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CHAPTER
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CINEMA 1S NOW OVER A HUNDRED YEARS OLD. THE INVENTION
OF PHOTOGRAPHY IN THE NINETEENTH CENTURY MAY HAVE
PROVIDED THE VICTORIANS WITH A REMARKABLE MEANS OF
RECORDING REAL-LIFE IMAGES, BUT IT WASN'T LONG BEFORE
THEIR CURIOSITY CREATED THE FIRST MOVING PICTURES.

At first, the wonder of moving pictures, no matter

how dull the deeds they showed, was enough

to entertain and amaze. But the ordinary

subjects of these early ‘flickers’ could

not satisfy imaginative audiences,
eager for the drama of the stage or
the fantasy of the page. This led
to the development of ‘trick
photography’, which was used
with
visions of trips to the moon

to astound viewers
and journeys in flying cars.

As the moving pictures
developed, ‘special effects’
grew increasingly sophisti-
cated to match changing audi-
ence expectations. What thrilled
in one decade seemed quaint and
creaky in the next. The animated
dinosaurs of The Lost World (1925)
would have made audiences of the
1950s laugh, just as the monsters of the 50s
held no terror for viewers in the 80s.

This chapter provides an overview of the
development of special effects in the cin-
ema's first century, decade by decade. Later
chapters examine specific special effects techniques in depth,
showing how they have helped to make cinema the most popular
and influential form of entertainment.

A hand-painted magic lantern slide
dating from the 1800s.

THE PREHISTORY OF CINEMA
Cinema has many ancestors. In Europe, the period from the
Renaissance to the eighteenth century saw a revival of interest in the
visual arts, architecture and the theatre. Painting and theatre were
married in the ancient art of shadow puppetry, ombres chinoises
(*Chinese shadows’), which came to Europe from the Far East in the
late seventeenth century. Its popularity led to the emergence of light
shows of all kinds. The panorama, for example, devised and
patented by the Scottish artist Robert Barker in 1787, told a story
by allowing the audience to view different parts of a paint-
ing in stages. At about the same time, the German-
born British painter and stage designer
Philippe de Loutherbourg developed the
Eidophusikon, a sequence of paintings
exhibited in a theatre, complete
with lighting and sound effects to
enhance the drama of the scene.
Louis Daguerre, one of the
fathers of photography, devel-
oped another idea with his
Dioramas, which were popu-
1820s.
These were paintings made

lar in Paris in the

on several layers of transpar-
ent gauze, each of which was
hung and lit separately, one in
front of the other. By dimming
the light on one gauze layer and
raising it on another, primitive yet
effective dissolves could be made
from scene to scene.
A popular attraction during the Renais-
sance was the camera obscura (meaning
‘dark room’). For centuries it had been noted
that a small hole in the wall of a darkened
room would permit an inversed image of the
outside world to appear on the opposite wall. (This process would
later be adapted to produce the pinhole camera.) In the mid-1500s,
patrons would crowd into a darkened room to see moving images of



the outside world that had
been focused and turned the
right way up with the use of
crude lenses.

By the seventeenth cen-
tury, the camera obscura’s
principles had been adapted
to produce the magic lan-
tern. A light source (the
‘lantern’) was used inside the
darkened room to project
images through a lens onto

the wall, in the manner of a

slide projector. Scenes were
painted on glass ‘sliders’

® (strips of glass that slid

between lens and light source
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just like modern slides) and
W

A
were manufactured on a

The Zoetrope, popular in Victorian times,
showed animated sequences through
slits in a rotating drum.

large scale. In the nineteenth
century the magic lantern
reached a peak of refinement.
Dissolves could be achieved by using dual lanterns to project images
on to the same spot. One image would slowly be replaced by another
by controlling the amount of light in each of the lanterns. Slides
were manufactured with images on several layers, and by moving
them illusions such as beheadings and beatings could be achieved.
From such optical tricks came the next step in the development of
the moving pictures that were to dim the lantern and put its static
magic in the shade.

The new magic of movement would not have been possible with-
out a peculiarity of human sight. The human retina registers an
image for a fraction of a second after it has gone from view. Called
‘persistence of vision’, this is the principle that makes a rapid
sequence of slightly differing images seem real and continuous. The
principle was first noted by the ancient Greeks, and in the nineteenth
century it inspired the development of a succession of ‘scopes’ and
‘tropes’ - visual toys with names derived from Greek roots. The
most famous of these was the Zoetrope. A popular parlour toy from
the late 1860s, the Zoetrope consists of a drum with a sequence of
drawings around the inside, which can be viewed from the outside
through equidistant slits. The drum is spun, and persistence of
vision causes the slits to merge into one, while the drawings coming
into view create the impression of a moving image: a man turning a
somersault, for example, or a bird flapping its wings.

There were many other optical toys at the time that worked on
the same principle of revealing and obscuring images at a rate that
made them appear to have motion. Developed by Reynaud and
patented in 1892, the Théatre Optique used a light source to project
sequences of varying images, each of which had been painstakingly

hand-painted on to a strip of translucent material. The system
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produced what we would now call a cartoon, but did not involve any
form of photographic process.

The first fledgling photographic processes, developed at the
beginning of the nineteenth century, involved light-sensitive emul-
sions requiring long exposure times to capture any permanent
image, and so were not suitable for shots of moving images. It was
not until the 1870s that emulsions sensitive enough to take a pho-
tograph in a fraction of a second became practically available,
although the creation of moving pictures was still hampered by the
fact that a single photographic plate was needed for each picture.

An Englishman working in San Francisco under the unusual
name of Eadward Muybridge (originally Edward Muggeridge) devel-
oped a system of individual stills cameras set alongside a track to
record the normal movement of men, horses and other animals. His
photographs, and the pioneering studies of the Frenchman Etienne
Jules Marey (who invented a kind of photographic machine gun),
were a major advance in the development of motion picture appa-
ratus. They projected their pictures by slotting photographic plates
into large revolving discs, in a device similar to a magic lantern
called the Zoopraxiscope. If celluloid had been available in 1879,
the birth of cinema might have been quicker and calmer.

The development of a sensitized strip of celluloid film by Kodak
founder George Eastman in 1888 marked an end to calm. From then
on inventors in Europe and America vied with one another to patent
cinematic devices, and studied each others’ patents with equal
frenzy. Friese-Green, Edison and Dickson, the Lumiéres, Le Prince -
who would be first? Cinema was finally born in 1895, when the first
successful method for filming and projecting moving pictures, the
Cinématographe, was pub-

licly exhibited in Paris by

the Lumiere brothers.
However, like all new
arrivals, it owed its
existence to many
forebears.

Eastern shadow puppets were
one of the precursors of
cinema. This example is
from Java in Indonesia.




SPECIAL EFFECTS
ISTORY AND TECHNIQUE

WHAT THE NINETIES SAW
By the end of the 1880s, all the elements required to make was raised, the camera was stopped so that the actress could leave the

filmed the Queen as she knelt before the executioner. After the axe

moving pictures had fallen into place. In the United States, Thomas scene and be replaced with a dummy. When filming resumed, the axe

was dropped and the Queen's head appeared to be sepa-

rated from its shoulders. Such stop-action techniques
would remain at the heart of special effects production for
I the next century.

: It was quickly recognized that if the moving images
: could be projected on to a screen, a paying audience
: would gather for each display. The answer was sought ir
the magic lantern, and was found by two French brothers
‘ - whose surname, appropriately, means ‘lamplighter’ -
' Auguste (1862-1954) and Louis Lumiére (1864-1948)
' ] The Lumiéres devised the Cinématographe, which servec
§ as camera, film printer and projector. The cinema hac

{ come, albeit silently, into the world.
i . The Lumieres initially felt that their invention woulc
k. be part of a passing craze and decided to exploit it for
-1 short-term financial gain. The brothers gave the firs!
2 public exhibition of their small repertoire of short films a!
. the Grand Café on the Boulevard de Capucines, Paris, or
28 December 1895. Early films included A Lesson ir

Vaulting, Feeding a Baby, Fireman Extinguishing a Fire

In what is considered to be the Alva Edison (1847-1931), having and most famously, Train Arriving at a Station. The latter is reputec
world’s first special effects shot,

) already recorded sound with his to have caused alarm when the locomotive seemed about to steamrr
stop-action was used to create
an on-screen beheading for The invention the Phonograph (1877), out of the screen into the audience. The journalist G. R. Baker wrote
Execution of Mary, Queen of took up the challenge to develop ‘The train is seen approaching, and gradually gets nearer and largel
Scots (1895). ; ; ; ¢ .
( ) an apparatus for recording moving until the engine passes where we are apparently standing, and the

images. In 1888 he entrusted his train stops, the guard comes along, pas:

assistant, the Englishman W. K. L.
Dickson (1860-1935), with the task of
inventing something on his behalf.

By late 1890, Dickson had developed
the Kinetograph, which could take rapid
sequential images. These were then
shown using loops of 35mm film held in a
Kinetoscope (patented in 1891), a slot
machine that provided a brief display of
moving images for an audience of one,
who had to bend down as if looking
through a keyhole — hence the nickname
‘What-the-Butler-Saw’. Such films were
‘single shot’ dramas, where there was no
editing and the position of the camera was
not moved. It was for one of these films
that the world’s first known special effect
was created. On 28 August 1895, camera
operator Alfred Clarke filmed a re-creation
of the execution of Mary, Queen of Scots

sengers get out and in, and all is real!’

Louis and Auguste realized the powe;
of their invention immediately, and the)
quickly engaged two hundred agents tc
travel to almost every part of the wofld
exhibiting their films and shooting new
ones to add to their library. The firs
Cinématographe display in Britain took
place in London’s Regent Street on 2(
February 1896. The show soon trans
ferred to Leicester Square, still the centre
of film-going in London. The immense
popularity of the moving pictures wat
described in the press at the time as the
‘Living Picture Craze'.

The invention of moving pictures wa:
a collective process. To single ou
Edison, Dickson or the Lumiéres as the
inventor of movies is unjust to the many

others who were also at work on moving

Edison’s 1894 Kinetophone improved on the
Kinetoscope, combining moving images with
the illusion of a royal beheading, Clarke first a soundtrack provided by the Phonograph. men such as Louis Le Prince (1842-1896)

at the Edison studio in New Jersey. To create picture systems at that time. The efforts o
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The Lumiéres’ Train Arriving at who experimented with paper rolls
a Station (1896) alarmed of film, or William Friese-Greene
viewers who thought the train

would burst through the screen. (1855-1921), who helped develop

a system for projecting still images
at four or five frames per second, should not be forgotten.

Similarly, the creation of a cinema industry did not happen
because of the business acumen of any one man or company. The
Lumiéres captured the public imagination, but they could not hold a
monopoly on the production and exhibition of films. Their invention
was copied and exploited in countries where their patents did not
apply. In the United States, Edison initially dominated the market,
but soon had competition from other moving picture systems.

It became clear to all concerned that, because no particular sys-
tem had a unique selling point, the only way to make a success in the
business would be to produce films that told a story, rather than show
the one-shot wonder of a man combing his hair or a woman dancing.

The fundamentals of film spectacle as we know it today — sound,
colour, widescreen — were all being striven for within a few years of
that first Lumiére show. In 1900, at the Paris Exposition, the latest
in cinema technology was on display. This included Cineorama, a
primitive sound system relying on a separate synchronized sound
disc, and hand-tinted films giving a gaudy illusion of colour.

Audience reactions to these cinematic ‘effects’ can be judged
from these observations on ‘Living Pictures’ that appeared in a
general family reference work, The Sunlight Year-Book, in 1898:
‘This ingenious and pleasing exhibition has become very popular.
The method ... though at first incomprehensible, yet becomes fairly
clear on examination ... a French gentleman named Cordy is said
to have taken a set of photographs of growing flowers at different
stages of development, and flashing them thus quickly on the
screen, shows you a plant growing and budding and flowering in a
moment or so. This living picture, though no doubt interesting,

must, however, be likely to have an

unnatural effect. for in nature we do A poster advertisement
for the Lumiéres’

Cinematographe showing
in @ minute.’ viewers watching a film.

not see plants budding and flowering




SPECIAL EFFECTS

ISTORY AND TECHNIQUE

GEORGES MELIES

Perhaps the most important innovator in the early history of cinema
was Georges Mélies (1861-1938), who within ten years of
discovering film, made hundreds of short films and pioneered many
of the methods that would remain at the heart of special effects
production for much of the next century.

The father of special effects was the youngest son of a French
boot-making tycoon and was expected to follow his father and two
brothers into the trade. His destiny, however, did not lie in filling the
family shoes, and when his father retired Georges Méliés sold his
share in the family business. With the considerable proceeds he pur-
chased the Théatre Robert-Houdin in Paris, one of the most famous
magic venues in the world.

In addition to being manager, Méliés took to the sulphur and
sodium life of the theatre magician with a flourish and conjured up
an array of innovative stage illusions — all of which he designed,
built, painted and performed in famously comic style. Magic lantern
shows were another attraction on his bill of wonders, with fantasti-
cal presentations of hand-coloured glass slides.

So Mélies was aware of both the science and the popularity of
theatrical projection when, on 28 December 1895, he sat among the
first audience in the world to witness a performance of the Lumiére
brothers’ Cinématographe. He immediately saw the potential of the
new device. After the historic screening, Méliés entered into a bid-
ding war with other Parisian impresarios, only to be told that the

amazing box of tricks was not for
A Trip to the Moon (1902).
The gun, actually a painted
background, is about to fire a
manned capsule to the moon.

sale at any price. Méliés was unde-
terred. Within three months he had
bought a device built by Robert W.
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The fantastical result of Méliés’s
use of double exposure in Indian
Rubber Head (1902).

Paul of London, designed for use
with Edison’s Kinetoscope films.
Mélies then worked with two engi-
neers in his theatre workshop to build an enormous and unwieldy
prototype camera of his own. Early warning of a growing obsession
came when he took the camera with him on a seaside vacation in
July 1896. The frustrations of a family holiday accompanied by a
35kg (77Ib) camera can only be imagined. Luckily for family har-
mony, Méliés patented a lighter version in September 1896.

Mélies began making simple one-shot films, usually sixty-second
scenic views — moving versions of the magic lantern shows that had
preceded them. When he was filming one
such scene in the Place de I'Opéra in Paris,
however, a chance incident occurred that
appealed to both the innovator and the show-
man in Méliés, and which helped him fo
become one of the most important figures i
the history of special effects.

As he turned the camera's hand-crank,
the device jammed. ‘It took a minute to
release the film and get the camera going
again,” Méliés later wrote. ‘During this minute
the people, buses, vehicles, had of course
moved. Projecting the film, having joined the
break, | suddenly saw an omnibus changed
into a hearse and men into women. The trick
of substitution, called the trick of stop-actior,
was discovered.’

In fact, stop-action photography had
already been used by the Edison camera
operator Alfred Clarke for the beheading
sequence in The Execution of Mary, Queen of
Scots (1895). There is no doubt, however,



that Méliés discovered the trick for himself, and that his application
of what had been a cinematic accident would make him the world's
foremost producer of ‘trick films’. Méliés was soon using stop-action,
double exposure, fast and slow motion (achieved by varying the
speed at which film runs through the camera while recording), dis-
solves and perspective tricks in his films, which became increasingly
elaborate. His love of storytelling, his feel for illusion and his new-
found photographic abilities led him to devise spectacles that would
have been impossible on stage. To realize his ideas, Méliés built an
impressive glass studio in the garden of his family home near Paris.
The studio, perhaps the most sophisticated of its age, could claim to
be the world’s first special effects
facility. It was equipped like a magic
theatre, with trap doors, winches,
pulleys, mirrors and flying rigs, as
well as a number of workshops and
scenery stores.

The convention of the age was to
film the world as it was in front of the
camera. Méliés created more complex
films, weaving his unique spell in
what he termed ‘artificially arranged
scenes’. Each film comprised a num-
ber of distinct scenes, filmed from a
single viewpoint, as if the camera
were in the front row of a theatre. The
action took place within this single
setting, with characters and their
props entering and exiting from stage
‘»ft or right.

Though Méliés produced war
scenes, historical

scenes, news

reconstructions, operas, publicity
films, dramas, comedies and even
erotic ‘stag’ films, his most popular
and famous films were those based
on fairy tales and fantasies. In Cinderella
19), stop-action turns a pumpkin into
‘tering coach, and Cinderella’s rags
into a luxuriant gown. Slow motion allowed elfin dancers to glide in
the air. Some scenes were even painstakingly hand-coloured.

In Indian Rubber Head (1902) Mélies used a split-screen process,
which involved masking off areas of the film so that they did not receive
an image in the first exposure, and then adjusting the masking so that
only these areas were exposed in the second take. The viewer sees

"3 in the role of a scientist, placing a duplicate of his own head on

e and beginning to inflate it using a bellows. An assistant takes
uv and enthusiastically pumps air into the head, which grows enor-
mous, pulling distended faces until finally exploding. The disembodied
head was added in the second exposure, and enlarged by wheeling

Méliés closer to the camera in a specially constructed carriage.

Cinema’s best-known early magician spent his last years,
perhaps fittingly, supplying toys to the children of Paris.

LEE
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Of the 500 films that Mélies produced between 1896 and 1912,
perhaps his most impressive is A Trip to the Moon (1902), which
was based on the writings of Jules Verne and H. G. Wells. The
21-minute film — a sprawling epic in an age when films rarely lasted
more than two minutes — uses every available artifice to tell the
story of a group of Victorian explorers who visit the moon. The sets
and props were typical of the Méliés style, simply consisting of
trompe ('oeil paintings designed and painted by Méliés himself to
give the illusion of three-dimensional depth. The presentation was
pure pantomime, with a dash of moonshine. Groups of leggy cho-
rus girls help to launch the spaceship shell from its cannon. Flying
through space, the ship passes stars
with beaming feminine faces at their
centres, while the Moon’s grumpy
crater-face becomes even more
cheesed off when the enormous
spacecraft lands in his eye. On the
lunar surface, the explorers are con-
fronted by impish self-destructing
aliens, and Mélies exhibits one of his
most imaginative effects when the
various two-dimensional moonscape
elements move in relation to one
another to suggest a camera per-
spective shift.

For more than ten years Mélies
was the most popular film maker in
the world and could justifiably lay
claim to being the cinema’s first star.
The simple storylines and visual
enchantment of his films meant that
they could be enjoyed around the
world without subtitling, and they were
frequently pirated by foreign produc-
ers. However, Méliés's visual style did
not evolve, and his narratives were lit-
tle more than linkage for fantastic special
effects. From around 1910 audiences in
Europe and the United States began to see
the innovative work of American film makers such as D. W. Griffith —
films with realistic locations, stories and fast-paced editing. By com-
parison, the films of the Parisian master magician seemed outdated.
Despite conjuring up greater spectacles than ever, Méliés could not
hold on to his audience.

The Théatre Robert-Houdin was closed by the outbreak of World
War | in 1914, and Mélies was bankrupted. He spent the last years
of his life running a toy kiosk at the Gare Montparnasse. He enjoyed
a minor comeback in the late 1920s, courtesy of the surrealists, who
admired the dreamlike sense of adventure and the whimsical treat-
ment of science and logic in his work — and his films continue to

beguile appreciative audiences today.



SPECIAL EFFECTS '
iISTORY AND TECHNIQUE

OTHER INNOVATORS

The reputation of Georges Mélies as the father of special effects is
undisputed, yet he was not working in a vacuum. Film was still a
young medium, so the simple process of solving everyday film-
making problems often led to the discovery or invention of new

techniques — making it almost impossible to pinpoint who invented

what. The many film pioneers working in Britain, in particular,

R. W. Paul’s The ? Motorist
(1906) entertained audiences
with its visions of an interstellar
car journey.

were especially innovative in the art
of special effects.

Mélies bought his first projector
from Robert W. Paul, a scientific
instrument maker from London. Paul entered the film business
when he was asked to make six duplicates of an Edison
Kinetoscope for two Greek showmen. Although Paul copied the
machines legally — Edison having been unable to patent his device
in Europe - the American inventor refused to supply films to run in
the machines. Not to be defeated, Paul built his own camera and
projection device and went into production himself.

Like other early film makers, Paul's first efforts were single-shot
views, but he quickly realized the value of offering audiences the
unusual and fantastic. In 1897 he sent a cameraman to Egypt to cap-
ture scenes such as An Arab Knife Grinder at Work. He was also the
producer of ‘trick films’ in a specially built studio in north London.
One of the earliest gives an idea of the effects that could be achieved
in films of the day, using methods such as stop-action and by com-
bining elements filmed in different exposures. In The Haunted
Curiosity Shop (1901, directed by W. R. Booth), the top half of a
woman enters a shop, closely followed by her bottom half. When the
elderly storekeeper attempts to embrace the woman, she suddenly
changes into a mummy, and then again into a skeleton. Three pixies
arrive on the scene and launch into frenzied capering, before merging
into a single pixie, which the old man captures in a jar. A giant head

then emerges from a puff of smoke and frightens the old man away.
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Of the few surviving Paul films, the curiously titled The ? Moloris
(1906) is the most remarkable. Equalling anything produced b
Mélies in technique and ambition, the film uses every availabl
method to tell the story of a couple who exceed the speed limit i
their car and fly off the face of the Earth into outer space. Motorin
through the solar system, the model car touches down on the Sui
and circumnavigates its surface before taking off for a spin arounc
Saturn’s rings. Paul did not look upon himself as a film maker, how
ever, and only produced films to support the sales of his company’
equipment. In 1910 he abandoned film making, sold his studio anc
tragically burned many of his films.

Paul was not the only trick film pioneer in England. In 1897 pho
tographer G. A. Smith constructed his own movie camera anc
began the production of a series of imaginative trick films. In the
same year he took out an English patent on the process of doubl:
exposure, and used the method to create an eerie semi-transparen
ghost in The Corsican Brothers (1909). Smith later joined force:
with Charles Urban, a business manager whom Edison had sen
to England in an attempt to prevent the piracy of his machine
and films. Their company produced several notable films
including Airship Destroyer (1919,
directed by W. R. Booth), in which
the city of London is attacked by a

G. A. Smith’s Santa Clau
(1898), a charming trick filr
using, among other effect:
his patented process ¢
double exposure

fleet of mysterious airships. A large

and remarkably realistic model of
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London was bombed and destroyed before the film’s hero was able backs of the photographs. The drifting smoke of battle was pro-
to defeat the zeppelins with radio-controlled missiles. duced by Mrs Blackton and an office boy, who stood off-camera
Among other notable film makers working in Britain blowing cigar smoke into the scene. The result was sur-

was Cecil Hepworth, whose trick films included the prisingly convincing. Vitagraph's next reconstruction
was of The Windsor Hotel Fire (1899), in which

miniature figures fell from burning cardboard

evocatively titled Explosion of a Motor Car (1900),
How it Feels to be Run Over (1900) and Alice in
Wonderland (1903).

After the dramatic early coup of the

buildings, and water squirted from toy guns

suggested the gallant efforts of the fire
beheading in Alfred Clarke’s The Execution
of Mary, Queen of Scots (1895), American

department to quench the flames.
Vitagraph was not alone in its tech-
film makers remained surprisingly slow to niques; other early studios, such as
use tricks in their fiction films. There was Biograph, Lubin, Selig and Edison, regu-
innovation, however; where Europeans larly counterfeited current events. Several
favoured spectacular films in which tricks companies produced films that showed
both the real aftermath of the 1906 San

Francisco earthquake and reconstructions

were the stars, American producers pre-
ferred a more subtle approach. A popular
form of entertainment was the news film — a of the disaster itself. Biograph produced a
short film that claimed to portray real events particularly spectacular model of the city,
as they had happened. In fact, many such which was filmed as it burned and fell apart. It
‘events’ were faked for the cameras.
In 1898, Englishmen Albert E. Smith and J.

Stuart Blackton, who together formed the Vitagraph

may seem extraordinary today that the viewers
of such scenes rarely questioned their authenticity,
but this was a time when moving pictures themselves

Company, filmed The Baltle of Santiago Bay. The seemed a miracle to most, and few paused to

bay was created by laying one of Blackton's Edwin S. Porter, one of early cinema’s consider that what they saw might be deceptive.
paintings face-down and filling the canvas- great visionaries. The most significant American pioneer of this
covered frame with water to produce a small time was Edwin S. Porter. Joining Edison as a pro-
pond. The warring ships were cut- jectionist in 1900, he quickly assumed the rank of director. Porter pro-
For The Great Train Robbery out photographs, pinned to floating duced several important films in which he challenged the conventions
(1903), Porter filmed the live wooden bases and pulled along on of editing, but his major contribution to the history of special effects

action in the telegraph office
in one exposure and the train
passing the window in another. using gunpowder attached to the shifting camera viewpoints and naturalistic settings, and startled audi-

strings. Explosions were created came with The Great Train Robbery in 1903. This early ‘Western’ used

ences with one of the first known close-up shots. But
the film’s most significant breakthrough probably
passed audiences by at the time — literally.

While the robbery takes place in the railroad
telegraph office, a train can be seen steaming past

the window. Later, in a mail car, a real moving

landscape is seen going past an open doorway. To
create these moving backgrounds, Porter adopted
the double-exposure technique Méliés had used to
make himself appear twice in the same shot in
Indian Rubber Head. In another scene, Porter
tinted three frames red to simulate the firing of a
gun - a technique that would be used again by
Alfred Hitchcock in Spellbound (1945).

