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Preface

Overview

If learning Maya seems like an overwhelming task, and you don’t know where to begin, then
this book is for you. You’'ll learn the fundamentals from the ground up, in an order that’ll make
sense. After reading Understanding 3D Animation Using Maya, you’ll be able to create original 3D
animation from scratch.

This is a self-training manual for beginning Maya users. It’s both a general guide for under-
standing 3D computer graphics and a specific guide to learning Maya. By learning the funda-
mentals, you’ll be able to tackle more complex tasks later on — your subsequent work in Maya
will fit into a familiar framework.

With this book, you’ll gain extensive knowledge in the key areas of 3D animation:
* Workspace — Getting the most out of the interface and workflow;
* Modeling — Creating objects and characters using real-world techniques;
* Animation — Adding motion to your objects and bringing your characters to life;
* Shading — Developing the look of your surfaces;
* Lighting — Illuminating your scenes with artfully placed lights;

* Rendering — Filming your scenes with virtual cameras.

Organization and Features

Have you noticed the sheer number of menu items and buttons available in Maya? If so, you
probably realize that this is one huge piece of software — Maya can do a wide range of things
with a tremendous amount of depth. To make this power usable and to make Maya’s features
accessible to you, I cover all six fundamental topics in each chapter — this works better than
isolating subjects such as modeling or rendering. Each chapter advances the concepts and skills
abit further than the last, while always emphasizing the big picture. From my experience teaching
Maya, I've found it’s beneficial to learn the basics and how they relate to each other, rather than
to focus, at the outset, on a single topic in too much detail.
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After reading about each topic, you'll be presented with one or more hands-on tutorials. By
completing the tutorials, you’ll get a good feel for a typical 3D animation workflow, and you’ll
be well on your way to creating your own 3D animation project.

Here’s a breakdown of what you’ll find in each chapter

Chapter 1 — Essential Skills

You'll get your feet wet in this chapter: make your way around the interface; model some simple
characters using primitive building blocks; animate a ball using keyframes; play around with
the color and shininess of materials; place point lights with shadows; and render images of your
finished scenes.

Chapter 2 — Refinements

Take a closer look at important details such as project management and file organization, and
explore the different geometry types (NURBS, polygons, and subdivision surfaces). Copy
keyframes and place pivot points for control over your animation; learn how to choose differ-
ent material types to create plastic, metal, and other shaders; place spotlights and manipulate
their parameters; and add sophistication to your camera work.

Chapter 3 — Intermediate Skills

Find out how to use the Hypergraph to explore Maya’s node-based architecture; create models
using curve-based techniques; fine-tune your animation with the Graph Editor; add detail to
your materials with texture maps; develop sophisticated lighting with soft shadows and gobos;
and render realistically using depth of field.

Chapter 4 — Adding Character

Learn how marking menus, shelves, and other interface elements can be used to speed up your
workflow; model your own characters using polygon and subdivision sculpting techniques;
build complex animated assemblies with hierarchies and groups; add bump maps and transpar-
ency to your materials; increase the realism of your lighting with area lights and raytracing; and
render effects such as glows and lens flares.
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Chapter 5 — Wiring Things Up

All elements in Maya can influence each other: use the Artisan painting interface for surface
operations; connect multiple surfaces seamlessly with fillets; fly objects through your scenes
with path animation; build skeletons to animate your characters; use displacement techniques
to add surface details; apply custom UV mapping for accurate texture placement; illuminate
your scenes with three-point lighting; and tell visual stories with camera cuts.

Chapter 6 — Bringing It All Together

In the final chapter it’s time to combine your scenes into the final animated short: make the
interface work for you with layers, hiding and showing, and snapping; add deformation tech-
niques to your modeling toolkit; rig props and characters using animation constraints, inverse
kinematics, and skin weighting; paint textures directly onto your models in 3D; use mental
ray’s Final Gathering for realistic, photon-based lighting; add motion blur for an added touch
of realism; and import multiple elements into your final scene.

CD-ROM

The CD included with this book contains project directories with all the files you'll need to
complete the tutorials and a finished version of each scene. In case you don’t already own Maya,
the CD has a full copy of the latest Maya Personal Learning Edition ready for you to install on
Windows 2000, Windows XP, or Mac OSX. This free version of Maya enables you to start learn-
ing today.

Audience

This book is for anyone who is new to 3D animation in general or migrating to Maya from
another 3D software package. It’s aimed at everyone interested in being creative in 3D, includ-
ing designers, animators, game artists, sculptors, photographers, illustrators, Web designers,
fine artists, engineers, and visual communications students. The possibilities with Maya are nearly
limitless; it’s used for a wide range of tasks:

¢ Feature film and video animation and visual effects;
* Game asset creation and level design;
* Interface design;

* Graphic design;
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* Medical, scientific, and military visualization;
* Architectural presentation;

. Design visualization;

* Theatrical lighting and set design.

This book provides you with everything you’ll need to learn the most essential Maya skills. By
applying an artistic eye, a passion for problem solving, and a willingness to practice, you’ll find
that the concepts of 3D animation aren’t very difficult. Once you’ve applied these concepts to
your own work a few times, they’ll be yours forever.

Technical Notes

The techniques presented in this book will work in nearly any version of Maya. For compatibil-
ity reasons, the scenes have been saved in the Maya 4.5 .ma format. There should be no prob-
lems opening the scenes with versions 4.5, 5.0, or 6.0 under Irix, Red Hat Linux, Macintosh OSX,
or Windows 2000/XP. For online book updates, go to www.understandingmaya.com.

The Maya Image Gallery contains images from the book that can only be fully appreciated in
full color, as well as select images from a few animated short films.

In order to get the most out of the tutorials, there are some Maya preferences that you should
set before getting started. Once you have launched Maya, click on the main menu Window >
Settings/Preferences > Preferences... In this window, click Edit > Restore Default Set-
tings, then change the following settings:

Interface category: Open Attribute Editor = In Separate Window
Open Tool Settings = In Separate Window

Kinematics category: Joint Size = 0.5

Keys category: Default In Tangent = Linear
Default Out Tangent = Linear

Timeline category: Playback Speed = Real-time [24 fps]

Undo category: Queue Size = 100

Los Angeles, California John Edgar Park
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Maya Image Gallery

The ChubbChubbs and Early Bloomer images in this gallery were created by talented artists
at Sony Pictures Imageworks using Maya and other proprietary software. All other images
were created by the author, except for On The Ball character modeling and animation and
the chicken sketches, which were created by Philip Pignotti.

The ChubbChubbs (c) 2002 Sony Pictures Imageworks Inc. All rights reserved.
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The ChubbChubbs (c) 2002 Sony Pictures Imageworks Inc. All rights reserved.

The ChubbChubbs (c) 2002 Sony Pictures Imageworks Inc. All rights reserved.
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Side view of the chicken design

Front view of the chicken design

On the Ball by Philip Pignotti
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Polygonal model of the chicken
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UV texture map transfer on the chicken
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Optical effects egg from outer space
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Displaced wing rivets

Plane lit with Final Gather
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Early Bloomer (c) 2003 Sony Pictures Imageworks Inc. All rights reserved.
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Early Bloomer (c) 2003 Sony Pictures Imageworks Inc. All rights reserved.



Chapter 1

S[I1S [e13uass]




2

1. Essential Skills

3D animation in Maya is created by bringing together many parts to form a greater whole.
Understanding how these parts relate to each other is one of the keys to learning Maya. Instead
of completely focusing on one part at a time, we’ll always keep the bigger picture in mind.

So what are these different parts? They are workspace, modeling, animation, shading, lighting,
and rendering. Thisisn’t an exhaustive list of Maya’s capabilities —I've left out some things such
as dynamics, particles, fur, and cloth. The particular areas we’ll be focusing on, however, are
the fundamentals.

Here is how the basic relationship between these elements works: using the workspace, models
are created to represent the form of an object, these models are animated, the look of the model
is determined through shading techniques such as materials and textures, lights are placed into
the scene, and finally all of these elements are rendered through a camera, to produce the
finished frames of your shot.

The skills you learn in these areas (denoted throughout the book by the icons in Fig. 1.1) will

enable you to create a short animation of a ball rolling down a ramp. OK, it’s probably not
going to be the most exciting movie you’ll ever create, but it’s a good place to start.

-g%’f ?%é TITIT

Workspace Modeling Animation
\ 4
% Q ; |

Shading Lighting Rendering
Figure 1.1: Fundamentals of 3D



1.1 Introduction to 3D Space

1.1 Introduction to 3D Space — Cartesian Coordinate System

Two-dimensional space is represented with the X- and Y-axes. 3D animation adds depth, or the
Z-axis. This is seen in Figures 1.2 and 1.3 of the plane in perspective.

IS G\

Figure 1.2: 2D space Figure 1.3: 3D space

This three-axis reference system is known as the Cartesian coordinate system. It is used to de-
fine many properties ofa 3D object, including its position, rotation, and scale. For example, an
object’s position can be represented as 12,0, 10 —meaning thatitis 12 units to the right of center
on the X-axis, 0 units from center along the Y-axis, and 10 units along the Z-axis.

Look at the small view axis locator that appears in the lower left corner of any view panel. It
indicates the direction of the X-, Y-, and Z-axes in the world coordinate system. Notice the
directions the axes point, as well as their colors. Each axis pointsin its positive direction; so up =
positive Y, down = negative Y, right = positive X, left = negative X, out = positive Z, and in =
negative Z. The X-, Y-, and Z-axes are represented by red, green, and blue, respectively. In fact,

Figure 1.4: Translation: 0,0,0 Rotation: 0,0,0 Figure 1.5: Translation: 2,0,3 Rotation: 0,0,0
Scale: 1,1,1 Scale: 1,1,1

3
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throughout Maya there is a consistent link between XYZ and RGB.

In the examplesin Figures 1.4 - 1.10, note the position, rotation, and scale of the plane. (Position
is in units; rotation is in degrees; scale is in multipliers.)

Vew Sra¥y Lgey Fee Fr s vy g e fam ew ¥y Ly S Fre T Wy e e P
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Vo Satg Ly ow e e Futy Ly Few tam

Figure 1.6: Translation: -2,2,-3; Rotation: Figure 1.7: Translation: 0,0,0; Rotation:

0,0,0; Scale: 1,1,1 0,0,45; Scale: 1,1,1
e T T

AT e,

Figure 1.8: Translation: 0,0,0; Rotation: -20,-45,0; Figure 1.9: Translation: 0,0,0; Rotation: 0,0,0;
Scale: 1,1,1 Scale: 2,1,1
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Figure 1.10: Translation: 0,0,0; Rotation:
0,0,0; Scale: 1,3,0.5

Let’s go ahead and open up one of the scenes provided on the Understanding Maya CD-ROM,
just to get a feel for 3D space. Click on File > Open... (see Figure 1.11). Browse to the Chap-
ter01/scenes folder and open PursuitPlane01_begin.ma (see Figure 1.12).

Click the play button to see the airplane move, rotate, and scale on the three axes. (see Figures
1.13 - 1.15.) When you're done watching, you can press stop.

Figure 1.11: Open scene Figure 1.12: File browser
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Translate

e

-

Figure 1.13: Translate

Figure 1.14: Rotate

Figure 1.15: Scale



1.2 Workspace 7

1.2 Workspace — Getting Around Maya

The Maya workspace presents the tools and user interface (UI) elements necessary to
" create all aspects of your animation (see Figure 1.16). In order to avoid being over-

whelmed, some task-specific elements are only there when you need them, and oth-
ers are ever-present. Let’s look at some of the most commonly used elements.

Figure 1.16: Maya’s interface

Menu bar: This is the familiar menu bar of almost any application. The first six menus remain
the same no matter with which subset of the Maya interface you are working. The remaining
items will vary based on context (see Figure 1.17).

Figure 1.17: Menu bar
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Menu Sets: These allow you to select the specific contextual menu items for the mode of work
you are in, i.e., Animation, Modeling, Rendering, and Dynamics (see Figure 1.18).

|~m l
Figure 1.18: Menu sets

Panels: These are the perspective or orthographic viewports in which you do your work. These
may be splitinto multiple views and can display editing windows and 3D scene data (see Figure
1.19).

Figure 1.19: Panels

[ HpLine Dupleys shorthelpps krtock snd swecions
Figure 1.20: Help line

Help Line: Look to this area for instructions and feedback on using the various tools in Maya

(see Figure 1.20).

Figure 1.21: Time slider
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Time Slider: This shows you the time, in frames, of your animation. Keyframes will appear here
(see Figure 1.21).

[ | ? ¥ o o et 8B

Figure 1.22: Range slider

Range Slider: This is where you can specify the length of your animation or the subsection you
are currently working on (see Figure 1.22).

Channets_Obict Channel Box: Thisis an area that displays an object’s keyable values
R such as translation, rotation, scale, and visibility (see Figure 1.23).
Teanslasle ¥ O
Translste 2 0
Frotate X|0
Rotate Y 0
Rotate 2|0
Scale X 1
Scale Y1
B Input
Vinibility | on
SHAPES
ballShaps . .
WPUTS You will generally use the mouse and keyboard as your primary
makeMuib Sphere

input devices for Maya. In this book, we’ll cover a number of differ-
ent combinations, shortcuts, and interface elements that allow easy
access to Maya’s tools and functions.

The three-button mouse is the preferred weapon of choice for Maya.
You select menus and buttons exactly the same way you normally
do—move the cursor to the File menu, for example, and then click
the left mouse button to expand the dropdown menu. Where things
are a bit different in Maya is inside the 3D panels, time slider, and
data fields. The left mouse button is used to select and alter things,
the middle mouse button is used to change things on multiple axes,
L/ and the right mouse button is used to access contextual menus.

Figure 1.23: Channel box  The standard abbreviations for the three buttons are: LMB = left

mouse button, MMB = middle mouse button, and RMB = right
mouse button.

View navigation is accomplished with keyboard and mouse button combinations. In order to
look at your models from all sides, pan around the screen, and get a closer look at an area you
will hold down the ALT key on the keyboard while pressing a mouse button and moving the
mouse. These are called Tumble, Track and Dolly moves, just as in traditional camera work. A
visual representation can be seen in Figure 1.24.
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Maya Camera Navigation

Figure 1.24: Camera tools

Transformation Tools

Transformation in Maya refers to the translation, rotation, and scale of an object in 3D space.
(Translation is another word for movement or position.) Perhaps the three most frequently
used tools are the Move, Rotate, and Scale Tools. For this reason, they have a prominent
placein the user interface, and their hotkeys are in a home position on the keyboard (at least for
right-handed mousers).

Additionally, some objects have special functions that can be accessed through the manipula-
tor handle. These can control things such as the aim of a spotlight or the construction history
of a surface.
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Move Tool

In many cases, you’ll want to position an object in space. The tool that is used for such a trans-
lation is the Move Tool (see Figures 1.25 and 1.26). The Move Tool looks similar to the view axis,
but with arrows at the end of each axis. Notice that the colors of the Move Tool handles corre-
spond to the three axes. By LMB clicking and dragging along a handle, the object moves along
that one axis.

A
N
¥
2
y,
*
Figure 1.25: Move tool icon Figure 1.26: Move tool handle

Rotate Tool

Another common manipulation is rotation, which is accomplished with the Rotate Tool (see
Figures 1.27 and 1.28). To use the rotate tool, select and LMB-drag to increase or decrease the
rotational angle. The manipulator handles allow you to rotate on any of the individual axes by
using the inner circles, or around the screen axis by using the outer circle. The screen axis is an
axis created by drawing a vector from the center of your view camera through the center of the
object.

11
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i wRe . -

Figure 1.27: Rotate tool Figure 1.28: Rotate tool

Scale Tool

With the Scale Tool you can change the scale of an object along the individual axes (see Figures
1.29 and 1.30). Again, select one of the axis handles and LMB-drag to increase or decrease the
scale of an object. Or, drag from the tool’s center to scale on all three axes simultaneously.

Figure 1.29: Scale tool Figure 1.30: Scale tool
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Show Manipulator Tool

The Show Manipulator Tool’s appearance and function varies depending upon the object on
which you use it (see Figures 1.31 and 1.32). As we’ll see in the next exercise, an object can also be
customized to automatically display a specific manipulator handle (such as one of the other
transformation tools) when it is selected.

A

e oe . ~|
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4

Figure 1.31: Show manipulator tool Figure 1.32: Show manipulator tool

Workspace Exercise — Transformation Tools

To try out some of these transformation tools we’ll do an exercise. There are many of these
hands-on exercises throughout the book, and all of them can be completed using nearly any
version of Maya or Maya Personal Learning Edition. (An installation for the latest version of

Maya PLE is included on the CD-ROM that comes with this book.) It is assumed that you are
running Maya with the default factory settings and all tools and commands have been reset.

Also, I'd like to point out that the online help documents that come with Maya are an excellent
source of additional information. Should you ever want to explore a tool, command, or tech-
nique in greater depth, press F1 on your keyboard and search the manual!

