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ABSTRACT

ARTICULATION CONCERNS FOR SPECIFYING GENERIC CLASS
CHARACTER ANIMATION

Martin Hash
Oregon Graduate Center, 1989

Supervising Professor: James R. Goecks

Articulation tools are required by animators for creating the motion assumed by
computer generated characters. The global concept of specifying hierarchial articulated
motion is termed a "scene editor” in this paper, and allows a traditional animator to
specify reusable character actions across a "Class" of characters. Different character
dimensions are handled invisibly to the user. The hierarchial nature of connected body

parts is treated as an integral part of the process and poses special problems and
advantages.
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i INTRODUCTION

The seed idea for this project germinated in 1983
as a result of my introduction to the crude computer
graphics of the Commodore VIC 20 home computer. At that
time, computer animation was a rough, two-dimensional
affair, run with too 1little memory in too much time.
Commercial use of computer graphics was starting to
mature, but the major thrust of such efforts was
mathematically based. The narrow range of things these
first "computer animation systems" could do were
exploited almost beyond their ability to recover from
the stereotype they engendered. Character animation,
what some people call "Disney-style" animation 51 Was
almost totally ignored and the few major projects doing
work in this area were far beyond the knowledge or means
of the traditional artist. The thrust of my interest
lay in character animation because with it someone could
actually tell a story. Computer animation, in my view,
is not an end in itself, but instead a means for the

creativity of people to be loosed The computer

3 .5°
should take over the mechanical portion of producing an
animated story; the artist/writer should provide the

creativity.

N



The kind of animation we are concerned with fits
the traditional definition of ‘"character animation", a
very powerful story telling medium. The treatise
covered here 1is the application of the computer to

character animation 6 There are three

7 8 9 10 13°
general categories of computer graphics for the artist:
stills, two-dimensional animation, and three-dimensional

animation.

"Saturday-morning" character animation is perceived
as being two-dimensional, but in reality is three-
dimensional in scope: as a character turns towards the
camera, new topographical information is presented X
So-called "2-1/2D" animation exists where 2D characters
can overlap each other but no topographical change
occurs. I think the true distinction of three-
dimensional character animation is topographical change,
whether or not shading exists. Three-dimensional
character animation therefore requires articulation of

movement in three dimensions.



A computer animation program can be divided into
three distinct parts: a '"scene editor", an "object
editor", and a "renderer"’ Much work has been devoted
to the final phase of this triad because it is the "eye-
candy” that motivates computer art 12. Object editors
have received more attention in the academic environment
where it 1is recognized that being able to produce any
object in a standardized manner is desirable. However,
relatively little effort has been expended on a scene
editor, which provides movement articulation and is the
phase used by the animator to specify the scene’s
activity 18 Other scene editors have been developed
11, but this is the first to be implemented fully on a

microcomputer. It is also the first to utilize "figure

substitution” and "libraried actions".

This paper explains the concept of a "scene
editor", and explicitly describes one which I have fully

implemented in a commercial product.



Contrary to existing computer animation systems
where every object’s motion 1is explicitly defined, I
think object activity should be implicit and independent
of the object representation so that the defining of a
"Choreograph" is an abstraction. The Choreograph should
be able to combine different kinds of objects and
activities with most differences 1invisible to the

animator.



1.1 TERMINOLOGY

A Bone is the fundamental component of a single
non-articulated object, independent of representation
technique.

A Figure is the hierarchial binary tree
construction of Bones that represents articulated
objects.

A Class 1is a group of Figures with the same
hierarchial connectivity.

An Action is a generic movement of any Figure in a
Class, and can be libraried for future use by any member
of that Class.

A Script is a series of Actions associated with a
Figure.

A Character is the hierarchial binary tree
construction of Figures. A Character can be as simple
as one Figure, or composed of many Figures.

A Choreography is the interrelated activities of
all the Characters in a play, plus technical control
such as camera motion, 1light source positioning, and
focal length.

A Vignette is a rendered Choreography approximately
one half to fifteen seconds in 1length. A full length

animation is composed of hundreds of vignettes.



Objects can be represented in the computer in a
variety of ways: 20

polygonal /triangular meshes 14
mathematic primitives (CSG) 1 24

1 n n

mathematic surfaces ("patches") 15 19
mathematic phenomenon (fractals) 22
particle systems (stochastic processes) 4 16
octrees 23
explicitly ("hashnigue")

others

As with most things, each method has its advantages
and disadvantages. The mathematical-based
representation techniques predominate and produce most

of the computer animation we are familiar with.



2. THE SCENE EDITOR

Three-dimensional computer articulation animation
systems, '"scene editors", are divided 1into three
categories by Zeltzer: guiding, animator 1level, and
taék-level 25' Guided systems consist of a 1list of
objects with associated 1lists of transformations.
Animator level systems specify movement using
algorithms. In task-level systems the behaviors of
objects are defined as events and relationships; it is
also called "actor-based" animation. My scene editor is
a guided system by this definition.

To explain a scene editor we first need to break
traditional animation into its component parts. A good
artist does not necessarily make a good animator. An
animator must understand how things move; how to make
twelve slightly different pictures 1look 1like natural
motion for one second. Once an animator has discovered
the leg and arm motions of a particular person running,
he can extrapolate that knowledge to any person running.
But in traditional animation, only the knowledge can be
transferred: there 1is no mechanism for applying walking
motion to any character mechanically. A library of
sorts can be formed by an animator so that all an artist

need do is design the character, then pick and choose

11



perform from the library.