Porter advanced the use of special effects to

increase the naturalism of scenes and to further

the plot of a dramatic film. Whereas Méliés, Paul
and other early film makers had used trick pho-

tography for its own sake, Porter exploited special

effects as unobtrusive storytelling tools.
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By 1910 film making and exhibition was becoming a major
business, and was beginning to assume the structure that would
characterize the industry for much of the ensuing century. What was
once a cottage industry gave way to film factories — nickelodeons
became goldmines.

Many small production companies emerged in the period,
including Rex, run by Edwin Porter, who had left Edison in 1909. A
considerable number of these companies disappeared almost
before they arrived, while a few survived to dominate world film
production for more than three-quarters of a century. Porter's com-
pany was among the early casualties. Moving out of production into
technical research and manufacture, he was wiped out in the 1929
stock market crash.

As the industry found its feet, artistic pioneers continued to
develop the art of film making. Foremost was David Wark Griffith.
Griffith joined Biograph in 1907 and quickly began to revolutionize
film grammar through his command of editing, camera movement,
shot composition and lighting. Not an effects pioneer like Georges
Mélies, D. W. Griffith standardized a number of photographic effects
for storytelling.

He used shot transitions, such as the fade-in and fade-out, to
indicate the lapse of time between scenes. Such effects were
achieved during photography by opening and closing the camera
aperture diaphragm to control the amount of light reaching the film.
If a fade was required after photography, the camera negative was
lowered slowly into bleach until the start point of the fade was
reached. The negative was then slowly withdrawn, producing a lin-
ear fading of the image on the negative.

Around 1913, Griffith also began to make frequent use
of the iris-in and iris-out for dramatic effect. There is
some dispute as to whether the device

was pioneered by Griffith or by Thomas

Ince, though it was undoubtedly
Griffith who developed the art of the
technique. The iris was a simple
fitted
of the lens and could be

device that in front
opened and closed to pro-
gressively reveal or con-
ceal areas of the frame.
Griffith used the device to
draw the eye to the centre of
the drama or to reveal previ-
ously hidden elements of a
scene. In The Birth of a Nation
(1915), a mother and her
children are shown huddling

D. W. Griffith (right) and his
cameraman Billy Bitzer (left)
pioneered standards of motion
picture photography and editing.
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in the upper left-hand corner of an

Many film companies settled i
Southern California in tk
1910s. Universal Studios wc
built among the orange grove
of the San Fernando Valle

otherwise black screen. The object
of their concern is revealed as the
iris opens to show the Northern
armies marching through the fam-
ily's devastated town.

By 1914 the American industry was well established in Souther
California, where the fine weather and extreme distance from Ne:
York’s Motion Picture Patents Company (which prosecuted anyon
caught using its film equipment without authorization) made for idez
working conditions. Though Europe had developed its own thrivin
film industry, the outbreak of war effectively ended all commercie
production. With its European competition crippled by war, Hollywoo
was set to dominate the hearts, minds and screens of the world.

Typical Hollywood film units consisted of a small all-purpos
(and all-male) crew. At the head was the director, and under him th
cameraman. Any good cameraman was capable of producing
number of ‘live’ tricks during the hand-cranked filming process
including the basic fading and iris effects. Cameramen could als
produce dissolves, by which one image merges seamlessly int
another, The effect was achieved by reducing the camera’s apertur
at the end of a sequence to produce a fade to black, rewinding th
film, starting a second exposure and opening the aperture as the ne
scene was shot. By varying the speed at which they cranked th
camera, cameramen could also produce fast or slow motion. Th
average cranking speed for cameras and projectors at this time wa
sixteen frames per second. Under-cranking the camera woul
appear to speed up the action in the film when it was projected, an
became a favourite trick of helter-skelter slapstick comedies.

Methods that required running the film through the camer
twice, such as split screens and double exposures, became muc
more practical after the introduction of a new Bell and Howell cam
era in 1912. The new camera was unique in the way it moved filr
and held it steady in front of the aperture on fixed registration pin
during exposure. The ability to produce steady images, combine
with an accurate frame counter, made the Bell and Howell ideal fc
producing in-camera special effects, which required the exact plac
ing of images on film.



The creation of any unusual effect had generally been the
responsibility of whoever came up with a workable on-the-spot solu-
tion to a problem. Some people gradually began to specialize in par-
ticular techniques and gained a reputation for those skills. One such
individual was Norman O. Dawn, Hollywood's first effects man.

Dawn pioneered the glass shot, whereby scenery could be
altered or extended on film by the use of highly detailed paintings.
The technique was typically used to add height to studio sets that
were only built one or two storeys high; the upper levels were added
by painting them on a sheet of glass positioned in front of the cam-
era, He later developed the in-camera matte shot, a technique that
enabled filmed scenery to be combined with paintings (189>).

The 1910s also saw the emergence and exploitation of the film
‘star’. At first, film actors were happy to appear anonymously. But
audiences grew attached to their favourite performers, and came to
know them by their nicknames — Mary Pickford was known to mil-
lions simply as ‘Little Mary' and ‘The Girl with the Curls’. Producers
and exhibitors quickly grasped the potential drawing power of these
audience favourites, and the ‘star’ was born. By the end of the
decade, performers such as Pickford, Douglas Fairbanks and
Charlie Chaplin were among the most famous and best-loved per-
sonalities in the world, often commanding huge salaries.

Among the decade’s other developments was the introduction of
the feature film format. Exhibitors had generally nursed the belief
that audiences could only concentrate for the length of one reel: ten
or fifteen minutes. When D.W. Griffith found himself unable to tell
the story of Enoch and Arden (1911) in less than two reels,
exhibitors insisted on releasing it in two halves. Films several reels
in length emerged from Europe at the beginning of the decade, and
in 1912 the French four-reeler Queen Elizabeth, featuring the distin-
guished classical actress Sarah Bernhardt, was an international hit.
In the United States, film producer Adolph Zukor took the lead when
he began making feature-length productions of ‘Famous Players in

Famous Plays'. By the end of the

D. W. Griffith masked the sides of
the frame to emphasize the
length of this fall from the walls
of Babylon in Intolerance (1916).

decade, the feature film - usually

around ninety minutes in length -

was on every cinema bill.

17

OUT OF THE

SHADOWS

Buying their tickets, the

majority of moviegoers

expected to be enter-

tained. Weepies were
fine, but weeping with
laughter was even better.
Visual comedy was loved
the world over, and no
one developed the art
of screen slapstick more
than Mack Sennett — the
‘King of Comedy’.

In 1912, after a stint
working as actor, gagman and comedy director at
Biograph, Canadian-born Sennett persuaded two ex-
bookmakers to lay money on his sure-fire idea for
movies about a blundering troupe of policemen. He
called his studio Keystone, and its Komical, Kar-
chasing Kops were to arrest audiences for much of the
next decade.

Keystone was a laughter factory where two-reel
comedies were churned out like custard pies from a
bakery. At the peak of production, several films a day
emerged from the strictly run studio. Teams of writers,
performers and prop builders manufactured gags that
formed the keystone of all Keystone comedy: the fall
from dignity.

Keystone performers underwent all manner of
punishing pratfalls to make gags work. Helping them
raise their laughs were a stable of effects men, perhaps

the most skilled of their time. Any day might find them

making rubber bricks, rigging telegraph poles to
collapse on cue or building fake houses for cars to smash
through. Central to the Kop films was the patrol wagon.
Designed by Del Lord, the vehicle’s heavy chassis and
specially designed brakes allowed it, loaded with lunatic
lawmen, to perform some astonishing stunts.

Sennett was notoriously tightfisted, refusing to
pay his performers their worth — names such as
Charlie Chaplin, Harold Lloyd, Fatty Arbuckle, Gloria
Swanson and even Frank Capra passed through the
studio on their way up the ladder. The studio
flourished in the 1910s, but by the 20s its comedy was
seriously challenged by the likes of Hal Roach Studios,
whose stars included Harold Lloyd, Harry Langdon

ILIINNIS HIUN
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and Laurel and Hardy. Though Sennett had made a fortune from
investing in oil and real estate, he had scraped the bottom of his

barrel of laughs by 1933, when the Wall Street crash bankrupted

him with debts of over $5 million.
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American film making flowered in

Douglas Fairbanks on a flying
carpet suspended by wires above
hundreds of extras on the set of
The Thief of Bagdad (7924).

the 1920s. Film makers began to
branch out beyond the artistic and
technical boundaries established by
the pioneers of the previous decade, and relied increasingly on
special effects to tell their increasingly elaborate stories. The
Hollywood studio system was up to speed, and film making was an
efficient and rationalized business.

Under the fledgling movie moguls, specific departments were cre-
ated to deal with each aspect of movie production, from scripts and
costumes to props and editing. There is uncertainty over the question
of which studio was the first to establish a department dedicated to
the creation of special effects — some claim that it was Fox, while oth-
ers are convinced that it was MGM. Either way, the term ‘special
effects’ received its first screen credit in the 1926 Fox picture What
Price Glory? The term referred in this case to the film’s physical and
mechanical effects.

New techniques were developed to help film makers present the
lavish or historical settings that their films demanded. The first trav-
elling matte processes, which allowed actors filmed in the studio to
be isolated from their surroundings and placed within settings from
a different time and place, were crude but enabled a degree of real-
ism (44>). These processes were helped by the development of
much-improved camera and lighting equipment and faster, finer
film stocks (22>).

Since the earliest days of the industry, film makers had built
small models of any object or location that was too big, expensive
or impractical to be filmed in any other way. In the 1920s, as pro-
duction budgets quickly soared along with film makers’ ambitions,
studios became increasingly dependent on the use of money-saving
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models. As a result, effects technicians became highly skilled in the
building and shooting of accurately scaled-down landscapes, build
ings and vehicles, and in the amalgamation of such footage witl
live-action full-scale photography for films such as The Crow
(1928) and Just Imagine (1930).

German films were a major influence on American film maker:
of the 1920s. Douglas Fairbanks’ (1883-1939) spectacular Th:
Thief of Bagdad (1924) used opulent sets and the best effect:
Hollywood could buy in an attempt to compete with the Germar
films of the time. Some of the scenes were effective, such as the fly:
ing carpet sequences (when the wires didn’t show), but Thief mainly
served to show that while American technicians could build enor
mous sets, they still had a lot of ground to cover in the field o
special effects.

Epics on the scale of The Thiefof The science-fiction musical Jus

Imagine (1930) was enlivenec
by shots of @ magnificent mode
city inspired by the German filn

Metropolis (1926)

Bagdad were popular, demanding
sets of biblical proportions. Ben Hur
(1925) required the creation of a
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full-scale Circus Maximus and a

Professor Challenger (Wallace
Beery)
O‘Brien’s animated dinosaurs

confronts one of Willis

fleet of seven huge Roman galleys
in the classic effects film The on location in Italy. But a number of
Lost World (1925) incidents - including the burning of
the galleys (in which some extras
are reputed to have drowned when they jumped from the burning
ships) - combined with bad weather and Italian labour disputes,
brought the production back to California. The film was completed
in rebuilt sets with significant use of miniatures.

Meanwhile films using animation grew in sophistication and pop-
ularity. Some cartoon characters even began to rival the popularity
of live-action movie stars. By the mid-1920s the fame of Felix the
Cat, first introduced by animator Pat Sullivan in 1914, was second
only to that of Charlie Chaplin. In 1923 Walt Disney (1901-66)
began production of his technically ambitious Alice comedies, in
which a live-action Alice was combined with two-dimensional car-
toon figures. The combination of live action and animation went
even further in The Lost World (1925). This ambitious version of
Conan Doyle's novel used startling stop-motion animated dinosaurs
created by Willis O'Brien (1886-1962).

The greatest technical development of the period came towards
the end of the decade. The coming of sound was no surprise -
sound systems of varying effectiveness had been around for much
of the decade. By the time Al Jolson broke into song on film on
6 October 1927, many audiences had experienced Fox Movietone
newsreels that used the sound-on-film methods pioneered by
Lee De Forest (1873-1961). However, Warner Brothers' release of
The Jazz Singer (1927) - in a last-ditch effort to stave off bank-
ruptcy - fired the public imagination and signalled that the ‘talkie’

was here to stay.

OUT OF THE

SHADOWS

Hollywood was the world’s leading film factory of the
1920s, but the special effects of German film makers,
with their mechanical expertise and love of fairy tales,
was technically far superior.

Actor and director Paul Wegener was a great
advocate of special effects. In a 1916 speech, which
was more prophetic than probably even he imagined,
he envisaged the development of a ‘synthetic cinema’

NOWHID

in which totally artificial scenes would be created by
the abilities of the camera. Wegener made significant
use of special effects, notably in his religious
meditation Living Buddhas (1923). For one dramatic
sequence, a double-exposure matte technique was
used to create the impression of a Buddha in the sky
directing a ship lost at sea to safety.

UFA, Germany's largest studio, made the country’s
most spectacular film productions, with Fritz Lang
(1890-1976) as their major director. Lang’s two-part
epic Die Niebelungen (1924) was filmed entirely on
enormous studio sets and featured an awesome
18m (60ft) mechanical dragon - a far cry from the
awkward reptile of Douglas Fairbanks’ The Thief of
Bagdad, which was made in the same year. The
production also exploited the Shuftan process (90>),
which used mirrors to combine full-sized sets with
miniatures — a technique for which German cinema
would become famous.

Lang’s effects masterpiece was Metropolis (1926),
a visionary science-fiction fable that made stunning
use of models (90>), animation (134>), matte
painting (188>), early rear projection (66>) and full-
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scale mechanical effects (246>). Parts of the futuristic
city of Metropolis were built as full-scale sets and
populated by thousands of extras. Although a financial failure,
Metropolis had a huge impact on contemporary American film
makers, and it continues to be one of the most influential films
ever made. Futuristic artistry and technical excellence have
secured its place in popular culture.

Ironically, by 1930 many of Germany’s leading directors and
technicians had left for Hollywood. Lang was one of the last to
take flight, lingering in Germany to produce Frau Im Mond
(1929; released as Woman In The Moon in the UK and By Rocket
To The Moon in the US). Though it was science fiction, Lang
strove to make the film as accurate as possible, hiring professor
Herman Oberth (who later designed the V-1 rocket) and Willy
Ley (who went on to design rockets for the United States) to
work as consultants. The resulting scenes of rocket construction
were so revealing that prints of the film, and model rockets used
during filming, were later confiscated by the Gestapo.
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English director James Whale (1896-1957) came to
Hollywood to direct the film of Journey’s End (1930), a
play tracking the horrors of war. Under contract at
Universal, Whale then created Frankenstein (1931), the
success of which would both bless and damn his
career. An enigmatic man, his best films smiled darkly
at the terrors of the imagination. Growing dissatisfied
with the limiting label of horror director, however, he
faded into a solitary lifestyle in the 1940s and 50s,
drowning himself in his Beverly Hills Pool in 1957.
The laboratory scenes and lightning in Frankenstein
were created by Kenneth Strickfaden, whose ‘Electrical
Properties’ (251>) boosted the fading current of many
horror movies of the 1930s. Modelwork by John P.
Fulton (47>) was used for the laboratory and the

AMES WHALE

blazing mill at the end of the film. These techniques,

combined with Jack Pierce’s iconic monster design
(213>) and the expressionistic lighting, produced a science
fantasy unlike anything Universal had made before.

Whale made three more horror films for Universal. The Bride
of Frankenstein (1935) embellished the achievements of its
forerunner with technically superior effects, supervised again by

Fulton. The two men also worked together on The Invisible Man Despite the success of The Jazz A young Hitchcock (centre
(1933), in which Fulton used the Williams process (45>) to Singer (1927), the new phenom- (_ji"f‘l_':;"”g: ::#(::1!;;; ’j’”é?l}li'r:f’
ensure that when Claude Rains shed his bandages, he revealed enon of the ‘talkie’ was largely (1929). The camera stanc
nothing. The Old Dark House (1932) employed modelwork to ignored in most Hollywood studios. within a soundproof chambe
create a realistic landslide. For Warner Brothers, however, the

Whale also directed : _ gamble had paid off. Audiences couldn’t get enough of the talkie:
Showboat (1936), a musi- | - & Using their Vitaphone sound-on-disc process, the studio hastil
cal that re-created a &% : ; added snippets of music and dialogue to the silent films already i
Mississippi riverboat with P 7 production, and began planning all-talking future projects. Fox als
models; and The Man in : : 5.7 added sound to their films, using their rival technique Movietone -
the Iron Mask (1939), g sound-on-film process that would later become the industr
where  double-exposure e : : standard. The rest of Hollywood remained silent, resisting sound a
techniques allowed Louis Xk i no more than a fad.
Hayward to speak to L ARgA ‘ | But the public appetite for talkies was not to be starved, and b
himself; his other lines _ the mid-1930s, the big studios were producing all their major film
were spoken to him by a — WL in sound. Others, such as the Chaplin Studio, remained to be cor
stand-in (Peter Cushing), iy vinced, and it was another ten years before Charlie Chaplin was firs
who was then edited from { : heard in The Great Dictator (1940).
the composite image. : The coming of sound brought massive changes to an industr

Whale became increas- / _ . i : 3 that was still settling into departmentalized production routine:
ingly frustrated by the J L s . “ New studio departments were tasked with sound recording, mixin
limits of the horror genre. ] f A i § and dubbing, as well as the scoring and performance of musict
Like Frankenstein, he had ‘ § : L soundtracks. Stages needed to be soundproofed and movie theatre
unlocked the mysteries of i iy equipped for sound.
creation, but all that the £ AT R By the late 1920s, silent films had achieved extraordinar
studio gods expected him fats : : finesse. Directors knew how to position and move their cameras t
to create was horror. s , heighten dramatic impact, and when to use intertitles — the writte

titles between scenes — to represent dialogue and express plc
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points. But the arrival of sound hijacked
everything. Early sound recording was a
delicate and demanding process, and the
needs of the soundmen began to dictate
every aspect of shooting. Cameras were
noisy and drowned out dialogue, so they
were housed in soundproof sheds, camera-
man and lens peering through a glass win-
dow. Action had to be performed before this
fixed camera, becoming almost as confined
and stagey as it was in Mélies’s day.

Early microphones were weak, and
actors often suffered the indignity of deliver-
ing emotional dialogue into a microphone
disguised as a telephone or a vase of flow-
ers. Many actors didn't progress that far;
numerous stars of the silver screen found
that their voice was unsuitable for the
talkies, or that their voice didn't fit their
image. They were replaced by a constella-
tion of newcomers, often from the stage,
whose richer diction had the approval of the

sound department.

From about 1933, sound recording restricted filming on location,
and for the next twenty years the great Hollywood outdoors would
be filmed almost entirely within studio walls. The coming of sound
is often held responsible for this wholesale move into the studios. In
truth, the move probably had as much to do with increasing control
by studio bosses who, after location nightmares such as those on
Ben Hur (1925), preferred to keep wayward productions and prob-
lematic directors well within view.

For special effects departments, sound brought some new chal-
lenges. With films being made exclusively on the studio lot, effects
technicians had to find ways to bring exotic and even everyday
locations to the set. The technology that was developed enabled the
first practical use of rear projection, a process enabling background
scenery to be projected on to a screen behind actors while filming
in the studio (66>). Over the next twenty years the technique would
be perfected for use in almost every Hollywood production - pro-
viding backdrops for ocean-going romances, tropical adventures
and journeys in trains and cars.

Although rear projection often replaced the uses of travelling
mattes (44), effects technicians continued to perfect travelling
matte photography. The development of advanced optical printers,
which enabled the separately filmed elements involved in travelling
matte photography to be combined on film with greater control than
had previously been possible, resulted in much-improved image
quality. The optical printer also found favour in the production of
many 1930s musicals whose spectacular dance sequences needed
flamboyant scene transitions, such as the star-wipe (57>) and the
now iconic spinning newspaper effect.
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By the middle of the decade, special effects had advanced so
much that a single department under the umbrella title of ‘special
effects’ was not enough, and each studio’s effects department found
itself with a number of subdivisions. At MGM, for example, the spe-
cial effects department was responsible for rear projection, minia-
tures, and physical and mechanical effects, while the optical
department dealt with matte paintings and optical printing.

Special effects became an integral aspect of movie making dur-
ing the decade - often for their time- and money-saving power more
than their ability to create the fantastic or the seemingly impossible.
There was good investment in technology and leeway for innova-
tion. In 1932 Carl Laemmle (1867-1939) ordered the construction
of Universal's first dedicated special effects stage, inaugurated with
the filming of the miniature aeroplanes for John Ford’'s Air Mail
(1932). Special effects technicians themselves began to earn con-
siderable respect within the studios, although they rarely received
any notice from the outside world; studio bosses believed audiences
would feel cheated if they knew the realities of reel life.

The studios of Hollywood began to develop distinct personalities
in the 1930s. A film'’s studio parentage was often clearly recogniz-
able without reading its titles. The type of pictures a studio produced
depended largely on its roster of contract stars. The Warner’s house
style, for instance, was built around a string of crime dramas and
gangster movies featuring James Cagney; earnest biopics starring
Paul Muni; Errol Flynn swashbucklers; and a series of ‘women’s pic-
tures’, starring Bette Davis. Each studio established output patterns
related to its stars, market position and resources.

The kind of film a studio produced affected the resources dedi-
cated to its special effects department. Universal maintained a sub-
stantial department to provide optical, physical and make-up effects
for its famous stream of horror movies, begun with Tod Browning's
Dracula in 1931 and established by James Whale's Frankenstein
later the same year. The series, comprising some twenty-four films,
centred around the characters of Dracula, Frankenstein’s Monster, the
Invisible Man, the Mummy and the Wolf Man, later combining two or
more of these characters. At RKO, a particularly good optical depart-
ment provided prominent effects for its series of Astaire and Rogers
musicals, and contributed astonishing effects to the landmark smash-
hit King Kong (1933). Despite the success of Kong and some of
Universal's horror movies, special effects films did not flourish in their
own right in this decade. Effects people spent most of their time per-
fecting the type of unglamorous methods that allowed Hollywood's
stars to drive convincingly in front of rear-projected traffic.

The craze for talkies had shielded the major studios from the
world’s financial crisis in the 1930s, and at the end of the decade
Hollywood remained in good financial shape - unchallenged as the
supplier of the world's filmed entertainment. The end of the 1930s
also witnessed one of the greatest periods in Hollywood production
history, with the release of now classic films including The Wizard of
Oz, Mr Smith Goes to Washington, Stagecoach, Goodbye Mr Chips,
Wuthering Heights and Gone with the Wind (all 1939).
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The 1940s began auspiciously with the production of Orson Welles'
Citizen Kane (1941). The film, now ranked as one of the greatest
ever made, was a tour de force of matte paintings, miniatures (91>)
and ingenious optical printing techniques (56>). Perhaps it is a
tribute to their invisibility that the film was not even nominated in the
special effects category of that year's Academy Awards.

Most of Hollywood's leading effects people now had well over a
decade’s worth of experience in studio production behind them
and were masters of the various techniques available to them. Rear
projection, optical printing, matte painting, and to a lesser degree,
travelling matte photography, played a key role in the majority of
studio productions, and were considered as much a part of the nor-
mal film production process as they were special effects techniques
in their own right.

The rise of colour photography, however, brought significant
changes to the industry — although it did not cause a revolution on
the scale that the arrival of sound had provoked in the previous
decade. Colour film processes had been around since the early days
of film, but few systems had been either practical or pleasing to the
eye. The first popular system, introduced in the late 1920s, was
Technicolor's two-strip process. But with very slow film speeds
requiring blinding amounts of light - often resulting in false colours
and a grainy image — the two-strip technique did not enjoy wide-
spread use. The early 1930s saw the introduction of a three-strip
Technicolor process, whose colour reproduction was superb. Three-
strip Technicolor was first used commercially for Disney’'s cartoon
short Flowers and Trees (1932), and RKO’s Becky Sharp became
the first live-action feature to use the process in 1935.

Filming with early three-strip Technicolor still required three to
four times as much light as black-and-white photography, so it was
largely impractical for interiors. In a break from the studio-bound
regime of the 1930s, a number of prestigious productions were
location in

shot on three-strip

The filming of Trail of the
Lonesome Pine (1936) was
dominated by the enormous
Technicolor camera.

Technicolor, a move also facilitated
by improved sound technology.

The first film shot entirely outdoors

%
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was Henry Hathaway's Trail of the

Child actor Sabu sitting in th
hand of the giant djinn in The

Lonesome Pine (1936). However, Thief of Bagdad (1940)

the introduction in 1939 of much
faster film stock - requiring far less light - made three-strif
Technicolor a viable option for studio production in the 1940s.

For effects technicians, colour was a challenge. Rear projectior
in colour was at first a vivid but unattainable dream. The back
ground images projected on to a screen behind actors in the studic
were not bright enough to be re-filmed in colour. However, the faste
film stocks of 1939 and a powerful new projection system devisec
at Paramount helped to overcome this problem in the early 1940s.

Travelling matte techniques (44>) also needed modification t
accommodate colour. The first new method was pioneered in the UF
and used in the 1940 version of The Thief of Bagdad (49>).

The technique that was most affected by the arrival of colou
was matte painting (188>). In black-and-white the painter and sub
sequent photographer only had to worry about matching th
greyscale tones of painting and live action. In Technicolor, however
every colour and shade of the painting had to match exactly thos:
of the original footage after both had been combined under differen
lighting conditions and after the original exposure had been store«
undeveloped for some time. The first major display of Technicolo
matte painting was the epic and eagerly anticipated Gone with th
Wind (1939) - a successful blend of painting and live action bori
out of months of patient experimentation.