In this exercise, you will translate, rotate, and scale an airplane model (see Figures 1.33).

1. Launch Maya.

2. Click File > Project > Set...

13
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Figure 1.33: The pursuit plane transformation exercise

3. The Browse for Folder window appears. Browse to your CD-ROM and select
understanding_maya\Chapter(01\workspace_PursuitPlane. Click OK.

4. Click File > Open Scene...

5. The Open window appears and is already set to the understanding_maya/Chapter01/
PursuitPlane/scenes directory. Select the file PursuitPlane_begin.ma and click Open.

6. When the scene has opened you will see an airplane model and three labeled control
objects. These control objects have been created to familiarize you with the transforma-
tion tool functions.

7. Choose the Move Tool from the Tool Box.

8. Click on the TranslateControl arrow to select it. Notice the Move Tool handle. It repre-
sents X, Y, and Z translation with red, green, and blue arrows. These arrows are aligned
with the View Axis in the lower-left corner of the Perspective panel.

9. Now, LMB click-drag the red translateX handle left and right. The airplane translates
on the X-axis. Also, notice how the translateX handle has turned yellow. This indicates
thatit’s the currently selected handle.

10. As you continue to LMB click-drag the translateX handle left and right, take alook at
the Channel Box on the right side of the screen. The Translate X channel’s value is in-
creasing and decreasing as you move the airplane. Notice how dragging the handle in the



1.2 Workspace

same direction its arrow points results in an increase in value. Dragging in the opposite
direction that the arrow points results in a decrease in value.

11. In order to reset the airplane’s position (see Figure 1.34), go to the Channel Box and
LMB-click the number in the box to the right of Translate X. This highlights the entire
value. Type 0 and then press the enter key. The airplane has now returned to the center of
the scene.

12.Repeatsteps9, 10, and 11 on the green translateY handle and the blue translateZ handle,
zeroing each channel after you're done. (“Zeroing” means resetting a channel to its de-
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Figure 1.34: Resetting the Channel Box  Figure 1.35: Using the Translate Tool

fault value. In the case of Translation and Rotation this number is zero, whereas for Scale
this number is one.)

13.1f you look at the center of the Move Tool handle you will notice a small box. LMB
click-drag this box to change the translation values on multiple axes simultaneously (see
Figure 1.35). Once you're done, zero out the Translate X, Translate Y, and Translate Z
channels.

14. Next, we’ll look at rotation. Switch to the Rotate Tool (see Figures 1.36) and click on
the RotateControl sphere to select it. You will now see the Rotate Tool handle, which has
rotateX, rotateY, and rotateZ handles represented by red, green, and blue rings. The outer
ring (which is highlighted yellow when you first switch to the Rotate Tool) allows you to
rotate an object around the view axis.

15
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Figure 1.36: Using the Rotate Tool

15.Now, LMB click-drag the red rotateX handle left and right. The airplane rotates on the
X-axis, just like the pitch control on a real plane. To understand the effect of the different
axes of rotation, think of this: If you were to skewer the model with a stick that ran along
the X-axis, spinning the model around that stick would result in X-axis rotation.

16. As in the previous example of the Move Tool, when you LMB click-drag the rotateX
handle, the Channel Box indicates an increase and decrease in value for the Rotate X
channel. When you pitch the airplane’s nose down, Rotate X increases. When you pitch
the airplane’s nose up, Rotate X decreases.

17.Reset the airplane’s Rotate X value by zeroing it in the Channel Box.

18.Repeat steps 15, 16, and 17 on the green rotateY handle and the blue rotateZ handle. Be
sure to zero out the rotation values when you’re done.

19.Next, we’ll try out the Scale Tool (see Figure 1.37). In the Tool Box, switch to the
Scale Tool icon and then click on the ScaleControl box to select it. The Scale Tool handle
looks very similar to the Translate Tool, but instead of arrows, there are boxes at the
ends of the individual axes. Once again, scaleX, scaleY, and scaleZ are color-coded red,
green, and blue. The initially highlighted center handle allows for proportional scalingin
all three dimensions.

20. To widen the airplane, LMB click-drag the red scaleX handle to the right. Dragging to
the left will narrow the airplane. Notice this time that as the Scale X value approaches
and then surpasses zero, the airplane seems to pass through itself and emerge as a mirror
image of the original model. (This behavior will be explored further when we look at
object duplication.)

Iy i

Figure 1.37: Using the Scale Tool
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21.Reset the airplane’s Scale X value to 1in the Channel Box. Notice that resetting, or
“zeroing,” a scale to its default value means setting it to one, not zero, as is the case with
translation and rotation.

22.Repeat steps 20 and 21 on the green scaleY handle and the blue scaleZ handle. Reset
the values to 1 when you are finished.

23.You won’t normally use the Show Manipulator Tool on an object like this airplane.
However, the three transformation controls in this scene (the arrow, sphere, and box)
have been specially set up for use with the Show Manipulator Tool. Let’s try this now.

24.In the Tool Box, switch to the Show Manipulator Tool. Click the TranslateControl
arrow. You will see the Translate handle appear.

25.Without switching tools (the Show Manipulator Tool is still active) click on the
RotateControl sphere. Notice how it automatically displays the Rotate handle.

26.Lastly, click on the ScaleControl box. Again, the Show Manipulator Tool updates to
display the Scale handle.

The key things you’ve learned in this exercise are how the transformation tools work, the rela-
tionship between an object’s values and the Channel Box, and that there are often multiple
ways to do something inside the Maya interface.

1.3 Modeling — Primitives, Wireframes, Surfaces, and Normals

?% 3D models are mathematical descriptions of an object’s geometry. These de-
scriptions include points, lines, curves, and surfaces and are often represented
onscreen by a wireframe model. Models can range from simple primitives to
very complex meshes. A geometric primitive is a basic building block of 3D
geometry, such as a sphere, cube, cylinder, cone, or torus. In the following

examples we’ll look at a primitive sphere.

In Figure 1.38 you see the wireframe representation of a sphere. The same sphere can be repre-
sented in a faceted shaded mode, as in Figure 1.39. And a smooth shaded mode is shown in
Figure 1.40.

17
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Figure 1.38: Wireframe sphere

Figure 1.39: Faceted shaded sphere

Figure 1.40: Smooth shaded sphere

Figure 1.41: Smooth shaded sphere with visible normals
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One of the sphere’s surface properties represented in Figure 1.41, is the direction of its surface
normals. A normal is a short line that grows perpendicular to the surface, much like a hair
from your head. It describes the direction that the surface patch or face is pointing. In essence,
every surface has a “front” and a “back.” Normals point out of the front of a face.

Modeling Exercise — Chick

To become familiar with some of the basic geometric primitives, you’ll build a simple stylized
character. A model of a baby chick will be formed by creating primitive objects and then mov-
ing, rotating, and scaling them into place. While it is possible to model characters using much
more complex techniques, this building block approach can be very effective.

In Maya, newly created objectssit right in the middle of the world, a place known as the origin.
After creating a primitive you will then translate, rotate, and scale it into position. Remember
that the Channel Box gives you precise numerical feedback on your transformations, so watch
the numbers as you position, rotate, and scale the various pieces of your model.

One thing to keep in mind while working is that the numbers in the Channel Box are less
important than the look of your model onscreen. In some tutorials, replicating the exact num-
bers will be very important. This is not one of those tutorials. (Pve listed the numeric values I
used so you can match the model exactly if you like, but feel free to build a different bird.) So,
relax, use your artistic judgment, and most important, have fun modeling.

1. Create a new project directory by clicking File > Project > New...
2. Enter the name Modeling_Chick in the Name field.

3. Click the Use Defaults button, followed by the Accept button. This instructs Maya
to generate a directory structure on your hard drive that will act as the home to the
various related parts of your projects. Scenes, sounds, rendered frames, texture files, and
many other types of data will be properly stored and easily accessible when you use the
project.

4. Let’s start out by creating a body for the chick. Click Create > NURBS Primitives >
Sphere. This places an object named nurbsSpherel into the scene, with its center located at
the world origin, or 0, 0, 0 (see Figure 1.42).

19
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Figure 1.42: Initial body sphere

In Maya, the grid acts as a reference point for objects, sort of like a virtual floor. This is an
arbitrary floor, however. You are welcome to place your models anywhere in the scene,
even below the grid. Since the grid does not appear when you render the final frames of
animation, your scene’s relative position to the grid will not matter. That said, itis conve-
nient in many scenes to treat the grid like a floor, which is what we’ll do throughout this

book.
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Figure 1.43: Sphere positioned above grid

5. Next, we’'ll move the sphere above the grid. With the nurbsSpherel object still selected,
choose the Move Tool from the Tool Box. Click-drag the green Y-axis handle upwards,
until the nurbsSpherel is 1.4 units above the grid (see Figure 1.43). Remember to check the

Channel Box to verify, or edit, the value you have changed.

This is a good time to give the nurbsSpherel object a more de-
scriptive name. It requires a good bit of discipline to name your
objects as you create them, but I promise that this effort will
pay off. Typically, your scenes will become filled with tens or
even hundreds of objects; your ability to select and manipulate
those objects is greatly improved by descriptive naming.

6. One place to rename an objectisin the Channel Box asin
Figure 1.44. Highlight the name nurbsSphere 1 by LMB-clicking it.
Next, type the name body and press Enter on the keyboard.

7. Save the scene by clicking File > Save Scene. In the Save
Window type modeling_chick in the File Name: field. Click
the Save button.

8. We'll create the chick’s head in much the same way. Click
Create > NURBS Primitives > Sphere.

Cherrels Chject
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Figure 1.44: Renaming
in the Channel Box



1.3 Modeling 21

9. Move this new sphere up in the Y-axis and out in the Z-axis to place it above the body.
The valuesin the Channel Box should read Translate X =0, Translate Y = 2.8, and Trans-
late Z = 0.33 (see Figure 1.45).

10. Rename this sphere head.

Vew Sradng Ligirg Shom el View Shadng Liteng Show Faes
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Figure 1.45: Repositioned head Figure 1.46: Rescaled head

11. The chick’s head is too large, so we'll scale it down a bit (see Figure 1.46). Pick the Scale
Tool from the Tool Box. By default, when you switch to one of the transformation
tools, it can be manipulated on all three axes simultaneously. Notice the yellow box in
the Scale Tool’s center — click on this yellow box, then drag to the left to scale the head
down in size. Stop when you reach 0.75 on all three axes.

12.Next, let’s give this bird a beak. Click Create > NURBS Primitives > Cone (see Fig-
ure 1.47). Rotate the cone 100 degrees on the X-axis. This orients it properly. Translate it
up and out on the Y- and Z-axes to a position of 0, 2.6, 0.8. (In describing an object’s trans-
lation, the three coordinates are always listed in the order X,Y,Z. The same is true of
rotation and scale.) Finally, scale the cone down in size to 0.42, 0.42, 0.42.

13.Be sure to rename the cone beak.

14.OK, the chick is coming together nicely now — time to give him some wings. For this,
we’ll use a couple of spheres. By scaling them non-proportionally we can get an appro-
priate flattened shape. Click Create > NURBS Primitives > Sphere. Rename the sphere
right_wing.
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Figure 1.47: Beak cone Figure 1.48: Right wing

15. Translate the right_wing to -1.1, 1.45,-0.2. This places it off to the right side of the chick’s
body.

16. Using the Scale Tool, or through directinputin the Channel Box, scale the right_wing
t0 0.2, 0.68, 0.3.

17.Last, rotate the right_wing to 48, 8, -28. The wing is now in its proper place (see Figure
1.48).

18.For the other wing, create another NURBS sphere, name it left_wing, and then repeat
the above steps. The only differences will be in the translation and rotation: translation =
1.1, 1.45, -0.2 and rotation = 48, -8, 28.

19.Save your scene. Since it has already been named, you can simply click the floppy disk
icon on the Status Line, or press <crtl>s on your keyboard (see Figure 1.49).

20.For the chick’s legs, some simple cylinders will do the trick. Click on Create > NURBS
Primitives > Cylinder. Rename the cylinder right_leg. Move the right_leg into position:
translation = -0.33, 0.45, 0.

21.Scale the leg down to size; Scale = 0.07, 0.35, 0.07.

22.Build the lefi_leg the same way, but be sure to translate to the other side: translation =
0.35,0.45, 0 (see Figure 1.50).
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Figure 1.49: The save disc icon on the Status Line
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Figure 1.50: Leg placement Figure 1.51: Foot position

23.Save your scene.

24.We'll use a couple of squashed cubes for the feet (see Figure 1.51). Click Create >
Polygon Primitives > Cube. Rename the cube right_foot. Scale the cube down to more
foot-like proportions: Scale = 0.35, 0.12, 0.7.

25.Next, rotate the right_foot object slightly on the Y-axis; -8° will do. This tilts it out a bit.

26.Last, move the right_foot into position under the right_leg object. Translation = -0.37,
0.08, 0.18.

27.Repeat these steps for the lefi_foot, making sure to rotate the other direction, 8°. Trans-
lation will be 0.37, 0.08, 0.18.

28.The tail and crest will be built in a similar fashion to the wings. First, you’ll create a
sphere, then you’ll non-uniformly scale it, rotate it, and position it into place. Click Cre-
ate > NURBS Primitives > Sphere. Name this sphere tail.

29.Move the tail to the back of the body. Translation = 0, 1.25, -0.75.

30.Scale the tail into an appropriate shape. Scale = 0.2, 0.45, 0.7.

31.Finally, rotate the il to a 35° angle on the X-axis in order to tiltit up (see Figure 1.52).

32.For the crest (see Figure 1.53), click Create > NURBS Primitives > Sphere. Name
this sphere crest.

33.Move the crest to the top of the head. Translation =0, 3.5, 0.2.
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Figure 1.52: Tail rotation Figure 1.53: The crest

34.Scale the crest into shape. Scale = 0.17, 0.4, 0.52.
35.Rotate the crest 18° on the X-axis.

36.0K, you’re in the home stretch now — time to make the eyes (see Figure 1.54). Click
Create > NURBS Primitives > Sphere. Name this sphere right_eye.

37.You know the drill by now: move, rotate, and scale the right_eye into place. The settings
are: Translation = -0.4, 2.92, 0.77; Rotation = 63, -40, 15; Scale = 0.2, 0.2, 0.2.

38.Repeat the above procedure to make the lefi_eye. The settings stay the same for scale
(unless you're building a crazy character; we all know that crazy characters have mis-
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Figure 1.54: Eyeballs Figure 1.55: Pupils
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matched eye sizes!) while Translation = 0.4, 2.92, 0.77, and Rotation = 65, 40, -15.

39.Make the two pupils (see Figure 1.55) from NURBS spheres as well, with these set-
tings:

a. Name = right_pupil; Translation = -0.48, 2.98, .92; Rotation = 65, -23, §; Scale
=0.065, 0.03, 0.065.

b. Name = left_pupil; Translation = 0.48, 2.98, .92; Rotation = 63, 23, -8; Scale =
0.065, 0.03, 0.065.

40. The eyebrows will be the finishing touch. For these we’ll use the torus primitive (by
the way, “torus” is fancy math-talk for “doughnut”). Click Create > Polygon Primi-
tives > Torus. Rename the object right_brow.

41. Translate, rotate, and scale the right_brow into position (see Figure 1.56). We’ll poke only
asmall portion of the torus out of the head. Translation = -0.4, 3.021, 0.75; Rotation = 97,
-36, -4; Scale =0.2,0.12,0.2.

42.For the left_brow, create another polygonal torus, and use these values: Translation =
0.4, 3.021, 0.75; Rotation = 97, 36, 4; Scale = 0.2, 0.12, 0.2.

43.Save your scene, and step back a bit to admire your work (see Figure 1.57). Good job!

Vew ity Ly Srew b

Figure 1.56: Eyebrow placement Figure 1.57: Finished chick model
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Modeling Exercise — Barn

In this modeling exercise we’ll use the polygon and NURBS primitives as building blocks for a

barn and silo. Numeric precision is a bit more important here than in the last exercise, because
of the symmetrical construction of the building. We’ll use the Channel Box to enter in exact
values, and duplicate elements that appear more than once on the model.
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Figure 1.59: Scaling the plane

1. Create a new project directory by clicking File > Project > New...

2.In the Name field enter the name Intro_Project.

3. Click the Use Defaults button, followed by the Accept button.

4. Click Create > Polygon Primitive
> Plane options. In the options box
(see Figure 1.58), for both Subdivisions
Along Width and Subdivisions
Along Depth change the number to
1. All other settings should be at their
defaults. Now, click the Create button.
(Note: Throughout all the exercises in
this book, you’ll want to be sure to use
default tool and action settings, unless
otherwise specified. One way to ensure
this is to click Edit > Reset Settings in
each tool’s options window before use.)
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Figure 1.58: Polygon Plane Options box
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Figure 1.60: The scaled floor plane
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5. In the Channel Box, set the polyPlanel object’s Scale X = 25 and Scale Z = 17.5 (see
Figures 1.59 and 1.60).

