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Introduction

It is the intent of this thesis to show how animation has developed
from a basic cel process as used in cartoons such as those used by
Walt Disney, to modern computer animated processes as used in the

film Terminator 2 (1991). This will illustrate how the limits of the

animation process have been pushed back from a labour intensive,
time consuming process, into one that can achieve photorealistic

results with a fraction of the work.

The film industry has acted as a surrogate mother for developing
animation technology used by Industrial designers. Chrysler cars
and Sony products will be used as examples of how their design

techniques have changed.

This thesis will then discuss how the design process is being limited
by the interface between the designer and the computers being
produced to serve their needs. It will then show how these interfaces

are likely to be transformed in the next five years.

Finally the invention of 'Virtual Reality', a technology that is as yet
largely experimental, will be investigated and its implications for the

design process will be explored.

Animation is the process of conveying moving images to a viewer.
The process has been around since as early as 1877 when Emile
Reynaud began projecting moving drawings onto a screen by a series
of mirrors and lanterns. Animated cartoons date from 1906, but it

was Walt Disney who first realised the potential of animation as a
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means of expression and communication. Disney said : 'Animation
can explain whatever the mind of man can conceive' (28, p. 13).
This statement succinctly shows the potential of animation as a design
medium. Today though cartoon animation only forms a fraction of
the animation work being carried out. The film and design industry

are now the main employers of its techniques.

The boundaries between verisimilitude and that which is termed
reality are constantly being blurred, due to the evolution in the
methods and means of conveying images. This though is not a new
concept to be faced for the first time in the twentieth century. The
Greeks believed that everything was an illusion with the exception of

mathematics. Plato, in The Republic, used his cave theatre as a way

of discussing his theories regarding the nature of reality.

Imagine mankind as dwelling in an underground cave

. imagine a low wall has been built, as puppet
showmen have screens in front of their people over
which they work their puppets .... see, then, bearers
carrying along this wall all sorts of articles which they
hold projecting above the wall, statues of men and other
living things, made of stone or wood and all kinds of
stuff. (22, p. 304).

Plato asserted that the things we see in this world are shadows
projected by 'ideal' objects and beings, of which they are merely
temporary instances. We therefore see an illusion based on reality, a
Virtual Reality. Virtual Reality, many now believe, will be the
biggest revolution in the way we think and communicate since the
introduction of moveable type which enabled printing presses to turn

out books to the masses.



Chapter I :

The Origins Of Animation

Introduction

The animation industry has developed dramatically in recent years.
Historically, animation was produced by hand painting individual cells
which were then filmed. The film industry however soon demanded
more sophisticated model/puppet animation which demanded new
techniques such as stop motion or motion control. These techniques in
turn required new technical advances to compose the individual films
into one thus giving the effect of a single shot. The advent of computers

has helped to reduce animation's more labour intensive costly processes.

In The Beginning
Traditionally animation sequences of high quality were performed
almost exclusively by studios such as Disney, who set the standards with

classics such as Snow White and the Seven Dwarfs (1937) and Fantasia

(1940). These feature length cartoons used time honoured techniques,
which were laborious and time consuming, to handle and develop the
tens of thousands of drawings which were required to produce these.
The basic procedures involved in cartoon animation are :

1 Idea

2 Storyboard

3 Plan Action

4 Record Sound
S Layout

6 Animate

7 Test



8 Background

9 Trace

10  Paint

11 Check

12 Photograph
13 Edit

14  Dub

IS Negative Cut
16  Print

These procedures involve a lot of drudge work. The character or scene
was first drawn in one position, known as a cel, then the scene was
redrawn with a slight movement, making the second cel. Each frame or
cel must then be checked by 'flipping' to determine the accuracy of
movement and timing, in a photographed pencil test, before the final
painted cel is filmed. A partially painted cel taken from an Emerald
City Production (based in Dun Laoghaire Dublin) is shown in

[Mlustration 1.