Despite the success of Technicolor, however, it was both an inten
sive and expensive system, and so was generally reserved for pres
tige productions. The majority of films in the 1940s continued to b
shot in black-and-white.

The involvement of Europe and the United States in World War |
meant that a large proportion of Hollywood’s 40s output wa:
devoted to boosting the morale of those in the armed services an¢
their families back home. The number of films made by Hollywoo¢
studios fell from an average of fifty pictures a year to thirty. But witt
fewer films being made, more resources were available for the on

screen version of a world at war.



e

ALFRED HITCHCO
Yosz-2

Alfred Hitchcock (1899-1980) is celebrated as the
undisputed master of the thriller genre, but he is less
often credited as an important special effects director.
He entered the film industry as a title card illustrator in

HIOJHILIN

1919, but soon graduated, via scenario writing, to
directing — making his first feature, The Pleasure Garden,
in 1925. Hitchcock directed Britain’s first sound film, Blackmail
(1929). Not content with merely capturing sound, he put the
untried medium to adventurous use — with startling effects.
Employing the Shuftan process (90>) — which he had noted
during a visit to Germany’s UFA studios — he combined models
and live action for a large-scale finale that British International
Pictures could not otherwise have afforded.

Hitchcock’s technical virtuosity continued to grow in the
1930s, with films such as The 39 Steps (1935) and The Lady
Vanishes (1938) demonstrating the director’s ability to combine
witty scripts and characters with deft camerawork and subtle
special effects. Quickly latching on to the potential of the new
process of rear projection, Hitchcock devised some of the most
imaginative uses ever of the technique for films such as Foreign
Correspondent (1940, 68>).

Hitchcock moved to Hollywood in 1940. With Rebecca
(1940), his first American production, he started to explore the

increased potential for special effects that higher budgets

allowed, making particular use of miniatures and rear
projection. Later experiments included Lifeboat (1944), a film set
entirely within the confines of a drifting boat, and Rope (1948),
a film engineered to appear as one continuous shot. Hitchcock's
position as the most creative and influential director of the
period was assured. His bold and imaginative use of special
effects could not be matched.
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The re-creation of battlefields, destroyer-prowled oceans and
fighter-filled skies fell to the effects technicians. Full-scale arma-
ments were out of the question, so war films relied heavily on
models and miniature photography - often on an epic scale. The
demand for realistic sea battles led to advances in marine model-
making and shooting in studio tanks - huge outdoor pools in which
naval confrontations were staged. The tank at MGM was 92m
(300ft) square, but the 15m (50ft) vessels that it often contained -
such as those for Thirty Seconds over Tokyo (1944) — were so
cramped that special devices had to be engineered to give the
impression that they were full-steaming ahead. Filming water to
scale will always be a problem - it being difficult to make a pond
look like an ocean — but the experience gained in the 1940s brought
the art as close to perfection as it would ever be.

Aerial combat was re-created using squadrons of miniature air-
craft, held aloft and manoeuvred by complex systems of wires. One
of the most remarkable uses of the technique saw two dozen model
aircraft take off in convincingly precise formation for Mrs Miniver
(1942). War films also meant the frequent use of explosives, and
Hollywood powdermen were kept busy supplying carefully devised
miniature explosions for the destruction of models, in addition to
convincing (but safe) mortars and bullet hits for full-scale live-
action combat sequences.

Wartime box-office takings soared in the US and the UK, more
than compensating for the loss of important revenues from much of
war-torn Europe and Asia. But after the end of hostilities box-office
revenues began to slump, partly because of the growth of suburban
housing developments away from
city centre cinemas, and increas-

Films such as Ships with

ingly because of the arrival of a Wings (1942) relied on model
i 3 ships, planes and miniature
mighty challenge to the dominance

pyrotechnics for their

of the big screen: television.

portrayal of war
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In the 1950s television caused
cinema attendances to plummet
to an all-time low.

Television took hold quickly. For the

many families who moved away
from city centres into post-war
America's mushrooming suburbs, TV provided a cheap and
accessible form of entertainment in their new homes.

The massive rise in American television ownership terrified the
Hollywood film studios. With free viewing available in their living
rooms, families didn’t need to face the inconvenience and expense
of travelling to city centre theatres for their
entertainment. For the first time in its his-
tory, Hollywood's position as the foremost
provider of the nation’s entertainment was
seriously challenged; average weekly
attendances at movie theatres plummeted
from around 90 million in 1948 to just
51 million in 1952.

But Hollywood’s troubles did not end
there. In the 1930s the trading practices of
the studios had been placed under the
scrutiny of a Federal anti-trust investiga-
tion. In 1948 the Supreme Court ruled that
ownership of both the means of film pro-
duction (the studio) and the means of
distribution (the film theatre) was monopo-
listic. The studios were forced to separate
their production and exhibition activities
by selling off their theatre chains. As a
result, the newly independent theatre
chains could now show films made by any

producer - be it major Hollywood studio or

T
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20th Century-Fox
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small independent production company. Hollywood had lost th
guaranteed outlet for its films — good or bad.

In response to the competition from television, Hollywoo
decided it could still bank on the fundamental differences betwee
movies and television, and win back audiences with innovation an
technology. It began with the quality of the image. The small telev
sion screen provided a fuzzy black-and-white picture of variabl
quality. The big movie screen could dazzle, with enhanced images
huge, sharp and colourful.

The availability of good, economical colour systems, such &
Eastman Kodak's single-strip Eastmancolor process, effectivel
ended Technicolor’'s market monopoly in the early 50s. In the
attempt to outshine television, the studios splashed colour into tk
majority of their films, although many directors and stars objecte
to its use for artistic reasons. Later, it became evident that colot
made little difference to the commercial success of most films, an
after the initial surge, the proportion of films made in colo
declined to around fifty per cent from the middle of the decad
Ironically, the number of colour films did not increase significant
again until the mid-1960s, when the TV networks switched to colo
broadcasting, and films made in colour became worth more whe
sold for broadcast.

Efforts were also made to improve the size and quality of tt
image. In 1952, Cinerama was introduced: a widescreen projectic
method using three synchronized projectors to produce an excej
tionally wide image and multi-track stereo sound. Spectacul:

though it was, Cinerama neverthe-
A poster |

The Robe (1953), the fii
film made in CinemaScor

less caused more problems than it
solved, since it required theatres,

Robe,
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vhich were already desperate to cut costs, to invest in additional
creens, projectors and projection staff.

CinemaScope was a more successful widescreen process, which
ised an anamorphic lens that squeezed wide images on to film during
hotography and unsqueezed them during projection. The only invest-
nent required by theatres was the new lenses, which could be fitted to
heir existing projectors. Fox pioneered the process and unveiled it
pectacularly with The Robe in 1953. Within a year, every major stu-
lio — except for Paramount (which used its own VistaVision process)
ind RKO (which used SuperScope) — had adopted CinemaScope. By
957, eighty-five per cent of the movie theatres in the USA were
:quipped to show films in ‘Scope'.

The other major attraction of the 1950s was pure gimmickry.
’ersuading itself that 3-D films might be the industry’s saviour,
lollywood forced its new perspective on all kinds of film, from
nusicals (Kiss Me Kate, 1953) to thrillers (Dial M for Murder, 1954),

and from horror films (House of

1-D films such as The House Wax, ]953) to Westerns (Hondo‘
if Wax (1953) were initially
opular, but audiences soon

ired of the gimmick. cesses, audiences disliked wearing

1953). However, despite early suc-

The llltimatﬂ dimensinn in TEHROR' the special glasses that the process Science-fiction movies such as
L
y/ i

required, and quickly tired of it. Geoype Revs The: Viar of the

= ) ) Worlds (1953) did much to
Within eighteen months of its encourage younger audiences
much-touted launch, the craze had back to the cinema.

sunk almost without trace.

Studios tinkered with more than image quality. As families sat at
home watching Lucille Ball and Jackie Gleason on television, movie
audience demographics changed. The movie theatre was now the
darkened haunt of teenagers and young couples, glad to slip away
from their parents. Drive-in theatres sprang up in response to the
post-war boom in car sales and the rise of suburbanization. By 1956
the United States had over four thousand of these out-of-town sites,
and at their height, more people sat in cars to watch a movie than
in the traditional theatres. Despite their popularity, however, the
drive-ins did little to stop the overall decline in film-going.

Pulp science fiction and comics had become hugely popular
since the 1940s, but the Hollywood majors had hardly explored the
sci-fi genre, considering it the fodder of cheap serials and B-movies
produced by the Poverty Row studios. But the popularity of sci-fi lit-
erature and movie serials among young people — now the front row
of film audiences — made it appear a safe bet for greater investment.

Destination Moon (1950) was the first major sci-fi film of the
decade. Produced by George Pal, who was to create several of the
decade’s most significant science-fiction films, Destination Moon

was a critical and commercial success, and sparked a meteor

shower of similar movies. The fears of the 50s — atomic annihilation

A
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and Communist invasion — were echoed in tales of aliens visiting

Earth intent on domination and destruction.
From the middle of the decade, a rash of films offered variations

on sci-fi themes, and all kinds of aliens were seen to be populating
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the planet. These included beasts forgotten by time (The Creature
from the Black Lagoon, 1954), angry monsters stirred from the deep
by atomic explosions ( The Beast from 20,000 Fathoms, 1953), crea-
tures mutated by atomic experiments (Them!, 1954), people whose
bodies had been invaded by aliens (/nvasion of the Body Snatchers,
1956) and people harmed by modern science (The Fly, 1958).

All of this meant plenty of work for Hollywood's special effects
departments. Modelmakers were kept busy fashioning spacecraft,
often in the now classic flying saucer design - though there were
notable exceptions, such as the sleek manta-like ships of the
decade’s most memorable science-fiction film, The War of the Worlds
(1953). Many science-fiction movies of the 1950s were produced on
tiny budgets by independent producers, such as the cinematically
challenged director Edward D. Wood, whose weird, wired and wob-
bly efforts in films such as Plan 9 from Outer Space (1959) and Night
of the Ghouls (1960) have become classics in their own right.

Aliens and monsters of the 50s were generally men in rubber
suits, with little subtlety of movement or performance. Perhaps the
most famous was that which emerged from the infamous Black
Lagoon — a wholly typical creation that required stuntman Ricou
Browning to flail around in a rubber suit of half monkey and half
lizard design. A number of entirely mechanical creatures also
appeared, however, including a crude but effective ant in Them/, the
popular Robby the Robot in Forbidden Planet (1956), and most
spectacularly of all, the mechanical giant squid that surfaced in
Disney's 20,000 Leagues Under the Sea (1954).

There were some important effects innovations during the decade.
In Britain, the Rank Organisation pioneered a superior new travelling
matte system using sodium vapour lighting (50> ), which would later
be adopted and developed by Disney. There were also mechanical
inventions, such as a crude but effective motion-control system
(118>) called a ‘repeater’, developed at Paramount. This device
recorded camera motion so that shots of separate elements, such as
models and live action, could be taken with the same camera move-
ments, enabling them to be combined effectively.

The decade also saw the rise of the only effects artist ever to
become a household name. Gaining attention with the stop-motion
ape in Mighty Joe Young (1949), Ray Harryhausen (153>) contin-
ued to produce spectacular animated creatures for a series of ‘mon-
ster on the rampage’ films, including It Came from Beneath the Sea
(1955) and Twenty Million Miles to Earth (1957). Harryhausen
ended the decade with the first of a series of spectacular mythical
fantasies: The 7th Voyage of Sinbad (1959). To produce the Arabian
Nights adventure, Harryhausen used perspective tricks (92>), split
screens (54>), over- and undersized props, mattes (44>) and stop-
motion animation (150>) of a complexity not seen before.

Hollywood ended the 50s in a beleaguered and somewhat bewil-
dered state, unsure of how to prevent its previously unchallenged
dominance from slipping further from its grasp. The good times
were a fast-fading memory as Tinseltown dug in to prepare for
whatever the 1960s might bring.
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Actor Russ Tamblyn sits on
producer George Pal’s shoulders
in this publicity still from Tom
Thumb (71958).

Although many film makers
ventured into the realms of
science fiction during the

1950s, few of them produced
so consistent and successful a body of work as George Pal
(1908-1980). After training as an architect at the Budapest
Academy of Arts, Hungarian-born Pal began his film career as an
animator in Budapest before working as a set designer for
Germany's renowned UFA Studios in Berlin. The rise of Hitler
prompted Pal to move to Paris, where he established a successful
animation business, until forced to move once more by the
spectre of German invasion.

In the United States Pal secured a contract to produce a
series of animated puppet films called ‘Pal’s Puppetoons’.
Following their success, Pal secured finance for his first feature
film, Destination Moon (1950). This most notably simulated the
launch of man’s first flight to the moon with the clever
intercutting of a model spaceship and a full-size version 150 feet
in height. Pal gave his first film the high production values that
would come to distinguish all of his features — in this case, hiring
German rocket scientist Hermann Oberth to ensure the film
would be scientifically accurate. As producer — and in later films
director — Pal’s use of special effects was typically restrained; he
recognized when it was best to allow character and dialogue to
tell a story, and when to rely on special effects and action.

Pal’s later productions contained less science and more/™

fantasy, but his commitment to detail, high production values
and judicious use of special effects ensured that his films -

particularly the spectacular science-fiction romps, such as When
Worlds Collide (1951) and The War of the Worlds (1953) — were
among the most popular and critically acclaimed of the period.
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decade included Planet of the Apes (1968) — an impressive film,
pointing towards the maturity of science-fiction cinema. The
superbly expressive ape make-up allowed for subtle and believable
performances that no 50s creature could have achieved.

Continuing the theme of excess, movies in general became
increasingly fast-paced, action-packed and violent. The beginning
of the decade saw audiences shocked by the graphic horror of
Psycho (1960). The 1962 release of the first James Bond film, Dr No,
delighted large audiences with a new style of flamboyant machismo
action. Soon the limits of on-screen violence were being extended,
as audiences responded positively to faster chases, fiercer fights and
bigger explosions in films such as A Fistful of Dollars (1964) and
Bonnie and Clyde (1967). The ‘bigger is better’ ethos continued with
war films such as The Greatl Escape (1963), whose makers crashed
real planes instead of models. The Hellfighters (1968), an oil-fire
drama, capitalized on audiences’ love of explosions by setting the
entire film against a backdrop of blazing oil rigs. Even comedy had
to be of epic proportions - It's a Mad Mad Mad Mad World
(1963) combined an all-star cast

with over three hours of increasingly Fantastic Voyage (1966)

captured the public’s
imagination with its action set
Rear-projected cars chase secret Hollywood entered the 1960s with and big explosions. inside the human body.
agent ‘007’ (Sean Connery) in
Dr No (1962), the first of the
James Bond films. the world had dwindled by millions,

slapstick comedy, frenetic chases
trepidation. Film audiences around

and once-profitable theatres were
closing by the thousand. Still struggling to win back audiences
from television, studios continued to produce a broad range of
mainstream genre films. With the persistent conviction that size was
the one attribute they could offer that television could not, the
studios embarked on the production of a number of spectacular
historical epics, where scale was everything. Films such as
Spartacus (1960), Exodus (1960), El Cid (1961), Mutiny on the
Bounty (1963) and The Greatest Story Ever Told (1965) hyped their
casts of thousands and enormous sets.

Perhaps the most excessive example was Twentieth Century
Fox's production of Cleopatra (1963), which reputedly spent $6,500
on a crown of real gold and employed ten thousand extras in period
costume. Cleopatra’s capital, Alexandria, was rebuilt as a twenty-
acre set of huge palaces and temples; the twelve-acre reconstruc-
tion of Rome’s forum was bigger than the original; and Cleopatra’s
barge was a full-scale floating vessel built at the cost of $250,000.
The finished film cost an unprecedented $37 million, and its dra-
matic failure at the box office almost bankrupted Fox.

However, Fox got rich again with their version of Rodgers and
Hammerstein's The Sound of Music (1965), which became the most
successful film in history and helped to underwrite the continuing
policy of lavishly adapting successful stage musicals, plays and
classic stories. Fox also profited from Fantastic Voyage (1966), a
tremendously entertaining science-fiction adventure, which recon-

structed the organs of the human body as enormous sets in which

wire-suspended actors floated around. Other sci-fi successes of the
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When the studios were
at their most vulnerable,
one director found a
way to make a profit,
becoming one of the
most prolific and com-
mercially successful film
makers in Hollywood
history. Roger Corman
(1926-) began working
in the movie industry
as a messenger boy at
Twentieth Century Fox,
before finding work as a
story analyst and scriptwriter. Frustrated by studio
interference during the shooting of his first script,
Highway Dragnet (1954), Corman decided to form his
own company to shoot his next script, The Monster
from the Ocean Floor (1954).

By the time he directed his own first feature, Apache Woman
(1955), the Corman formula was in place. His productions were
invariably characterized by offbeat plots and quirky characters.
They were made at lightning speed (sometimes in under a week)
on minuscule budgets, and employed largely untried performers
and young crews.

ROGER CORMAN

Although Corman’s science-fiction films and creature features
cried out for lavish special effects, budgets dictated otherwise.
Effects were generally limited to the simplest physical or
mechanical methods - avoiding the use of costly post-production
processes. Occasionally budgets stretched to elaborate monsters,
such as the 4.5m (15ft) crustacean that sidled into The Attack of
the Crab Monsters (1957) to snap up $1200 of the $70,000
budget. More often, budgetary constraints meant that alien
invaders would be no more than actors wearing special contact
lenses, as in Not of this Earth (1957).

The 50s fare of monsters and aliens gave way to slightly more
sophisticated horror in the following decade. Corman’s Edgar
Allan Poe adaptations had time and money ‘lavished’ on them -
they could be in production for as long as three weeks. Despite
their almost crippling constraints, however, some have become
classics of film horror.

Corman has made over two hundred films to date, and has
prospered in one of the toughest industries in the world. He has
earned great respect in Hollywood — not only for his ability to
produce profitable films for less than the catering bill of the
average blockbuster, but also for the start he has given to many
ambitious youngsters, including Martin Scorsese, Francis Ford
Coppola,

James Cameron, Joe Dante, Jonathan Demme,

Penelope Spheris, Robert De Niro and Jack Nicholson.
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A full-sized racing car is fired The 60s hunger for the specta

into Monaco harbour for

. . ; ular had little use for the tradition
Grand Prix (1966).

skills of Hollywood's special effec
departments. Where biblical cities might once have been rendere
by the matte artist or the modelmaker, 60s epics had to have reali
Planes crashing into trees were full-scale aircraft flown by livir
pilots, and real racing cars were fired fromm pneumatic cannons
create spectacular crashes (Grand Prix, 1966). The predominance
such extravagant physical effects and the increasing reliance ¢
location shooting — diminishing the need for rear projection or tra
elling matte effects — reduced many special effects departments
workshops for producing mundane optical effects and titles.
Hollywood had started to streamline operations in the late 1940
The severe financial difficulties faced in the 60s, combined with tt
new policy of distributing more independent films (by the early 6l

two-thirds of films distributed by the majors were independent
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2001: A Space Odyssey, with its balletic
space stations soaring to the music of
Strauss, challenged everyone's concept of
space travel, and made the real moon land-
ing of the following year seem something of
an anti-climax. For Kubrick, realism was the
key, and his quest to make the film the most
visually arresting portrayal of man in space
led to an obsession with the quality of his
special effects. The production of 2001 was
also responsible for the only major effects
technology developments of the decade.
Rear projection was not effective enough for
Kubrick’s vision, and so the relatively untried
process of front projection, which offered
the potential of much bigger, brighter and
clearer background images behind actors,
was developed and used for the first time
in a feature film (69>). A new process of
mechanically repeatable camera control, the
forerunner of modern motion control
(118>), was also developed for the photog-
raphy of the film’s enormous model space-
craft. The most visually striking of the
film's innovations was the now legendary
‘Stargate’ sequence, produced using an
inventive animation method dubbed ‘slit
scan’ (145>).

Audiences had never seen anything like
it, and it seemed as if the success of 200!
might make the studios regret the closure of

their special
2001: A Space Odyssey (1968)

established a new benchmark in
artments. special effects photography,

effects dep-

produced), increased the drive to downsize facilities and reduce
overheads. In the climate of the 1960s, the effects departments
became a costly burden that studios no longer wanted to bear.

By the end of the decade, only Disney maintained a full-time
effects department to service its range of fantasy-based family
entertainment films, such as The Nutty Professor (1963) and Mary
Poppins (1964). Elsewhere, a generation of artists left their depart-
ments. Some discovered a life outside the studios and set up their
own small companies to service independent productions. Many,
reaching the end of their working lives, chose to retire for good. The
accumulated skills of more than a quarter of a century were dis-
carded in order to save a few dollars, and like silent stars faded by
the blare of the talkies, special effects were reduced to bit-parts.

But in 1968, a film of unprecedented visual impact, drawing on

the most astonishing special effects yet seen, was released to critical

bewilderment and impressive box-office business. Stanley Kubrick’s
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A giant zeppelin burns in
the 70s disaster movie The
Hindenburg (1975).

At 141 minutes long and with no
big stars, 2001 had an ambiguous
narrative and no one could say for
sure whether or not it had a happy ending. In Hollywood, where the
popularity of one film normally has studios scrambling to cash in on
any perceived trend, 2001 was something of a mystery. Executives
didn’t quite know what had drawn audiences to the film — although the
popular rumour that it was best enjoyed while stoned was suspected
of being partly responsible. The film was a freak success, made by
Stanley Kubrick, a brilliant, obsessive director, who went over
schedule by a year and doubled his original budget.

The special effects were undoubtedly stunning, but they were
created by a disparate group of talents in a studio in England,
halfway across the world from Hollywood. How these skills could be
profitably re-employed was unclear. The studios needed much more
predictable, and repeatable, indicators of potential success before
they could take advantage of any ‘trend’. Although there were some
effects-laden science-fiction films in the wake of 2001 - such as
Journey to the Far Side of the Sun (1969) — it would be a decade
before the influence of Kubrick’s masterpiece would truly be felt in
the movie-making industry.

After the poor performance of its costly late-60s musicals and
historical epics, Hollywood had entered the 70s in its most perilous
financial condition ever. Tinseltown had been run by movie people
for half a century, but the financial vulnerability of the studios in the
late 60s had led to a series of takeovers and mergers. Much of
Hollywood now lay in the hands of business conglomerates for
whom movie making was a sideline.

The new management instituted many changes in film market-
ing. For decades studios had used a pattern of releasing films grad-
ually. Starting its run in big-city theatres and gradually moving out
into smaller regional venues, a feature film might have been on
release for over a year. In the early 1970s the studios began to use
television and the national press as launch pads. Rather than going
the rounds, a film now opened simultaneously in hundreds of
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theatres to capitalize on a nationwide advertisin:
campaign built around a single release date.

While they couldn't define — and therefore exploi
- the success of 2001, the executives interpreted th:
popularity of Airport (1970) as an indication tha
audiences would pay to see disaster on a majo
scale. The studios embarked on a series of star
stuffed disaster epics, in which people were threat
ened variously by doomed ocean liners (Th
Poseidon Adventure, 1972), flaming skyscraper
(The Towering Inferno, 1974), seismic catastrophe
(Earthquake, 1974) and even an ill-fated airshi
(The Hindenburg, 1975). These films brought som
good opportunities for Hollywood’s special effect
artists, and many found temporary work producin
and shooting miniatures and matte paintings
Massive national promotion leading to blanket release made thes
disaster films early beneficiaries of the new marketing strategies.

Although the disaster cycle was largely successful, studios real
ized that traditional genres with their built-in audience bia
(Westerns aimed at the male audience, melodramas for womer
science fiction for teenagers and so on) would require adaptatior
With the rapidly increasing cost of production and national promc
tion, it was imperative that films appeal to broad cross-sections ¢
the modern audience. To help meet this need, the studios turned t
a new generation of film makers.

Later dubbed the ‘movie brats’, the young directors of the earl
1970s were mostly film school graduates with a deep love of classi
Hollywood cinema. These directors, including Francis Ford Coppol
(1939-), George Lucas (1944-) and Steven Spielberg (1946-), fe
indebted to the traditions of Hollywood but were keen to make th
type of big-budget, broad-appeal genre films that the new-styl
studio marketing sought. Beginning with Coppola’s hit The Godfathe
(1972), the young directors started to produce movies of unprece
dented mass appeal. Lucas’s first success, American Graffiti (1973
was made on a small budget, but its enormous success was only th
start. The main event was Spielberg’'s Jaws (1975). The youn
director caused a sensation with the first film to make over $100 mil
lion for a studio. The film was the prototype for an important nex
phenomenon that later became known as the ‘event movie’.

Jaws used mechanical special effects to produce an occasion
ally convincing performance from an oversized rubber shark, bt
the film itself did not advance the art of special effects. Indeed, th
difficulties of filming with the temperamental mechanical beast
caused the movie to run beyond schedule and over budget, an
served as a warning to anyone considering a similar enterprise.

But it was the future offerings of these young directors that woul
have a significant role to play in the revival of special effects.