6. Once your scenes grow to amoderate level of complexity (which happens pretty quickly)
it can be difficult to sift though all the different elements. In order to maintain organiza-
tion, give your objects sensible descriptive names. These names will be associated with
your objects in all of Maya’s editors and listings. In the top of the Channel Box click on
the name of your object to highlight it, then rename it floor. You are limited to naming
your objects with normal alphanumeric characters and the underscore (“_”) symbol.

7. Next, create a polygon cube for the corner post. This can be done either by clicking
Create > Polygon Primitives > Cube, or by clicking on the Poly Cube button on the
Shelf. The shelf gives you quick access to commonly used tools and actions, and can be
customized to fit your workflow.

8. Using the Move Tool and the Scale Tool, as well as direct numeric input in the Chan-
nel Box, move the new pCubel object to TranslateX -12.5, TranslateY = 5, TranslateZ =
8.75, and ScaleY = 10 (see Figure 1.61). These sets of coordinates can be listed as Transla-
tion =-12.5, 5, 8.75 and Scale = 1, 10, 1. Maya always presents XYZ in this same order.

9. Rename the object barnPost01.

10. Create another polygon cube.

11.Move and scale it to Translation = 12.5, 5, 8.75 and Scale Y = 10.

12.Rename it barnPost02.

13. Create another polygon cube, move and scale it to Translation = 12.5, 5, -8.75; Scale to
1, 10, 1 and rename it barnPost03.

Figure 1.61: Creating a post Figure 1.62: Adding the fourth post
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14. Create another polygon cube, move, and scale it to Translation =-12.5, 5, -8.75; Scale
to 1, 10, 1 and rename it barnPost04 (see Figure 1.62).

15.Next, you’ll build some walls (see Figure 1.63). Create a polygon cube; Translation =0,
5, 8.75; Scale = 24, 10, 0.5 and rename it barn Wall01.

16.For the opposite wall, create a poly cube; Translation =0, 5, -8.75; Scale =24, 10, 0.5 and
rename it barn Wall02.

17.Here are the remaining walls (see Figure 1.64), all of which are made from polygon
cubes:

a. barnWall03: Translate -12.5, 5, 0; Scale 0.5, 10, 16.5.

b. barnWall04: Translate 12.5, 5, 6.5; Scale 0.6, 10, 3.5.

c. barnWall05: Translate 12.5, 5, -6.5; Scale 0.5, 10, 3.5.

d. barnWall06: Translate 12.3,9, 0; Scale 0.5, 2, 9.5.
18.Next, you’ll make a couple of sliding doors (see Figure 1.65). Create a polygon cube:
Translation = 13, 4, 5; Scale = 0.5, 8, 5. Name it barnDoor_Left. The underscore is used to

separate the elements of the name, since Maya doesn’t allow spaces in object names.

19.For the other door, create a polygon cube: Translation = 13, 4, -5; Scale = 0.5, 8, 5.

o i

Figure 1.63: The first two walls Figure 1.64: All four walls
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Figure 1.65: Sliding doors
Name it barnDoor_Right.
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Figure 1.66: The roof

20. The roof will also be made from poly cubes, however, these will need to be rotated as
well as translated and scaled (see Figure 1.66). Create a poly cube: Translation =0, 14.75, 5;
Rotation =45, 0, 0; Scale =28, 0.3, 14. Name it barnRoofOI.

21.For the other side of the roof: barnRoof02: Translate 0, 14.75, -5; Rotate -45, 0, 0; Scale 28,

0.3, 14.

22.We'll use a cylinder to make the upper walls of the barn (see Figure 1.67). By reducing
the number of subdivisions around the cylinder’s axis, you can make a variety of useful
primitive shapes. Click Create > Polygon Primitives > Cylinder options. In the op-
tions window, change the number of Subdivision Around Axis to 3. Click the Create

button.

Figure 1.67: Three-sided cylinder wall
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Figure 1.68: Duplicating the wall
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23. Transform the cylinder: Translate = 12.5, 13.2,0; Rotate = 0,0,90; Scale = 6.3, 0.25, 10.9.
24.Name the cylinder barn Wall07.

25.In order to save time, you can take an object you have already created and duplicate it.
Select barnWall07 and click Edit > Duplicate options (see Figure 1.68). In the options
window, be sure to reset the settings. The default settings will create a copy in the same
place as the original. We want to make a new wall on the opposite side of the barn, so
change the Translate X setting to a -25. (In most cases, when you see three data fieldsin a
row, they refer to XYZ, so the first box here should change from 0 to -25.) This will make
the copy and move it to the back of the barn in one step. Click the Duplicate button.

26.For added details, we’ll build an air vent out of NURBS primitives. Click Create >
NURBS Primitives > Cylinder.

27.Place the cylinder on top of the roof; Translate = 5, 19.5, 0, and rename it barn Vent01 (see
Figure 1.69).

28.Now, make a hood for the vent. Click Create > NURBS Primitives > Cone. Instead
of going to the options window to specify the cone’s creation attributes, we’ll use Maya’s
node-based architecture to alter some of the attributes after the cone has been created. In
the Channel Box, look at the area marked INPUTS. As long as Construction History is
turned on in the Status Line, you will see a node called makeNurbConel in the bottom
of the Channel Box. Click on it to reveal its attributes (see Figure 1.70). Change the
Radius to 1.5, and the Height Ratio value to 1.

e SN ey e b

Figure 1.69: The vent Figure 1.70: Hood radius
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29.Translate the cone to 5, 20.5, 0. Rename it barn VentHood01 (see Figure 1.71).

30. Duplicate the vent and hood: select barnVentHood01, then shift-select barnVent01. Click
Edit > Duplicate options. Change Translate X to-10 and then click the Duplicate
button.

31.We’ll use a large cylinder to create a silo
adjoining the barn (see Figure 1.72). Create
a NURBS cylinder, Translate = 8, 12, -12;
Scale =4, 12, 4. Rename it siloWalls.

32.Top off the silo by creating a NURBS
sphere, Translate = 8,24, -12; Scale = 4, 4, 4.
(Note thatin this case there would be little
practical difference between scaling the
sphere uniformly to 4, and changing the
input node radius to 4.) Name it siloDome.

Figure 1.71: The vent hood
33.For abit of detail, we’ll make a band that

encircles the silo. Create a NURBS torus. In the input node, change the radius to 4 and
the height ratio to 0.1.

34.Translate the torus to 8,22, -12, and rename it siloRing.

35.You are done modeling the barn (see Figure 1.73), so click File > Save Scene As... and
type in the name Barn01.ma. Click the Save button.

Figure 1.72: The silo Figure 1.73: The finished barn model
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1.4 Animation — Keyframe Basics

|ENEERE RS
’%‘ Without goingintoa history of animation or a discussion on persistence of vision,

the base-level definition of animation we will work with is this: a change in value
LILXIXL) over time. This can be as simple as the sky’s color turning from day to night, or as
complex as a three-headed dog chasing a busload of screaming babies. The common thread is
that over a period of time, things change.

In Maya, animation is generally created by specifying the key moments (or most important
poses) when values change (see Figure 1.74). Maya automatically interpolates the values from
one key to the next. So, if you want to move a box from the left side of the room to the right
over the course of three seconds, you would only need to place two keyframes. The first keyframe
would mark the box’s position at the left side of the room on frame one, and the second keyframe
would mark the box’s position on the right side of the room at frame 72.

Here is the order of operations for setting keyframe animation:
1. Go to a specific point in time.

2. Change an object’s values.

3. Set a keyframe. keY\O
4. Go to a new point on the O Q
timeline.

key k
5. Change the values. &
6. Set another keyframe.
7. Hit the play button. Figure 1.74: Simple animation

So, for each key pose you want to set for an object, you will place a keyframe. Learn the follow-

ing phrase: Time-Value-Key. These are the three things you will do whenever you want to set a
keyframe. Time — go to a frame on the timeline. Value — change the value of an attribute, such
as translation, rotation, or scale. Key —set a keyframe.
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Animation Exercise — Ball Drop

For your first animation exercise you will animate the position of a ball. By setting keyframes at
the beginning, middle, and end of the time range you will cause Maya to interpolate the values
between the keys. This automated process is called in-betweening.

Before you begin, it’s always a good idea to double-check the animation settings. Click Win-
dow > Settings/Preferences > Preferences. .. Click on the Timeline category. In the Play-
back preferences section, change the Playback Speed to Real-time [24 fps]. Click Save when you
are done. This will allow you to more accurately evaluate your performance during animation

playback.
1. Create a NURBS sphere.
2. Name it ball.

3. Time—set the Time Slider to frame 1 (see Figure 1.75).
[ B K 6 . K 2 - % \® @ 2 2
Figure 1.75: Time = Frame 1 on the timeline
4. Value—using the Move Tool, translate the ball to a value of 1 on the translateY axis (see

Figure 1.76). You can type an exact value in the Channel Box; click in the data field to the
right of the Translate Y channel name, type a 1, and then press Enter.

Ve e e e

—

Figure 1.76: Value = 1 on the Y-axis
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5. Key— With the ball still selected, click on the Translate Y chan-
nel name. This highlights the channel. Now, RMB-click the Trans-
late Y channel name. (While the RMB is held you will see a drop
down contextual menu that allows you to select many animation-
related actions.) From the RMB menu, drag the cursor over Key
Selected and release the RMB as in Figure 1.77.

6. You will see the Translate Y channel’s data field turn orange.
This indicates that you have successfully set a keyframe.

7. Follow the pattern again. Time —set the Time Slider to frame 12.

8. Value — the ball goes up. Use the Move Tool to lift the ball up to
6 on the Y-axis (see Figure 1.78).

9. Key — In the Channel Box, highlight the Translate Y channel
name. RMB click-drag the channel and choose Key Selected from
the dropdown menu.

E

Expressone. .

Delete Atributes

Semngs L
[ Chameitemes o}

Figure 1.77: Key the
frame

10. You've just placed two keyframes, which is the minimum requirement for some sort
of animation to take place. Click the Rewind button and then the Play button to see your
animation (see Figures 1.79 and 1.80). Since the Range Slider is currently set to play frames
one through 24 before looping back to the beginning, you will see the ball start on the
ground, rise for 12 frames, and then hold for 12 frames. When done, press the Stop but-

ton.

11. Time to set one more keyframe, so: Time — drag the Time Slider to frame 24.

12. Value — Put the ball back on the ground with the Move Tool; Translate Y = 1.

e

Figure 1.78: Value = 6 on the Y-axis

PO e T eSS D TEE
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Figure 1.79: The rewind button

=14 |« -q| Gy

Figure 1.80: The play button
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13. Key — Highlight the Translate Y channel in the Channel Box, RMB-click, and choose
Key Selected.

14.Press the Play button to see your animation. The ball now bounces up and down as the
animation playback range loops.

Frame 1: Translate Y = 1.
Frame 12: Translate Y = 6.
Frame 24: Translate Y = 1.

In Figure 1.81 we see the final animation with some of the automatically in-betweened
frames.

Figure 1.81: Finished animation time-lapse
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1.5 Shading — Color, Specular, and Ambient

Shading defines the look of your model when it is rendered. We’ll begin with a com-
mon shading style, called Phong shading, and look at three of its attributes (see Fig-
ure 1.82): color, specular color, and ambient color. Later we will add textures, texture

Specular

Color

Ambient

Figure 1.82: Basic shader components
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Figure 1.83: Hypershade window

maps, transparency, glows, and other ef-
fects.

Color is the main color of the material
where light strikes it.

Specular is the bright highlight region
of the surface material.

Ambient is the color of a section that
receives no light. Normally black, but can
be brightened for effects like self-illumi-

nation.

Most of your shader creation will take
place in the Hypershade. Go to Win-
dow > Rendering Editors >
Hypershade... to open up a floating
Hypershade window (see Figure 1.83).
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Shading Exercise — Shading Donuts

1. Set your project to understanding_maya\Chapter01\shading_Donuts.
2. Open the phong_donuts_begin.ma scene.

3. Highlight the Perspective view panel and choose the Smooth Shade All option (key-
board Hotkey 5) so you see the scene in color (see Figure 1.84).

4. When you are working, it’s a good idea to select a view panel arrangement that matches
the task. In this case, two stacked panes with the Hypershade and Perspective panels works
well (see Figure 1.85). You can pick this arrangement by clicking on a panel menu’s Pan-
els > Saved Layouts > Hypershade/Persp. Or, better yet, click on the Hypershade/
Persp button in the Quick Views section of the Tool Box.

Bourdng Box

Shade Dpbons '
Interactive Shading »
Dares Wirelame ACCMration
Backface CUing
Emooth Wireframe

* Hirdwara Tedunng
Harduare Fog
Apply Current to Al

Figure 1.84: Setting smooth shading

Figure 1.85: Hypershade/Perspective layout

5. In the Hypershade, look at the Materials tab area. Here you'll see all of the Materials
that are in the scene. Pay close attention to the phongRed, phongGreen, and phongBlue materi-
als. These materials have been applied to the three doughnuts and cups on the table.

6. The relationship between materials and surfaces is a good example of Maya’s node-
based architecture. For example, the phongGreen material is connected to the MiddleCup
objectand the MiddleDonut object. If the connected attributes (in this case, the color green)
change on the material node, we will see a change on the objects. Double-click on the
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phongGreen material to open the Attribute Editor. In the Common Material Attributes sec-
tion, click on the green color swatch once to open the Color Chooser window (see Fig-
ures 1.86 and 1.87). Using the color wheel, select anew color. Notice how this color changes
the material in the Hypershade as well as both objects in the Perspective window. It is
important to remember that any changes you make to a material will affect all objects
that have been assigned that material.

7. Close the Color Chooser window by clicking the Accept button. Close the Attribute
Editor.

8. Next, assign the phongBlue material to the LeftDonut object. One easy way to do this is to
MMB click-drag the phongBlue material sample onto the LeftDonut in the perspective panel.
When you release the MMB, the LeftDonut will change from red to blue.

9. In the Hypershade menu, select Create > Materials > Phong to make a new mate-
rial. Double-click the new material to open the Attribute Editor. In the “phong” field at
the top, rename the material phong Yellow.

=10 %)
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Figure 1.86: Material settings Figure 1.87: The Color Chooser



1.5 Shading 39

10.In the Common Material Attributes section, click on the grey color swatch to open
the Color Chooser window. Pick a yellow color and click Accept.

11.Close the Attribute Editor and then MMB click-drag the phong Yellow material onto the
RightCup object.

12. Create another Phong material, this time naming it phongMagenta.

13.In the Color Chooser, change the color to magenta (300, 1, 1 in the HSV fields as in
figure 1.88).

14. Change the Ambient Color to white by dragging the slider to the right, and then
close the Attribute Editor.

15.Drop this material onto the MiddleCup object (see Figure 1.89).

16. Create one more Phong material, and name it phongAqua.

17.In the Color Chooser, change the color to an aqua-blue color (HSV 180, 0.5, 0.9).
18.Change the Specular Color to bright green (HSV 120, 1, 1).

19.Drop this material onto the LeftCup object.

20.Save the scene by clicking File > Save Scene As... and name it
phong_donuts_end.ma.

Fie Ect View Crests Titn Gragh Wiedow Opoone Fares
sl=cleadaen -.=
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~|Stidars
gliooe | TN
T

Figure 1.88: HSV color fields Figure 1.89: Middle cup material assignment
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1.6 Lighting — Point Lights: Intensity, Color, and Shadows

scene, you must place lights in space, brighten or dim them, color them, and set

countless other of their attributes. You can think of lighting in realistic terms: How
high should this light be to cast a flattering glow on my subject? Where will light come from to fill in harsh shadows?
You can also go well beyond reality. Would my scene look better if I had a light that tinted my background
without affecting the subject? What if some lights cast no shadows?

“Q‘ Lighting in Maya is much like lighting for theater or live action film. To illuminate a

Maya allows you to create six different types of lights for use in a wide variety of lighting sce-
narios. We’ll look first at the simple point light. It’s a lot like a normal household light bulb, in
that it casts lights in all directions from a single source. By varying its position, intensity, and
color you can achieve many moods and effects in your scene. Figure 1.90 shows a single point
light in the center of some objects. Notice the omni-directional pattern of light thrown.

Figure 1.90: Point light throw pattern
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Lighting Exercise — Lighting Donuts

1. Set your project to understanding_maya\Chapter01\lighting_Donuts.

2. Open the scene pointlight_donuts_begin.ma. This scene looks just like the scene
you worked with in the last shading exercise, with the addition of a white globe object.
(With its neutral shape and color, this object will help you evaluate the scene lighting.)

3. Click Create > Lights > Point Light to place a new point light in the scene.

4. In the perspective view, press 5 to turn on smooth shading (see Figure 1.91), then press
7 to turn on hardware lighting (see Figure 1.92). Notice how the scene is being up-lit by
the point light, sort of like an incandescent bulb.