Flat hand drawn 2D animation such as these only form a tiny fraction of
the animation sequences being seen on our big screen today. Special

effects sequences such as those used in 2001 A Space Odyssey (1969)

and Star Wars (1977) are completely dependent on animation, using

techniques very closely approximating to those of cel animation.

George Lucas' Star Wars created a film effects revolution when it was
released in 1977, spawning the state of the art in film animation

techniques. Lucas set up a new special effects studio in the San
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Mrs Otis : Emerald City (1989)

Hlustration 1



Fernando Valley to bring his visions to life, and named it Industrial
Light and Magic (I.L.M.). The L.L.M. team used many specialist
techniques to bring scenes to life, some of them being closely linked to

cel animation.

Stop/Go Motion

One such technique is Stop Motion Photography which takes advantage
of the fact that movies are actually a succession of still images that,
when projected quickly enough, allow us to perceive the images as one
continuous motion. Stop Motion is then a variation of cel animation,
except in 3D, and usually employs miniatures or puppets which are
photographed one frame at a time. In between frames, the objects are
manipulated through portions of a movement, such as walking or
running. This manipulation required the use of pointers to determine
the amount of adjusting required between photographs, this can be
seen in Illustration 2 which shows Snow Walkers being animated for

The Empire Strikes Back (1980). Many problems arise with this

process. The scenery and other props must not be disturbed in the
adjusting process and if any mistakes occur in this, or the movement of

the models everything has to be reset and done again.

Another process, similar to Stop Motion, that was developed by the
LL.M. crew is Go Motion. This process uses puppets which perform
continuous movements with the aid of computer controlled motors.
When these puppets are filmed the camera can expose the movement as
it occurrs and thereby film the blur that had been missing in traditional
Stop Motion cinematography. As a result the scene is much more
realistic. This technique was first used to critical acclaim in the film

Dragonslayer (1981).




Snow Walker scene from The Empire Strikes Back (1980)

[Mlustration 2






Motion Control

Yet another technique that was used to great applaud by I.L.M. was
Motion Control. This is the technique by which things, such as space
ships are made to appear to race towards us, through a starry sky. This
effect is achieved by moving a camera down a long track, sometimes up
to 60 feet long, towards a relatively stationary model. This will permit
a mere speck of a model to race towards us and pass by mere
centimetres from the camera. The cameras for these shots are mounted
on a crane on tracks, all of its functions, including focus, being

controlled by a pre-recorded computer program.

Matte Painting

These effects shots already mentioned often require dramatic
backgrounds which do not exist in real life, or backgrounds that need to
be enhanced. This is often achieved by a technique which has been
around since as early as 1905. The processes involved are highly
skilled, but basically involves painting a scene onto a blank piece of
glass. This is depicted in Illustration 3 which shows a scene taken from

Return of the Jedi (1983). The blank spaces on the glass are then

overlaid with live action to produce the final composite shot shown in

Ilustration 4.

Rotoscope Camera

How then are such effects as laser flashes and lightning created on these
films? This task falls to a camera known as the Rotoscope which
operates in a format very similar to that of cel animation. The camera
usually operates as a projector, projecting the film's image onto a flat
work area. The artist works on a clear plastic sheet known as a cel,

which is specially located in place. The artist then traces the required

-8 -



Matte Painting from Return of The Jedi (1983)

[Hlustration 3
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Composite Shot from Return of The Jedi (1983)

[llustration 4
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part of the image onto the cel, which is later animated. After each
frame is traced the film in the camera will be advanced to the next
frame which will show the image in a slightly different position and the
image is traced onto a new cel. The process is then repeated until a
stack of cels are produced corresponding to the particular scene. These

cels are then overlaid by the Optical Department onto the live film.