George Lucas's Star Wars (1977) was like no other sci-fi filr
that had gone before. In fact, Lucas played down the film’s science
fiction heritage in the legendary opening titles — ‘A long time ago i




a galaxy far, far away ..." - which promoted the film as fantasy and
legend rather than science and futurism. The film relied heavily on
spectacular special effects to portray its unique blend of mythology
and science fiction. Lucas had been inspired by the quality of the
effects in 2001, but the graceful waltz of elegant space stations was
not for him - nor did he have the time and money that such work
would take. With no studio effects department to call on for help,
Lucas decided to build his own. He assembled a team of talented
young artists and technicians, many of whom had cut their teeth in
the world of commercials, where creative demands and budgets
often allowed more innovation than modern features did.

For space battles, Lucas wanted to re-create the speed and
excitement of the airborne dog fights of World War Il movies. Existing
effects technology did not permit the production of this type of mate-
rial, which involved filming many fast-moving spaceships and then
filming background elements with the same, complicated camera
movements, to enable them to be combined seamlessly. As a result,
Lucas's team of technicians built a new computer-linked camera
control system, to record and repeat the exact movements of a cam-
era - the first of its kind. Many traditional effects were also employed
with renewed vigour; optical effects (58>), matte paintings, models,
make-up (210>), effects animation (138>) and pyrotechnics (261>)
all helped to produce the on-screen worlds that Lucas had imagined.

Steven Spielberg’'s Close Encounters of the Third Kind (1977)
was equally reliant on breathtaking special effects. Again, this film
was not science fiction in the traditional sense, and although clearly
influenced by the popular science fiction of the 1950s, Spielberg
shunned the shock tactics of earlier alien-invasion movies to create
a powerful fusion of science, myth and religious iconography. To
help him achieve his vision, Spielberg assembled a team of effects
talent, including some of the crew who had helped to create 2001.
Making extraordinary use of convincing Earthscape models, minia-
ture spacecraft, matte paintings, animation, optical effects, mechan-
ical creature effects and clever camera tricks, and some of the
largest film sets ever constructed, Spielberg and his collaborators
produced one of the most visually stunning spectacles ever to illu-
minate the screen.

Star Wars and Close Encounters (34>) were phenomenal box-
office successes, earning their creators sizeable fortunes and giving
them considerable power in Hollywood. The studios hadn’t known
how to react to 2001, but there was now no doubt in their minds
about what audiences wanted to see. Large-scale action films with
show-stopping special effects were the order of the day. The closing
years of the 1970s saw old special effects equipment dusted off,
effects artists coaxed out of retirement and new talent given its
opportunity with the production of effects-intensive movies, such as
Superman (1978), Star Trek: The Motion Picture (1979), The Black
Hole (1979) and Alien (1979). While the studios continued to
release smaller movies of all types, the emphasis was on finding the
next blockbuster, and studio executives showed a renewed faith in

the money-making abilities of spectacular special effects.
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Irwin Allen (1916-91) entered film production in the early
1950s, after a career that had included stints as a magazine
editor, Hollywood columnist, literary agent and radio producer.
After producing several award-winning documentaries including
the Academy Award-winning The Sea Around Us (1953), and
some modest features, Allen made the 1956 documentary
Animal World, which included twelve minutes of dinosaur
footage animated by Ray Harryhausen (153>).

In 1960, The Lost World marked the beginning of a long and
profitable relationship between Allen and Twentieth Century
Fox. The film was a colourful but flimsy interpretation of Sir
Arthur Conan Doyle’s novel of the same name that forfeited the
delights of Harryhausen-style animation in favour of live lizards

with stuck-on appendages to portray its dinosaurs. Despite its

many failings, the film offered the right mix of action, adventure
and romance to make it a major box-office success.

Following The Lost World, Allen made several effects-heavy
adventure films including Voyage to the Bottom of the Sea, but
concentrated on producing fantasy and sci-fi television
including the TV version of Voyage to the Bottom of the Sea
(1964-68), Lost in Space (1966—68) and Land of the Giants
(1968-70). Ever resourceful, Allen liked to recycle his feature
film footage — especially the live-action dinosaur material filmed
for The Lost World, which regularly re-appeared in Allen’s various
TV productions.

Perhaps the films for which Allen is most remembered are his
70s disaster epics The Poseidon Adventure (1972) and The
Towering Inferno (1974), which helped to earn him the title
‘disaster king’. Both were object lessons in how all-star casts,
spectacular large-scale action and impressive special effects,
such as models of burning skyscrapers and sinking ships, could
be mixed into a box-office hit — an irresistibly profitable
equation that has guided some producers ever since.
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Jaws (1975), Star Wars (1977), Close Encounters of the Third Kind
(1977) and the films that rode on the back of their phenomenal
success brought new hope to Hollywood. The studios were making
money again. In executive minds, there was no doubt about the type
of films they should be making: the quest was on for the next S100
million blockbuster.

Movie theatre admissions were on the rise. In 1985 the anti-trust
legislation of the 40s (<24) was reversed, and some of the studios
began to invest in theatre chains once more. New multiplex theatres
were springing up everywhere, funded by studio cash.

Home video became available in the mid-70s, and within ten
years, half the homes in the United States owned a VCR. The stu-
dios initially feared that home video would have a detrimental effect
on movie-going, but it soon became evident that video ‘sell-through’
and rentals could provide important additional income for the
studios. By 1986 the US revenues from video cassette sales
equalled those from movie theatres. Video actually renewed public
interest in the movies and helped to revive film-going culture.

Studios also began to discover

Ridley Scatt’s atmaspheric classic the worth of their libraries of old

Blade Runner (1982) was one
of a number of effects-packed

films to emerge in the wake of
Star Wars (1977).

films, as increasing demand for
videos and the rise in cable and

satellite broadcasting brought new
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markets for the movies of yesteryear. In the 1930s a film was con
sidered a ‘spent’ product within two years of its release, but by th
mid-80s the post-theatrical life of a movie promised to be long an
profitable — especially for a blockbuster.

The production of ‘blockbuster-style’ films was extremely exper
sive. Hollywood now planned about one hundred major release
annually, compared with 350 in the 1940s, but by comparison th
modern budgets were enormous. The films of the 1980s becam
increasingly action-packed and violent, youth-oriented and specii
effects intensive.

As the decade began, the immediate future for science fictic
and fantasy seemed assured. George Lucas had promised at lea:
another two Star Wars films, and the Star Trek and Superma
sequels seemed never-ending. Enthusiastic audiences for futurist
and fantastic films led to the production of movies such as Flas
Gordon (1980), Blade Runner (1982) and the record-breakin
E.T. — the Extraterrestrial (1982).

An affluent and influential youth market also displayed &
appetite for belly-laughs. 1941 (1979), Spielberg’s expensive belly
flop, gave the studios comic indigestion, and led for a while to le:
ambitious fare such as Airplane! (1980) and Trading Places (1983
Though not exactly brain food, they were mouth-watering
successful. Film producers went on to perfect another recipe ft
profit — comedy, action and spectacle, mixe
cautiously in a pot of money — in films suc
as Ghostbusters (1984) and Back to tt
Future (1985).

The action genre was pumped up in tt
80s with the musclebound efforts of Stalior
(First Blood, 1982) and Schwarzenegger (T}
Terminator, 1984). In-your-face heroics ar
comedy were combined in films like Leth
(1987) and Die Hard (1988
Romantic, swashbuckling action resurfaced

Weapon

the triumphantly popular Indiana Jones triloc
(1981, 1984, 1989) and its various imitators
For their big earners, the studios becan
increasingly reliant on ‘event movies' - higl
profile films with major stars that we
released at key dates (Christmas, Easter ar
summer holidays) to a fanfare of publicit
These films were not cheap to produce.
1972 production costs for the average mov
were $2 million. By 1980 the average cost he
reached $10 million, and by the end of t
decade it would be $23 million. Furthermor
the intense pressure for films to perform led
enormous publicity campaigns that could doi
ble their costs. Alien (1979), for example, co
$10 million to produce and an estimated $1

million to promote.



Steven Spielberg’s E.T. — the
Extraterrestrial (7982)
combined cutting-edge special
effects and a heart-warming
story to create box-office magic.

The huge cost of films was
partly due to the growing demands
of big-name stars and directors,
whose fees could equal a film’s
other production expenses. Costs
were held down, marginally, through a reliance on independent pro-
duction. By the 1980s the major studios had largely given up mak-
ing films, preferring instead to commission movies from smaller
production companies. In a typical arrangement, Steven Spielberg’s
Amblin Entertainment — the most successful independent company
of the 1980s - was provided with lavish headquarters at Universal
Studios in return for offering most of its productions to Universal for
financing and distribution. This method of production cost the stu-
dios less, but it also meant receiving a smaller portion of profits.

The reliance on sophisticated special effects was another factor
in the escalating price-tag of major movies. Special effects were no
longer just a way of producing difficult or impossible shots - they
were becoming the star of the show, and audiences wanted to see
more. Star Wars had been the first film to promote itself partly on
the quality of its special effects. As the film took off, articles were
written and documentaries made about how the special effects
were achieved. For the first time, the movie-going public became
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familiar with the concept of matte paintings and blue-screens.
Rather than destroying the magic, as the old moguls had predicted,
people wanted to know about the technology behind what they saw.
A knowledge of how special effects were produced appeared to
fuel public interest in a film and helped die-hard fans to get inside
their favourite movie.

In the wake of Star Wars, a number of independent special
effects production companies were established to service the
increasing demand from film and television. George Lucas’s own
outfit, Industrial Light and Magic (ILM), was temporarily disbanded
after Star Wars, but reassembled permanently for The Empire Strikes
Back (1980). During the 1980s ILM grew into the most successful
special effects house in the world, serving the films of George Lucas
and Steven Spielberg and many other landmark productions. The
effects business became a well-established, if not especially stable,
sector of the film industry. When films went into production, special
effects houses would break down scripts to assess their potential
effects content and bid for the work on a competitive basis. Of the
many small companies established, most were short-lived, though
others would prosper and grow into the next decade, forming a core
of dominant industry leaders.

The sheer bulk of special effects dependent movies led to an
unparalleled period of research and development. The early block-
busters had made significant use of effects, but for the most part
these involved skilful variations on traditional methods. The major
breakthrough in effects technology had been the use of simple com-
puters to control the movement of cameras filming models (120>).
The real revolution came when the computers actually began to
generate images.

In 1982 Disney produced TRON, a film based largely within a
computer. Several minutes of footage were computer generated,
and Disney used this as a major promotional tool. Though the fail-
ure of TRON at the box office served to short-circuit the immediate
interest in computer generated imagery (CGl), research continued.
Several important CGl sequences were created in the following
years, such as the ‘Genesis sequence’ in Star Trek lIl: The Wrath of
Khan (1982) and the space battle elements of The Last Starfighter
(1984). It wouldn't be until the 1990s that the dazzling potential of
computers would become fully apparent.

1989 was the most successful year in Hollywood history, with the
American public spending $5.03 billion at the box office. Hollywood
had undergone a remarkable revival. The film business was an inte-
gral part of the global leisure industry, and hit movies spawned
enormous sales of merchandise: computer games, toys, books
clothing and music. Many of the studios — now really clearing
houses for celluloid commodities — were owned by multinational
conglomerates, including soft drinks manufacturers and Japanese
electronics firms. The 1980s may not be remembered as a golden
age for quality, but it was certainly a time of plenty for the money-
people, and this paid for a remarkable renaissance in the art and
technology of special effects.



= g
s s
=
—_—
—
| W
L s
==
—
)
| o]
| s—
e
= o
| o
s
LJ
=
PR |
)
[ e TR
L = =
—_—
)
—
-
e
L= =]

Studying film at the University of Southern
California, George Lucas (1944-) made a
twenty-minute dystopic vision of the future,
which — with the backing of his friend Francis
Ford Coppola (1939-) - he later developed
into a feature film. THX 71738 (1971) was a
stark, intelligent science-fiction film that
gained cult status and earned Lucas the
mantle of an ‘intellectual’ film maker. He
surprised everyone with American Graffiti
(1973), a semi-autobiographical film crystal-
lizing teenage life on one night in 1962.
Made for a pittance, it took a fortune at
the box office, becoming one of the most
profitable films of the decade. The success of
Lucas’s next project, Star Wars (1977), is
legendary, and - together with Spielberg’s
Close Encounters of the Third Kind (1977) -
resurrected the big-budget sci-fi/fantasy
movie and ushered in the age of special
effects on the grand scale.

To furnish the effects for Star Wars, Lucas created his
own facility, Industrial Light and Magic (ILM) — a company
that would become an industry byword for innovation
and quality. ILM has since contributed many of the most
memorable special effects to modern films, and earned
dozens of Academy Awards for its extraordinary work.
Lucas himself, with his Lucasfilm organization, has played
a key role in the development of digital visual effects
(185>), editing and sound technology (278>).

Making Star Wars was such an ordeal for Lucas that on
future projects he gave up the director’s chair for the role
of creative producer, becoming the architect of massive
commercial success with the Star Wars sequels (1980,
1983) and the Indiana Jones trilogy (1981, 1984, 1989).
Indiana Jones was revived in the popular Young Indiana
Jones Chronicles TV series (1991), which pioneered the use
of digital visual effects in television production. Despite
immense successes, there have been occasional failures
for Lucas, including Willow (1988), Tucker: The Man and
His Dream (1988) and Howard the Duck (1986).

Unlike George Lucas, Steven Spielberg (1946-) had no
formal training, learning his craft and polishing a natural
talent for film making with a series of childhood home
movies. His college film Amblin’ (1969) won critical praise
and, more importantly, a contract to direct at Universal.
After a number of television assignments, including
episodes of Night Gallery (1969, 1971) and Columbo
(1971), the apprentice film maker moved up the ladder

to TV movies. The popularity of
Duel (1971), in which a lone driver
is pursued relentlessly by a mys-

George Lucas (left) and Steven
Spielberg (right) on the set of
Indiana Jones and the Temple
of Doom (1984).

terious, menacing truck, earned

Spielberg the opportunity to direct his first theatrical film, The
Sugarland Express (1974). Though it was not a commercial success,
his future was assured. By the time it was released, he was already
directing Jaws (1975).

The worldwide popularity of Jaws, and then Close Encounters,
was not matched by Spielberg’s rip-roaring misfire 1941 (1979),
though what the film lacked in dramatic subtlety it compensated
for in exquisite miniature work. However, the first collaboration
between Spielberg and Lucas, Raiders of the Lost Ark (1981), was a
barnstorming success that demonstrated the value of fantasy
combined with dazzling special effects in the creation of earth- '
bound historical adventures.

The 80s were a golden time for Spielberg. In addition to his own
directorial projects, he mined an endless seam of popular movies
produced by his company Amblin Entertainment. Gremlins (1984),
The Goonies (1985), Back to the Future (1985), Innerspace (1987) and
Who Framed Roger Rabbit (1988) were just some of the films that
emerged. All were immense hits, and all were heavily reliant on the
visual treats created by ILM.

More than any others, George Lucas and Steven Spielberg were |
responsible for the rejuvenation — some would say juvenilization — of
cinema in the 1980s. They made films with an emphasis on
throwaway stories and visual spectacle. The special effects in their
films demanded groundbreaking technical developments that
would benefit the entire industry.
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By the centenary of its birth in 1995, the American film industry had
developed into an efficient money-making machine - and the
country’'s most profitable export. The cost of making movies
continued to mushroom, and by the middle of the decade, the
average studio film cost $50 million to produce, and the big
seasonal blockbusters considerably more. By their very nature,
blockbusters must surpass whatever has gone before if they are to
attract a large audience; the concepts must be more outrageous and
the special effects more stunning. In an attempt to limit the risks
involved in investing so much money in a single movie, studios
came to rely heavily on sequels. In a notoriously unpredictable
business, the sequel’s potential for success seemed marginally
more predictable.

The 1990s also witnessed the resurgence of the feature-length
animation movie. Disney followed its smash-hit The Little Mermaid
(1989) with Beauty and the Beast (1991), which was an even
greater box-office success and became the first animated feature
film to be nominated for a Best Picture Academy Award. Other

major studios, including Twentieth
Terminator 2: Judgment Day

(1991) extended the possibilities
of digital effects.

Century Fox, Warner Brothers and
the newly created DreamWorks
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SKG, developed their own feature animation programmes, banking
on a share of Disney’s box-office magic.

The profits from animated features can be enormous, even
though the majority of tickets sold are for low-priced children’s
seats. Box-office success is just one part of the money-making
equation, however, and Disney — more than any other studio -
became supremely accomplished at extending the commercial
value of its films by licensing its animated characters for use in
every imaginable consumer product, from toys and books to cloth-
ing and computer games.

In the realm of special effects, the early 1990s saw a monumen-
tal breakthrough in digital imaging. Although generating original
imagery with a computer had become faster and easier by this time,
such images still had to be manipulated and incorporated into film
footage using traditional optical techniques. However, the develop-
ment of fast and reliable scanning and recording technology (74>)
at the beginning of the decade allowed film images to be converted
to the digital medium, manipulated within a computer and recorded
back on to film for exhibition. The ability to get film in and out of the
digital realm with no loss of quality opened the floodgates for

Hollywood's digital revolution.




James Cameron (1954-) began his film career working
for Roger Corman (<28) as art director, miniature set
builder and rear-screen photography supervisor for
Battle Beyond the Stars (1980).

Cameron made his directorial debut in 1981 with
Piranha II: The Flying Killers, which he co-wrote. The film
barely betrayed the talent of its director, but did signal
Cameron’s interest in science fiction and special effects,
which materialized three years later in The Terminator
(1984), an exciting and inventive science-fiction thriller
that was the first of several collaborations with action
star Arnold Schwarzenegger.

Aliens (1986) saw Cameron using striking visuals
and Oscar-winning special effects to create a landmark
in science-fiction action films. The Abyss (1989) was a
critical and commercial disappointment, but featured
some groundbreaking computer-generated effects that
helped to assure the future of digital imagery in film

Jinesy CANERDN

making and won Industrial Light and Magic an Oscar
for its work on the film.

Terminator 2: Judgment Day (1991) relied on the computer-
generated wonders of ILM to provide one of its key characters —
a shape-shifting cyborg that could assume any form or texture
that it wished. The stories that Cameron wanted to tell had
become so reliant on cutting-edge special effects technology
that, after making Terminator 2, he established his own special
effects facility, Digital Domain.

True Lies (1994) saw the director’s first foray into real-world
action adventure, and the use of digital effects to create
naturalistic environments and events — perhaps a rehearsal for
his epic Titanic (1997), which became the first film to pass the
$1 billion figure at the box office. With Titanic, Cameron showed

that digital effects could be equally effective at conjuring
historical eras as they
were at creating futu-

ristic ones. Cameron
directed Terminator 2
3-D in 1999, a theme
park attraction based
on the movie.

Perhaps more than
any other film maker of
the 1990s, Cameron
had the imagination
and ambition to har-
ness the potential of
both traditional and
cutting-edge  special
effects techniques.
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The hugely successful Jurassic James Cameron’s Terminator
Park (1993) awed audiences

) g 3 Judgment Day (1991) offered siu
with its magnificently realistic o o
computer-generated dinosaurs. ning, digitally created characte
that performed feats impossible
achieve in the physical world. Audiences were amazed by a liqui
metal character that could turn into any other object. Jurassic Fa
(1993), which used computers to produce amazingly lifelike imagt
of extinct dinosaurs, took digital imaging to a new level of sophisi

cation and became the highest grossing film in history.



The film confirmed that digital effects were the way of the future.

Almost overnight, machinery and skills that had been in use in the
movie effects industry for over half a century became outmoded.
Special effects facilities scrambled to recruit people who had never
touched a frame of film in their life, but who could operate comput-
ers and write programming code. Producers were impressed by the
capabilities of the new technology, and scripts whose impossible
scenarios had made them unfeasible in the past were quickly dusted
off and put into production.
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Toy Story (1995) became the first
entirely computer-generated feature film.
Its stunning images, appealing characters
and compelling storyline ensured that it
was a huge hit. Several wholly computer-
generated films followed, including
Disney’'s A Bug's Life (1998) and Dream-
Works' Antz (1998). The all-digital film is
now set to become a regular offering of
the future.

As the decade progressed, digital tech-
nology, once the preserve of big-budget
movies, quickly became affordable and
available to even the most modest produc-
tions. Crowds could be replicated, remov-
ing the need for hundreds of extras in
expensive costumes. Physical effects were
made practical and safe because safety
wires used to protect actors during filming
could easily be digitally removed. Futur-
istic or historical locations could be con-
jured up with the minimal use of sets and
locations. Directors could make grass
greener and skies bluer at the touch of a
button. The most glaring on-set errors
could be corrected during post-production,
to the extent that effects artists commonly
complained that careless filming methods
were causing unnecessary digital work at a
later stage of production.

At the end of the century, George Lucas
released Star Wars Episode One: The
Phantom Menace (1999), the long-awaited
addition to the Star Wars saga, which had
sparked a big bang in special effects
twenty years before. Taking advantage of
the progress in digital effects technologies
that had developed largely as a result of his
earlier successes, Lucas produced a land-
mark movie in which otherworldly loca-
tions and fully interactive characters were
created almost entirely within the com-
puter. For the first time in the one-hundred-year history of the cin-
ema, a film maker was able to put literally anything that they could
imagine on screen.

Whether or not digital technology has enhanced the art of film
making is open to question, but there can be no doubt that, with
access to such tools, directors now have the means, more than ever
before, to produce the film that they have conceived in their mind’s
eye. Given a computer and some powerful software, one can only
imagine what wonders George Mélies might have produced.
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TWO

MOVING PICTURES HAD BARELY BEEN INVENTED WHEN

ENTERPRISING FILM MAKERS BEGAN TO EXPERIMENT WITH THE

UNIQUE PROPERTIES OF MOTION PICTURE PHOTOGRAPHY TO

CONJURE NEW AND SOMETIMES FANTASTIC IMAGES. AT THE

HEART OF MOST CINEMATIC EXPERIMENTS WAS THE SELECTIVE

COMBINATION, ON A SINGLE PIECE

OF FILM, OF SEVERAL IMAGES

FILMED AT DIFFERENT TIMES AND

PLACES. THE EARLIEST METHOD

OF COMBINING IMAGES IN THIS

WAY WAS THE SIMPLE DOUBLE

EXPOSURE, IN WHICH ONE PART OF
THE IMAGE WAS FILMED IN ONE
TAKE AND THE REST CAPTURED IN

A SECOND. FILM MAKERS HAD

WITH LIVE ACTION THEN THE COST OF BUILDING LARGE ANL

EXPENSIVE SETS COULD BE AVOIDED. AND THERE WERE

ARTISTIC REASONS, TOO — THE ILLUSION OF FANTASTIC ANLC
OTHERWISE IMPOSSIBLE EVENTS COULD BE ACHIEVED THROUGH
THE MANIPULATION OF SEVERAL REALISTIC ELEMENTS.

EARLY METHODS OF IMAGE
COMBINATION WERE CRUDE BUT
AS THE CENTURY PROGRESSED,
FILM MAKERS BEGAN TO DEVELOF
MORE SOPHISTICATED TECHNIQUES
THAT TOOK ADVANTAGE OF THE
OPTICAL AND PHOTOCHEMICAL
PRINCIPLES OF FILM ITSELF. LIGHT,
LENSES,

FILTERS AND FILM WERE

ALL INVESTIGATED TO ENABLE

The Panavision Millennium camera, one of the
most sophisticated 35mm cameras in the world.

SEVERAL REASONS FOR WISHING TO

TRANSFORM REALITY. THE MOTIVATION WAS PARTLY PRACTICAL —
AN IMAGE OF ACTORS FILMED IN THE STUDIO COMBINED WITH
ONE OF THE PYRAMIDS ALLEVIATED THE NEED FOR A TIME-
CONSUMING TRIP TO EGYPT. COST FACTORS ALSO PLAYED
THEIR PART;

IF MODELS COULD BE FILMED AND COMBINED

NEW FORMS OF PHOTOGRAPHIC ALCHEMY.
THIS CHAPTER EXPLORES THE BASIC PRINCIPLES OF MOTION
PICTURE PHOTOGRAPHY BEFORE EXAMINING IN DEPTH THE IMAGE
MANIPULATION PROCESSES THAT HAVE BEEN USED OVER THE

LAST HUNDRED YEARS, FROM THE EARLIEST OPTICAL METHODES

TO TODAY'S DIGITAL TECHNIQUES.



THE CAMERA

Despite its complex engineering and precision mechanisms, the
movie camera is, in principle, a relatively simple device. The
camera holds a detachable magazine (fig. 1 (a)) that contains
two lightproof chambers. During photography, unexposed film
leaves the first chamber, travels through the camera for exposure
and is fed into the second chamber, where it is stored until being
removed for processing.

Film travels through the camera at a continuous rate — in the
case of normal sound photography, at twenty-four frames per sec-
ond. As the film approaches the gate where it will be exposed to
light (b), a claw mechanism (c) engages the film’s sprocket holes.
The mechanism holds each frame motionless in the gate for expo-
sure before pulling the next frame into place.

b) gate

d) lens
element

Film is exposed to light that has been gathered and focused by a

lens (d), which is attached to the front of the camera. An adjustable
diaphragm, or aperture (e), can be opened or closed to admit vary-
ing amounts of light through to the gate. The camera’s shutter (f) is
a continually revolving disc with gaps in it that can be made larger
or smaller. The width of the gaps determines the length of time that
the film is exposed to light coming through the aperture. While the
film is held in the gate, the revolving shutter opens to let light on to
the film. As the shutter closes, the film is moved on. While the next
unexposed frame is being moved into the gate, the closed shutter’s
mirrored surface reflects light into the camera's viewfinder (g),
enabling the camera operator to see the image being photographed.