5. With the pointLight selected, use your move tool to raise it above the table 30 units on
the Y-axis.

6. Try moving the pointLight back and forth on the X-axis, paying attention to how the
scene lighting changes.

7. Animportant note on point lights: They cannot be selected by direct clicking in a view
panel. You must click-drag a marquee around them in order to make the selection.

8. The default point light in Maya casts white light at an intensity of 1. To change these
values, select the pointLight and open the Attribute Editor by pressing the hotkey combina-
tion Ctrl-a.

Figure 1.91: Default lighting Figure 1.92: Point lighting
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9. In the Point Light Attributes section of the Attribute Editor, click on the Color
swatch (see Figure 1.93). Drag the Attribute Editor and the Color Chooser so that they
are out of the way and you can see the scene in your perspective view. Click-drag in the
color wheel and notice how the entire scene is affected by tinting the light.

i 0 x
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Figure 1.93: Adjusting color Figure 1.94: Adjusting intensity

10. Unless you're going for an extreme effect or mood, a small color tint on your lights
goes a very long way. With overly strong light color, all of your careful selection of mate-
rial colors will be thrown out the window.

11.Close the Color Chooser.
Now, try varying the intensity of
the pointLight. In the Attribute
Editor, slide the intensity slider
(see Figure 1.94) lower and
higher, paying attention to the
effect on your scene. You’ll prob-

ably notice that even small ad-
justments can have a great im-
pactonyour scene lighting. Asin
Figure 1.95, it’s easy to either

“blow out” your scene with too
high an intensity value or shroud

your scene in darkness with too

low an intensity value. Figure 1.95: Too much intensity



1.6 Lighting 43

12.In Maya, nearly every attribute of a node can be animated. The transform node of the
pointLight, for example, can be keyframed for position on its X, Y, and Z translate chan-
nels. The shape node of the pointLight can be keyframed to brighten the light over time on
its Intensity channel.

13.Set the Range Slider to 72 frames (see Figure 1.96).

I : [[red o wr[HoChascers: w0 8|
Figure 1.96: The range slider set to 72 frames
14.Go to frame 1 of the timeline.
15.Move the pointLight to -16, 10, 0.
16.Set a keyframe for translateX, translateY, and translate”.
17. Advance to frame 36.
18.Move the pointLight to 0, 20, 0.
19.Set a keyframe for each translate channel.
20. Advance to frame 72.
21.Move the pointLight to 16, 10, 0.
22.Key the translate channels.
23.Play the animation to see the light arc over the scene.
24.Rewind to frame 1.
25.In the Channel Box, look at the pointLightShape node channels. Find the Inten-
sity value. Change the value to 0.3. This will darken the lighting at the beginning of the
shot.

26.Set a keyframe for the Intensity channel.

27.Advance to frame 22.
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28.Increase the Intensity to 1.
29.Key the Intensity channel.
30. Advance to frame 46.

31.Leave the Intensity set to 1, but set a keyframe to hold the value during the middle of
the animation.

32. Advance to frame 72.

33.Decrease the Intensity back down to 0.3.

34.Key the Intensity channel.

: |

Figure 1.97: Frame 1 Figure 1.98: Frame 18

Figure 1.99: Frame 36 Figure 1.100: Frame 54



1.7 Rendering 45

35.Play your animation. Now, the scene
brightens, holds, and then dims while it arcs
over the scene, as in Figures 1.95 - 1.101. If
you don’t see light levels changing during
playback, make sure that you place the
panel into shaded and lit mode (5 and 7 on
the keyboard).

36.Stop the playback.

37.When you are finished, save your scene
as pointlight_donuts_end.ma. Figure 1.101: Frame 72

1.7 Rendering — Outputting a Scene to Frames

Your final step in creating a 3D animation will be to produce a sequence of produc-
tion-quality frames that can be output to video, film, or a compressed video for-
mat such as an MPEG-2 QuickTime movie. When you instruct Maya to render
your animation, it takes all of the data in the camera’s view and calculates a per-pixel bitmap
image for each frame of the animation (see Figure 1.102).

% > @E 5’ Pq;
=
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Figure 1.102: Rendering a sequence of frames
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Rendering Exercise — Rendering Donuts

1. Setyour project to understanding_maya\Chapter01\rendering_donuts.

2. Open the scene render_donuts_begin.ma. This scene is like the
lighting_donuts_begin.ma scene, except the globe has been removed and the perspec-
tive view camera has been locked down so it can’t be moved accidentally.

3. Make your perspective view full-sized, and press 5 and 7 to shade and light the view
panel.

4. Advance to frame 26. We will do some test renders from this frame.

5. Switch to the Rendering Menu Set (see Figure 1.103). Click
Render > Render Current Frame... (see Figure 1.104).

6. The Render View window opens up, and the current
frame of your animation is rendered into it as in Figure 1.105.
These default settings are small and of low quality. Let’smake  Figure 1.103: Rendering
things look better. menu set

7. Close the Render View window.
8. Theresolution, quality, format, naming, and other settings for your renders are edited
in the Render Globals window. Click on Window > Rendering Editors > Render

Globals... (see Figure 1.106).

9. The resolution of a frame is described by its number of horizontal pixels and vertical
pixels. Open the Resolution turn-down menu. Change the 320x240 preset to 640x480.

|[Rérdsr  PartEffects Fur Hep

Figure 1.104: Render current frame

Figure 1.105: Render view
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Figure 1.106: Opening Render Globals Figure 1.107: The Render Globals

10.Open the Anti-aliasing Quality turn-down menu (see Figure 1.107). Select the Pro-
duction Quality preset. (In Maya 5.0 and later, this is found in the “Maya Software” tab.)

11.Close the Render Globals window.

12.Re-render the current frame, this time
by clicking the first small clapboard icon
in the Status Line. Thise frame is of greater
size and quality (see Figure 1.108).

13.Close the Render View window.

14.Now let’s add some shadows to the ren-
der. Shadows are not turned on by default
in Maya, but they can be activated in each
individual light. (There are many shadow
settings beyond on/off; we’ll be looking

Figure 1.108: Anti-aliased render
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more closely at shadow properties in Chapter

2)

15. Select the pointLight] and then open the At-
tribute Editor. Open the Shadows turn-
down menu. Within the Depth Map Shadow
Attributes turn-down menu, click the Use
Depth Map Shadows box (see Figure 1.109).
We'll accept all of the default settings of the
depth map shadow. Close the Attribute Edi-
tor.

16.Re-render the current frame by clicking the
first clapboard icon (see Figure 1.110). Notice
how the shot looks more natural, and the ob-
jects are more grounded in the scene (see Fig-
ure 1.111). Without shadows, things often seem
to float unnaturally.

17.Close the Render View window.

18.Rewind the Time Slider. Test render the
first frame. It’s always a good idea to test render
afew frames at the beginning, middle, and end
of an animation before you tell Maya to render
the entire sequence. This way you can spot any
problems of lighting or camera work before
committing to along batch render process.

19. After you are satistied that there are no
problems in the lighting at the beginning,
middle, or end of the shot, it is time to set
up a batch render. There is little practical
difference between preparing individual
frames the way we have been doing, and
setting up a batch render.

You could, in theory, render an entire shot
manually: move to frame 1; render a frame;
save the image to disk; repeat. Now, that
would get tedious pretty quickly, so we let

i (0] ]
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Figure 1.109: Turn on shadowing
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Figure 1.110: Render frame button

Figure 1.111: Shadow render
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the software do it for us. The batch render process renders each frame of animation se-
quentially and stores each frame onto your hard drive. Once finished, these frames can be
viewed flipbook-style or further edited using a compositing program or video editor.

20.Open the Render Globals window. You can use the third clapboard icon in the status
bar (see Figure 1.112).

o5 o 25

Figure 1.112: Render globals button

21. At the top of the Render Globals window (in Maya 5.0 and later, this is found in the
“Common” tab) you can see the path where your finished frames will be stored. This
should point toward the images directory of your current project. The file name allows
you to preview what your naming convention will be for the frames.

22.In the Image File Output turn-down menu, change the file name to donuts.

23.Next, in the Frame/Animation Ext dropdown menu, choose name.#.ext. This indi-
cates to Maya that you plan to render a sequence of frames.

24.The Start Frame 1 value is correct, but you need to change the End Frame value to 72,
the number of your last frame.

25.A value of 1in the By Frame option means that you will not be skipping frames, such

’

as a stop-motion or cell-animation done on “two’s” or “three’s.”

26.Frame Padding should be set to 4. Watch the File Name: area when you make this
change. Some operating systems and applications will incorrectly order the numbers 1 to
20 like this: 1, 10, 11, 12, 13, 14, 15, 16, 17, 18,19, 2,20, 3,4, 5,6, 7, 8,9. Notice how terribly out
of order this “alphabetizing” leaves us. By padding the frame four places we get this: 0001,
0002, 0003, 0004, 0003, 0006, 0007, 0008, 0009, 0010, 0011, 0012, 0013, 0014, 0015, 0016, 0017,
0018, 0019, 0020.

27.The Image Format can be left at Maya IFF (iff). Now, the File Name: area indicates
that you will be rendering donuts.0001.iff through donuts.0072.iff.

28.To decrease the render time, change the Resolution preset to 320x240.

29.Once these settings are entered (see Figure 1.113), close the Render Globals window.
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30.To begin the batch render, click Render > Batch Render (see Figure 1.114). You won'’t
see individual frames render into the Render View during a batch render (Maya’s busy
rendering!) but the Command Feedback line will indicate the percentage of progress
for each frame. Asit finishes a frame, it gets stored in your project’s images directory.

31.Render times are dependent on the overall speed of your workstation; this is a simple
scene, so the batch render should only take a few minutes to render. (Later, you’ll find it’s
necessary to weight the benefits of “expensive” render tricks — such as raytraced reflec-
tions or large numbers of lights — against the increase in render time.) When it is com-
plete, the Command Feedback line will read Result: Rendering Completed.

32.In order to view the sequence, launch FCheck, the Alias frame viewer. This can be
launched from a system shell by typing “fcheck”, from the fcheck icon in your bin direc-
tory or from the Windows Start Menu > Run... command as in Figure 1.115.

33.In FCheck, click on File > Open Animation ... Browse to the
understanding_maya\Chapter0l\rendering_donuts\images directory. Click on the
donuts.0001.iff frame to highlight it, and click the Open button.

34.FCheck will load the sequence of frames into your system RAM, and then play it back.
You should see the light and shadows arcing across the scene. In FCheck you can LMB
click-drag the playback window in order to scrub back and forth through your anima-
tion. Release the LMB to resume play.
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Figure 1.113: Render globals Figure 1.114: Batch rendering
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35.When you are done watching, close FCheck.

36.In Maya, save your scene as render_donuts_end.ma.

Type the riame of & program, Sakder, Gocumnt, or
Itk resource, and Windows will open It for you.

Opan; | fcheck: =]

[Co ] omon | ewome. |

Figure 1.115: Launching fcheck

1.8 Project 1 — Ball Rolling Down an Inclined Plane

For your first project, create and render a three-second animation of a ball rolling down a tilted
board. Be sure to use all the skills you’ve learned so far in the areas of modeling, animation,
shading, lighting, and rendering.
Include:

* Geometric primitives,

* Keyframed animation,

* Colored Phong shaders, and

* Point lights with shadows.
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2.1 Workspace — Organization

If you've ever read through the Alias manuals, you may remember this line: “Maya is
nodes with attributes that are connected.” It keeps coming up again and again due to
its importance in defining the way the software works. It also bears mentioning that
there are often a few different terms used to convey the same concepts.

One example of this is the word Channel. A channel is really no different than a keyable at-
tribute. Maya’s nodes are filled with both keyable and non-keyable attributes. For any given
node, the Channel Box (see Figure 2.1) is the list of the most commonly keyframed attributes.
The Channel Box gives you access to these values, and it allows you to change and set keyframes
for them.

Also present in the Channel Box are the nodes to which the model is connected. Here is a
simple example. The Transform node is the top node of an object. The Transform node defines
the movement, rotation, and scale of an object. Below that is the Shape node, which stores
information about the physical appearance of an object (such as vertex tweaks). At the bottom
of the Channel Box are the Input nodes. These represent the initial creation of the object, as
well as other operations that have been applied. If you were to change one of these Input node
attributes, such as Radius or End Sweep of a NURBS sphere, you would see the object change
just as if you had originally created the sphere with those attributes.
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Figure 2.1: The Channel Box and Perspective Panel
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The Outliner

As you have already seen, the Maya workspace has many different ways of presenting informa-
tion about the objects in your scene. One such way is the Outliner. Atits most basic, the Outliner
is a list of the objectsin your scene. Select Window > Outliner . . . to open up a new Outliner
window.

In the scene shown in Figure 2.2, we can see that the Outliner lists the four viewports, the
primitive objects, the point light, and the default light and shader sets. Note that the small
icons help you to identify the type of object. For example, the NURBS primitives have a small
patch icon, while the polygon plane primitive has a more grid-like icon.
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Figure 2.2: The Outliner and Perspective Panel

Try picking objects in the Outliner and watch as they are selected in the perspective panel.
This can be very helpful in complex scenes where direct object selection is difficult. There are
other uses for the Outliner which we will explore in later lessons, but for now you’ll use it for

picking objects.
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Keyboard Shortcuts for Transformations

The transform tools and their corresponding locators are a necessity when it comes to doing
much of anything within the Maya workspace. They’re so important that they have their own
set of convenient keyboard shortcuts. This way you don’t have to select them in the toolbox
every time you want to change among selecting, moving, rotating, and scaling modes. The
keyboard shortcuts are QWERTY.

R

q = pick W = move
|

e = rotate r = scale

t = show manipulator y = last tool

These manipulators all allow you to constrain your operation along a specific axis:

* Red = X axis;
* Green = Y axis;
* Blue = Z axis;

Yellow represents the currently selected axis. For two-axis translation, you can ctrl+ LMB click
an axis to remove it from the constraint set, thereby limiting the operation to the other two
axes. This can be especially useful when animating an object while working in a perspective or
camera panel.
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Project and File Management

Project and file management can be one of the most important aspects of making a production
run smoothly. Keeping track of the scenes, source images, textures, sound files, custom Ul
elements, and rendered images can be a real chore. Maya has a default file structure to aid your
organization of these assets.

Whenever you start anew project (see Figure 2.3), you should go to the File > Project > New...
menu to create a new directory structure.

Name your project (see Figure 2.4) and then accept the default settings, and Maya will create a
new project directory with a series of subdirectories. This is where Maya will go to save scenes,
browse for textures, and output rendered images.

Think of the projectin these terms: your Maya scene (.ma, .mb) contains geometry, animation,
lights, material, and other information that you create inside Maya. Scenes are stored in the
scenes directory of your project.

All elements created outside Maya — such as textures you have painted in Photoshop or audio
files for synching with your animation — need a place to reside that your scene can easily find.
The project directory structure has a sourceimages directory for your textures (.jpg, .tga, .iff,
.bmp, etc.), asound directory for your audio (.wav, .aiff), and so on. You establish a relationship
between your scene and these elements, but it is never anything more than a link between two
elements. Your texture and sound files are never embedded into your scene file; they are merely
pointed at. This is why the path established using the project directory structure is so impor-
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Figure 2.3: New project Figure 2.4: Project naming
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Figure 2.5: Project directories

tant (see Figure 2.5). If an element is moved or deleted from the directory your Maya scene
expects to find it in, you'll get an error, and the scene may not render correctly.

Even things that are output from your Maya scene, such as rendered frames, need a home. For
this, the project contains an images directory. Here, you'll find your finished frames after an
animation has been batch rendered.

Here is an example of file management in action. Let’s say you are beginning work on a short
film entitled “The Chicken Farm.” First you would launch Maya, and then click File > Project
> New... to bring up the New Project window. You could name the project ChickenFarm, and
then choose the path where you would like the project stored. (The default is in your user
account’s maya/projects directory.) Next, click the Use Defaults button, to automatically
name the directories where different project elements will be stored. Click the Accept button.
This tells your operating system to build the set of directories needed.

Now, if you sketch some concepts for your character, paint some textures, or create model
sheets, they can all be saved into the ChickenFarm/sourceimages directory. When you record
a dialog track, it can be saved into the ChickenFarm/sounds directory. In Maya, when you
begin working on the first scene, you will click File > Project > Set. Browse to the
ChickenFarm project and click OK. When you then save your scene, the ChickenFarm/scenes
directory will automatically be chosen as your save directory. If you need to import your char-
acter sketches for reference, the ChickenFarm/sourceimages directory will be selected. When
you need to place your audio file into the timeline, the correct directory will open first. Finally,
when you render the animation, Maya will send your finished frames to the proper
ChickenFarm/images directory.
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2.2 Modeling — Geometry Types

Geometry comes in a few different flavors. Maya can be used to create NURBS,
polygonal, and subdivision surface geometry. Each hasits own particular strengths

and weaknesses; learning to use all three types isimportant. Here’s a broad over-
simplification that’ll get a bunch of people all worked up.