Optical Compositing

All the animation techniques which have been described, and there are
many more, are carried out in isolation. They must however be
transferred onto the final reel of film to be shown in the cinema. The
process used to achieve this is known as Optical Compositing and makes
use of a machine known as the optical printer. An optical printer, as
shown schematically in Illustration 5, is basically a camera mounted at
one end of a solid support, with one or more projectors pointed towards
it. Film passes through the projector and the camera re-photographs it.
In this way several different layers of film can be composited onto a
single film, creating the illusion that they were all filmed in a single

take.

One of the inescapable conclusions that can be drawn after examining
the animation processes just outlined, is that there is a great deal of
expensive, time consuming and tedious work involved. These are some
of the main contributing factors that have led to the increasing usage of
computers to speed up this process and make it cheaper. Originally
computer animations suffered from 'jagged' motion and lack of
naturalism in movement, but this is now becoming a thing of the past
with the advent of new, more powerful technology, providing

higher resolution and more fluid movements. These systems are now
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beginning to replace the more expensive end of animation, like

inking, inbetweening of frames and stop motion scenes in film.

Perceived Problems In Computer Animation

Objections to computer animation originate from the fear that the
computer will eliminate the role of the craftsman by taking control, like
Hal in the film 2001 (1969). Another fear is the absence of skilled
handwork which would require less talent than the more traditional
forms of animation. However, nothing can replace a strong imagination
or good design appreciation. Similar objections were raised when
photography was first discovered and used as an art form. This point is

illustrated by Alvey Ray Smith of Lucasfilm :

The camera was an incredible development in its day, but
now nobody gives a second thought to picking up a
camera. And it's going to be the same with computer
graphics, I suspect. First there will be a love affair and
then everyone will settle down to making artistic use of
the new language of images that are provided. (25, p. 198).

The underlying view by people opposed to the computer is that it is a
law unto itself rather than a progression of inventions and technical
advances by humans who are responsible for their use and abuse. Since
computers, so far, do not have the ability to fully think for themselves
they cannot, as yet, threaten the artistic process or be the actual
designer. No good design comes easy, no matter what equipment is
developed. Computers are not yet capable of using trial and error
procedures like humans. Like a ruler, the computer is a tool which acts
as an aid, and extends the capabilities of the hand and brain, allowing

complex actions to be undertaken.
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Summary

The arrival of computers has made a big impact on the animation scene
by reducing costs, laborious work and improving special effects.
However, the computer has created a fear that the skills required for the
more traditional animation procedures will be lost and that the

computer will assume control.
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Chapter II

Computer Animation And The Film Industry

Introduction

When computers were establishing themselves within the film industry
they had a combination of problems; their lack of processing power,
low resolution and film makers reluctance to use them. The
breakthrough happened when the computers became advanced enough to
cater for scenes which the film makers required and only the computer

could produce.

The Early Days

Back in 1974 Dr. Ivan Sutherland went to Hollywood after forming a
consortium; the Picture Design Group. The group was formed from
computer buffs and two experimental film makers. Sutherland was a
computer graphics pioneer and had devised the first interactive digital
graphics program. His aim was to persuade the Hollywood industry to
take on board his vision of a 3D animation system. In 1974 though, this
was the material from which science fiction movies were made and the
computer hardware was just not powerful enough or advanced enough
for the job required. Attitudes towards computer animation tended to
be relegated to the realms of fantasy, until early in 1989 when the tide
quickly, but positively changed and a record number of films using

various digital effects sequences were produced.
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Today animation processes are becoming increasingly dominated by the
use of the computer. The first film to employ computer generated

images for any length of time was Star Trek : The Wrath of Kan

(1982), the genesis sequence, which lasted only a few minutes, was
completely animated with the use of computers. Initially computer
animation sequences were limited to bit parts as in Star Wars (1977);
most of the special effects being performed by models using motion
control. The only exception to this was Tron (1982) which used
fifteen minutes of computer generated effects which were produced by
MAGI SynthaVision, it was however still heavily dependent on matte
painting and live action. A scene from Tron is depicted in Illustration
6, but it is easy to see that the forms generated are very basic and

geometric.