All cameras employ mechanical methods to ensure that each
frame of film is correctly positioned, or ‘registered’, in the gate

THE MODERN REFLEX MOVIE CAMERA

f) rotating shutter
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during exposure. Without such a device, images exposed on the film
would move slightly from frame to frame, causing ‘image weave'
when projected on to a screen. While a small degree of image weave
is acceptable when watching a film, it cannot be tolerated in any
shot that is to become part of a special effects sequence. Effects
procedures require the precise placing of images on film so that
multiple elements can be combined effectively to achieve the
desired result. To register film in the gate, cameras used in special
effects production feature a system of ‘pilot pins’ that slot into the
sprocket holes of each frame of film and hold the film absolutely
steady during exposure. Cameras with this feature are known as
process cameras.

Once developed, film is displayed on a screen using a projector
- essentially a camera in reverse. Rather than outside light entering

the device through the lens, light is gen-

Figure 1 erated within the machine and chan-

nelled out through the lens. The light

first passes through the film, where it

picks up an image, and is then focused
by the lens on a distant screen.

Like cameras, projectors also have a
rotating shutter. Although pictures
recorded at twenty-four frames per sec-
ond are sufficient to establish the illusion
of smooth movement, they have a
noticeable ‘flickering’ effect when pro-
jected. It is a feature of human vision
that the faster the flickers occur, the less
we perceive them. To present apparently
flicker-free pictures, the shutter actually
g) viewfinder closes once during the projection of
each frame of film so that we are pre-
sented with forty-eight images a second.
a) magazine

The lens

The most important component of any

camera is its lens. The purpose of the
lens is to collect all the lightwaves emanating from a single point on
the subject matter and to make them converge on to a single point
on the film. Different coloured lightwaves do not focus at the same
point if channelled through a single lens element, however, so
several lens elements with different properties are combined to
ensure that the image is focused correctly on the film. These glass
elements are arranged in a lens barrel, which, when turned, moves
the elements towards or away from the film, allowing the image tc
be focused correctly. The lens barrel also contains an adjustable
diaphragm, or aperture, that can be opened and closed to control
the amount of light reaching the film.

Lenses are generally classified according to their focal length -
that is, the distance between the optical centre of the lens, where all
incoming light converges, and the film plane (fig. 2). A wide-angle
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Alfred Hitchcock (<23) made
startling use of the optical
principles of lenses during the
making of his psychological thriller Vertigo (1958). The film
maker wanted to give visual expression to the psychological

James Stewart in the
bell tower shot from
Vertigo (1958).

THE TROMBONE SHOT

feeling of vertigo when actor James Stewart peered down the
stairwell of a high bell tower.
Knowing that depth perception changes with the focal

length of a lens (see main text), Hitchcock set up a track with a

camera and zoom lens at one end, and a large model of the
stairwell laid on its side at the other end. Looking towards
the distant stairwell, the camera’s lens was zoomed in so that
the model filled the whole frame. During filming, the camera
was rapidly tracked towards the model and the lens zoomed out
correspondingly. Although the camera got nearer to the model,
zooming out meant that the stairwell actually appeared to stay
the same size.

The resulting footage showed a stairwell that remained the
same size in the frame while its depth perception appeared to
radically increase. The shot is astonishingly effective in
simulating the psychological point of view of a vertigo sufferer.
Much to Hitchcock’s annoyance, this technique, subsequently
dubbed the ‘trombone shot’ (fig. 3), was later stylishly
borrowed by Steven Spielberg for a shot of Roy Scheider during
a shark attack in Jaws (1975) and has since become a cliché of
horror films and television commercials.
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e Figure 2
P LENS ANGLES

HO

b) ‘long’
or telephoto lens

a) wide-angle lens

lens with a focal length of 28mm has its optical centre very near tc
the film plane, and is able to photograph objects from a wide are:
around the camera, making it ideal for photography in confinec
spaces. A long, or telephoto, lens with a focal length of 125mm ha:
its optical centre further from the film plane. It has a narrow field o
view and will make objects that are in fact a great distance from the
camera appear closer to it, making the telephoto lens suitable fo
filming distant wildlife, for example. In 35mm photography, a len:
with a focal length of 50mm is considered normal, since the field o
view in pictures taken with this lens approximates what can be seer
by the human eye.

Focal length also affects the ability of a lens to keep subjects ir
focus. With a wide-angle lens, objects both close to and far from the
camera remain in focus. With a long lens, only objects a small dis
tance apart from each other remain in focus. The distance withir
which objects remain in sharp focus is known as depth of field, ¢
phenomenon that is also influenced by the amount of light in :
scene, the aperture of the diaphragm and the sensitivity of the filn
being used (91>).

The focal length of a lens also affects the depth perception of ¢
shot. Where two objects are placed at varying distances from the
camera, for instance, a wide-angle lens will exaggerate the spact
between them, while a long lens will make them appear to be close

to one another.

Figure 3
THE TROMBONE SHOT

Altering the focal length of the lens
while the camera moves towards
an object results in the object
remaining the same relative size
while its background appears

to change.




Though most lenses used in motion picture photography are of
1 fixed focal length (known as ‘prime’ lenses), zoom lenses can also
>e used. The zoom lens has a variable focal length that can be
altered during photography to make subjects that are a fixed dis-
ance from the camera appear to move nearer or further away. The
listance between subject and camera does not have to change dur-
ng a zoom, so it is not necessary to re-focus the lens during the
novement, which would be the case were camera and subject to

thange their relative positions.

THE FILM

“ilm is the medium traditionally used to capture, store, manipulate
and deliver motion picture images. It is a flexible strip of transpar-
ant cellulose acetate that is coated with a light-sensitive emulsion in
vhich tiny crystals of silver halide are suspended in gelatin. Black-
ind-white film consists of one layer of light-sensitive emulsion;
zolour film consists of three layers, each one sensitive to a different
zolour - red, green or blue. When exposed to light, the silver halide
crystals undergo a chemical change which makes them turn dark
vhen the film is processed in the laboratory. Crystals not affected by
ight are washed away during processing to leave clear areas on the
ilm. The result is a ‘negative’ image of the original scene.

In the case of black-and-white film, the negative is purely
‘onal — that is, a mixture of dark and clear areas, with light from a
oright area of the subject affecting more silver halide crystals than
ight from a dark area. Colour negatives, on the other hand, record
coth tone and colour - red light affects the silver halide crystals in
he red-sensitive layer of the film, green light affects the green-
sensitive layer and blue light the blue-sensitive layer. During
srocessing, a coloured dye forms where the silver halide crystals
rave been affected in each layer of the film, and the crystals are
‘hen bleached away. The dyes that form in each layer of the
1egative are in that layer’s ‘complementary’ colour (44>) — that is,
zyan dye forms in the red-sensitive layer, magenta dye in the green-
sensitive layer and yellow dye in the blue-sensitive layer. When
1egatives are copied on to film or photographic paper to produce a
positive’ image, the dark areas on a black-and-white negative
>ecome light again, and light areas dark, and the dyes in the colour
1egative are reversed to their original colours.

The speed of film - that is, how much light it needs to record an
mage - is determined by the size of the silver halide crystals held in
‘he emulsion. Slow films have small silver crystals, needing a large
juantity of light to produce an image. The small crystals, however,
oroduce a high-quality, fine-grained image. Fast films, on the other
1and, will produce a picture in low light conditions, but the large sil-
ver crystals needed result in a much grainier image.

Duplication

At the heart of all optical special effects is the ability to copy images
Tom one film to another. During the copying process, images can
>e manipulated in various ways — for example, to extract selected
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Figure 4 FILM GENERATIONS

When films are copied from negatives or positives, they are
named according to their place in the production chain. Each
copy is known as a generation, and each generation can be

given a number of names.

1 Original camera negative. The film that is held in the camera
during photography and subsequently developed into a negative.

Also called the master negative.

2 Master positive. First-generation copy of original negative. Such
copies are used in the production of special effects where a positive
image of the highest quality is required — for rear projection, for

example. Also called the interpositive.

3 Internegative. Made from copying the master negative on to rever-
sal film to produce another negative, or by copying the master pos-
itive on to negative film. Many additional positives can be struck
from this film - edited release prints, for example. Also called an

interdupe or colour reversal intermediate.

|
{
|
— |

4 Release print. Thousands of release prints may be made of a film

to be sent to cinemas around the world.
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elements from the frame or to prepare them for combination with
other images at a later stage. At the most basic level, film images
must be copied in order to produce the finished prints that are
screened in movie theatres across the world.

Until the widespread adoption of optical printers (56>) in the late
1920s, the copying of images from one film to another was done
entirely through a process known as ‘contact printing’ (fig. 5). To
transfer an image, two films are sandwiched together, emulsion to
emulsion, and light shone through them, thus copying the image
from film to film. Continuous contact printing, in which two films are
moved without pause through the printer, is still used today to pro-
duce ‘rushes’ (the previous day’s footage watched each morning by

director and key crew) and to copy large numbers of prints at low

Figure 5

CONTACT PRINTING By Ay

exposed and
developed images

a) printing light

) unexposed film to
which image is copied

cost for general release. Intermittent contact printers, on the other
hand, copy films one frame at a time with perfect registration.
Rather than running the film continuously past the printing head at
considerable speed, these printers (also called step-printers) hold
each frame steady before it is moved on. By holding the image in
place during exposure, step-printing produces high-quality copies
of a film that can be used in further photographic processes, such
as special effects production.

From the 1920s onwards, the copying of images was increas-
ingly carried out using the process known as optical printing, which
entailed projecting the image from one film to another through a
lens. This allowed changes to be made to the image during copying,
for example by the use of a filter (58>).

Before the introduction of slow-speed, fine-grained duplication
stock in the 1950s, each subsequent copy of a film brought a
noticeable deterioration in picture quality — rather like making a

photocopy of a photocopy. Even using today’s sophisticated film
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stocks, copying images from film to film inevitably causes som

increase in grain and contrast levels.

Film formats
The shape and quality of the image we see on a cinema screen
largely affected by two factors: the size of the film on which it is she
and presented, and the aspect ratio at which it is projected (fig. 6).
The standard width of film used in professional cinematograph
and projection is 35mm. The aspect ratio of a standard 35mm imag
is 1.33:1, which means that it is 1.33 units wide for every one un
that it is high. This ratio was standardized by the Academy of Motio

FILM FORMATS

Figure 6

Academy Ratio 1:33:1
(35mm unmasked)

Widescreen ratio 1:85:1
(35mm masked)

Anamorphic, 2.35:1, squeezed and unsqueezed

65mm negative

70mm print

VistaVision,
also known as ‘8’ perf.




Picture Arts and Sciences in 1932 and is known as the ‘Academy
Ratio’. Most feature films were shown in this ratio until the 1950s,
when it was also adopted as the standard for television screens.

It was the massive success of television that prompted large-
scale experiments in different screen formats for the movie theatre.
If television used the ratio 1.33:1, it was thought that film theatres
might win back audiences by producing images that appeared to be
much bigger. This was initially achieved simply by masking off the
top and bottom of the 35mm frame to produce a wider looking
image. This method is still commonly used today, and (in the UK
and the States) films shot in 1.33:1 ratio have a mask applied dur-
ing projection to produce a widescreen image of 1.85:1 (the stan-
dard European widescreen is 1.66:1).

To produce much wider images from 35mm film, the use of
anamorphic lenses became popular in the 1950s. Anamorphic
lenses squeeze an image horizontally, so that a very wide image can
be fitted on to narrow 35mm film. When projected, another lens
returns the image to its normal proportions. The anamorphic
process (meaning ‘to form anew’ in Greek) was pioneered by Henri
Chreétien (1879-1956) for use in tank sights during World War |, but
the process was not widely adopted for feature film use until Fox
patented the process under the name CinemaScope in 1952.
CinemaScope produced an incredibly wide image with a ratio of
2.35:1, and was first used in the filming of The Robe (1953). Today,
the anamorphic process is often called ‘Panavision’ — after the com-
pany that produces the most widely used anamorphic lenses.

While most studios embraced anamorphic techniques, Paramount
adopted a different approach. It developed the VistaVision system,
which was first used for White Christmas (1954). VistaVision ran
35mm film horizontally through the camera rather than vertically, like
other systems. This produced a negative with the standard 1.33:1
aspect ratio, but one that was more than twice the normal size, result-
ing in very high-quality images. Few theatres installed the special
projectors needed to show VistaVision, however, so most productions
filmed in the format were optically reduced to standard 35mm, but
benefited enormously from the high definition of the original negative.

The 1950s also saw a rise in the use of large-format film tech-
niques, mostly using 65mm negative film, which was then printed
on to 70mm release prints, to provide an extra 5mm for the sound-
track. Only large theatres in major cities adopted 70mm systems,
and most 70mm productions were reduced to 35mm for screening
in conventional theatres. Today, most 70mm presentations are actu-
ally 35mm films that have been blown up to 70mm, though occa-
sionally, prestigious films such as Kenneth Branagh's Hamlet
(1997) are still filmed in 65mm.

Large film formats are particularly useful for the production of
special effects shots, since the number of processes that images tra-
ditionally go through before completion degrade the image sub-
stantially. This was especially so in the case of traditional optical
techniques, which required the duplication of an image many times,
each copy resulting in a loss of quality. Initial large format image
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quality is so high that images for effects sequences can be shot,
copied and manipulated several times, and the results copied on to
a 35mm release print without looking any worse than the normal
non-effects 35mm photography. Even in the digital age, where
images are scanned in and out of a computer with no loss of qual-
ity, special effects photography still often uses larger formats where
budgets permit, because they allow post-production processes such
as cropping or image re-framing to be carried out.

VistaVision is a popular format for effects photography. The
process had fallen into disuse until it was rediscovered during the
production of Star Wars (1977) to film large-sized plates for optical
effects work. VistaVision has the further advantage that it uses stan-
dard 35mm film stock, so it can also be processed and handled in
the normal way, providing substantial savings over 65mm film.

THE PRINCIPLES OF COLOUR

A number of special effects processes rely on the selective use of
colour for their results. A basic understanding of colour, light and
film is helpful in comprehending such processes.

Light forms part of a wide range of energies that together make up
the electromagnetic spectrum. This spectrum includes gamma rays, X-
rays, ultra-violet radiation, visible light, infra-red radiation, microwaves
and radiowaves. Light forms only a tiny portion of the spectrum’s
wavelengths and is the only radiation energy visible to the human eye.
MNatural white light is a mixture of these visible wavelengths.

When a beam of white light is shone through a prism, the vari-
ous wavelengths that combine to make white light are bent, or
refracted, by varying amounts. The separated wavelengths emerge
from the prism and can be seen as an array of colours if a white card
is placed in their path. The colours always appear in the same order:
violet, blue, green, yellow, orange and red. A similar process occurs
when sunlight passes through mist and forms a rainbow.

Photographically, there are two ways to create all the colours
that are visible to the human eye. One method, known as the addi-
tive process, involves mixing a number of coloured lights together
to produce other colours, including white. The other, the subtractive
process, entails removing various colours from white light to pro-
duce other colours (fig. 7).

Figure 7
ADDITIVE AND SUBTRACTIVE COLOUR

magenta

yellow

b) Subtractive
process. Cyan, magenta
and yellow will progressively block
light from a white source.

a) Additive process.
Red, green and blue light
combine to create white.
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In the additive process, the primary colours from which all oth-
ers are produced are red, green and blue. Each of these consists of
about a third of all the wavelengths in the visible spectrum.
Recombining all three will create white light, while they can be com-
bined selectively to create other colours. Early colour film tech-
niques used the additive process to produce colour pictures. Two
separate copies of the same image were filmed on to black-and-
white film, one through a red filter, the other through a green filter.
A red filter (simply a piece of red coloured glass) only lets red light
through to the film and absorbs all other colours, while a green filter
only transmits green light. The result was two almost identical
black-and-white images, one of which contained a record of the red
content of the scene, the other a record of the green content. These
two images were projected on to a screen, each through the corre-
sponding red or green filter to restore colour to the image. The addi-
tion of the red to the green content of the scene created a relatively
satisfactory image (albeit without any true blue) — hence the name
the ‘additive’ process.

Though the additive process was used in early colour photography,
the subtractive process provides far greater quality and is the basis for
all modern colour film systems. In this process, the three colours used
- cyan (which absorbs red), magenta (which absorbs green ) and yel-
low (which absorbs blue) — are the ‘complementary’ colours of the red,
green and blue used in the additive process. A cyan filter will let blue
and green light pass but absorb red light, and so on. Some early sub-
tractive processes involved the use of two colours, but the three-strip
Technicolor process introduced in 1932 was the first practical subtrac-
tive colour film system; it used filters and a prism to split white light
entering the camera into its red, green and blue components. Each of
these constituents was directed to one of three black-and-white films
held in the camera, resulting in black-and-white records of each colour.
These were developed and used to create three more pieces of film,
each containing an image in relief of the colour content in the scene.
Each image was covered with the dyes of the complementary colours
necessary to block the transmission of anything other than the primary
colour involved. Thus, for example, the relief of the red image was
treated with magenta and yellow dyes so that only red would be trans-
mitted if light was shone through it. When the three dyed images were
printed together on a single piece of film, the result was an image in
cyan, magenta and yellow which when projected would show the final
image with realistic colours.

Modern colour films work in much the same way as the
Technicolor process, but the three separate strips of film are replaced
by a single piece of film coated with three layers of light-sensitive
emulsion, each designed to record either the blue, green or red con-
tent of a scene (fig. 8). Some special effects processes print the
colour negative through red, green and blue filters on to black-and-
white film, to produce black-and-white colour separations — three
separate strips, of the red, green or blue content of the scene, which
can be selectively recombined and filtered to produce various opti-
cal effects (48-50>).
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Figure

; - . MODERN COLOUR FIL
Single-strip colour film

consists of three layers,
each of which capture
the red, green or blue
content of a scene.

TRAVELLING MATTES
Since the earliest days of motion picture history, film makers h
sought ways to convincingly combine, on a single strip of fi
images that have been filmed at differing times or locations. Mé
and Porter, among other early film makers, used a simple techni
of blocking, or ‘matting’ out, parts of the frame during ini
photography in order to preserve an area of unexposed film for
later addition of other elements. Such simple ‘split-scre
processes, performed on the original piece of film, could
effective if the additional action was to remain in a fixed area of
frame without interacting directly with the rest of the picture.
More attractive to film makers, however, was a method t
would allow an actor, or other element, to move in front of a se
rately filmed background with absolute freedom. Such a syst
would allow characters filmed in a studio to appear to inhabit pla
that were located on the other side of the world, or that only exis
as small models constructed by the special effects department.
Producing the two elements to be combined is a simple proce
The desired background can be photographed on location on «
piece of film, and the foreground element — usually an actor
forming against a blank studio backdrop - on another piece of fi
Combining the two pieces of film is where difficulties begin to ar
If the separately shot film of an actor, who is to appear in the fc
ground, is simply placed or printed on top of the film of the desi
background, a composite will be produced in which the actor n
indeed appear to be at that location. But due to the transpar
nature of celluloid film, the background element will be visi
through the actor, making the performer appear ghostlike (fig'. i
The only way to combine the two elements convincingly is to
duce a background image that contains an unexposed hole exa
the same size and shape as the moving actor. The photograph of
actor can then be slotted into this hole to produce the desired res
To produce such a combination of images, several additic
elements must be created. First, a ‘male’ matte, which is a bl



Figure 9 THE NEED FOR TRAVELLING MATTES

Without mattes the combination of two film elements
leads to the ghosting of images.

silhouette of the foreground performer on a clear background (fig. 10
(a)). This silhouette is placed over the desired background image
(b), and the two are printed together to produce a piece of undevel-
oped film that has been exposed to the background except in the
areas covered by the matte (c). This piece of film must then have the
image of the foreground performer (d) copied into the area left unex-
posed by the male matte. This involves the use of a ‘female’ matte,
an exact opposite of the male matte and entirely black, except for a
clear area the size and shape of the foreground actor (e). The female
matte is placed over the undeveloped film that has already been
exposed to the background, the black areas covering the already

Figure 10 THE PRINCIPLES OF TRAVELLING MATTES

b) background

e) female matte

d) foreground
element

) scenery with
a hole in it

f) final composite
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exposed background areas to prevent them from receiving more
light during exposure and leaving uncovered only the as-yet-
unexposed area of the film. The image of the foreground actor is then
copied into the area of the film not concealed by the female matte.
When this piece of film is developed, the result is a combination of
the desired foreground and background elements known as a
‘composite’ (f). Since the male and female mattes must change in
shape, position and size for every subsequent frame of film in order
to accommodate the actor travelling about the frame, techniques in
which they are used are known as ‘travelling mattes’.

All travelling matte techniques — old and new — rely on the same
fundamental principle of providing a background element with an
empty hole in it and a foreground element that contains nothing but
the moving object which is to be slotted in the background.
Travelling mattes have been central to special effects creation since
the 1920s, and the following pages describe the variety of tech-

niques employed to produce them since then.

THE WILLIAMS PROCESS
Patented in 1918 by one-time Keystone Kops cameraman Frank
Williams, the Williams process (also called the black-backing
travelling matte process) was the first practical and widely used
travelling matte technique. The foreground element, be it actor,
monster or model, was photographed in front of an evenly lit,
plain black (or occasionally white)
backdrop (fig. 11 (a)). The back-

ground element with which this

Claude Rains in The Invisible
Man (1933).
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Figure 11 THE WILLIAMS PROCESS

c) foreground
element

d) high contrast
male matte

b) background plate

| ) final

i composite
[

I

a) actor in
front of black
backdrop
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foreground action was to be combined was usually filmed
advance (b), so that directors and performers could refer to it
order to choreograph movement.

Once a shot of the foreground element against its black bac
drop had been filmed (c), this was copied a number of times usi
high-contrast film, which turns variations of tone into either black
white. This produces a clear background with the black silhouette
the foreground element (d).

The film containing no image other than a black silhouette w
then sandwiched, or ‘bi-packed’, with the film containing the desir
background element, and contact-printed on to a new piece of fili
thus producing an image of the correctly exposed background w
an unexposed area at its centre.

This piece of film, still undeveloped, »

The Williams Process was u:

to combine foreground car w
background train in Cecil B.
Mille’s Manslaughter (1922)
black matte line can be se
around the woman's sct

was then bi-packed with the devel-
oped strip of film containing the
correctly exposed image of the

foreground element with an opaque

r



background. These two elements were run through the printer and
re-exposed to light, thus printing the foreground element into its
prepared hole (e). The developed piece of film combined fore-
ground and background elements relatively satisfactorily — although
it was not uncommon to see a telltale black outline (known as a
‘minus’ or ‘matte line’).

The Williams process was used in a number of films of the 1920s,
becoming especially popular after it helped Rudolph Valentino to res-
cue Gloria Swanson from a perilous mountain-top situation in
Famous Players Lasky's Beyond the Rocks (1922). It was also used
to great effect in The Lost World (1925) and Ben Hur (1925).

Perhaps the most creative use of the technique was for James
Whale's The Invisible Man (1933), for which John P. Fulton (see
panel), head of Universal's special effects department, produced
some extraordinary ‘invisible’ moments. Scenes in which the film’s
star is totally imperceptible were relatively simple to produce — his
presence was indicated by using fine wires to manipulate scenery
and objects as he apparently interacted with them. The problematic
scenes were those in which the invisible man is seen to fill his oth-
erwise empty clothes. To create the image of an empty set of
apparel wandering about, Fulton and his team prepared a studio
draped entirely with black velvet — a fabric often used in the film
industry because it is the most light-absorbent of materials and
reflects no highlights. The team then dressed a performer in the
clothes worn by the invisible man, having first covered all areas of
his body from head to toe in black velvet, including his head, where
he had a suffocating headpiece, with no holes for eyes or mouth. Air
was supplied to the actor through tubes fed up his trouser leg, fur-
ther impeding his movement. Fulton and the actor rehearsed each
shot for hours in order to find ways in which the character could
move naturally without allowing a black-gloved hand to pass in front
of any clothed area; any black areas would become see-through
after going through the Williams process.

Producing these scenes was painfully slow. The actor could not
see where he was going and could barely hear the directions bel-
lowed by Fulton, who stood just yards away with a megaphone. If a
shot was completed in twenty takes, Fulton considered it a triumph.
But the finished result was a triumph. The foreground element of the
actor in the suit was copied on to high-contrast film, enabling the
removal of his black velvet-covered head, hands and neck. This
allowed the foreground element of the mobile set of clothes to be
combined with the desired location element. The technique was so
successful that a number of sequels to the film were produced in
which Fulton used increasingly elaborate ‘invisible’ effects. Even
after the development of more satisfactory travelling matte tech-
niques, the Williams process continued to be used in a number of

‘invisibility” films, including Topper (1937) and its various sequels.

THE DUNNING-POMEROY SELF-MATTING PROCESS
The colour-matting method that first became widely used in

Hollywood was the process pioneered by C. Dodge Dunning and
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John P. Fulton (1902-1965), son of scenic artist Fitch

Fulton, who painted backdrops for movies such as

Gone with the Wind (1939), became hooked on film

making when, as a teenager, he watched D. W.