* NURBS are good for creating organic squishy objects.
* Polygons are good for hard-edged, man-made objects.
* Subdivision surfaces are good for everything.

OK, that said, let’s take a closer look.

NURBS

NURBS stands for Non-Uniform Rational B-Spline. Unless you are on CG Mathematician Jeop-
ardy, you’ll never need to know what that means. The important part is that NURBS curves
and surfaces can be a good way to create organic models (see Figure 2.6). NURBS models are
resolution independent (sort of like the vector graphics in Illustrator and Flash), which means
your surfaces are defined mathematically to look good when rendered, no matter how close
your camera gets.

All renderers in wide use today, including Maya’s native render engine, must convert your ge-
ometry to polygons right as they begin rendering. So why don’t you see telltale polygonal fac-
ets? The trick involved here is that the sphere, for example, is described by the NURBS surface
parameters as being perfectly round. When the scene is rendered, Maya can use as many facets
as necessary to make the surface appear smooth.

Polygons

Polygonal geometry is made up of facets - called faces. These three-sided polygonal faces are the
result of connecting the dots of three points - called vertices. The lines used to connect each
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vertex are called edges (see Figure 2.7). Polygonal geometry can be great for creating hard sur-
faces like buildings and machines, or if you use enough polygons, organic characters and props.

Unlike NURBS surfaces, polygonal geometry doesn’t easily adaptits resolution to remain smooth
looking in close-ups. Polygonal objects are made of a finite number of facets regardless of prox-
imity to the camera. But polygons can be quicker to render as a result. And polygonal objects
can support branching topography (such as fingers or spokes), with which NURBS surfaces
have a hard time.

Subdivision Surfaces

Subdivision surface objects act as a sort of hybrid between the other two surface types (see Fig-
ure 2.8). They are resolution independent, like NURBS, and yet they allow arbitrary topology,
like polygons. They are the bee’s knees. With sub-d objects it is possible to add localized detail
where you need it, punch holes through the surface, and define hard creases and smooth curves
in the same model.

Figure 2.6: NURBS surface



2.2 Modeling 61

Figure 2.7: Polygon surface

Figure 2.8: Subdivision surface
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Component Mode

Components are the parts that lie just below the object level of a model. At the component
level you’ll find the points, lines, and surfaces that make up the model (see Figure 2.9).

Points can be used to create a new shape, sort of like pushing and pulling clay. A NURBS point
is called a control vertex, or CV. A polygonal and subdivision surface point is a vertex.

Lines connect the points. A NURBS line that lies directly on the surface is called an isoparm.
(NURBS points are connected with hulls.) A polygonal and subdivision surface line is called an
edge.

When the points and lines are doing their job, you'll end up with a surface. A NURBS surface is
called a patch. The polygonal and subdivision surface equivalent is called a face.

Use the Status Bar component icons to pick these different components. Alternately, press F§
on your keyboard to switch into component mode.

Subdivision:

Figure 2.9: Geometry components
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Modeling Exercise — NURBS Components

1. Set your project to understanding_maya\Chapter02\modeling_icecream.

2. Open the scene modeling_icecream_begin.ma.

3. You will see the familiar room and table, but this time there is a small stand on the
table (see Figure 2.10). You will be modeling an ice cream cone, some ice cream, and a

cherry.

4. First, click on Create > Polygon Primitives > Cone to create the cone. Rename this
object waffleCone.

5. Dolly out so you can see the cone. Use the Move Tool to place the cone in the middle
of the stand, about 0, 12.5, -5 on translate X, Y, and Z.

6. Next, use the Rotate Tool to flip the cone around 180 degrees on the Z-axis.

7. Use the Scale Tool to elongate the cone, about a factor of 1.75 units on the Y-axis (see
Figure 2.11).

8. For the remainder of the exercise, be sure that the Construction History button isin
the On position. You can check this in the Status Line. The Off state has a red X going
through it.

9. Create a NURBS sphere. Rename it Scoop.

Figure 2.10: Initial scene Figure 2.11: Added cone
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10. Translate the Scoop to 0, 14.5, -5.

11.In the Channel Box, look for the INPUTS node. Click on the word
makeNurbsSpherel. This opens up the list of input channels for the Scoop.

12.Increase the number of Sections to 10, and the number of Spans to 6. You will see the
number of Isoparms increase on the Scoop. This extra geometry will be needed in order to
reshape the ice cream — the more detail you want in a surface, the more geometry it’ll
require.

13. The standard mode of selection in Maya is called Object Mode. All of your picking
occurs on the object level, such as lights, surfaces, and cameras. When you want to select
components, such as the Control Vertices (CVs), edges, and faces of an object, you must
choose Component Mode. To switch to component mode, click on the Select By Com-
ponent Type button in the status line.

14.Make sure that the Points component type is selected. This is the square pointicon just
after the Select By Component Type button.

15. The CVs for the Scoop are now displayed and can be selected and translated. Try picking
and then using the Move Tool on CVs or whole rows of CVs. Reposition them to form a
more natural-looking ice cream scoop (see Figure 2.12).

16.One way to get even-looking shape transformations is to marquee select entire rows of
CVs and then use the Scale Tool on them. This has the effect of pushing all of the se-

lected CVs away from each other, or pulling them in toward the selection’s center.

17.The Rotate Tool can also be used to make a broad change to a selection of CVs.

m ary gy roe bew = )

J.

Figure 2.12: The reshaped sphere scoop Figure 2.13: The second scoop
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18.Be sure to check the top, front, side, and perspective camera views when sculpting a
surface.

19. When you are satisfied with the shape of the Scoop, return to object mode. You can click
the Select By Object Type button on the status line, or press F8 to toggle between object
and component pick masks.

20. Repeat steps 8 through 18 in order to make a second scoop named Scoop02. This scoop
should be translated higher on the Y-axis so that it sits on top of the first one (see Figure
2.13).

21.Using the same techniques as the ice cream scoops, model a cherry for the top of the
scoops. We will do the stem separately, so just create the cherry itself for now (see Figure
2.14). Name it Cherry.

22.For the stem, create a NURBS cylinder, and name it Stem.

23.Translate and scale the Stem into position above the Cherry. (Try scale 0.035, 0.5, 0.035 if
you want a general guideline.)

24.In the INPUTS node of the Channel Box for the Stem, click on the word
makeNurbCylinderl. Increase the number of Spans to eight.

25.With the Stem selected, toggle to Component Mode (F8) and sculpt the stem using the
Move, Rotate, and Scale Tools on the CVs (see Figure 2.15).

Figure 2.14: Modeling the cherry Figure 2.15: From cylinder to stem
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26.Now, let’s create some materials to apply to the cone, scoops, cherry, and stem. Click
on the Quick View button for Hypershade/Persp. In the Hypershade menu, click Create
> Materials > Phong.

27.Since you'll be editing the attributes of a number of materials, it’s helpful to “dock”
the Attribute Editor into the interface. A floating window can get in the way if you are
using it a lot. To dock the Attribute Editor, click the Show or hide the Attribute Editor
button in the status line. This takes the place of the Channel Box/Layer Editor.
28.Change the name of the newly created Phong material to phongCone.

29.Change the Color attribute to a yellow/orange color (HSV 47, 0.9, 0.9).

30. Decrease the Cosine Power to 7 — this has the effect of broadening the specular high-
lights of the material, making it look less like plastic.

31.Drag the Specular Color slider to the left, to about the one-quarter position. This
decreases the brightness of specular highlights, dulling the material.

32.MMB-drag the phongCone material onto the waffleCone object.
33.Create another Phong material. Name it phong Vanilla.
34.Change the Color to slightly off-white.

35.Increase the Ambient Color slider slightly.

36.Set the Cosine Power to 16.

37.Lower the Specular Color to about the one-quarter position.
38. MMB-drag the phongVanilla material onto the Scoop object.

39.In the Hypershade, select the phongVanilla material, click Edit > Duplicate > Shading
Network. This makes a copy called phongVanillal. Rename it phongChocolate.

40. Change the phongChocolate color to brown (HSV 27, 0.65, 0.4).
41.MMB-drag phongChocolate onto the Scoop02 object.

42.For the cherry, create a new Phong material, and name it phongCherry.
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43.Change the color to deep red (HSV 3, 0.9, 0.8)
44.For a tight highlight, increase the Cosine Power to 80.

45.Change the Specular Color to a light grey, about three-quarters to the right on the
slider.

46. MMB-drag the phongCherry material onto the Cherry and Stem objects (see Figure 2.16).

47.Save the scene as modeling_icecream_end.ma.
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Figure 2.16: The finished model
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2.3 Animation — Copying Keyframes and Moving Pivots

There are many tools in Maya that can be used to automate or speed up otherwise
,%‘ tedious tasks. One such task is the creation of regular repeating movements in an
LILIXL)  animation. For example, to make a yo-yo go up and down on a string you would:

* Place a keyframe for the yo-yo’s Translate Y and Rotate Z channels at frame [;

* Then go to frame 20, move the yo-yo down, rotate it; and place keyframes for these new
values; and finally,

* Go to frame 40, move it up, reverse the rotation, and set keyframes.

Copying Keyframes

To throw the yo-yo again, it isn’t always necessary to repeat this procedure. Instead, you could
copy the Rotate Z and Translate Y keyframes at frames 1, 20, and 40, and then paste duplicate
sets of keyframes at any points along the timeline when the yo-yo is thrown. The Time Slider
provides a convenient way to do this. With an object selected, the Time Slider displays a red
tick mark for each keyframe. By <shift> + LMB-dragging across a range of keyframes, you can
select multiple keyframes. By RMB-clicking on the highlighted frames, you can Copy the en-
tire range of keyframes. Then you scrub to a new point on the timeline, RMB-click, and choose
Paste > Paste, to make a second iteration of the keyframes. We’ll try it out in the next exercise.

Animation Exercise — Copying Keyframes

1. Setyour project to understanding_maya\Chapter02\animation_copykeys_yoyo.

[\]

. Open the scene animation_copykeys_yoyo_mid.ma.
3. Press the Play button. The yo-yo goes down and then up one time (see Figure 2.17).
4. Stop the playback and rewind.

Now, we’ll copy the existing keyframes on the yo-yo. The Time Slider is much like the Chan-
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nel Box and other elements of the Maya
interface, in that it displays information
specific to the currently selected object.
Notice how when nothing’s selected, the
Channel Boxis blank. Similarly, the Time
Slider displays no red tick marks to indi-
cate the presence of keyframes. This will
change once you select an object that has

been keyed.
a. Select the yoyo object.

b. In the Time Slider, hover the
cursor over frame 1.

c. Press and hold the Shift key on
your keyboard, while simulta-
neously click-dragging from
frame 1 to frame 41. You will see
the highlighted section of the

timeline turn red (see Figure 2.18).

Figure 2.17: Yo-yo in action

d. RMB-click anywhere inside the selected range of keyframes, and click on Copy in

L NN

Figure 2.18: Selecting a range of keys

the context menu (see Figure 2.19). This copies all of the selected keyframes.

5. The Translate Y and Rotate Z keyframe values, interpolations, and relative spacing are
now stored in a copy buffer. Just as in a word processing or email program, you can now
paste that information into a new place. Scrub to frame 50 on the Time Slider. This will
be the insertion point for your new set of keyframes. RMB-click on frame 50, and click on
Paste > Paste in the context menu (see Figure 2.20). Notice that there are three new
keyframe ticks on the timeline. (Since the Translate Y and Rotate Z channels were origi-
nally keyed together, Maya displays one tick mark at each frame. You will use the Graph
Editor when you need to edit these channels separately.)

6. Rewind and then play your animation. The yo-yo now cycles twice in quick succes-
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i Copy Keys: Copy kays and place on asmanon clipboard

Figure 2.19: Copying keys Figure 2.20: Pasting keys
sion.

7. Since the copied keyframes are still in the copy buffer, you can paste another iteration
of the motion without re-copying. Go to frame 96 and paste the keyframes again.

8. Play back the animation. Let’s say that you’ve changed your mind and would like the
last throw to occur much later. Instead of deleting, or undoing and then re-pasting, we’ll
use another method. In much the same way as you highlighted a range of keyframes for
copying, you can re-time an animation by sliding that range of keyframes on the Time
Slider.

9. Shift-LMB-click the keyframes from frame 96 to frame 136. Notice that the red high-
lighted section has four arrows in it. Click-drag the middle set of arrows (they are posi-
tioned around frame 113) to the right. As you drag, pay attention to the white frame
numbers at the head and tail of your selected range. When the head number reaches
frame 130, stop sliding (see Figure 2.21).

10.Play your animation. The third throw has been time-shifted.

RN RN AR RNNNNNR e

Figure 2.21: Sliding keys

11. What if you wanted to not only change when the third throw happened, but how quickly
it happened? The relative spacing between the keyframes that comprise one throw is fine,
but the absolute length of a throw needs to be changed. This is the role of the arrows at
the ends of the red highlighted range. Click-drag the head arrow to the right, stopping at
frame 146 (see Figure 2.22). Notice how the entire range has been scaled, meaning that the
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relative spacing is intact — the middle tick mark is still equidistant from the head and tail.

12.Now, when you play your animation you’ll see that the third throw is much quicker
than the first two.

5 W 15 % 30 35 45 55 G0 6570 75 BO 8BS 90 95 100 105 110 115 120 125 130 135 140 170 1715 1
N e N
Figure 2.22: Scaling keys

13.Save your scene as animation_copykeys_yoyo_end.ma.

Pivot Points

Everything that rotates does so around a pivot point. You can’t get around this simple fact. Look
at any object that rotates: the hands on a clock, a knob on a radio, the ball in a mouse, the
wheels on a chair, your elbow, the earth, and so on. These things all have a single point around
which they rotate. Roll a ball and the pivot point is at its center. Swing a stopwatch dangling
from a chain and the pivot point is right at your fingertips.

In Maya, you must learn how to control pivot points in order to control your animation. The
pivot point of an object is where you will see the Move, Rotate, and Scale Tool manipulators
appear. Pivot points usually are located in the same place as hinges and axles (see Figure 2.23).

Try this simple exercise.

1. Create a polygon cube.

LT

Figure 2.23: Pivot points

71
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2. Scale the cube to be shaped like a door from the front view panel. ScaleX = 3.5; ScaleY
= 6; ScaleZ = 0.3. Move the cube up 3 units on the TranslateY axis. Name the cube leftDoor.

3. With leftDoor still selected, click Edit > Duplicate options. Reset the tool settings,
and then change the Translate settings to 4, 0, 0. This will make a duplicate of the leftDoor
that is 4 units to the right. Click the Duplicate button.

4. Rename the new object rightDoor.

5. With rightDoor selected, choose the Move Tool. Notice that the manipulator is located
at the center of the object. Now, press the Insert key on your keyboard. This puts the
manipulator into edit mode, allowing you to move the pivot point itself.

6. Click-drag the pivot point to the left edge of the rightDoor object, like a single hinge (see
Figure 2.24). Now, press the Insert key again to return to translate mode.

7. Switch to the Rotate Tool. Pick and rotate the leftDoor object on its RotateY axis.
Notice how it swings around its center.

8. Pick and rotate the rightDoor object on its RotateY axis. This one swings more like a
normal door, thanks to the relocation of its pivot point (see Figure 2.25).

9. One last thing to point out: the pivot point affects scaling as well as rotation. Try scal-
ing each of the doors on the ScaleX axis. The leftDoor scales from the center outward,
while the rightDoor scales away from its hinge (see Figure 2.26).

1
\
§

Figure 2.24: Moving the pivot point Figure 2.25: Rotating around the pivot point
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You’ll need to pay special attention to pivot
points when creating multi-part assem-
blies. A multi-part assembly could be a me-
chanical device such as a car, or a skeleton
for animating a creature. Each part must
have a carefully considered pivot point.

Animation Exercise — Pivot Points

Figure 2.26: Scaling from the pivot point

1. Set your project to understanding_maya\Chapter02\animation_pivot_wagon.

2. Open the scene animation_wagon_pivots_begin.ma.

3. You'll see a little red wagon, made up of a number of parts, such as the body, wheels,
handle, yoke, and axle. Try selecting and rotating each part. You will find that the pivot
points are not placed correctly, therefore the rotations are incorrect (see Figure 2.27). Be
sure to undo any rotations when you are done.

4. Use the Insert key to edit the pivot points of each object. Start with the handle. Tt needs
to be able to rotate up and down on its Z-axis. By using the front view panel, align the
pivot point of the handle object to the very end where it intersects the yoke. Hit Insert when
you are done. Switch to the Rotate Tool and try out the handle. It now works much

better (see Figure 2.28).