The artist would need to know about the library
motions in advance so that the character could be
specifically designed such that the motions would look
natural. This implies that the component parts that a
character is made up of must somehow fit into the
framework of the motion. For example, if the motion was
designed for a man walking and the man has pivots at the
elbows and knees, then the new character needs also to
pivot in the same places, (this is the concept of a
"Class"). You could consider the motion to be designed
for a skeleton composed cf jointed bones over which any
flesh could be assigned.

Once there is a substantial 1library of relative
motions, or "“Actions", built up, a story-teller could
pick and choose a skit for a given set of Characters.
We now introduce absolute motion. Consider, for
example, if asked, "Do you know how to walk?" You would
say "yes" even though I did not specify which direction
you were to walk, how fast or how far. Of course, there
are many different kinds of "walks": i.e. bouncing, sad,
rotund, etc. For a library of actions to be general, it
cannot be dependent upon variables such as speed,
distance or direction. These specifications compose
what I call absolute motion. The user must calculate

the proper absolute motion to prevent a Character that

12



is walking from appearing to be ice skating; meaning if
a Character’s "walk" Action makes the feet separate 20

units each step, the Absolute movement of the Character

should also be 20 units per step.

13



35 SKELETAL REPRESENTATION

Because a scene editor has no knowledge of the
object representation technique used by the rendering
process, it must have its own internal method of
representing objects and their relationship to each
other. The fundamental building block I call a "Bone",
which is simbly represented as a vector defining the
distance from the pivot to the major axis of the Bone.

Bones have the following components: reflection
constants for 1lighting, the Bone name, the Bone’s
position in relation to its parent, the end points of
the Bone vector, rotational constants defining the
Bones’s initial orientation, pointers to the adjoining
Bones in the Figure, and pointers to adjoining Bones if

Figure substitution occurs, (discussed later).

struct Bone {

float specular, /* reflection */
diffuse;
char bonename[ STRINGSIZE];
Coordinate position, /* relative to parent */
extentl, /* vector */
extent2;
TSR ts1r; /* transformation */
struct Bone *progeny, /* binary tree */
*sibling,

*hierprogeny, /* substitution links */
*hiersibling;

14



Characters are composed of Figures, which in turn
are composed of Bones. A Bone would be a fundamental
moving part of an object. Consider modeling a person’s
head: the Bones would be the skull, 1lips, Jjaw, ears,
eyelids, eyes, and eyebrows. This combination would be

a Figure.

PATRIARCH

relvis

torso

Bones combines to form "Figures"

If the head Figure were a single part of a larger
construction, (a whole body), and the body was similarly
divided into Segments such as thigh, calf, forearnm,
torso, pelvis, foot , etc., the combination of Figures
is called a "Character". The differences are subtle
since a single Figure is also a Character. Consider the

following example.

15
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A biped Figure is designed that has an articulated
head as an integral part of the Figure. In this case,
the biped 1is both a Figure and a Character. A "walk"
Action is designed for the biped and saved in a library,
(an Action is the computerized definition of motion, see
next chapter). Later, the biped needs to be able to
walk and say the word "hello" simultaneously. Another
Action is designed and saved in the library. Later vyet,
the biped needs to be able to walk and say the word
"bye" simultaneously. As can be deduced, this could go
on endlessly, even though the "walk" Action is the same
in all three cases.

I propose a better way to construct a biped is to
design the body without an articulated head as one
Figure, and another Figqure which is an articulated head
that could be substituted onto the beody as needed. The
head’s Actions are independent of the body’s Actions,
hence the body could use a universal "walk" and the head
could have Actions for the words "hello" and "bye". 1In
this case, the combination of the two Figures is one
Character. The power of this concept allows a
relatively small set of libraried Actions to generate a
great amount of combinatorial motions, and many
different Characters can be constructed from a small set

of Figures.

le
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Figures combine to form "Characters"

The software structure used to represent this
concept is constructed as connected binary trees. It
contains a list of absolute movement for the Figure, the
name of the Figure, a pointer to the root Bone, a list
of relative Actions for the Figqure, and pointers to

adjoining Figures in the binary tree.
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struct Figure {

Action *action; /* defined later */

char figurename[ STRINGSIZE];

Bone *patriarch; /* root of B-tree */

Script *script:; /* defined later */

struct Figure *progeny, /* binary tree */
*sibling:

I used hierarchial object connectivity utilizing
Bones in a successfull software program called,

"ANIMATION:Apprentice", initially released in May 1987.



4. ACTIONS

After a Figqure is created, the intended Actions of
the Figure can be specified and saved in generic "Class"
libraries for use with all Figures in the Class. A
Class is defined as all Figures with the same
connectivity.

Actions are saved as key frames with the
intermediate or '"between" frames interpolated between
them. This is important because a walking Action must
accommocdate a range of speeds. For example, a "walk"
may have been defined for a person traveling at 6
feet/second, but the animator wants his Figure to "walk"
at 10 feet/second. By using key-frame-timing, the same
walk can be used at any speed. Animation does not
rigorously- follow physical 1laws, so dgreat leeway is
given for this concept. Also, remember that a light,
springy "walk" is different from a slow, dejected "walk"
and should be defined differently.

All TSR, (translate, scale, rotate), variables and
the keyframe timing associated with these variables are
defined interactively by the animator using the
Apprentice "Action" module. Actions are really a series
of SubActions connected as a list for each Bone in the
Figure. For example, the left forearm Bone would have a

SubAction list specifying:

19