Griffith (<16) directing. In the mid-20s, Fulton secured

a job as an assistant cameraman, later graduating to
cinematographer. After shooting Hell’s Harbour (1929)

and Eyes of the World (1930) for director Henry King
(1888-1982), Fulton took a job in Frank Williams’ optical
laboratory, where he learned the art of ‘trick’ photography.

In 1930 Fulton became the head of Universal’s special effects
department, where he oversaw effects for the studio’s series of
classic horror movies — for which he is best remembered. A keen
aviator, Fulton filmed all the aerial footage for Air Mail (1932) in
his own plane before managing special effects production for
the film, which made extensive use of model aircraft.

In 1945, Samuel Goldwyn (1882-1974) borrowed Fulton
from Universal to produce the effects for the Danny Kaye film
Wonder Man (1945). Kaye was so impressed with the effects
enabling him to appear twice in one frame that he called Fulton
the ‘real star of the film’. Equally impressed was Goldwyn, who
offered Fulton a contract with the promise of directing. Fulton
never got his chance to direct a feature, although he did direct
second-unit footage on several films, including The Secret Life of
Walter Mitty (1947).

Fulton became the head of special effects at Paramount
following the death of the previous head, Gordon Jennings, in
1953. Fulton’s greatest achievement at Paramount was the
effects for The Ten Commandments (1956), including the famous
parting of the Red Sea sequence.

Fulton supervised some of the most important special effects
photography in Hollywood history, and won Oscars for his work
in Wonder Man, The Bridges at Toko-Ri (1954) and The Ten
Commandments. He died in London in 1966 while preparing to
film The Battle of Britain (1969).
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later refined by Roy J. Pomeroy. The

Figure 12

THE DUNNING—-POMEROY
SELF-MATTING PROCESS

Dunning-Pomeroy process allowed
actors to be filmed in the studio while
their image was combined simulta-
neously with a previously filmed back-

ground plate without any additional

photographic processes. The production
of the necessary mattes and their com- b) bi-pack
camera

light
bination to produce a final composite
image was done entirely in-camera
during studio photography.

The background scene was filmed
and developed in the normal way, and
then printed to produce a positive
black-and-white image. This strip of
film was then bleached in the silver
areas (the exposed part of the image)
and then submersed in a dye that
turned the bleached areas a deep
orange. The result was not a black-
and-white image but an orange-and-
white image (fig. 12 (a)).

The orange-and-white positive was
bi-packed with ordinary unexposed
black-and-white negative film in a
camera capable of running two films
together (b). When exposed, light would pass through the orange-
and-white film before reaching the unexposed negative film behind it.

In the studio, the foreground was set up and its various elements
— actors and props - were illuminated by orange light (c). Behind
these bright orange foreground elements was placed a flat screen,
which was evenly illuminated with blue light (d). During photogra-
phy, light from the orange foreground elements entered the camera
and travelled equally through both the orange and the clear portions
of the orange-dyed positive film — thus forming a normally exposed
negative image of the foreground elements on the undeveloped film
behind. However, the light from the blue-screen that surrounded the
foreground elements hit the orange-dyed film and was absorbed
where it hit orange areas and transmitted where it hit the clear areas
—thus copying a negative image of the desired background on to the
undeveloped film behind. When developed and printed, the black-
and-white film produced a composite of the desired foreground and
background elements (e); by blocking the blue light, the performer
served as a ‘living’ travelling matte.

Ingenious though the theory was, the Dunning-Pomeroy process
was unfortunately a lot less practical than it sounds. The density of
the orange-dyed background plate and the balance of the orange-
and-blue lit elements were all critical, and any imbalance led to
incorrect exposure or ‘ghosting’ of the foreground elements. The
preparation and dyeing of the orange component was a tortuous
process, and once the film was bi-packed in the camera, there was

¢) orange

scene as viewed by camera
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d) blue-screen

a) orange-dyed image e) final composite

no way of judging whether an actor’s performance married with

action of the background element until the footage was developt

Despite its drawbacks, the Dunning-Pomeroy process was

only truly practical and effective method of combining separat
filmed foreground and background elements in its day. The te:
nique was widely employed in Hollywood from the late 20s &
early 30s, and can be seen in films such as Trader Horn (19.
and Tarzan the Ape Man (1932). Though the development of eff
tive rear-projection soon made the process obsolete (663>)
remains of interest because it was the first technique to use

properties of coloured light to produce a matte — a method t
would become integral to all future travelling matte developmen

BLUE-SCREEN COLOUR SEPARATION PROCESS

In the early 1930s, rear projection (66>) replaced the Dunnir
Pomeroy process as the dominant means of combining separat
filmed images. The introduction of colour photography in the ¢
and 50s presented problems for rear projection, however, ani
new method of combining foreground and background eleme
was sought.

The Dunning-Pomeroy process had used the properties
coloured light to produce travelling mattes, but its use of orange :
blue light, which remained unnoticed in black-and-white photoc
phy, would create problems if filming in colour was required. A r
process, using similar principles but capable of rendering



colours of the final image realistically,
was therefore sought.

In the late 1930s, the Technicolor
laboratory in London experimented with
methods of creating travelling mattes
using the three colour separations pro-
duced in the three-strip Technicolor
process. They discovered that by filming
foreground elements in front of a blue
background screen, the blue and red
colour separations of the scene could
be used to generate high-contrast male
and female mattes. The first feature film
to employ this process was Alexander
Korda's The Thief of Bagdad (1940),
which used it to produce scenes with a
flying horse and a giant genie. In the

OPTICAL

1950s, the Technicolor three-strip blue-
screen process was developed and
improved for use with single-strip colour film stocks such as
Eastmancolor. Known as the blue-screen colour separation process,
the new method was the basis for modern blue-screen techniques.

As in all travelling matte photography, the process requires two
basic elements: a background plate and a foreground element that
can be used to produce a male and female matte.

The foreground element is filmed in front of a bright blue back-
ground screen (fig. 13 (a)). Great care must be taken that the
screen, which is effectively a large blue reflector, does not cast blue

Figure 13 BLUE-SCREEN COLOUR SEPARATION PROCESS

A
a) foreground

element filmed
in front of blue-screen

b) colour master positive of blue component

d) black-and-white
record of red
component

h) final composite

c) black-and-white record

f) combination of blue
separation negative and
red separation negative
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€) high-contrast
positive of red
separation record

light on to the foreground subject. The Caliph (Miles Malleson)
enjoys an airborne horse ride
over his city in one of the
first-ever Technicolor blue-
screen shots for The Thief

of Bagdad (1940).

Such blue ‘spill’ can make the pro-
duction of clean mattes extremely
difficult to achieve. To help separate
the foreground element from the
blue-screen behind it, a weak yellow filter is sometimes added to
the foreground lighting in order to prevent the emission of blue
light. The foreground element is then filmed on colour film stock
and developed into a negative in the usual way.

The developed camera
negative is then printed to
produce a colour master
positive (b). This is in turn
printed on to black-and-
white film through a blue fil-
ter to produce a colour‘
separation negative that is a
black-and-white record of
the blue component of the
scene. In this negative, the
background screen area is
now black (c).

Another
master positive is made on
film.,

copy of the

to black-and-white
This time a red filter is used.
This produces a separation
negative of the red compo-

nent of the scene (d). In this

g) female matte on
high-contrast film

negative, the background
area is clear. This is then
printed on to high-contrast
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Water spray causes blue fringe
problems for Humphrey Bogart
and Katharine Hepburn in this

black-and-white stock
to produce a positive
image in which the
background screen area
is black (e).

As a result of these
processes, the blue sep-
aration negative and the
red separation positive
both have black back-
grounds. The two pieces
of film are then printed

on to the same strip of high-contrast
black-and-white film stock. The

time the only way to successfully combine large-scale foregrou
and background elements in colour.

SODIUM VAPOUR

In the mid-1950s an alternative method of colour travelling ma
photography was devised in France and developed for practical u
by the J. Arthur Rank Organisation in England. The sodium vapo
process resembled the Dunning-Pomeroy method in being a ‘du:
film’ system that produced the travelling matte while the action w
being photographed. While the older method combined backgrou
and foreground elements in-camera, the sodium vapour techniqi
involved the in-camera production of a live-action foregrou
negative and a separate travelling matte element on two differe
pieces of film that could be combined with a background imay

black backgrounds on both separa- at a later stage.

blue-screen composite shot from
The African Queen (1957).

tion strips prevent any light from The process required the use of a camera that could hold tv
reaching the background area on

the new strip of film, while the combination of negative and positive

separate films which could be exposed to the same image simult
neously. The system developed in England employed specially bu
images of the foreground element ensure that the whole of the cameras, whereas in America, obsolete three-strip Technicol
foreground area is exposed to light (f). The resulting negative is clear cameras were modified to take two rather than three strips of fil
in the background area and solid black in the foreground area - this

is the male matte (also known as the hold-out matte). A positive

(fig. 14 (a)). The films loaded into the camera were a standa

copy of this forms the female matte, which is clear in the foreground
area and solid black in the background area. These elements are
then combined with the master positive of the foreground and the

master positive of the desired background element in an optical

printer to produce the final composite image of foreground and

background objects (h).

While the blue-screen colour
separation technique was an
effective method of producing
travelling matte shots in colour, it
did have its pitfalls. Any transpar-
ent foreground element through
which the blue-screen was visible
— for instance, a glass of water —
became invisible in the final
image. Semi-transparent objects
— for example, smoke, fine hair or
soft-edged items such as out-of-
focus or fast-moving objects -
often inherited a hazy blue fringe.
Examples of this effect can be
seen in the rapid scenes of The
African Queen (1951) and the
closing of the Red Sea in The Ten
Commandments (1956). In both
cases, the edges of water spray
have a dramatic blue halo.
Despite its disadvantages, how-
ever, the technique was at the

© Disney Enterprises, Inc.

colour stock (to record the foreground image) and a black-an
white stock (to record the travelling matte image).

As in other processes, the fore-
ground action was staged in front of

The sodium vapour process ¢
be used to combine live acti
with animated characters a

backgrounds, as in this fir
composite from Mary Poppit

a coloured backdrop. In this case,
the backing was a brilliant yellow,
further illuminated with yellow light




Figure 14 SODIUM VAPOUR PROCESS

camera

b) yellow/

backing

5

camera

f) foreground image ——> male matte and desired background

from sodium vapour lamps (b). Normal lights used for the foreground
action were equipped with a filter coated with didymium (a material
that absorbs yellow light) to subtract monochromatic yellow from the
foreground lighting.

During filming, light entered the camera through the lens and hit
a beam-splitting prism (c). This prism divided the light, sending
identical images of the scene towards the two separate films con-
tained in the camera. Light heading for the colour-negative stock was
passed through a didymium filter, which blocked the yellow light
from the background, resulting in an image which when developed
showed the foreground action surrounded by black (d). The light
directed towards the black-and-white film passed through a filter that
transmitted only the yellow light of the background, thus producing
a black area around a clear foreground (a female matte). This could
be copied to produce a male matte (e). The developed elements
were then combined (f) to produce exceptionally fine results.

As well as producing accurate mattes, the process allowed for
the photography of transparent objects; an actor could now enjoy a
drink during photography, and in the final composite image the
matted-in background would be visible through the glass and liquid.

The sodium vapour process was first used by Rank during its
production of Plain Sailing (1958) and was then adopted by the Walt
Disney Studio, which developed the system under the guidance of
its head of research and development, Ub lwerks (1901-71). The
technique was used to enliven many Disney productions in the
1960s and 70s, an early and spectacular example being the combi-
nation of the live-action antics of Julie Andrews and Dick Van Dyke
with animated cartoon elements in Mary Poppins (1964). Alfred

a) beam-splitting

¢) prism inside

—— final composite

5/

OPTICAL

Hitchcock also used the method
to produce many of his travelling
mattes for The Birds (1963).

The sodium vapour process

d) isolated
foreground image

was the most successful of a num-
ber of similar methods that were
developed at around the same
time. Alternative systems differed

€) male matte in their use of background light;

I rather than using sodium vapour

light, some employed either infra-
red or ultraviolet light to produce
mattes. These systems required

additional processing after initial

photography and so were less
accurate, practical and popular.

BLUE-SCREEN COLOUR
DIFFERENCE PROCESS
Dual-film travelling matte tech-
niques such as the sodium vapour
process produced high-quality
travelling mattes that were far
more versatile and effective than those produced using the blue-
screen colour separation process. However, dual-film methods
required the use of specialist cameras that were unwieldy, expensive
to hire and which could not be used with the anamorphic
CinemaScope lenses that were popular from the mid-1950s onwards.
A system of producing travelling mattes was sought that combined
the quality of the dual-film sodium vapour technique with the
convenience of the blue-screen colour separation process, which
derived its mattes from a single negative shot in a standard
production camera.

A number of methods were devised in response to this need,
most of which worked on principles similar to that of a system first
developed and patented by Petro Vlahos of the Motion Picture
Research Council. His system, which he called the blue-screen
colour difference process, became the basis for the most widely
used method of producing travelling mattes from the mid-1960s
until the advent of digital alternatives in the late 1980s.

In its photography and subsequent optical processes, the blue-
screen colour difference system resembles the colour separation
process. However, the newer method differed from its older cousin
in several important ways, one of which was a reduction in the num:-
ber of duplication generations needed to produce the final compos-
ite of background and foreground action. The system is a
complicated one, but its basic principles are as follows (fig. 15).

The live-action element of a scene is filmed in front of a carefully
illuminated blue-screen. While early blue-screens could be a wall or
any other surface that had been painted blue and illuminated with
blue light, the colour difference process requires such pure blue that
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Figure 15 BLUE-SCREEN COLOUR DIFFERENCE PROCESS

image seen through camera

a) back-lit backdrop

g) black- blue separation record
and-white
red original camera negative —
separation

green
separation

on to unexposed stock

/

i) blue detail colour
separation printed with
high-contrast female matte

blue
separation

new screens had to be developed for the purpose. Such screens are
made from a translucent blue material and are lit from behind with
banks of flicker-free fluorescent tubes (a).

After processing, the negative of the foreground action is copied
on to high-contrast black-and-white film stock through a blue filter,
whose colour exactly matches the blue-screen (b). The filter
absorbs the blue light from the scene but allows red and green to
pass through, resulting in a black-and-white separation record in
which the blue-screen area is transparent (c). However, in most
cases the foreground element is likely to contain some traces of blue
— perhaps in an actor's costume or make-up. These traces of blue
appear partially transparent in the separation record.

To remedy this, the black-and-white separation record is bi-
packed with the original negative and printed again on to high-
contrast stock, this time through a specially balanced green filter
(d). This produces a high-contrast female matte that is transparent
in the foreground area and black in the blue-screen area (e). A neg-
ative is taken from this to produce a high-contrast male matte, in
which the blue-screen area is clear and the foreground is black (f).

d) green filter

h) red and green separations printed ]

j) foreground object with
unexposed area
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- e) female matte

¢) black-and-white
blue separation record

b) negative copied
through blue filter

f) male matte

k) background element with high-contrast male matte

1) final composite

Once the mattes have been produced, red, green and blue colo
separations are made from the original camera negative on
normal-contrast black-and-white film (g). These contain all of tl
essential colour information from the scene. The red and gre¢
colour separations are then printed on to a single piece of une
posed colour film stock through their corresponding colour filters,
produce an image in which the background area remains cle:
while the foreground details are recorded (h).

Next, the blue colour separation is printed on to the colour fil
stock, through both its corresponding colour filter and the hig
contrast female matte. The transparent area of the female mat
ensures that the blue details in the foreground image are expose
while the black area of the matte stops the background blue-scre:
image from transferring to the colour film stock (i). The result
combining the colour separations in this way is a foreground obje
surrounded by an unexposed area of film (j).

This film is then combined with the high-contrast male matte
order to record the desired background element. The male mal
prevents any unwanted light from reaching the already expos:



The crew of the Enterprise
perform in front of a blue-screen
for Star Trek: The Motion
Picture (71979).

foreground elements, but allows light
to fall on to the unexposed areas of
the undeveloped film - that is, the
background area (k). The required
background is then printed into the previously unexposed area of the
film, thereby completing the illusion that the foreground and back-
ground elements were filmed simultaneously (1).

1 - -
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The advantage of using this system is that, because each sepa-
ration is taken directly from the original negative, fine details such
as hair or grass are not lost through ‘image spread’, which occurs
whenever film images are repeatedly duplicated. Since reflections
from semi-transparent objects are also represented in each colour
separation, their detail is present in the final composite. This makes
the process suitable for filming transparent objects such as windows
and water, which would become invisible or suffer from blue-
fringing if the colour separation process were used.

‘The colour difference process was a major development in the
production of travelling mattes,” explains British effects supervisor
Roy Field. *We had been trying all sorts of systems with varying
degrees of success for years, but the colour difference process was
the basis of a system that really enabled us to produce travelling
mattes of pretty much anything we wanted.” Field stresses that the
system was still extremely difficult to use. ‘Because it is based
around the physics of light and uses man-made materials and
equipment, there are many subtle

The blue-screen colour difference
process enabled Superman

to soar over Metropolis,

despite his blue clothing.

ways in which things can go wrong
- and you only need one part of

the chain to be wrong to mess
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everything else up. The best way to get over this is to develop your
own system in which you continuously test every variable and know
how to calibrate everything accordingly. Nevertheless,” he says,
‘once you had mastered the basic principles of the process, there
were all sorts of variations that you could use to produce a good
matte according to the subject being filmed.’

Field put his knowledge to the test during the production of
Superman (1978), which required the hero in a blue costume to
appear in many blue-screen shots. ‘On Superman | was slightly per-
turbed to find that the main character’'s costume was going to be
blue - which wasn't ideal,’ laughs Field. ‘I tried to persuade the pro-
ducers to change the colour — but it had to be blue. | then spent six
months testing all sorts of different blues and turquoises to find
which we could use in conjunction with a blue-screen. Eventually |
found an extremely narrow band of blue that could be filmed in front
of a blue-screen and which could be utilized to produce mattes using
a variation of the colour difference method. After persuading DC
Comics to allow us to use this particular shade of blue — which was
different to that used in the comics — we had to find a way to get cos-
tume material made to this exact colour. Eventually we found a
company in France that could get it just right.” Though Field won an
Oscar for his work on the film, he was never entirely happy with all
of the work. ‘There’'s one shot in particular that we never got right,’
he says. ‘It's where Superman is flying around the dam - his cos-
tume is far too green-looking. Unfortunately, we had a tough sched-
ule, but with a little bit more time we could have got that one right.’

HAND-DRAWN MATTES
For those occasions when filming with specialized cameras or
backdrops is impossible or impractical, travelling mattes and split
screens can still be produced without reverting to complicated
photochemical techniques. In such cases, effects artists draw their
mattes by hand.

The equipment used to draw mattes is based on that invented
and patented by animator Max Fleischer (1889-1972) in 1917.
Fleischer developed the process known as rotoscoping as an aid to

drawing cartoon animation

Figure 16 THE ROTOSCOPE

(141>), but a variation of the
technique is used for many
aspects of effects produc-
tion. The rotoscope (fig. 16)
- often called the ‘down-
shooter’ — is simply a large,
sturdy frame on to which a
downward-pointing camera
is mounted. The camera is
adapted to operate as both a
camera and, with the addi-
tion of a lamp, a projector.
To produce a travelling

split screen, various aspects
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of the same shot are filmed in different takes (fig. 17). If, for exam
ple, a shot of an actor running across the road in front of a car acc

dent is required, the actor might be filmed crossing the road in on

Figure 17 ROTOSCOPING

The best aspects of two similar shots ((a) and (b)) can be combined
using hand-drawn mattes ((c), (d), (e)) to create a new shot (f).

take (a), and the accident in the next (b). The two takes would the
be combined. To achieve the desired result, one of the films i
loaded into the camera-projector. In this example, it might be th
film of colliding vehicles. The first frame of film in the sequence i
projected downwards and focused on the animation table, on whic
specially punched paper is held in precise registration by a peg-ba
The first ‘split’ is then traced on the paper in pencil. The split form
the dividing line where the separate takes will be joined together
the image on one side of the line will come from one take, the actio
on the other side of the line will come from the other. Splits are usu
ally drawn around well-defined lines that already exist within th
image — in this case, as can be seen, it is where the front of the veh
cle enters the frame (c). When the first split has been drawn, the filr
in the camera projector is advanced by one frame and the next spl
drawn on a new piece of paper. This continues through th
sequence to produce a series of pencil drawings that represent

moving line progressing across the screen.

The pencil lines are then carefully inked in and the area on on
side of the line is painted black - the part of the screen that will b
occupied by the oncoming vehicle, in this instance. The projector
still locked in exactly the same position - is then converted bac
into a camera and loaded with high-contrast black-and-white filrr
which is used to photograph the painted artwork one frame at a tim



in the correct order. This produces a strip of film on which the
blacked-out areas form a travelling matte. This film is then copied
to produce a counter-matte element (d), in which the film on the
opposite side of the line is black — that is, the area where the actor
will be seen running.

In an optical printer, the footage of the crashing car is printed
along with its female matte to produce a strip of film that is exposed
only in the area occupied by the car (e). This film, still undeveloped,
is then rewound and exposed to the footage of the running actor,
using the counter-matte to protect the area of the frame already
exposed to the footage of the car. The actor will now appear to be
running across the road to avoid the car accident (f).

Rotoscoping can also be used to enhance the impression that the
various elements matted into a shot are not simply placed on top of
the scene, but are actually within it. In Return of the Jedi (1983}, ani-
mated walking vehicles were matted into real forest scenes. By cre-
ating hand-drawn split screens, the vehicles were ‘sandwiched’
between live-action elements and appeared to walk in between trees
and bushes as if actually interacting with the environment. To achieve
the effect, the forest environment was rotoscoped to produce mattes
that split the image into its ‘foreground’ and ‘background’ planes (fig.
18). Travelling mattes of the vehicle were then produced using a blue-

screen. To assemble the final com-
The animated walking vehicle
in this scene from Return of the
Jedi (1983) was added using
hand-drawn split screens.

posite, the background forest area
was first printed on to unexposed

film using the male mattes from the
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foreground forest area and the vehicle to prevent exposure in these
areas. The vehicle was then printed into the new composite by using
mattes to cover the already exposed background and the area
reserved for the foreground. Finally the foreground was then added by
covering the already exposed background and vehicle areas with
their mattes to prevent additional exposure.

It is also possible to achieve intricate travelling mattes using a
rotoscope. Objects that need to be placed into a scene, but which
have not been filmed in front of a blue-screen, can be traced frame
by frame, inked in and the resulting mattes and counter-mattes used
to place them into their new background. Drawing such mattes is
an intricate and time-consuming process. For Alfred Hitchcock’s
The Birds (1963), a shot required that hundreds of seagulls be
seen descending towards a town from a bird's-eye point of view.
The nature and scale of the shot meant that filming birds in

Figure 18 ROTOSCOPING

¢) foreground
~1  image
= |

a) background d) final composite

By using various combinations of mal
a composite can be built up in ‘layers
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) front of a blue-screen was
Flgure 19 HAND-DRAWN MATTES

IN THE BIRDS impossible. Instead, the

gulls were filmed from a
cliff-top as they swooped
towards the shore where
food had been placed.
The resulting footage was
then rotoscoped - every
gull painstakingly hand-

traced to produce a matte
a) hand-drawn mattes that would separate it
from its background of
sea and sand, and allow it
to be placed into an aerial
view of the town - which
was itself a combination
of a matte painting by
Albert Whitlock (1945)
and live-action footage
shot from a hill at
Universal Studios (fig.
19). Rotoscoping the five

hundred frames in this
one shot took two artists
three months to complete.

The rotoscope is also
useful for removing any

unwanted items from a

shot or for cleaning up

¢) final composite

images before composit-
ing. When models or puppets are filmed in front of blue-screens,
they are usually attached to various pylons, rods and wires that sup-
port them, control their performance or supply them with power.
Rods and wires are sometimes painted blue to enable them to be
‘automatically’ removed during the generation of blue-screen
mattes. If this is not possible, the shots are rotoscoped instead. If the
rods are moving, they are individually hand-traced to produce a
separate matte for each frame of film.

Furthermore, since large blue-screens can be difficult to light,
performers, puppets or miniatures are often placed in front of a
screen that is just large enough to isolate their edges — foreground
objects need only have a small area of blue around them to produce
a travelling matte using the blue-screen method. However, if a small
blue-screen is used, the clutter of studio surroundings (lights, cam-
era tracks, technicians and so on) will also be photographed. To
clean up the shot, the rotoscope is used to create ‘garbage mattes’
that obscure all the unwanted elements at the edges of the shot.
Garbage mattes are sometimes hand-painted for each frame but,
since they do not have to follow the edge detail of an object accu-
rately, are more commonly generated by arranging and photograph-
ing sheets of black paper that cover up all of the detail outside the
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blue-screen area. If the camera moves during the shot, the pap:
reconfigured every few frames to keep the unwanted areas cove

Sometimes garbage mattes show up as grey boxes around
ing superheroes or spacecraft when seen on television. They
usually invisible in the cinema because film records a huge rang
subtleties. Television, however, is a relatively coarse medium ar
unable to reproduce as many variations of colour and conti
especially when an image has been brightened for home view
with the result that garbage mattes do not always blend in with 1
surroundings (fig. 20).

Figure 20 GARBAGE MATTES
These often show up as low-contrast boxes around flying objects
when shown on television.