5. The yoke object currently rotates around
its pivot point at the world origin. This
breaks the entire steering assembly. Instead,
the pivot should be moved to the high point
of the yoke, where it is nearly touching the
underside of the wagon body. Hit Insert and
reposition it there. When done, press Insert
again to return to the Rotate Tool and try
rotating on the Y-axis. The yoke now pivots
properly (see Figure 2.29). You may have no-
ticed that the different parts of the wagon
aren’t yet interacting. For example, the yoke

Figure 2.27: Bad pivot points

73
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Figure 2.28: Correcting the handle pivot point

rotation has no effect on the position of the front axle, wheels, or handle. You will be
tixing this problem in a later exercise dealing with hierarchies in Chapter 4.

The wheel rotations need to be fixed with a bit more precision than did the handle and yoke. It
would be very apparent if the wheels didn’t rotate around their exact center — they’d wobble. To
place the pivot point correctly, we’ll use the Snap to points option. This will allow us to swap
the pivot point to the vertex at the wheel’s hub.

6. Select the wheel_FrontRight object. Press Insert to switch to pivot point editing mode.
Next, click the Snap to points button on the Status Line, or hold the V key on the
keyboard, to invoke point snapping. Hover the cursor over the vertex at the red hub
center. Now, MMB-click the vertex. This will make the pivot point jump to that position
(see Figure 2.30).

7. Press Insert to return to the Rotate Tool. The wheel now spins properly.

8. Repeat this for each wheel. You may also use the LMB-click-drag along with the Snap

Figure 2.29: Correcting the yoke pivot point
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to points option to
drag the pivot point to
the hub. Just be careful
to drag from the Move
Tool’s center, not on a
single axis.

9. All that’sleft now are
the axles. Unfortu-
nately, they lack a good
central vertex for point
snapping. Instead, we
will use Maya’s auto-
matic pivot centering

Figure 2.30: Vertex snapping the wheel’s pivot point

command. This works because the geometric center of the object is in the same location
as our desired rotational pivot.

10.Select the axle_front object. Click Modify > Center Pivot (see Figure 2.31). Now, use
the Rotate Tool and spin the axle_front object around its Z-axis to test it.

11.Repeat this for the axle_rear object. Now, when you rotate any of the movable parts of
the wagon, there are no unnatural pivot points.

12.Save your scene

as

. . . Ooplny B v ]
animation_wagon_pivots.ma. = e EEE|w[

Fardming| ioh | Flace | Fur |

Figure 2.31: Centering the axle pivot point
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2.4 Shading — Material Types

On the most basic level, a material defines how a surface looks when rendered. While

all material types share common attributes, such as Color, Ambient Color, and

Diffuse, the way in which specularity is defined varies among the different material
types. In fact, the most intrinsic value of a material is its Type. The major material types differ
fundamentally in the way they handle specularity. Specularity helps define shininess, glossi-
ness, or highlighting. Look at the different materials in Color Plates XI and XII.

The mathematical algorithms used to process this specularity give the material types their names.
(They are generally named after the computer graphics researcher who developed the algo-
rithm.) Here is a guide to Maya’s major material types (see Figure 2.32), and how you can con-
trol their specular settings.

Lambert: This material type has
a dull or matte finish. It has no
specular attributes.

Phong: A shiny, plastic-like qual-

ity defines this material type. it “""‘
Cosine Power values broaden or

tighten the size of the highlights.
Blinn: This is often used for me-
tallic surfaces. The Eccentricity
value varies the size of highlights.

pmm lmulmplﬂ

PhongE: Similar to Phong, but
with an increased ability to cre-
ate soft highlights. Highlight
Size controls, you guessed it,
highlight size! Roughness al-

lows you to vary the highlight’s fade from center outward.

Figure 2.32: Material types

Anisotropic: Special-use material type for directional highlights. This material type allows
you to specify a directional highlight, such as brushed metal, hair, tightly woven fabric, vinyl
records, etc. Angle controls the direction of the highlight (caused by micro-grooves in the
surface you are simulating). Spread X and Spread Y change the size of the highlight. Rough-
ness allows you to fade the highlight, much as in the PhongE material.
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Shading Exercise — Material Types

1. Set your project to
understanding_maya\Chapter02\shading_material_types_donuts.

2. Open the scene shading_material_types_donuts_begin.ma.

3. You are going to create a new material for each doughnut. When working on the
shading of a scene it is helpful to configure the interface with a perspective view panel,
the Hypershade, and an Attribute Editor. One way to set this up is by selecting the
Quick View button under the Tool Box called Hypershade/Persp. Then, click the Show
or hide the At-

tribute Editor but- EEE= T e e o e

ton in the Status 5 '
Line. This is also m -
called “docking” the CE00R —a
Attribute Editor, Werh v | S Uy | Coer
since it is no longer a

floating window (see

! po 10 5
Figures 2.33 and 2.34). ek Lo = :

== o - : H'
%"@—: ES T S s
Figure 2.33: Docking button  Figure 2.34: Shading layout

4. Now create five new materials by clicking in the Hypershade’s menu on Create >
Materials > Lambert, followed by Blinn, Phong, PhongE, and Anisotropic.

5. Assign each material to the appropriately labeled doughnut. (Remember that you can
MMB-drag materials onto objects.)

6. Most material attributes cannot be accurately judged through interactive shaded mode.
To see the results of your shading efforts, you’ll need to render the current frame. First,
click on the Render Globals button on the Status Line. Choose the Resolution preset
of 640x480, and set the Anti-aliasing Quality preset to Intermediate (see Figure 2.35).
Close the Render Globals window, and then click the Render the current frame but-
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ton. Take a look at the different specularity types the
materials provide (see Figure 2.36).

7. You can create wildly different results by varying the
specularity settings of the different materials. Try these
settings and then re-render the frame to compare.

a. Blinn: Eccentricity: 0.6, Specular Roll Off: 0.5.

b. Phong: Cosine Power: 60, Specular Color: White.

c. PhongE: Roughness: 0.8, Highlight Size: 0.4.

d. Anisotropic: SpreadX: 10, SpreadY: 1.75, Roughness:
0.85, Specular Color: White.

Presets  Hep
Poth: D:fBook_Projects/ChapterlZ/shading_materinl_typas_d:
File Name: shading_material_typas_donuts_beginiga

| Image File Quiput
g L

Frosts | 64450 El
I™ Maintain Wicth Haight Ratic
Width 540
Hoight [0
¥ Lock Devicn Aspect Fitio
DWHM”HM 1333
Finel Aspact Fato ,W

_+| Field Options
+| Anti-alinsing Qu
Prosos | Inf
Edge Ant-ainsing

Figure 2.35: Render globals

8. Save the scene as shading_material_types_donuts_end.ma.

Figure 2.36: Rendered material types
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2.5 Lighting — Spotlights

chapter. You can see some nice examples of spotlights in Color Plates I and III. The
spotlight radiates light from a single point toward a target in a cone-like fashion,
much as does a flashlight (see Figure 2.37). The controls are also more complex than those
found on a point light, because Maya allows you to specify things like the angle of the cone of
light and the way in which light dissipates. Let’s look at a few of the parameters of the spotlight.

‘Q" Spotlights are more complex than the simple point light we looked at in the first

The radius of the cone is defined by
the Cone Angle setting.

The soft dissipation at the edge of
the light is controlled with the
Penumbra angle.

The falloff of the inner “hotspot” is
controlled with the Dropoff attribute.

Figure 2.37: Spotlight attributes

The spotlight node is the where the
body of the light is. The target node f
is the point at which the spotlight is '
aimed. By using the Show Manipu-
lator Tool, or the t hotkey, you can
access this extra node. Wherever the
target s, the spotlight points (see Fig-
ure 2.38).

Figure 2.38: Spotlight and aim
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Lighting Exercise — Spotlight

1. Set your project to understanding_maya\Chapter02\lighting_spotlight.
2. Open the scene lighting_spotlight_icecream_begin.ma.

3. Yep, it’s the familiar room with an ice cream cone on the table. Currently there is a
general illumination in the scene. One way to check the lighting is to select shaded mode
and hardware lighting mode for the perspective panel. With the perspective panel ac-
tive, press 5 and then 7 on your keyboard.

4. Add aspotlight to the room by clicking Create > Lights > Spotlight. You should see
the back wall light up where the light is aimed.

5. Switch to the Move Tool, and place the light 12 units up on the Y-axis and 20 units on
the Z-axis. You'll notice the area of illumination on the wall changes as you move the

light.

6. The back wall has a moderate number of subdivisions in it. This is necessary if you
want to see the effects of your lighting in the
shaded view panels. However, there are limitations
to what the hardware lighting mode will display.
For a better idea of what your lights look like, go
ahead and render a frame. Click on the Render
the current frame button in the Status Line.

7. You’'ll notice that your spotlight casts a bright
circle of light and currently casts no shadows (see
Figure 2.39). Since shadow casting in Maya is a
function of your lights, we’ll use the Attribute
Editor to turn on the spotLight ! shadows.

8. With spotLight1 selected, click Ctrl-a to open the
Attribute Editor. Open the Shadows turn-down
menu, and then check the box next to Use Depth
Map Shadows (see Figure 2.40). Re-render the frame (see Figure 2.41).

Figure 2.39: Default spotlight

9. When the light moved away from the wall, its circle became bigger. Another way to
control how much area is covered by the light is the Cone Angle. This attribute alters
the shape of the spotlight cone. A wide angle covers a greater area, while a narrow angle
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focuses the beam more tightly. In the Attribute Edi- oz sootismsiper |seimgse] .
tor change the spotLightShapel’s Cone Angle to 20°, and N
re-render the frame (see Figure 2.42).

o Te
10. Try widening the Cone Angle to 80° and render the [ o — =
frame. This now encompasses the side walls, too. This 2: — ]|
is wider than we need, so reduce the Cone Angle down "“"""L‘ o "WJW 2
tO 300. = Emit Difuse [ Emit Specular

11. You may have noticed that the circle of light is uni-
formly bright from its center outward. Most light [ -

sources diminish as they radiate out from their centers. : e —
This is described as the Dropoff of a light. The default " W 2
dropoff value for the Maya spotlight is 0; in the At- FrEmE
tribute Editor increase the Dropoff to 40°, then ren- Orap Focus [0 ———— =t
der the frame (see Figure 2.43). onepraesie[l  ———— £l
DmopBias [100  (f———— jI
Y — EI

12. This looks better, but the edge of the light is still too

hard. The Penumbra Angle controls how hard or soft ~ Figure 2.40: Shadow attributes
the edge of the light is. Increase the Penumbra Angle

to 4°. Now, when you re-render the frame you’ll have a much more pleasing, realistic
light (see Figure 2.44).

13.1f you need to aim the spotlight precisely, it can be difficult to simply rotate it with the
Rotate Tool. Try this: move the time slider to frame 30 — the ice cream cone has leapt
into the air —and now aim the spotlight at the cone using the Rotate Tool. Translate the
spotlight to the left, about -15 units on the X-axis. The aim is off, and the cone has been

Figure 2.41: Shadow render Figure 2.42: Cone angle of 20°
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Figure 2.43: Dropoff angle of 40° Figure 2.44: Penumbra angle of 4°

plunged into darkness! You must now rotate the light again to re-aim it. There is a sim-
pler way: the Manipulator Tool (see Figure 2.45).

14. With the spotLight1 still selected, choose the Show
Manipulator Tool icon from the Tool box. Two
manipulators appear: one that controls the body of
the light, and one that controls the aim of the light.
If you move the body, its rotation will automatically
change to remain aimed at its target manipulator. By
moving the aim manipulator, you are controlling the
spotlight’s rotation in an intuitive manner.

15.Now, try to animate the light so that it follows
theice cream cone’s acrobatic antics. Notice that only
the spotLight1’s transform node Translation and Ro- Figure 2.45: Target manipulator
tation channels are changing when you move the

manipulators. So, to keyframe the follow spot, go to

frame 15, place the aim manipulator right on the ice cream cone, and set a keyframe for
all three rotation channels.

16. Advance to frame 30, move the spotlight’s aim manipulator up to the ice cream cone,
and set a keyframe on the rotation axes.

17. Repeat this process for frame 40, to illuminate the landing. You can also try to aim the
light at the cone during the remaining two leaps it makes. Save the scene when you'’re
done.
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2.6 Rendering — Camera Basics

The last time we rendered a series of frames we did so from the perspective panel
view. The view you get through the perspective panel usually looks more inter-
esting than the Front or Side views because of its non-orthographic view and its

wide-angled lens. When you want to create even more interesting shots, in which there are
pans, dollies, cranes, and even simulated Steadicam-style movements and rack-zooms, you’ll
need to animate the camera. Since the perspective view isn’t really designed to be animated,
you’'ll create a new camera. In Maya, cameras have settings for nearly every attribute of a real-
world film camera, and even some beyond that. Additionally, they can be animated to move
and rotate through your scene.

First, let’s create a new camera. Click on Create > Cameras > Camera and Aim. This makes
a two-node camera (see Figure 2.46). In the Outliner you will see a new item called the
cameral_group, which contains two nodes, the cameral and the cameral_aim. This is a frequently
used camera type in Maya. (The single-node camera can be difficult to aim, and the three-node
camera can lead to motion sickness!)

To properly line up your shot, you can look through the lens of a new Camera. The view panel
lists the name of the current camera at the bottom of the screen. In order to change the view of
a panel, click Panels > Perspective > Cameral (see Figures 2.47 and 2.48).

Try to get used to animating the position of the Camera node and the Camera Aim node (this
is similar to the target of your spotlight). The Camera always points at its Aim node, so you can
leave the Camera alone and animate the Aim node to simulate a tripod-mounted camera pan-
ning a scene. In order to simulate a moving camera that holds its aim on a specific subject, place
the Aim node near the subject, and then animate only the translation of the camera body node.

st
] camural _gioup
camerm1
o camensl_sim
@ detaultaghtse
D detauhObjnctSet

Figure 2.46: The two-node camera
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Figure 2.47: Changing views Figure 2.48: Viewing through the camera

Oneimportant setting to get familiar with in the Camera Attribute Editor is the Focal Length
attribute. This is equivalent to the focal length (measured in millimeters) of a 35mm film cam-
era. By lowering the focal length setting, you’ll get a wide-angle shot; raise it for a long tele-
photo lens.

Rendering Exercise — Two-node Camera

1. Set your project to
understanding_maya\Chapter(2\rendering_camera.

2. Open the scene
rendering_camera_barn_begin.ma.

3. Play the animation to see the plane start up and
drive out of the barn. The view is static and unin-
teresting (see Figure 2.49); we’ll create a camera and
animate it for a more interesting shot. Figure 2.49: Initial fixed view
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4. Click Create > Cameras > Camera and aim. The new camera is built at the world
origin, which is right inside the barn.

5. In the standard four-view panel layout (click the Four View icon in the Quick View
area under the Tool Box), you’ll turn the side view into the cameral view. Do so by
clicking in the side view panel menu: Panels > Perspective > cameral. Now you are
looking through the camera’s lens in the bottom right panel (see Figure 2.50). You can
judge your camera and view positioning through this panel while you move the camera’s
nodes in the other panels.

Vew Shatrg Ligerg Sroe P ew iy Lgpang Tow e

Figure 2.50: Positioning the two-node camera

6. Currently, the cameral_group node is selected. Select the cameral node in the Outliner
by clicking the plus sign next to the cameral_group node, and then highlighting the cameral
node. Use the Move Tool to bring the cameral node outside the barn, approximately 25, 3,
2 for translate X, Y, and Z.

7. Atframe 1, set a keyframe for the cameral node’s Translate X, Y, and Z channels. You
can do this by highlighting those three channels in the Channel Box and then RMB-
clicking to choose Key Selected.

8. Scrub the time slider to frame 48, move the cameral node farther away from the barn
(to about 45, 3, 12) and keyframe those three channels (see Figure 2.51).

9. Play the animation. The camera is trucking away from the barn nicely, but the view is
fixed in place. In order to follow the plane, we’ll animate the cameral_aim node.
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Figure 2.51: Pulling the camera back

10.Stop playback and then go to frame 60. This is when the camera will begin panning.

11.1In the front panel, select the cameral_aim and move it up about 2 units on the Y-axis.
Set a keyframe for the Translate X channel, which is currently at 0.

12. At frame 98, move the cameral_aim node to 50 on the X-axis. Set a key for this channel.

13.Rewind and then play your animation. The camera now follows the plane (see Figure

2.52).

14.Save your scene.

Figure 2.52: Animating the target
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2.7 Project 2 — Rolling Egg

In Chapter 2’s assignment you will make the ball-rolling scene a bit more visually interesting by
shaping the ball into an egg in component CV mode and by creating a half-pipe from a set of
detached cylinder faces.

* Use the copy keyframe command to repeat the egg’s rotation.

* Set a spotlight.

* Create an animated camera.