Since then a series of major films have incorporated various sequences
which are heavily, if not totally, dependent on computers to produce
them. Films such as Star Wars (1977), Tron (1982), The Abyss (1989),
Willow (1987), RoboCop 2 (1990), Total Recall (1990), Arachnophobia
(1990), Ghost (1990), Flight of the Intruder (1991) and the biggest of

them all Terminator 2 (1991). Computers are not only taking over in

the feature film end of animation, but also in the 2 Dimensional world
of feature length cartoons, with computers being used to generate 3D
backgrounds which are overlaid with 2D hand animation as in Disney's

latest release, Beauty and the Beast (1991).

Unfortunately Tron was not a box office success, this was probably

more attributable to the acting and the story than to the special effects.
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Sequence from Tron (1982)

[llustration 6
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Due to its failure at the box office, producers became very reluctant to

use computer animation again.

Breakthrough

Film makers who were trying to produce ever more dramatic scenes for
films soon realised that it was impossible to achieve results of the
proper quality using traditional animation techniques. These difficult
scenes largely resulted from the need to produce animated, believable
humanoid forms, i.e. a synthetic actor. Synthetic actors that act like
humans are basically impossible to produce with hard models, as they
are of an organic form and require fluid movements. The only answer
to this problem is the use of computer animation. The pioneering

film that brought a synthetic actor to the big screen was The Abyss
(1989) directed by James Cameron. The Abyss featured a watery
computer generated pseudopod that mimiced the expressions of a human
face. The sequence, which lasted two minutes, is shown in Illustrations
7 and 8 and proved just what could be done with computer animation by
showing that synthetic actors could be incorporated into films. It only
took until the summer of 1990 before the next synthetic actor hit the big
screen, in the form of an animated face on a computer screen. It
belonged to a junkie cyborg in RoboCop 2. In the same summer the
blockbuster film Total Recall employed yet more animated human
characters, this time in the form of skeletons walking and running

behind a giant X-ray screen of the future.

The 1mages for the screen were created by Metrolight and they had to

be computer animated as it was impossible to generate an image that
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The Abyss Pseudopod Sequence (1989)

[lustration 7
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The Abyss Pseudopod Sequence (1989)

[llustration 8
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looked like an X-ray yet moved like a real person. Skeletons could have
been employed using stop and go motion, but the variable transparency
look of an X-ray would have been impossible to achieve. Even though
Total Recall represented yet another step in the use of animated
characters on screen the models created were of skeletons having hard
edges, and did not have to perform facial expressions as do normal
characters. Even in The Abyss the head was not meant to look like flesh
but a watery pseudopod and in RoboCop 2 the character only had

an animated face, not a full head. The problem with animating
characters says Charlie Gibson of Rhythm and Hues, a Hollywood based
animation studio, is that the closer an animated character gets to reality

the more unrealistic it looks.

When you get something looking 88 or 90 percent
realistic, the little nuances that you want to see from a
human aren't present, and it begins to take on an
extremely creepy appearance. (21, p. 62).

Overcoming The Problems

The problem with any human animation, but more especially facial
animation, is that people are experts on the way a human should move
and what it looks like. The recognition of facial expressions is one of
the first skills we develop as a child. As a result the public has very
high expectations, but animated characters have now been created which
can live up to these standards. Two such characters have been shown at
the Annual Siggraph Conference in 1989. The conference provides a
platform for exhibiting all the latest developments in the computer

graphics industry. One character, Lotta Desire, in a scene from

D



Stills from The Little Death (1989)

[llustration 9
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The Little Death (1989) displayed her natural shape, as can be seen in

Illustration 9, and demonstrated her smooth breathing motion. The

other Dozo, in Don't Touch Me (1989), showed that it was possible to

make a character sing and perform complex dancing motions.