OPTICAL PRINTING

When all the elements of a special effects shot have been prodt
— models, animation, live action, travelling mattes - the sepz
pieces must be reassembled to form a single, completed imag
inclusion in the final version of the film. The process of fitting al
pieces together is known as compositing. Until the arrival of di
techniques, almost all compositing was done using a mac
called an optical printer, which, of all the equipment available tc
effects technician, has been the most versatile, creative
consistently employed.

The early copying of moving images was done by contact p
ing — the film to be copied was sandwiched in contact with u
posed film, and light shone through the two pieces to produ
copy. However, some early film makers wished to do more than
ply copy their images — they wanted to alter them in the proce:

Around the turn of the century, British film pioneer
Hepworth devised a system by which he pointed the lens of a
jector into that of a camera and, by projecting and photograp
one frame at a time, could re-photograph an image. Hepworth 1
his technique of ‘projection printing’ to produce The Frustr
Elopement (1902), in which the forward-moving action occasioi
reversed, mid-scene, to make characters and action move b
wards. This was achieved simply by changing the direction tha
filmm moved through the projector during re-photography.

The copying of moving images in this way was generally avo
until the mid-20s, since re-photographing early film stocks led
significant deterioration in image quality. The emergence of a



stock specifically designed for

Figure 21

A SINGLE-HEADED OPTICAL PRINTER,
as shown below, would be used for
basic copying of film and adding
simple fades or wipes.

duplication in 1926, followed
by greater improvements in
the early 1930s, meant that
the potential of optical print-
ing could be explored by
the fledgling special effects
departments of the studios.
Early optical printers were
hand-built to cater to the indi-
vidual needs of the depart-
ment in question, and were

designed to incorporate what-

ever equipment was available
to them. Such printers typi-
cally consisted of a process projector (called the printer head), which
faced an adapted production camera (fig. 21). Both camera and pro-
jector featured fixed-pin registration, so that the film was held
absolutely steady during the copying process.
The camera and projector were mounted on a
heavy base, typically a cast-iron lathe bed, to

prevent any form of vibration during operation.

Scene transitions

The ability to copy images efficiently and
effectively meant that optical tricks, which
were previously achieved in-camera, could be
left until post-production. While the skilled
camera operator had once been responsible
for the ‘live’ production of fades and dissolves
during original photography, the optical
printer could now be used to produce these
effects with more control at a later stage, with
no danger of spoiling the original negative.
Optical printers are still used for scene
transitions by some film makers today.

To produce a fade-out, the master positive
of a scene is loaded into the printer head, and
re-photographed one frame at a time by the
camera. The fade-out is produced by incre-
mentally closing the camera's shutter in order
to reduce the amount of light that reaches
the copied film.

To create a dissolve from one shot to
another, the editor studies the film and marks
the points at which a dissolve should start and
end. The first scene is loaded into the printer
head, and the camera’s shutter is gradually
closed during re-photography to produce a
conventional fade-out. The second shot is then
loaded into the printer head, the film in the

OPTICAL

camera back-wound and a second exposure made. This time the cam-
era's shutter is gradually opened over the same period that it was pre-
viously closed. The second image therefore fades in as the first fades
out, the two appearing to dissolve into one another.

As well as basic dissolves and fades, a plethora of elaborate scene
transitions can be achieved. A simple wipe from one shot to another
is produced by fitting the camera with a set of ‘blades’ that are moved
mechanically. During the copying of the first shot, the blade is moved
horizontally, vertically or diagonally across the frame, progressively
obscuring the image and leaving a portion of the frame unexposed.
The camera film is then back-wound and the second shot run through
the printer while the wipe blade repeats its movements in reverse —
thus printing the second shot on to the unexposed portion of film. The
result is a transition in which one shot is replaced by a second as it
wipes across the screen. By sliding the projector head sideways at the

same rate as a wipe blade, the wipe can
An optically printed star-

wipe from Flying Down
to Rio (7933).

be turned into a ‘push-off’ — one image

pushing the other off the screen.
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A major pioneer of transition effects was Linwood G. Dunn (59>)
of the RKO optical department. Dunn experimented with scene tran-
sitions in the short film This Is Harris (1933), and achieved such
good results that he added several to the studio’s next musical fea-
ture film, Melody Cruise (1933). The enthusiastic reaction to his
optical transitions persuaded Dunn to add even more elaborate ones
to the studio’s next production, Flying Down to Rio (1933), the first
pairing of Ginger Rogers and Fred Astaire. Dunn merged shots with
kaleidoscopic starbursts, rotating swirls, circular ‘clock’ wipes and
zig-zag ‘'saw’ wipes.

David Lean’s naval drama, In Which We Serve (1942), employed
more subtle techniques. Watery dissolves between shipwreck
scenes were created by moving a piece of rippled glass between
camera and projector during printing. Similar methods were used to
achieve the wavering transitions to flashback scenes and dream

sequences for decades to come.

Optical tricks

The optical printer, at first used for simple copying jobs and scene
transitions, soon became a major tool for the creative manipulation
of film footage and, although now largely replaced by digital
techniques, is still used by some film makers today.

If a chase sequence needs a little more impact, every third or
fourth frame can be skipped during printing in order to speed up the
appearance of the action. A scene that seems a little too fast, on the
other hand, can have some frames double-printed to slow the action
down. By projecting and copying a single frame, a freeze-frame can
be produced - a technique employed with dramatic effect by L. B.
Abbott for the final shot of Butch Cassidy and the Sundance Kid
(1969). By moving the camera closer to the projector, the original
image can be re-framed - perhaps to crop out an unwanted object
such as a microphone, or to turn a long shot into a close-up.

A shot originally filmed without any camera movement can be

brought to life by adding a small pan

This optical printer was built or zoom during the copying process.

for the production of Superman
(1978) and is still used to create
titles and optical effects at
Pinewood Studios.

Tilting the camera from side to side

during printing adds the sway of the

seas to elements shot in land-locked
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studios. To help solve a difficult cut-

A multiple-image shot fro
ting problem, editors may request el Prix (1966
that a shot be ‘flopped’ to produce a

mirror image. Adding filters to the camera can turn scenes filmed E
day into night, make a clear day foggy, or add a glowing sunset to &
overcast sky. Simple cut-out masks can produce ‘through the keyhol
shots or views through binoculars and periscopes.

Similar processes can be used to salvage footage that might ott
erwise be unusable. During the editing of Flaming Gold (1933), it we
noticed that a passing truck had an objectionable phrase written ¢
its side. The footage was sent to the optical department, where
glass slide was placed in front of the camera and the offending worc
blotted out with a fine grease pencil. The glass was moved, frame E
frame, to follow the truck as it passed through the shot and the worc
in question were blurred unnoticeably.

By masking different areas of the camera negative, several expc
sures can be made on a single frame of film to produce comple
multiple-image shots. To produce a shot containing four differe
images, for example, a matte device is slotted in front of the came:
to obscure three-quarters of the frame. One image is then projecte
on to the unmasked area of film. The camera film is then bacl
wound and a new mask inserted, this time revealing a different qua
ter of the frame of film. The next image is then printed on to that are
and so on, until each quarter of the frame has been exposed to a di
ferent image. This method was used in Grand Prix (1966), in whic
multiple images informed the viewer of different events that wei
taking place simultaneously during the course of a motor race.

Sophisticated moving split-screen shots can be achieved entirel
within the printer using a variation of the moving-blade systei
employed to produce wipe transitions. Shots that require the inte
action of two elements that cannot be filmed together for reasons ¢
practicality or safety can instead be filmed in two takes and the
selectively printed together to produce a convincing composite. Ft
some scenes in Wonder Man (1945), Danny Kaye was required |

play identical twins. Under the supervision of John P. Fulton, eac



shot was filmed twice (once for each twin), and in each the actor’s
movements were carefully planned to correspond to those of his
twin. During filming, the camera remained locked in one position,
and care was taken that the actor did not enter or cross the part of
the shot that his twin would later occupy.

In the optical department, the images from one of the films was
projected into the camera. As the first twin moved around the frame,
a split-screen matte was moved with him to ensure that only the
area occupied by the actor during that frame was exposed to the
camera film. The camera film was then back-wound and the second
film printed on to it, using a moving counter-matte to expose
footage of the second brother on to the areas of unexposed film.
Ensuring that the two moving mattes complemented each other
frame by frame was an exacting business, but the results allowed
two Danny Kayes to perform together convincingly, walking from
side to side of the frame, in a way that fixed-position, in-camera split
screens never could.

Even films that require no special effects normally rely on optical
printing for the addition of titles and credits. Wording is produced as
black-and-white artwork and photographed on to high-contrast
black-and-white film. The resulting negative and positive are used as
a matte and counter-matte to superimpose the wording on to live-
action footage. By using an optical printer with two printer heads,
this can be achieved in one simple operation (fig. 22) and, by adding
filters to the process, title sequences can be produced in colour.

Optical compositing

While optical printers have been used to create many visual tricks,
perhaps their most important function has been to combine the
multiple elements of travelling matte shots in order to create a
final composite image. (Digital compositing techniques have now
largely superseded optical compositing methods, though the latter
are still in use.)

Figure 22 A TWO-HEADED OPTICAL PRINTER

This can combine two images in each pass, making it ideal for
creating titles. In the example shown, the black-and-white title
card acts as its own matte.
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Linwood G. Dunn
(1904-1998) began his
working life in the
movie business as an
assistant cameraman for
Pathé in 1925. After
moving from New York
to Hollywood, Dunn
worked at a number of
different studios until,
in 1929, he was asked
to do two days’ work
in the photographic

3 DOOMNIT

effects department of
the newly established RKO Radio Pictures in Hollywood.
Dunn stayed at RKO for the next 28 years,
producing effects for hundreds of films and eventually
becoming head of the studio’s photographic effects
department. He became known as the first master of
the optical printer.
Optical printers had been individual, custom-
made machines until Dunn was asked to design and

NN

build a device for manufacture on a large scale for film units of
the US armed forces during World War Il. After the war, the
device, which Dunn designed and built with associate Cecil
Love, was manufactured as the Acme-Dunn Optical Printer — the

first commercially produced off-the-shelf printer. Dunn and Love

won an Academy Technical Award for their design in 1944,
Dunn pioneered many groundbreaking ways of using the
printer to combine images, working on classic films such as King
Kong (1933), Flying Down to Rio (1933), The Last Days of Pompeii
(1935), Bringing Up Baby (1938), The Hunchback of Notre Dame
(1939) and Citizen Kane (1941).

When RKO ceased production in 1957, Dunn leased the studio
effects facilities for use by his own company, Film Effects of
Hollywood, an independent organization that he had founded in
1946. The company continued to produce sophisticated visual
effects for films such as West Side Story (1961), It’s a Mad Mad Mad
Mad World (1963), My Fair Lady (1964), Airport (1970) and
television productions, including the original Star Trek TV series
(1966-69). received an Academy Award for his
contributions to Mighty Joe Young (1949), a Special Academy
Award for lifetime achievement in 1979, and another in 1981 for
having designed the Acme-Dunn Special Effects Optical Printer.

Dunn sold his company in 1985, though he continued to
work in the field through his involvement in many industry

Dunn

societies and committees. His technical activities moved with
the digital age, and he was busy working on a digital projection
system at the time of his death in 1998.
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red or green light), male and fem
mattes, and the background plate.

separate pieces of film, therefore, h
to be carefully combined to prodi
the seventh, final, image. When a cc
posite shot includes more than a sin
travelling matte element — such a
space battle involving many spacec
— dozens or even hundreds of individ
film elements may need to be prin
on to the final composite.

The number and complexity of ¢
ments that sometimes need to be co
bined mean that, in addition to -
technical expertise required to oper
the printer, first-class administrat
skills are necessary. During the p
duction of Star Wars (1977), B
Terreri was hired to keep track of al
the optical elements being used. "Wt
| came on board the film, fifty per ¢
of the special effects photography v

already done,’ recalls Terreri, nov

The Thief of Bagdad (7940) Optical compositing involves visual effects supervisor at Rhythm and Hues animation stuc
was the first film to use an

. d : copying the master positive of the ‘They had created thousands of bits of film and no one knew wh
optical printer to combine ) ) !
travelling matte elements background plate, along with the they all were. | spent six months tracking down all those differ
produced using the Technicolor male ‘hold-out’ matte of the fore- pieces of celluloid and preparing them so that the optical prir
blue-screen process. s

ground element. These two ele- could put them together.
ments are threaded into the printer As well as identifying and labelling the various elements,
head and projected into the camera. The result is a copy of the optical administrator oversees the preparation of those elements ¢
background scene with an unexposed area that is the shape and the printing instructions that need to be given to the printer opera
size of the foreground element. The film in the camera is then - a task called optical line-up. ‘The
back-wound to the starting position and re-exposed to the fore- line-up people would plan the actual A line-up sheet. This is use
: ‘ ) sk 1 . plot the way in which e
ground plate, along with the female ‘hold-out’ matte. The female compositing process,” explains

element of a composite shi
matte obscures the background, allowing the foreground element Terreri. ‘They would look at all the combined in an optical prit

to fit into the unexposed area of the film. Providing all the elements
have been correctly prepared, aligned and exposed, the developed
result will be a satisfactory composite of separately filmed back-
ground and foreground elements.

Though the principle of compositing travelling matte shots is a

simple one, in practice the task is a laborious and exacting art that

requires the work of highly skilled operators to achieve successful

AT L AT E

results. Elements that are incorrectly exposed or misaligned by

mere thousandths of an inch may result in matte-lines — thin, black

outlines around the matted elements that make them look as if they -
have been stuck on top of their environment. K "o = e : 2z .

One of the complicating factors of optical printing is the number £ LT S =
of elements sometimes required to produce a composite image.
Travelling matte composites produced using the blue-screen colour == =
difference process can comprise three individual colour separations -5
(each of which needs to be printed with the correct amount of blue, : ; '

oy
iy
’
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shots to be combined and line them up so that they knew what went
with what, and which order it should be assembled in. They would
check that all the mattes matched and that no elements overlapped.
All the bits of film would then be cleaned and given to the printer
operators with a line-up sheet that plotted exactly how every piece
of film was to be combined, what type of filters were to be used and
so on. A single shot could involve hundreds of bits of film - it was a
logistical nightmare and the tiniest mistake could ruin hundreds of
hours of work.’

For a composited shot to be successful, its separate elements, all
filmed at different times and places, must appear to fit together as a
unified whole. One of the keys to the success of such a shot is the rel-
ative movement of its individual elements. For example, if an element
such as a miniature castle is composited into a background plate of a
real landscape, the slightest movement of the castle element will make
it appear to slide against its environment, shattering the illusion.
Elements to be composited are therefore usually filmed with a ‘locked-
off' camera to prevent any movement or with a motion-control camera
(118>) to replicate identical camera moves when filming each sepa-
rate element. However, printer operators are sometimes presented with
two pieces of film containing images whose movements bear no rela-
tion to one another and which must be locked together to produce a
convincing composite. In such cases, the exact movements of one
image must be ‘tracked’, so that the other element can be moved
frame by frame to match it during optical printing.

Fantasy Il Film Effects, one of the few Hollywood effects houses
still regularly using optical printers in addition to their digital facili-
ties, has dealt with some particularly tricky tracking shots. ‘One of
the hardest tracking shots we have done was for Bram Stoker's
Dracula [1992]," says Fantasy Il owner Gene Warren. ‘There was a
sequence in which a coach carrying Keanu Reeves approached
Dracula’s castle and Keanu had to look from the coach window to
see some big blue flames in the distance. Unfortunately, the camera
used to film this shot was mounted on the coach itself, so the image
was bouncing all over the place. We
somehow had to composite a nice

The optical line-up room at

steady shot of some blue flames Boss Film Studios.

fhHiY
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into a shot that was moving about

This optical printer is still
in regular use at Fantasy I

ui ramatically.’
g Gty Film Effects of Hollywood.

Warren began by studying the
film of the background to find an element that could be used as a
tracking marker. ‘The shot was taken at night and was very dark, but
| found a little white pebble in the distance that just caught the light.
That was the point that | used to judge the movement of the shot.’
Warren then measured the position of the pebble every five frames
throughout the 55-frame shot to identify the gross movements of the
camera. Those movements were translated into north, south, east
and west co-ordinates, and the flame element was moved accord-
ingly every five frames during the first optical printing test. Test com-
posites were printed on to black-and-white film, which could be
developed quickly and studied on a moviola. ‘I carefully studied each
test, and for every frame | noted whether the flames should go a little
more to the north, south, east or west in relation to that pebble.
| repeated this task over and over, each time refining the movements
a little more. Eventually you need to see the film projected on a big
screen, because looking at the film in a small movicla you might not

spot a very small movement, but on a big screen the flame might
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Orson Welles (1915-1985) had an auspicious early career.
His 1938 radio broadcast of H. G. Wells’ War of the Worlds
sent shockwaves across the United States, causing panic on
the streets with its tale of alien invasion. An impressed RKO
offered the 23-year-old Welles a contract. The terms: carte
blanche. The result: perhaps the greatest film of all time.

Welles arrived in Hollywood in 1939, admitting he knew
nothing about film production. An RKO researcher was asked
to tutor him in basic film terms, and patiently explained the
difference between a close-up and a long-shot. The young
Welles watched John Ford’s Stagecoach (1939) every night
for a month before he felt ready to make his own film.

Vital in creating the astounding look of Citizen Kane
(1941) was cinematographer Gregg Toland (1904-1948).
Toland had asked to photograph Welles’ first film, because
he realized that the young man’s great vision and scant
experience meant that he would know no bounds. As
Welles himself later admitted, ‘I thought that you could do

anything with a camera that the eye could do, or the imagination -

| didn’t know that there were things you couldn’t do, so anything |
came up with, | tried to photograph.’ The combination of Toland’s
skill and Welles’ vision resulted in cinematic magic.

Also responsible for much of the film’s imagery was Linwood
Dunn of RKO's photographic effects department. The master of the
optical printer carefully explained the potential of the device to the
young director — a kindness that he would regret. ‘Telling Orson
about the optical printer was the kiss of death,” Dunn later recalled.
‘He used it like a paint brush, which was fine — except that he asked
for things that I'd never done before. However, he had enough
power at the studio to OK the time and money it would take — |
learned a lot from it.’

The optical printer was used to combine elements in many pre-
planned shots — for example, extending the production’s relatively
small sets into seemingly huge constructions. During the editing
process, Welles began to feel that many scenes lacked the dramatic
impact that he sought. Dunn was asked to improve a number of
shots. Typical of these was the scene in the Thatcher Memorial
Library, which started with a camera pull-out from the chiselled

inscription on a huge plinth to reveal a female
guard sitting at a desk. Only the base of the
statue had been built and filmed, but Welles
decided he would like to see the non-existent
statue and asked Dunn to provide it. ‘l had a
statue made - about two feet high,” explained
Dunn, ‘... and | made a straight shot of it, and
on the optical printer | made a motorized pan
down from it. Then | made a pan from the scene
with the girl and | matched [the two] with a
travelling split screen.” The finished shot looks,
for all the world, as if a monumental statue had
presided over the filming.

The entire film is littered with subtle optical
effects by Dunn and fine matte paintings by
Mario Larrinaga. Dunn later estimated that over
fifty per cent of Citizen Kane was optically
improved or tinkered with, and that only he and
editor Robert Wise (1914-) might ever be able
to identify all the changes made.

Citizen Kane has been hailed by many as one
of the greatest films ever made. Its narrative
structure, acting, editing and cinematography
have provoked volumes of praise. It also
demonstrates the most impressive and™
fascinating array of special effects of its time -
assembled for an impudent young film maker
who didn’t know enough of the conventions to
be aware when he was breaking them, but who
learned as he went along.




still look as if it's moving three feet

This shot from Return of the
ledi (1983) is an optical
composite assembled from over
one hundred separate elements.

from left to right!” Warren eventually
did thirty-five black-and-white test
shots before the flame elements
looked as if they were actually sitting in the background plate. The
shot was then composited in colour, and over two weeks of work
resulted in two seconds of convincingly blended images.

Once tests have been carried out to ensure that the elements
being printed actually fit together, the final look of the composite
must be refined. This involves making sure that the colour of the
various composited elements matches perfectly. Again, Gene
Warren has had plenty of experience in making very different ele-
ments match. ‘We optically composited the shots in the opening
battle sequence of Terminator 2 [1991]," says Warren. ‘These shots

were combinations of miniature landscapes with model tanks and

foreground element

female matte

\ OPTICAL

ILLUSIONS

flying machines and full-scale, live-action shots of real people fight-
ing. Both the full-scale and miniature elements had fires, explosions
and laser bursts going off. Our task was to match the elements so
that as a big fireball went off in one element, the quality of light in
another element of the shot changed in response — as if the fire were
casting its light on to that part of the scene.’

Since every element being combined usually exists as three
black-and-white colour separations, each one can have different
amounts of coloured light added to it during printing, thus changing
the characteristics of the final image. ‘Every frame of those shots
had to be fiddled with to make the light in the live action match the
model, or the model match the live action,” says Warren.
‘Sometimes we changed the focus on elements slightly, or cut out
little filters to affect the light reaching one small area of the film.
Sometimes the colour of an element had to be tweaked so minutely
that even the most subtle filter was too much and we’d have to print
a shot at half exposure with the filter in, back-wind the film and re-
expose it with no filter. The amount of work that goes into making
shots like that is immense, and when the director sees it and asks
for one corner to be just a little bit greener, you have to go back and
do it all again!’

Optical printers traditionally consisted of one or sometimes two
projectors, but to cope with the increasing demands of modern spe-
cial effects shots, optical departments began to build machines with
additional projectors. Optical printers with three and even four
heads were ultimately built (fig. 23).

For Industrial Light and Magic's work on The Empire Strikes
Back (1980), effects supervisor Richard Edlund (65>) designed an
Academy Award-winning four-headed optical printer that became

Figure 23 A SOPHISTICATED FOUR-HEAD
OPTICAL PRINTER is capable of combining
four separate elements in one pass,
saving considerable time.

background element

— male matte

composite
image
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known as the ‘Quad’. ‘The Quad
was

Gene Warren optically
composited this combination of
miniature background, full-size
foreground and animated laser
beams for Terminator 2:
Judgment Day (1991).

a great time-saver when
we were compositing on Empire,’
recalls Edlund. *The Quad had two
projectors mounted at a right angle
to another two projectors. The projectors, which could handle both
standard 35mm and VistaVision film, would throw their images into
a beam-splitting prism that combined them and redirected them
into the camera. By using the Quad, a simple travelling matte shot
could be produced in one pass, while complicated shots that con-
tained several hundred elements, like those from the asteroid chase
in Empire, could be achieved in a fraction of the time that it would
take on a traditional printer.’

Edlund’'s Quad printer was the first to use specially built telecen-
tric lenses, which helped to create highly accurate matte shots.
‘When normal lenses emit light, it travels outwards in a cone shape,’
explains Edlund. “When you change the focus of something, it not
only blurs, it also changes in size. But telecentric lenses emit totally
parallel bundles of light, which meant we could alter the focus of the
matte, but it would not change size, as would normally be the case.
The bottom line was that we could have a hold-out matte in the rear
projector of the printer and the colour separation element in the front
projector. We could then change the focus of the matte slightly to

64

blur its edges and make it fit the element better. This allowed us t
produce some extremely subtle travelling matte shots.’

Edlund started his own effects facility, Boss Films, in 1983
where he continued to design and build state-of-the-art optica
printers. By the mid-80s, computers had begun to affect all areas o
film production, and they were incorporated into new optical print
ers to allow precise and repeatable control of focusing, camera an¢
projector movement, and exposure levels. ‘At Boss we built two o
the finest optical printers ever constructed,’ states Edlund. ‘The ZAl
[zoom aerial printer] and the Super Printer were utterly reliabli
70mm printers. We could control the accuracy of matte-fits to withii
a thousandth of an inch. But the photochemical process of optice
printing is ultimately flawed,’ states Edlund. ‘We spent hundreds ¢
thousands of dollars building precision equipment and controlle:
every stage of the process as much as we could. But optica
processes are affected by variables such as temperature, the qual
ity of the chemical bath being used by the lab to develop film tha
day, voltage changes, weakening lamps, fading filters, and on an
on and on. There are just so many variables that even with the bes
equipment in the world, a good optical composite relied partly ol
science and skill, and a little bit on good luck.’

Though he had been responsible for some of the finest optice
equipment ever built, when optical compositing began to b



replaced by digital alternatives in the early
1990s Edlund was relieved. ‘I have no love
lost for the optical printer,” he claims. ‘In
terms of optical printing and photochemi-
cal technology, we got about as far as we
could go. | had started to realize that we
still had all the same limitations that we did
back on Star Wars. The improvements that
we could make to the process were so
subtle that, frankly, they just didn't matter.’