* Select different shader types and specularity settings.
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3.1 Review — Attribute Editor

Remember the Alias party line: Maya is nodes with attributes that are connected? Well the
Attribute Editor is the main panel you will use to change these attributes on your objects, lights,
cameras, and shaders. The Ctrl-a keyboard

shortcut brings it up quickly, so that you may GAtirbute Eitor: mubsspherel. . ox)
use it without interrupting your workflow. Its | Lt Sefected Foos Amibutes Hep

contents are determined by the attributes | unsspnen mutsSphensisos! | makatusbspnent | net 2]
present in the selected node. Here is a sphere’s '

a | _Foou |
shape node in the Attribute Editor (see Figure o - |

3.0). =
Note how some of the attributes are only infor-
mational while others are editable. You'll find
that switching to the input node that was used
to generate the sphere allows you to alter set-
tings such as the sweep angles and radius used
to create the object. (OK, it’s a cheap trick, but
you really should try animating the NURBS
sphere’s sweep angles for some cool Pac-Man ™ Dapley Rander Tetsensson

chomping action.) |

3.2 Workspace — Hypergraph

_—
P
[‘15 connection of nodes to each other than
&l

[ theHypergraph.The Hypergraphis

really a flowchart of your scene and your objects. It can be arranged to represent the physical
layout of nodes and their relationships to each other. (We will cover this more in the Chapter 4
Animation section on hierarchies.)

Select | LosdAmibues| CopyTew |  close

There is no better way to visualize the Figure 3.1: Attribute Editor

Take a look at the Hypergraph from a simple scene in Figure 3.2. We can see a few of the
objects, lights, and cameras here - notice that the selected “egg” object is highlighted both in
the perspective panel and in the Hypergraph. This is called the Scene Hierarchy Mode.
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Figure 3.2: Hypergraph scene hierarchy

If we expand the input and output connections of the egg (see Figure 3.3), we can see its Depen-
dency Graph, as in Figure 3.4. The Dependency Graph displays the interconnected nodes that
make up the object. In this case, the nodes are the Input node: makeNurbSpherel, Shape node:
eggShape, Transform node: Egg, and the Render node: initialShadingGroup.

Figure 3.3: Revealing the dependency graph

B | Guem | e

Figure 3.4: Dependency graph
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3.3 Modeling — Curves and Surfaces
T
The NURBS curve is an invaluable tool to use in the creation of surfaces, paths,
and control objects. There are three primary ways to create them in Maya: Edit
Point (EP) Curve Tool, Control Vertex (CV) Curve Tool, and Pencil Curve Tool.
It is also possible to create new curves by extracting existing curves from other surfaces. For
direct curve creation, we will focus on using the CV Curve tool.

Drawing Curves

A CV Curveisa curve generated by placing control vertices in your scene (see Figure 3.5). Once
you have placed four or more CVs, Maya will display the curve you are creating. The CVs’
relationship to their underlying curve is similar to that of a NURBS sphere’s CVs and their
surface. They act as reference points for the weight and direction of a curve being drawn through
the hulls that connect the CVs.

Notice how the pair of CVs that were drawn closest together create the shortest hull, and there-
fore exhibit the most weight upon the curvature of the underlying span. To make a pinch or
tight crease draw your CVs close together. For gentle curves draw the CVs far apart.

If you need to make a closed curve, draw your final CV near, but not on top of the first CV. Hit
the enter key to end curve construction, then choose Edit Curves> Open/Close Curves
from the main menu (see Figures 3.6 - 3.8).
You’ll need to be in the Modeling Menu Set.

Figure 3.5: CV curve tool Figure 3.6: Preparing to close the curve
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Figure 3.7: Close curve menu Figure 3.8: Closed curve

Revolves

Now that you’re familiar with drawing curves, let’s use one to create a surface. The Surfaces >
Revolve command acts like a lathe for your curve. By sweeping your curve about one axis of its
pivot point, the Revolve creates a surface.

The curve in Figure 3.9 was made with the CV Curve Tool.

2 900

§§E

Figure 3.9: CV curve Figure 3.10: Revolve menu

Revolving the curve around its Y-axis creates a bowl (see Figures 3.10 - 3.12).

Figure 3.11: Surface revolve on Y-axis Figure 3.12: Shaded revolved surface in perspective
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The choice of which axis to revolve  |¥ex Show_Paneks
around is very important. It is
fairly common to build your curve
in the front view with the inten-
tion of revolving around the Y-
axis; like clay on a potter’s wheel,
the curve spins around to form the
surface. It’s perfectly acceptable,
however, to spin the curve hori-
zontally on the X-axis. This is simi-
lar to spinning a piece of wood on
a lathe to create a chair leg or a
baseball bat. In Figure 3.13 it has
been revolved around the X-axis.

i

Construction History Figure 3.13: Surface revolve on X-axis

Animportant concept to understand in Maya is that of construction history. When you cre-
ate a model, the inputs that you use are stored as the model’s construction history. In the case
of a NURBS sphere, that history includes the Radius and Sweep of the sphere. As long as you
haven’t deleted the sphere’s construction history you can always alter those inputs that were
used to create it (see Figure 3.14 - 3.16).

In the case of a surface that has been derived from a curve (such as the Revolve operation), the

SURGE

Figure 3.14: Construction history
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Figure 3.15: Start sweep of 0° Figure 3.16: Start sweep of 90°

CV Curve you drew is one of the surface’s input nodes. If you change the location of one of the
curve’s CVs, the surface will update to reflect the change. Note the example in Figure 3.17.

Figure 3.17: Using construction history to reshape a revolve



96 3. Intermediate Skills

Modeling Exercise — Revolves and Curve History

1. Set your project to
understanding_maya\Chapter03\modeling_curve_history_bottles.

2. Open the scene modeling_curve_history_bottles_begin.ma.
3. You'll see a small set of shelves with some

milk bottles on them. There is also a set of
NURBS curves (see Figure 3.18).

4. The three bottles are each dependent on
the curve to their left, since construction
history was turned on when their curves
were revolved. Any changes made toa curve
will affect its related bottle surface.

5. Try selecting bottleCurve01. RMB-click on
the curve, and choose Control Vertex from
the component mask marking menu. Use
the Move Tool to move some of the CVs.
Notice how you are reshaping the bottle01
object by doing this.

6. A good way to create many objects with Figure 3.18: Revolved surfaces

slight variationsis to duplicate asingle curve

and then alter it before using the Revolve command. These variations help prevent your
scenes from being overly perfect and uniform. We’ll now use the duplicated curves to
make some more unique milk bottles.

7. Select bottleCurve05 and then click Surface > Revolve options. Reset the revolve set-
tings and then click the Revolve button. This will make a new NURBS surface that hasa
construction history dependency on bottleCurve03.

8. Name the revolved surface bortle05 and then move it a few units to the right.

9. Now select bottleCurve05 again, and reshape its CVs in component mode. The bortle03
object will update as you move the curve’s CVs (see Figure 3.19). Often it’s easier to model
interactively like this than to try to perfect the curve shape without a surface to refer-
ence.
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Figure 3.19: Reshaping the bottles through construction
history

Modeling Exercise — Revolve and Extrude

10. When you are satisfied with the
bottle’s new shape, repeat the re-

volve and modification process on
the bottle Curve06.

11. Hereis another interesting thing
you can do with construction his-
tory: Animate the bottle shapes by
altering the curves. Try selecting one
curve, and then switch to compo-
nent mode for CVs. Select some
CVs, and then press the s key on
your keyboard to keyframe their
positions. Scrub to a new point on
the timeline and move the CVs to
reshape the curve. Keyframe the CV
positions again. When you play the
animation you'll see that the bottle
that is connected to that curve will
also change shape.

1. Set the project to understanding_maya\Chapter03\modeling_revolve_bucket.

2. Open the scene modeling_bucket_begin.ma.

3. You will see a single NURBS curve that has been created with its endpoints aligned to

the Y-axis origin.

4. Select the bucketCurve. In the Modeling menu set, click Surfaces > Revolve options.
In the options box, choose the defaults by clicking Edit > Reset Settings. Since the curve
can be swept around its Y-axis to create a bucket surface, the Axis Preset should remain

on the Y setting. Click the Revolve button.

5. This creates a NURBS surface in the shape of a bucket (see Figure 3.20). Press 3 on your
keyboard to display the full resolution of the object. Rename the object bucker.

97
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6. Add two rings to the sides. The NURBS torus will
work well for this. Click Create > NURBS Primi-
tive > Torus options. Switch the Axis to Z, Radius
to 0.5, and Minor Radius to 0.1. The small Minor
Radius will make for a thinner, more ring-like shape
compared to the default, doughnut-like proportions.
Click the Create button.

7. Name the object lefiRing, and move it to the rim
on the bucket’s left side, or Translate X = 9.7, Trans-
lateY = 15.9.

Figure 3.20: Bucket with rings
8. To make the ring for the other side, select leftRing
and the click Edit > Duplicate options. Reset the settings, and then change the Trans-
late option to-19.4, 0, 0. (Since the original had been moved 9.7 units on the X-axis, and is
a perfectly symmetrical object, a mirror of it can be created by setting the duplicated
version to translate back to the origin -9.7 units plus an additional -9.7 to the right side of
the bucket object, for a total of -19.4 units.) Click the Duplicate button.

9. Rename the new ring rightRing.

Last, we’ll make a handle. For this we’ll create another NURBS curve. This time, instead
of revolving it, we'll extrude a circle along it. The extrusion will essentially skin a surface

along the path of the handle-shaped curve.

10.In Maya, you can begin creating a curve in one view panel and then switch to another
panel to continue setting down points. You should take advantage of this feature when-
ever you are creating a curve that has a three-dimensional shape. Click Create > CV
Curve Tool and start clicking one point in the front view panel right above the leftRing
object.

11.Switch to the side view panel, and click six more points to loop the handle curve

through the lefiRing.
12.Switch back to the front view panel and continue creating the handle. When you near
the top of the rightRing, switch to the side view panel and finish the curve as you began it.

Press Enter on your keyboard to finish the curve (see Figure 3.21).

13.Name the curve handleCurve.



3.3 Modeling

¥
2x

9] 1 P =

I e 1 X

Figure 3.21: Handle curve

14.Next, create a circle to extrude along the handleCurve. Click Create > NURBS Primi-

tives > Circle. Rename it profileCircle.

15. In order to extrude properly, the profileCircle must be snapped to the end of the
handleCurve. Switch to the Move Tool. Now, press the Snap to curvesicon in the Status

Line. MMB-click-drag on the handleCurve.
You'll notice that the profileCircle slides along
the handleCurve. Continue MMB-click-drag-
ging until you reach one end of the
handleCurve. (see Figure 3.22)

16.Scale the profileCurve to 0.175 on all three
axes. Rotate it about 60° on the X-axis to
bringitin line with the handleCurve’s direction.

17.With profileCircle selected, shift-select the
handleCurve. Click Surfaces > Extrude op-
tions.

18. In the Extrude Options window, reset
the settings, and then change the Result

Figure 3.22: Aligned to the profile curve

99
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Figure 3.23: Extruded handle surface

Position setting to At Path. This makes the profile follow the path’s position. Click the
Extrude button. This will create the surface as in Figure 3.23.

19.Name the new surface bucketHandle.

20. Save your scene as modeling_bucket_end.ma.

Lofting

Another way to generate a NURBS surface from curves is called lofting. Lofting is conceptually
the same as building the ribs that are found inside a boat and then stretching a skin across those
ribs to create a surface with a precise form. Here are some duplicated closed curves and the loft
they generate.

Try building some objects with the loft command, such as a computer mouse or a boat. Notice
how the order in which you pick the curves determines the flow of the object.
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Modeling Exercise — Lofting Curves: Slide

1. In the front view, use the CV Curve Tool to create a curve in the shape of a water
slide’s cross-section. Make the curve about six units wide and four units tall (see Figure
3.24).

Figure 3.24: Loft profile curve

2. Notice how the curve’s pivot point is at the world origin (0,0,0) regardless of where
you drew it on screen. Just to make things easier to transform later, we’ll center the curve’s
pivot point by selecting the curve, and then clicking Modify > Center Pivot.

3. Loftsare created from a series of curves. You'll generate a better loft when those curves
have the same number of points and are drawn in the same order (left to right, for ex-
ample) as each other. Thisis a good time to use the Duplicate command. With the curve
selected, click Edit > Duplicate options. In the Duplicate Options window, click Edit
> Reset Settings, to get back to the defaults. Now, we’ll tell each successive curve to be
moved out on the Z-axis and down on the Y-axis, all while rotating a bit. Try these set-
tings: Translate: 0, -2, 5; Rotate: 0, 30, 0; and Number of Copies: 12. Click the Dupli-
cate button (see Figures 3.25 and 3.26).

4. Since the number of copies (12) multiplied by the angle of rotation (30°) is equal to
360°, the duplicated curves form a complete spiral. Select all of the curvesin the Outliner,
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Figure 3.26: Loft profiles

starting with curvel, and then shift-clicking on curvel3. (In the next exercise we’ll explore
how curve selection order will affect the type of lofted surfaces you create.)

5. In the Modeling Menu Set, click Surfaces > Loft options. Reset the settings, and
then click the Loft button. This will make a single surface that is stretched across all of
your profile curves (see Figure 3.27).

Figure 3.27:

Lofted surface
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Modeling Exercise — Lofting Curves: Fish

1. In this exercise we’ll take a look at how the selection order of your profile curves af-
fects lofted surfaces. Set your project to
understanding_maya\Chapter03\modeling_lofting.

2. Open the scene lofting_order_fish_begin.ma.

3. You’ll see a series of NURBS curves in the scene (see
Figure 3..28). They have been shaped to form the outline
of a fish. In order to build the surface of the fish model,
you’ll want to select the curves and then perform a loft.
As you’ll see, the order in which you select the curves Figure 3.28: Loft curves
affects the outcome of the loft command.

4. Inthe perspective panel, select all the curves by LMB-click-dragging a marquee around
the entire set of curves.

5. With your curves selected, click on Surfaces > Loft options...

6. Just to be sure you're using the default settings, click Edit > Reset Settings in the
Loft Options menu, then click the Loft button.

7. You should see a strange looking, inside-out fish! Click 3 on the keyboard while the
new loftedSurfacel object is selected. This will place it into fine smoothness mode (see Fig-
ure 3.29).

So what happened here? Why is this fish so darned ugly? As it turns out, the marquee selection
we used to pick the curves was not specific enough to create a predictable lofted surface. Maya
always lofts curves in the order in which they were se-
lected. By starting out with a vague selection order (the
marquee selection picks objects in the same order as
their original creation) the loftis not what we expected.

8. Delete the poor mangled fish so we can start over
again by selecting the loftedSurfacel object and pressing
Delete on your keyboard. Be careful not to delete any
curves.

9. This time, we’ll try to be a bit more specific about

Figure 3.29: Incorrect loft order
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selection order. Switch to your side panel by RMB-clicking on it. Then maximize the

side panel by tapping the Spacebar.

10. While holding the Shift key to make a multiple selection, click on each curve starting
from the far left and heading to the far right of the screen. You’ll notice each curve turn
white, except for the final selection, which turns green.

11. Again, generate the surface by clicking Surfaces > Loft.
12.Well, this fish is looking a little healthier, but still has some issues (see Figure 3.30).

Press 3 to see the smooth representation of the surface. You’ll notice that a strict sequen-
tial selection of curves made for some problems in the head and mouth area.

1' Layers Options
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Figure 3.30: Ugly fish Figure 3.31: Layers

13.Delete this unfortunate freak of nature (loftedSurfacel) so we can try one final time.

14. There is a very specific order of selection that will work for these curves. To see the
order numbered on-screen, turn on the visibility of the NumberingLayerin the Layer Editor,
by clicking the empty box at the far left of the layer (see Figure 3.31). It will turn toa “V”
when clicked and you’ll see a set of number annotations appear in the modeling views.

15. Maximize your side panel so you can clearly see the order of curve selections. Using
the Shift selection technique, click each curve from the first through the twentieth.

16. Create the surface by clicking Surfaces > Loft.

17. A much happier fish! Go ahead and increase the display smoothness and take a look at
the model in the perspective panel. Hit 5 on your keyboard to turn on hardware shad-
ing mode. To really see what'’s going on, it can be helpful to make the surface partially
transparent (see Figure 3.32). In your perspective panel menu, click Shading > Shade
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Figure 3.32: X-ray mode
Options > X-Ray.

Now you can see a bit more clearly how the curve order has been used to create the loft. Look at
curves one through eight. Notice how we start with a medium-sized curve set inside the fish’s
interior, and then move toward the front of the mouth with curves two and three. Curves four,
five, and six help define the protrusion of the mouth and then flow toward the head.

18.Let’s add a couple of finishing details. First, turn off the perspective panel’s X-Ray
mode. (Shading > Shade Options > X-Ray.) Next, hide the numbers and curves by
turning the visibility off on the NumberingLayer and CurvesLayer.