Bearing in mind the critical standards of human perception, James

Cameron took a huge gamble when he decided to produce his sequel to

Terminator (1984). The history of Terminator 2 (1991) began two
years earlier on another Cameron film The Abyss. The shimmering
gravity defying pseudopod, previously shown in Illustrations 7 and 8,
which could mimic human faces, proved to Cameron that computer
graphic technology had reached the critical break-even point in terms of
cost, time and effort. This scene convinced him so much of the
technology's potential that he felt capable of writing the script of

Terminator 2 around the idea of a computer generated robot; the

T1000.

An Effects Revolution

The T1000 was conjured up out of bits and bytes by the Industrial Light
and Magic (I.L.M.) team, the special effects facility spun off from
George Lucas' Star Wars. Denis Aurren, the effects supervisor for

Terminator 2 who worked on The Abyss, said that before this an effects

scene could be dropped from the film if it didn't work, but the

computer animated scenes in Terminator 2 were integral to it. The

scenes were first storyboarded and then computer graphics were
generated as required, which is opposite to the way these images are

normally produced. The daunting task facing the I.L.M. team was to

-9 .



Metamorphosis of T1000 : Terminator 2 (1991)

[1lustration 10
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Still from Terminator 2 (1991)

Ilustration 11
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create a chrome character. The T1000 was supposedly made from a
'poly alloy', allowing it to transform from one shape to another, as
shown in Illustration 10, where it transforms from a woman into a
policeman. It can also walk through fire, self heal bullet holes, pass
fluidly through bars; the latter is presented in Illustration 11 and

ultimately be spectacularly destroyed in a vat of molten steel.

It is apparent that technology has now improved with regard to the
production of animated characters. Many specialist software programs
were also written throughout the film to boost existing programs or
totally new ones such as 'Make Sticky', to achieve scenes that had never
been attempted before, such as that of passing through the bars in
[lustration 11. The computer technology though was not just confined
to animation sequences, it was also used in several scenes such as
removing wires in a scene where a motorbike is suspended from a crane
and to reverse a scene which was filmed from the wrong side. It is
evident that a pixel has the capabilities to do almost anything and it

drastically reduces the amount of drudge work involved in animation.

The task of building a computer generated man from head to toe began
with the process of painting a grid on Robert Patrick (who plays the
T1000 when in policeman disguise) and shooting him with synced
cameras from the front and side for days so that they could study his
mannerisms. Four models of the robot were created, each mainfesting
increasingly greater detail. The first model looked like a 'blobby man'
made out of mercury, as seen in Illustration 12, while the fourth was a

nearly exact metallic replica of the actor, down to the wrinkles in his
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'‘Blobby Man' from Terminator 2 (1991)

[llustration 12
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Fire Sequence from Terminator 2 (1991)

[llustration 13
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T1000 Metamorphosing from a floor : Terminator 2 (1991)

[llustration 14
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Still from speaking scene : Terminator 2 (1991)

[llustration 15
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police uniform, as shown previously in Illustration 10. These

models were to be used with an amazing effectiveness in a scene that
displays the T1000 invincibility; it walks calmly out of a blazing
wrecked truck, the surroundings reflected perfectly on it's body, as
depicted in Illustration 13, and gradually transforms into the actor
Robert Patrick as it walks away. Illustration 13 also shows a computer

operator working on this scene.

A series of scenes occur throughout the film where the T1000 evolves
into various forms. One of the most dramatic of these scenes is shown
in Illustration 14, where the T1000 masquerades as part of a
checkerboard floor and then transforms itself into a copy of an
unsuspecting man. The robot also performs a first in the film industry
and speaks. The scene occurs when the robot liquefies, flows into a
helicopter and speaks while in metallic guise; the latter is depicted

in Illustration 15. The robot tells the terrified pilot to, 'Get out'. The
scene was accomplished by scanning Robert Patrick's head with lasers
while he pronounced 'Get out', one phoneme at a time. A technique was
then developed whereby only the bottom part of the T1000's face was
animated as his sunglasses kept creating a jittery movement. The data
from the scan was then transformed into patches and interpolated

through key frames to perform the mouth movement.

