothing curves, 23
soft body dynamics, 159
creating, 160
goals in, 160
Soft Modification tool, 118
software renderer, 92
anti-aliasing in, 92
raytracing, 93
solid fractal textures, 60
sound with animation, 142
source clips, 148
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special effects, 151
particle, 152-156
rigid body dynamics, 157-159
rocket exhaust, 161-162
soft body dynamics, 159-160
specular attributes, 53
speech, 123
Sphere particle type, 154
spheres for polygonal surfaces, 37
spherical textures, 62
Spline IK, 128
spline tangents, 144
Split Polygon tool, 38
Split Vertex option, 41
splitting
clips, 149
UV textures, 64
spotlights, 72-73
spring constraints, 159
Sprites particle type, 154
squash deformers, 115

standard mode for subdivision surfaces, 43

star points Optical FX, 80
status line, 2
stencil textures, 58
stepped tangents, 144
Stitch Edges Tool, 31
Stitch Surface Points option, 31
Stitch Surfaces tool, 30-31
Streak particle type, 154
Stretch mode for sculpt deformers, 119
strokes, Paint Effects, 105
subdivision surfaces, 41

attributes for, 42

creases, 43

creating, 42

levels, 43

mirroring and attaching, 43

modes for, 43
subtraction for surfaces, 29
Surface emitters, 153
surfaces

Align Surfaces tool, 30

Attach Surfaces tool, 30

Booleans for, 29

building, 25-26

caustics for, 98-99

components of, 10

curves on, 28

patches, 20, 24

from primitives, 25

refining, 26-27

sculpting, 27

surfaces, continued
Stitch Surfaces tool, 30-31
subdivision. See subdivision surfaces
trims for, 29

T

tangents
for curves, 21
types of, 144
weights of, 145
Taper Curve option, 40
targets for blend shapes, 122
text for curves, 20
textures, 49, 56
2D procedural, 58-59
3D procedural, 60
bitmapped, 56-57
with brushes, 109
bump and displacement mapping, 61
for cars, 66-68
connecting attributes to, 53
editing, 63-64
mapping, 62-63
shaders for. See shaders
Thin Line brush, 108
3D motion blur, 88
3D Paint, 57
3D procedural textures, 60
3D texture mapping, 62
time ranges in animation, 142
time slider for keys, 142
tori for polygonal surfaces, 37
transforming objects, 12
coordinate systems in, 13
Move tool, 13
pivots for, 13
Rotate tool, 13
translucence setting for shaders, 52
transparency for shaders, 52
Trax editor, 147
for animation, 149
for clips, 148
for poses, 148
trees, growing, 111-112
Triangulate option, 38
trims, creating, 29
tubes, 109
attributes for, 110
growing and branching, 110
tree growing, 111-112
turbulence fields, 156



twist deformers, 115

2D motion blur, 88

2D procedural textures, 58-59
2D texture mapping, 62

U

unions for surfaces, 29
UV textures, 63-64

)

vertices
in curves, 20
in patches, 24
in surfaces, 10
polygonal, 36
subdivision, 41
View menu
in Hypergraph, 14
in Render View window, 90
in Trax, 147
view selection in hotbox, 4
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viewports, 7
navigation in, 8
shading in, 8

views, render, 90

Volume emitters, 153

volume lights, 72

vortex fields, 156

w

walk cycle, 150
wave deformers, 115
Wedge Faces option, 39
weights
constraint, 129
mirroring and copying, 133
paint, 132
of tangents, 145
Wire tool, 120
wireframes, clipping planes for, 86
wood textures, 60
wrap deformers, 120-121
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