19.Rename the loftedSurfacel ob-
ject, calling it fish. RMB-click on
the fish object and choose from the
marking menu Materials > As-
sign Existing Material >
Fishphong. To see the texture,
turn on hardware texturing by
pressing 6 on your keyboard. You
can also turn on the visibility for
the EyeLayer (see Figure 3.33).

20.Save your scene as
lofting_order_fish_end.ma.

Figure 3.33: Final fish
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3.4 Animation — Fine Tuning Animation

|EEE N | |
’%‘ Whatis animation in Maya? One answer is: values that change over time. Think of

the pattern we have established in our animation exercises: time-value-key to set
LILXXL)  the first keyframe, change time-value-key to set the second, and so on. This pro-
cess is used to lay down the foundation of your animation, the key poses. However, the keys
only tell part of the story when it comes to animation. What happens in between the keyframes is
just as important.

Imagine this. There’s a drag race between two cars, one driven by Susie and one by Fred. When
the light turns green, both drivers hit the accelerator. Susie’s tires grip the road; she takes off
smoothly, reaches top speed, sees a brick wall at the end of the track, slows down, and comes to
acomplete stop, her bumper just touching the wall. Her time: 30 seconds flat. Simultaneously,
Fred’s bald tires squeal, smoke, and slip for the first 20 seconds of the race. Then, suddenly, he
gains traction, shoots down the road at an insane speed, fails to see the brick wall and slams
right into it, coming to a complete and sudden stop. Thankfully, Fred’s airbag deploys and he
escapes injury. Fred’s time: also 30 seconds flat.

Whatis the moral to this gripping story? Susie and Fred started and stopped their cars at exactly
the same time and place, but they had wildly different experiences during the race. In anima-
tion terms, they had identical keyframes; it was the in-betweens that made all the difference
(see Figures 3.34 and 3.35).

Figure 3.34: Drag racin’
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finish

Figure 3.35: Function curves of the race

To have precise control over the timing of your animation you must use the Graph Editor.
The Graph Editor is your home base for tweaking the value and timing of your keyframes.
Look at the simple animation and the corresponding Graph Editor view in Figure 3.36.

Figure 3.36: Function curves

The vertical axis in the Graph Editor represents value while the horizontal axis represents
time. Notice that the ball is animating on the Y-axis from 1 to 4 and back to 0 over the course of
48 frames. It travels along the X-axis from -10 to 10.



108 3. Intermediate Skills

If you were to move the keyframe at frame 24 to the left (say to frame 10) the ball would bounce

up toits full height very quickly.

Another important thing to notice is how the curvature of a set of keyframes in the Graph
Editor mimics the motion’s timing and acceleration in the actual animation. If you were to
rotate the Bezier handles of a keyframe, the timing of the ball will change to represent a sudden
acceleration and gradual deceleration. Try changing the type of line with the Graph Editor’s
Tangents menu and play back your animation. What kind of animation will these different
splines produce?

In Figures 3.37 - 3.39, the keyframes have remained the same, but the in-between frames have
changed dramatically.
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Figure 3.37: Linear tangents Figure 3.38: Flat tangents
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Figure 3.39: Stepped tangents
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Animation Exercise — Tangents

1. Set your project to understanding_maya\Chapter03\Animation_tangents.
2. Open the scene animation_tangent_spheres.ma.

3. You’ll see a sphere sitting on the ground. Make sure your animation playback prefer-
ences have been set to real-time (24 fps). Press play. The sphere goes up and down over the
course of two seconds. Notice how the sphere’s motion is abrupt and mechanical. When
the animation is played, the sphere goes from stillness to full speed in an instant, and
when it changes directionsit does so suddenly. Select the sphereLinear object and then move
the cursor over the Graph Editor panel and press the a hotkey. You will see a function
curve that describes the sphere’s motion. The three points represent keys; the curve rep-
resents the in-between frames (also called interpolation).

4. Goahead and play the animation again with the sphereLinear object selected. Notice the
function curve in the Graph Editor as the sphere goes up and down (see Figure 3.40). See
how the abrupt change in direction on frame 24 matches the shape of the curve? The
Graph Editor is simply a plot of a key’s value (the vertical ruler on the left) over time
(the horizontal ruler on the bottom). If you were to draw a line straight up from frame 24
until you hit your curve and then draw a line to the left until you hit the value ruler you
would find a value of 12 units up on the translateY channel. This works for not only
keyframes, but any pointin time. Repeat this reverse plotting for frame 12 and you should
arrive at a value of 6.

In this case, the Vew Shadng Lighereg Sow Parek
type of interpola-
tion between the
keyframes has a
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Figure 3.40: Linear tangents
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ries of evenly
spaced drawings.

5. In your Layer Editor turn on the visibility for the sphereSplineLayer. A new sphere ap-
pears. Play the animation and notice the difference between the spherelinear and the
sphereSpline. Keep in mind that both of these spheres have identical keyframes set for
their translateY channels — they start and stop at the exact same time.

6. Select the sphereSpline object and take a look at its function curve in the Graph Editor
(see Figure 3.41).
Thisis an example
of spline tan-
gency. If youdo a
reverse plot of the
value-over-time
you’ll see that the

in-between values Q [»] ? (&) Q Q Q Q @
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this with tightly
spaced drawings
near the keys.

If you take a good
look at the
sphereSpline object’s
motion it seems
to ease its way
into and out of
the middle
keyframe. This
ease-in and -out
(also called slow-
in and -out)is the
default motion a
spline interpola-
tion will give you.
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Figure 3.43: Slow-in and slow-out tangents

7. Using the Layer Editor again, make the sphereSteppedLayer visible. Play the animation
and watch the third ball. This one seems to “pop” from position to position.

Take alook at the sphereStepped object’s function curve (see Figure 3.42). Rather than mak-
ing any gradual value changes from frame to frame, stepped tangency holds the value at

a constant right
up until the mo-
ment it changes.
This is useful for
things such as
blocking out an
animation, blink-
ing lights, and
hiding things
through their vis-
ibility channel.

8. Linear, spline,
and stepped are
the main curve
tangency types.
You can vary the
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Figure 3.44: Fast-in and fast-out tangents
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in- and out-tan-
gency for any
keyframe, not
just the entire
curve. By altering
the direction and
weight of a spline
tangency, you can
create other types
of motion. In the
Layer Editor,
turn on the vis-
ibility of the

slow_in_outLayer.

9. Select  the
sphereSlow object
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Figure 3.45: Sticky tangents

and look at its function curve (see Figure 3.43). Similar to spline tangency, this flat tan-
gency makes the curve slow into and out of each keyframe. There will be gradual accel-

eration and gradual deceleration at all value changes.

10. Turn on the visibility of the fasi_in_outLayer. Select sphereFast and look at its curve (see
Figure 3.44). Based on spline tangency, these in-betweens have large value changes from
frame to frame. This causes rapid acceleration and rapid deceleration at the keyframes. In

traditional ani-
mation this is the
equivalent  of
drawings that are
spaced far apart.
Fast-in and -out
tangency is
achieved by
breaking the tan-
gency of the
curve at a
keyframe. We’ll
look at how to do
this in the next
exercise.
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Figure 3.46: Inverted bounce tangents
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11.Turn on the
visibility of the
four remaining
layers.  These
spheres all have
variations on
spline tangency.
By breaking and
varying the direc-
tion and weight of
the function
curves, it is pos-
sible to make the
sphere rapidly ac-
celerate, stick to
the ceiling, and
then gently drop
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Figure 3.47: Hang-time tangents

(fast-in, slow-out), bounce off the ceiling (bounce-high), bounce off of the floor (bounce-
low), and anticipate and overshoot its positions (see Figures 3.45 - 3.48).
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Figure 3.48: Overshooting tangents
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Figure 3.49: Linear plane animation

Animation Exercise — Tangent Plane

To edit function curve tangency in a more practical example, we’ll control the acceleration
and braking of the airplane model.

1. Setyour project to understanding_maya\Chapter03\animation_tangent_plane.
2. Open the scene animation_tangent_plane_begin.ma.
3. Press play — you’ll see the airplane moving at a constant rate (see Figure 3.49).

4. In Hierarchy mode, select the pursuitPlaneGroup. (You can switch to Hierarchy mode by
clicking the Select by hierarchy and combinations button on the Status Line.)

5. Open the Graph Editor and look at the TranslateZ channel. You will see a set of
keyframes that mark the times when the plane should start, stop at the stop sign, acceler-
ate, and then stop again. Currently, these keyframes are all on a straight line, so there is
only a constant motion from beginning to end.

6. You will select and move the keyframes in the Graph Editor in order to alter the
timing of the animation. First, advance to frame 65 on the timeline. Choose the Move
Tool from the Tool Box (you can also press the w hotkey on your keyboard) so that you
can move the keyframes. Now select the third keyframe, which is at frame 65.

7. In the Graph Editor, some things work a bit differently than in the model view pan-
els. The Move Tool, for example, is used by pressing the middle mouse button instead of
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Figure 3.50: Retiming keyframes three and four

the usual left mouse button. MMB-click-drag the keyframe in order to move its time and
value. Horizontal movement changes the time of the keyframe, while vertical move-
ment changes the value. You should try to get the plane to stop in front of the stop sign by
moving the keyframe to a value of 26.

a. With the third keyframe selected, hold the Shift key on your keyboard while MMB-
dragging down. Watch the Key Value data field in the upper left corner of the Graph
Editor. Bring this keyframe down to a value of 26. (You can type the number directly
into the Key Value field if you like.) You'll see the plane move back in front of the stop
sign.

b. We want to have the plane stop for a few seconds. Select the fourth keyframe (the
one at frame 100) and move it to a value of 26. This means that the value is constant for
74 frames —about three seconds. Notice the shape of your function curve in the Graph
Editor: A flat line indicates a hold during animation (see Figure 3.50).

c. Rewind and then play back your animation. You'll see the plane stop and hold in
front of the sign for a few seconds before continuing on to the end.

Figure 3.51: New keyframe values
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8. Next we’ll get the plane to hit the wall much sooner, so that we have some time at the
end for it to bounce back. Set the time slider to frame 146. Now, select the keyframe at
frame 146. Increase its value in the Graph Editor until itis touching the wall, or 116 units
(see Figure 3.51). (Who the heck puts a brick wall at the end of a runway?!) Play the ani-
mation to see the new result.

9. Instead of allowing the plane to hold for the last two seconds, we’ll make it roll back-
ward a bit. Advance the time slider to 190. In the Graph Editor, select the last keyframe
and move its value down to about 72 units (see Figure 3.51). This time when you play the
animation you’ll see the plane bounce back oft the wall.

At this point you’ve worked out all the key poses and timings of the animation, but the
in-between frames are very stiff and mechanical. It’s time for you to add some finesse to
the animation. When the keyframes were initially created for this animation, they were
created with linear interpolation. This is the equivalent to evenly spacing the in-betweens;
the points between the extremes are evenly subdivided.
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Figure 3.52: Eased acceleration

To create better timing between the keys we need to alter the shape and tangency of the
function curve. Each keyframe has an incoming and an outgoing tangency type and di-
rection. These can be controlled with Bezier handles.

10. Select the keyframe at frame 33. In the Graph Editor notice how the line segment on
either side of this pointis perfectly straight. This means there is no gradual deceleration as
the plane reaches the stop sign. The speed change is very abrupt. In the Graph Editor
menu, click on Tangents > Spline. You’ve made a much gentler speed change (see Fig-
ure 3.52). Play back your animation to see the plane ease into the stop.

Easing-into or easing-out of a position is also known as a slow-in and a slow-out. During
aslow-in the motion cushions gently into a position, like the plane now does at the stop
sign. A slow-out is a gentle acceleration.
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Figure 3.53: The hitch Figure 3.54: Flattened tangents to the rescue

11.Look closely at the way the curve reaches the third key at frame 65 (see Figure 3.53).
Thereisabit of a hitch in the curve, which translatesinto a jerk in the motion as the plane
stops. To smooth this out, we need to flatten the tangency as it makesits way into the key.
To do this, begin by selecting the third keyframe in the Graph Editor. Next, drag a selec-
tion box around the blue handle on the left of the keyframe. This is the In Tangent
handle for the keyframe. Click (in the Graph Editor menu) on Tangents > Flat. This
has smoothed the kink out of the curve (see Figure 3.54). Try playing back the animation
to see the results. You now have a perfect deceleration (slow-in) at the stop sign.

12.You probably want to create a more realistic acceleration after the hold. Currently,
the plane jumps from 0 to 60 in an instant. A slow-out will do just the trick. Select the
fourth key at frame 100 in the Graph Editor. Next select the Out Tangent handle to the
right of the keyframe. Again, make the tangency flat, this time by clicking the Flat tan-
gents icon. Play the animation to see your new improved acceleration.

13. Now, we’ll make the plane bounce sharply oft the wall. This can be accomplished
through fast-in and fast-out tangency for the key at frame 146. To do this, select the
keyframe and then highlight the blue In Tangent handle. MMB-click-drag it down to
about an 80° angle as in Figure 3.57.

14.Select the brown Out Tangent
handle on the right side of the | &
keyframe. Drag its value down to
abouta-70° angle. This will create
a sharp peak as the curve enters
and exits the key. This shape is used
for fast bounces (see Figures 3.55 -
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Figure 3.55: Frame 146
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Figure 3.56: In tangent at 80°

15.Give the final keyframe a nice
slow-in to finish things off (see Fig-
ure 3.58). Play the animation to see
the final results (see Figure 3.59).
Remember, the keyframes
changed very little during the
course of this exercise - it’s the in-
betweens that you really got to do
all the work.
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Figure 3.57: Out tangent at -70°
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Figure 3.58: Soft braking at the end

16.Save your scene as animation_graphEditor_plane.ma.

Figure 3.59: The finished animation
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3.5 Shading — Texture Maps

So far, all of our shaders have used simple RGB values in the color attribute. What if

you want something more interesting? Well, any image file you can create — through

painting, scanning, photography, or image creation programs such as Adobe
Photoshop — can be used as a texture map on your shader (see Figures 3.60).

~ <

Figure 3.60: Texturing an object

By clicking the checker icon next to the Color attribute of a material you will bring up the
Create Render Node box. Choose File from the 2D Textures selector. Now, browse to an
image file such as a jpg, .tga, .tif, or .bmp by clicking the folder icon. (The default place to store
your images is in the current project’s sourceimages folder.) This image now covers the surface
color of the material (see Figure 3.61).

Figure 3.61: File texture in color attribute
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Shading Exercise — Barn Textures

1. Set your project to understanding_maya\Chapter03\shading_barn.
2. Open the scene color_barn_begin.ma.

3. You'll see the barn you created waiting for some tex-
ture to be applied (see Figure 3.62).

4. To begin, open the Hypershade and create a new
Lambert material. RMB-click on the material, choose
Rename from the contextual menu, and rename it
lambertRoof. (Hit the Enter key when you are done.)

5. Double-click the lambertRoof material sample in the
Hypershade in order to open it into the Attribute
Editor. Notice the area called Common Material At-
tributes; this is where we will change the Color attribute from a simple value to a tex-
ture mapped value. To the right of the Color swatch and slider is the Create Render
Node button (the one that looks like a 2 x 2 checker). We are going to connect a file
texture to this input. Click on the Create Render Node button. This opens the Create
Render Node window. With the Textures tab on top, make sure that the With New
Texture Placement box is checkmarked. Now, in the 2D Textures section, be sure that
Normal is the selected mode. Finally, click the File button (see Figures 3.63 and 3.64).

Figure 3.62: Untextured barn

So far you've specified that the material’s Color attribute is going to be mapped to a File tex-
ture. This file texture will be created with a normal, UV-based texture placement utility.

6. The Attribute Editor is now focused on the File node. This is where we can specify
which file to use. In the File Attributes section, look for the Image Name attribute. To
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Figure 3.63: Mapping a file Figure 3.64: Create file Figure 3.65: File selection
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the right of thisis a foldericon. Click theicon to launch
a file browser. In the file browser, find the
sourceimages/markers directory of the current
project. Here you’ll choose the markerRoof.bmp
image and click Open (see Figure 3.65).

7. Your lambertRoof material sample in the Hypershade
isnow colored like the file texture mapped to its Color
attribute. MMB-click-drag the material from the
Hypershade onto the barnRoof01 and barnRoof02 objects.

8. In the perspective panel, click the 6 key on your
keyboard to turn on smooth shading and hardware  Figure 3.66: Textured barn
texturing. You should see the checkerboard pattern

with the word “Roof” on it (see Figure 3.66). The other objects already have textures
applied. These markers are used to help you align the mapping of textures to your ob-
jects. Once the mapping is correct, you can swap the markers for your final textures.

There are two things working together to make your texture map appear correctly on an ob-
ject. One is the place2dTexture placement utility connected to the file. The other is the UV
mapping of the object itself. Let’s take a look at these things and how they work together.

9. In the Hypershade, select the lambertRoof material (a yellow outline surrounds the
selected m