The most complex scene of all though happens when the T1000 falls
into a vat of melted steel and changes through all the forms it has taken
throughout the movie. A close up of this scene is realised in Illustration

16; Steve Williams, the chief computer animator, can also be seen
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Vat scene from Terminator 2 (1991)

[llustration 16
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working on this sequence. The concept was that the T1000 was short
circuiting so heads and hands were popping out from anywhere. Steve
Williams said : 'Andrew Schmidt and I used every trick in the book for

that, including the kitchen sink '. (26, p. 61).

Many of these animation scenes throughout the film were heavily
dependent on a technique called morphing. The technique was first
developed by I.LL.M. for the movie Willow (1987) to transform animals
from one species to another. The basic process of which involved a two

dimensional image wrapping technique.

The box office success of Terminator 2 provided the turning point for
computer animation opening the floodgates on a film effects revolution,
and doing for computer animation what Star Wars did for motion
control technology in model animation. It has often been said that if
Disney's Tronhad been a box office success back in 1982, animation
technology would have been fully embraced back then. The reality of
the matter is that the technology at the time was just not up to peoples
expectations. The technology also suffered from a considerable amount
of user resistance; directors preferring to work with something they
could touch and feel such as motion control models as opposed to
computer animation. However it is now getting to a stage where
animation sequences can be storyboarded on computer screens

allowing the director to use a mouse and to move camera angles and
backgrounds, to produce the desired composition. The animation firm
will then go and produce the sequence knowing exactly what is

required.
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In present circumstances using hand drawn storyboards, this scenario is
not possible and the animation firm will produce the scene from
whatever angle is easiest for them to work, resulting in scenes that are

usually much less dramatic than was originally intended.

The argument though that was most commonly placed against usage of
computer animation is the costs involved. According to Variety

magazine Terminator 2 (1991). (26, p. 62) cost more than $100 million

to produce, making it the most expensive film ever made. This cost
though cannot be totally blamed on the digital effects, the undisclosed
fee for the computer animation being a relatively small amount, when

sequel rights and actor fees are taken into account.

Summary

Although computers initially had only 'bit' parts in film they now
should be regarded as being capable of achieving just about anything
asked of them. Unwanted parts of a film can be digitised out, scenes can
be reversed and unbelieveable shapes can be conjured up and made to

perform any task. Animation has at last come of age.
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Chapter III

Computers For Design

Introduction

Computers are rapidly expanding their applications from film animation
into other areas of design. Industrial design requires a system which
can cater for both its engineering and artistic aspects. Computers can
now provide this and have advanced to the stage where they can even

produce finished models for testing and tooling from.

From Fantasy To Reality

The film industry is not totally isolated but is very closely linked to all
the other areas of the design professions. The design process used in
film follows through the same principles of concept ideation, refinement

and final execution to achieve a particular end result.

The film industry however has one major advantage over all the other
design professions, it is a multi-million dollar business that it is willing
to take the risk of investing large sums in developing specialist
equipment to create particular scenes in a movie. This point has already

been exemplified in looking at the development of Terminator 2 (1991)

The design industry can only gain by this development of ever more
sophisticated means to generate images for communicating with. This
spin off effect from the film industry is clearly illustrated by Colin
Cantwell, president of Crystal Chip Inc. Cantwell formerly worked in

motion picture special effects for films such as Star Wars (1977) and
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2001 (1969). He has now developed a computer package for displaying
architectural designs in the environment in which they would be built.
This allows the client a more realistic feel of what the designs would
look like. An example of his architectural rendering can be seen in

Ilustration 17.

Commenting on his early education in the film indus