Today, the rhythmic click of optical
printers has been replaced by the hum of
computers in almost every effects facility
around the world. Optical printing is still
used to produce fades and dissolves and
by companies such as Fantasy I, whose
skilled artists produce stunning composites
for a fraction of the price of the digital
equivalent, but Fantasy Il owner Gene
Warren admits that the days of the optical
printer are numbered. ‘Optical printing is
going to be around in its basic forms for
‘At the

moment, the cost of getting film in and out

a few years yet,” he believes.

of the computer is expensive. But that will
come down drastically, and then Kodak will
stop making the film stocks that optical

printing needs. Then everything will be dig-

ital, and the people who know how to make a shot work just by

sensing that an element needs nudging a fraction here, or that

Despite its state-of-the art

technology, the Super Printer

was still constrained by the
limitations of the optical

phaotochemical process.

something almost imperceptible
about a shot has to be finessed
there, will retire. Then there will be
no more optical work and a skill -

an art — will be lost forever.’
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Fascinated by pho-
tography from an
early age, Richard
Edlund (1940-) was
trained in high-speed
photography  and
camera maintenance
while serving in the
US Navy. Edlund
then spent two years
studying at the USC
School of Cinema,
before going on to
learn about special
effects production
while working at the Joe Westheimer special effects
studio in Hollywood.

In 1975 he joined Industrial Light and Magic, the
team George Lucas had assembled to produce the
effects for Star Wars. Edlund helped to design the
pioneering motion-control camera system (118>)
used to produce the film’s space battles, a technique which has
since become a cornerstone of effects production. He also
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developed the use of blue-screen travelling matte photography
for the film, and resurrected the VistaVision film format — both
of which also became standards in the effects revolution
following the film’s success.

While at ILM, Edlund supervised groundbreaking effects for
a number of smash-hit films which have now become classics.
Among his most memorable achievements were the thrilling
asteroid chase in The Empire Strikes Back (1980), the
supernatural finale to Raiders of the Lost Ark (1981) and the
extraordinary imploding house seen at the end of Poltergeist
(1982). In 1983 he formed his own effects production company,
Boss Films, where he continued to oversee the development of
new equipment and effects techniques for films such as 2070
(1984), Die Hard (1988) and Cliffhanger (1993).

Though Boss worked on the cutting edge of technology -
contributing early digital effects to Ghost (1990) and Batman
Returns (1992) — Edlund felt unable to continue making the
massive investment in time and money that was required to
sustain a large independent effects company in the digital age. In
1997 he closed Boss Films and has worked as an independent
visual effects supervisor since then.

He received Oscars for his contributions to Star Wars, The
Empire Strikes Back, Raiders of the Lost Ark, and Return of the Jedi
(1983), and technical Oscars for the development of the Quad
optical printer and the Empire Motion Picture Camera system, a
sophisticated means of motion control.
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REAR PROJECTION

The shift to studio production with the coming of sound in the late
20s brought the need to simulate realistic outdoor scenes inside the
studio. Early methods of travelling matte photography were never
wholly successful, failing to produce the quality or quantity of shots
necessary to replace location shooting. The solution came with the
development of rear projection, whereby previously shot footage of
an outdoor scene is projected on to a screen behind actors in the
studio and the two are re-photographed together.

Special effects pioneer Norman O. Dawn (190>) experimented
with rear projection (sometimes known as ‘back projection’; see fig.
24 for basic rear-projection set-up) for The Drifter (1913). Dawn
projected photographic stills on to a small frosted glass screen to
produce the background for two close-up shots. Finding the results
discouraging, however, he abandoned the process to devote time to
the more successful development of other effects techniques.

Dawn had experimented with the projection of still images.
However, what studio-bound film makers really needed was the abil-
ity to project and photograph moving images behind their actors.
Though the concept is a simple one, the projection and subsequent
re-photography of moving images relies on several crucial technical
factors. Film cameras and projectors let in or throw out images
when their continuously opening and closing shutters are open.
Therefore, to photograph a projected moving image, the shutter of
a camera has to be exactly synchronized with that of a projector - if
the camera shutter is open at the instant the projector shutter is
closed, no background image will be photographed. Furthermore, in
order to be thrown on to a large screen and photographed clearly, a
projected image has to be very bright, demanding the use of a pro-
jector of unusually high power. The effective photography of such an
image also depends on the utilization of highly sensitive film stocks.

Some success was achieved in the early 1920s when a system
was devised for the production of Sahara (1923). The shutters of

Figure 24 BASIC REAR-PROJECTION SET-UP

d) final composite;
foreground scenery
plus background
image

b) translucent
screen

c) camera
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projector and camera were synchronized mechanically by connect
ing them with a 24m (80ft) drive shaft between a specially wover
silk projection screen. The system worked, but it was impractical. /
similar method was used to create the images seen on futuristic
television in Metropolis (1926); in this case, the images were pro
jected on to a ground-glass television screen by projectors con
cealed at the back of the set.

By happy coincidence, the sound technology that imprisone¢
film makers in the studios, making rear projection so desirable, alsc
enabled the effective electronic synchronization of cameras anc
projectors. Simultaneously, big-screen projection development:
meant the creation of particularly powerful projectors, and muct
faster film stocks were produced. With all these developments, rea
projection evolved into a highly practical production method jus
when it was needed most. From the early 1930s it was used to com
bine fantastic and unlikely images in films such as King Kong
(1933). It was also employed in the most pedestrian of circum
stances — dialogues on street corners. The method became so rou
tine in film production that rear-projection shots came to be knowr
nondescriptly as ‘process shots’. In 1930, Paramount used 14¢
process shots. By 1932, the figure had risen to over 600.

A method so essential to production attracted investment anc
quickly became highly sophisticated. The first screens used for rea
projection were small, fragile, frosted-glass sheets — unsuitable fo
anything much bigger than a close-up of a foreground actor. As the
process gained popularity, other screen materials were developed
the standard becoming a form of translucent celluloid. Early cellu
loid screens could be up to 3.5m (12ft) in width, but as directors
rear-projection needs expanded, so did the screens. By the 1940s
screens 14.5m (48ft) wide were being used.

Throwing images on to such screens was a trial for any projec
tor. Projectors used for process shots were not merely high-perfor
mance versions of regular cinema apparatus, which sometime:
allow the image to twitch up and down or from side to side withou
the viewer's pleasure being too badly affected. Rear-projectec
images must be held solidly in register with absolute accuracy, sincs
with fixed scenery objects in the foreground, the smallest imperfec
tions in projection will cause supposedly immovable mountains o
cityscapes to appear to wander across the screen, shattering the
illusion of reality. To avoid this, process projectors use pilot-pir
registration: each frame of film is lifted on to fixed pins and held tigh
before being projected. Large screens were sometimes serviced by
several projectors, each of which threw a segment of the back
ground image on to a portion of the screen - the joins being con
cealed by judiciously placed foreground trees or lamp posts. Largs
single images could be thrown on to a screen by powerful projector:
placed over 45m (150ft) behind it. Such projectors used water
cooling devices to prevent the intense heat of their massive lamps
from melting the celluloid film.

As with all composite photography, producing a good union o
images depended greatly on the ability of a director of photography tc



reproduce the qualities of the pre-filmed background plate in the fore-
ground action. The focal length of the lens used to film the background
must be replicated on the studio camera. The lighting conditions in the
background plate must be matched exactly — the human eye can spot
the smallest lighting inconsistencies. Matching studio conditions with
those of the background was a complex task. When the background
images were re-photographed, their qualities would alter somewhat.
Re-photographed images tend to gain contrast, so footage for rear
projection was printed at a lower contrast than normal.

Done properly, rear projection can produce an almost seamless
blend of foreground and background images. Done badly, it can be
obvious to even the least sophisticated moviegoer; we have all seen
unconvincing driving scenes in which the retreating background
scenery appears to bear no relationship to the foreground car and

its passengers.
James Stewart and Kim Novak
meet on a rear-projected San

Some of the most successful

Francisco street in Hitchcock’s applications of the technique have

Vertigo (1958) been those using it as an integral

OPTICAL

ILLUSIONS

part of the storytelling process. Pre-filmed dinosaur footage
was projected behind a studio
mock-up of a submarine for

The Lost Continent (71968).

Alfred Hitchcock was a keen expo-
nent of the method and employed it
to great effect in many of his films.

A particularly ingenious application can be found in Hitchcock’s
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thriller Foreign Correspondent (1940). A passenger aircraft hit by
gunfire from a German ship dives, out of control, towards the ocean.
As it hits the surface, thousands of gallons of sea water smash
through the windscreen, flooding the cockpit. To achieve the effect,
the studio cockpit set was prepared with white paper windows.

During photography, from the inside
Elvis on the beach in Fun in of the cockpit, footage filmed from

Acapulco (1963). The sand in an aircraft as it dived towards the
the studio does not quite match
that in the rear-projected

background. white paper windscreen, thereby

ocean was rear-projected on to the
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A triple-head rear projector at work in London’s
Pinewood Studios.

giving the impression the mock-up plar
was plummeting from the sky. As the plai
appeared to hit the water, thousands

gallons of water were released from tipp
tanks outside the plane. Bursting throug
the paper windows, it engulfed the haple
crew in an instant. The passengers scrar
bled out of the sinking plane into ti
water, in a brilliantly staged sequence th
involved rear-projected ocean waves at
studio water effects.

The arrival of colour photography pr
sented special-effects experts with mat
problems, not least how to convert rez
projection processes for colour. Ear
colour film required much more light thi
black-and-white photography, and even tl
most powerful rear-screen projectors we
incapable of producing bright enou¢
images. The problem was solved by tl
special effects department of Paramount Studios, headed by Farci
Edouart (1897-1980), which devised a system using three powe
ful projectors. Each projector was loaded with an identical film. E
a system of mirrors, their images were overlaid on the screen, pr
viding an image three times as intense. The triple-head system,
it became known, worked particularly well, since rear projection h:
always produced a slightly grainy background image. With thr
images focused on one screen, the minute differences between ea
projected image helped to soften the picture.

Rear projection became less popular after the 1950s as trave
ling matte photography grew more sophisticated and mode
equipment allowed for more location shooting. However, the tec
nique continued to be used to some extent right into the digital ag
British effects supervisor Roy Field used the process to provide tl
backgrounds outside the aircraft windows in Air America (199(
‘With rear projection you have to know the limitations,” explaini
Field. ‘In my opinion it's only good for scenery that is outside car
train or plane windows — in other words, situations where the bac
ground picture is quite separate from that of the foreground.’

For Field, rear projection cannot provide the quality of image f
backgrounds that modern audiences expect. ‘It really is a questicn
quality,” he stresses. ‘Rear projection means re-photographing a t
image, and that will always mean a loss of quality. You can gain qu
ity — in order to lose it again - by using a large format like VistaVisi
for the background plate. But if you want really good composite
you have to go for blue-screen and travelling mattes. Rear projectic
is still good for shots where the background image is out-of-focus

disguised behind windows. It has the advantage that it allows tl



camera to pan and tilt freely, which you cannot do with blue-screen
without motion control. Furthermore, you can see the results when
the film comes back from the lab the next day — directors and pro-
ducers like that. With long dialogue shots such as those in Air
America, rear projection is also a lot cheaper than digital.’

FRONT PROJECTION

The technique of front projection involves the projection of back-
ground scenery from in front of the action rather than from behind
it, as is the case with rear projection. Experiments with the process
were made as early as the 1930s but it was not until the 50s that
interest in the method resulted in the development of a number of
practical systems. An American science-fiction writer, William
Fitzgerald Jenkins (nom de plume: Murray Leinster; 1896-1975),
designed and patented a system in 1955. In 1957, two French
inventors, Alekan and Gérard, patented a similar system, which was
taken up by the Rank Organisation.

The emergence of practical front-projection systems was made
possible in the late 1940s through the invention by the 3M Company
of a reflective road sign material called Scotchlite. Scotchlite is
made of millions of glass beads, each less than 0.25mm (¥win) in
diameter. When light hits these beads, it is almost entirely reflected
back to its source.

Front projection works by mounting camera (fig. 25 (a)) and
projector (b) at precisely 90° to each other. Placed at 45° between
them is a two-way beam-splitting mirror, which reflects fifty per cent
of the light that hits it, and allows the remaining light to pass directly
through (c). During photography, the projector throws the back-
ground image on to the mirror. Half the light from this image goes
through the mirror and is wasted. The remaining half is reflected off
the mirror toward the acting area. This projected image hits the
actors and foreground objects as well as the reflective Scotchlite
screen behind them (d).

Light hitting actors and foreground objects is refracted in many
directions, and, combined with the overpowering effect of foreground

Figure 25 FRONT PROJECTION

e) composite
shot as seen

d) Scotchlite
by camera =

screen

c) two-way,
beam-splitting
mirror

a) camera
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lighting, effectively becomes invisible. Light that hits the reflective
background, however, is directed straight back to the source from
which it came, with minimal loss of intensity. This reflected light is
able to travel back through the half-silvered mirror from which it was
previously reflected and passes directly into the lens of the camera. It
is then recorded as an image behind, and surrounding, the foreground
objects (e). To a viewer standing to one side of the camera, the shad-
ows of actors or foreground objects on the background screen will be
obvious. From the camera viewpoint, however, all foreground objects
cover their own shadows, resulting in a perfectly combined image.

Front projection has a number of distinct advantages over rear
projection. Because Scotchlite is so reflective, the projected image
need not be as strong as that required for rear projection, enabling
the use of much smaller projectors. Front projection can be used in
a relatively small studio space, since both camera and projector are
mounted on the same side of the screen; rear projection on the other
hand needs as much space behind the screen as in front. The life of
the cinematographer is made easier when using front projection.
With rear projection great care must be taken to ensure that the
lighting of the foreground elements does not fall on to the backing
screen — any such ‘spill’ would wash out the projected image in
those areas. Such problems are minimal with front projection,
because any spill would be directed back to its source rather than
into the camera.

The first time front projection was used for a major feature film
was in 2001: A Space Odyssey (1968). Though many appreciated
that the stunning space scenes were created using superior special
effects, few probably gave a second thought to the early sequence
of prehistoric apes fighting in the desert. Kubrick didn't travel to
Africa to film the so-called ‘dawn of man’ sequence, although it cer-
tainly appears to take place in an expansive natural environment.
For this, and several other sequences in the film, Kubrick used front
projection. After this outstanding debut, the process was signed up
for a number of large-scale features, notably The Battle of Britain
(1969), On Her Majesty's Secrel Service (1969), Silent Running
(1971) and Young Winston (1972). '

Ingenious use of front projection was made during the filming of
Tora! Tora! Tora! (1970). American effects veteran L. B. Abbott had
planned to employ it for a shot in which American aircraft attack a
surfaced Japanese submarine. Footage of the attacking aircraft was
to be filmed elsewhere, while Abbott and his crew built a full-sized
mock-up of the submarine with a Scotchlite screen behind it. But
when the aircraft footage arrived, it was unsuitable. Abbott decided
to achieve the scene by using a blue-screen shot instead — adding
the aircraft footage at a later date. Finding that a big enough blue-
screen was not available, Abbott and his team thought again. They
realized that they could convert their front-projection screen into an
instant blue-screen, by a kind of secondary special effect.

Abbott filled a small glass container with blue water. This was
placed in the projector of the front-projection set-up and used to
create a front-projected blue-screen. Amazingly, the improvised
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blue-screen had significant advantages over a traditional blue-
screen. Normally, the water and wet submarine decks in such a
scene would have reflected the blue of the screen and caused blue-
spill problems during the compositing process. But in this case,
because most of the front-projected blue light was reflected directly
back into the camera by the Scotchlite screen, there was not a
gleam left to reflect off the water. The principles of Abbott’s experi-
ment were later developed into a system called ‘The Blue Max’,
which was successfully used to achieve large-scale composite pho-
tography in films such as 2010 (1984).

Scotchlite has been used in a number of films for purposes other
than front projection. Much of the Krypton set in Superman (1978)
was covered in the material to lend it a glowing, ethereal look. The
radiant white costumes of the actors in these scenes were also made
from Scotchlite. The material has also been adopted by modelmak-
ers, who have employed it to produce glaring spacecraft lights or
vehicle headlamps where the use of miniature electric lighting would

be impractical or uneconomical.

ZOPTICS
Superman (1978) was also the first film to use an imaginative
variation of front projection. The plausibility of the film depended on
convincing audiences that Superman was actually flying - like a bird
or a plane. Among other means used to get actor Christopher Reeve
off the ground was a method developed by optical expert Zoran
Perisic, dubbed ‘Zoptics' (fig. 26).

Scenes where Superman was
required to fly towards or away
from the camera could have been
achieved by suspending Reeve from
wires and physically propelling him
over considerable distances. Not
only would this have been uncom-
fortable and dangerous for the
actor, however, it was also about as
feasible as location filming on the
planet Krypton. A large and com-
plex flying rig would have been
needed, built over a long distance,
with massive lighting set-ups to
light the actor through the flight -
and a superhero of a camera oper-
ator to keep focus on the hurtling
man of steel.

The Zoptic system allowed
Superman’s long flights to be
achieved in a small studio without
any of these problems. To achieve
the effect, both the camera and pro-
jector of a front-projection set-up

were fitted with matching zoom

Figure 26 ZOPTICS
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in front of a
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and projector with
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lenses (a). The lenses were both set at the same focal length am
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the projector lens was used at a

Superman (Christopher Reeve
speeds towards another disaste
in a Zoptic shot fror
Superman (1978

short focal length - throwing a large
image on to the screen — the camera

lens would also be at a wide angle in




order to photograph the whole picture (b). If the projector lens was
altered - so that the image on the screen grew smaller — the camera
lens would also change, zooming in to keep the projected image
exactly the same apparent size when photographed (c).

With the size of the projected image growing and shrinking on the
screen, and the camera lens changing to keep the photographed
image the same size, any object placed in a fixed position between
camera and screen would appear to be moving, rather than the other
way around (d). In this case, Superman was suspended in front of the
screen, and as the projected image behind him shrank and the cam-

era’s zoom lens followed it, he appeared to fly towards the camera.

INTROVISION

A variation on front projection can be used to place actors within
pre-filmed backgrounds. In a complex process perfected by the
Introvision Corporation, a 2-D projected background can be divided
into a number of apparent ‘layers’, with performers seeming to
act ‘within' these layers — thus transforming a 2-D image into a
convincing 3-D view.

Like all front-projection processes, Introvision (fig. 27) uses a
camera (a) and a projector (b) set at 90° to one another with a
half-silvered beam-splitting mirror placed at 45° between them (c).
This mirror reflects half of the light from the projector on to a
Scotchlite backdrop (d), which reflects the light back into the cam-
era. The other half of the light from the projector passes directly
through the half-silvered mirror. In other front-projection processes,
this light is ‘wasted’ and is simply absorbed by a piece of black
velvet. Introvision, however, makes use of this light by replacing the
black velvet with another Scotchlite screen (e), in order to reflect

the second portion of the image back to the camera. The camera

Figure 27 INTROVISION
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Harrison Ford in an Introvision
shot of a crashing model train in
The Fugitive (1993).

therefore receives

two identical
images, both of
which have come from the same source, but have
taken different routes back to the camera.

The technique uses a system of carefully
placed male and female mattes (f) such that the
images to be returned to the camera from the
Scotchlite screens are split into the background
(g) and foreground (h) parts of the original pro-
jected image. In the final composite (i) the fore-
ground is in effect superimposed on the
background so that an actor placed in front of a
background (j) can be made to appear as if they
are moving about between the background and
foreground elements, creating a 3-D effect.

The Introvision process was employed exten-
sively in Outland (1981) to combine actors with
models of the mining colony of Con-Am 27 and
has also been used in films such as Under Siege
(1992) and Army of Darkness (1993). The same
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Based on a short story by Arthur C. Clarke, Stanley Kubrick’s 2007:
A Space Odyssey (1968) has stood the test of time, remaining one of
the most admired and influential science-fiction films ever created.
Released to a mixture of critical hostility and frank bewilderment,
2001 acquired an instant cult following and became a considerable
box-office success.

Kubrick recognized that the minimalist dialogue and esoteric
drama of his film might confuse audiences, and that the power of
its visual effects would have to redeem the lack of a conventional
narrative. To Kubrick, the Hollywood fantasy of earlier space-travel
films was anathema - he was determined that his film would be
scientifically accurate and the closest encounter with space travel
that audiences might ever experience. To help achieve this vision,
the director assembled an effects team that was a unique
combination of old-time experience and gifted young talent. For
over two years, the team occupied London’s Borehamwood Studios
and produced the most astonishing special effects that had ever
reached the screen.

In the ‘dawn of man’ sequence, mankind’s ape-like ancestors
inhabit an arid rocky landscape. The apes themselves used a
revolutionary new type of facial mask (223>) designed by Stuart
Freeborn who, many thought, deserved an Oscar for his make-up
creations (it went instead, ironically, to John Chambers for Planet of
the Apes). To provide the prehistoric landscape, Kubrick turned to
veteran effects supervisor Tom Howard, Oscar winner for special
effects on The Thief of Bagdad (1940) and Blithe Spirit (1945).

Howard persuaded Kubrick to attempt the relatively untried
process of front projection, and built an apparatus to project
20 x 25cm (8 x 10in) transparencies of African landscapes on to an

enormous 12 x 27m (40 x 90ft)

One of mankind’s ancient Scotchlite screen. Production

ancestors in a front-projected
landscape in the influential
2001: A Space Odyssey. a rocky landscape set on a

designer Ernie Archer constructed

revolving platform, which allowed it to be filmed from
different angles against the fixed background screen. The
composite images are extraordinarily convincing; their
fakery can only be spotted in a leopard’s eyes, which -
acting like Scotchlite — glow eerily as they reflect projected
light back into the camera.

To produce the space sequences, an early motion-
control system was built to move the camera past fixed
spaceship models. Dismissing blue-screen and other
travelling matte processes, Kubrick insisted that as much
compositing work as possible be done in camera.
Producing shots of the model spacecraft with live action
inside their cockpits involved filming each model twice. A
first pass of the camera filmed the model with its windows
blacked out; a second pass then filmed the spacecraft
draped in black velvet with only the windows showing.
Fitted with a miniature Scotchlite screen, these windows
had pre-filmed cockpit footage front-projected into them.

To place the ships in a star-field environment,
thousands of hand-drawn mattes were traced and inked
by teams of art students before being printed together
with photographed star artwork and then combined with
the first-generation spaceship footage to produce
composites of the highest quality.

Perhaps the film’s most startlingly original special effect
was the climactic psychedelic light sequence known as the
‘Stargate’. Kubrick didn’t know exactly what he wanted for
this sequence, asking only for his camera to ‘go through
something’. The task fell to the youngest member of the
effects team, Douglas Trumbull (295>). Trumbull devised a
system that he called ‘slit scan’, and spent nine months
photographing backlit artwork one frame at a time to produce a
streaking rush of colour and light the like of which had never been

seen before.

In the thirty years since .

2001's release there have
been many outstanding
special effects achieve-
ments — often influenced
by the innovations of
2001. However, it is
testimony to the vision of
its makers that when
viewed today, the film /
remains as convincing as it
was then. In the words of
the film’s own publicity,
2001: A Space Odyssey
remains ‘the ultimate trip’.




process thrust Harrison Ford into a shot of a train smashing into an
overturned bus in The Fugitive (1993). This composite shot would
normally have needed complex post-production, but Introvision
enabled Ford to defy death ‘live’ in the studio.

ELECTRONIC ADVANCES

Optically combining separately filmed elements - either by a system
of travelling mattes or by front or rear projection - is a time-
consuming and ultimately inexact process. Even using highly skilled
operators and the most sophisticated equipment, merging images in
this way always involves some degree of image degradation and
places limitations on creative possibilities.

In the mid-1970s, new developments in computer processing
power and digital technology ushered in a new era, since it became
possible to combine and manipulate the relatively low-resolution
video images used in television production in ways that were previ-
ously impossible. In 1973 the UK company Quantel developed a
practical system for converting analogue TV signals into digital
ones, thereby enabling them to be altered in the digital realm.
Audiences around the world saw the TV coverage of the 1976
Montreal Olympic games transformed by early digital processes,
which enabled the use of small on-screen inserts. These showed
audiences the events from multiple camera angles simultaneously -
a dramatic new experience.

In 1978 Quantel introduced the first practical machines that
could alter digital television images to produce an array of visual
effects. Having watched flat television images for thirty years, audi-

ences began to see their TV pictures

A shot from the television turned like the pages of a book, or

coverage of the 1976 Montreal
Olympics. Multiple angles were
achieved courtesy of Quantel’s
digital technology.

rolled up like a newspaper. In the
1980s, Quantel continued to create

revolutionary tools for manipulating
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television images and effectively An example of the ‘page turn’

effect achieved with a Quantel

created the market for television
Mirage system in the 80s.

graphics. The introduction of their

‘Harry' system in 1986 allowed the

live multi-layering of video images and the creation of a host of
other spectacular visual effects.

Digital technology is an immensely powerful tool for film and
television production because it offers complete control over image
quality. Film is an analogue medium: it records and stores a repre-
sentation of the images to which it is exposed through a process of
transcription. As light hits the film emulsion, a likeness in one
medium is transferred, or transcribed, into another medium. In other
words, the physical qualities of the photo-sensitive emulsion on a
piece of film are directly altered by the qualities of the light that hits
it. Similarly, when an image is recorded on to analogue videotape,
light (measured in lux) enters the camera and is transcribed into an
electrical signal (measured in volts), which is recorded by physically
altering the magnetic field on the tape.

In all analogue systems, transcribing one quality into another
quality with a direct physical relationship means that some attrib-
utes of the original subject are lost, and degradation of both master
and copy is inevitable when further copies are made.

Digital systems, on the other hand, deal purely in abstract num-
bers. When an image or sound is recorded digitally, its qualities are
measured and converted into a series of binary numbers. Binary
numbers have only two states: 1 and 0. These can represent on and
off, high and low, or black and white, for example, and are the basis
of the mathematics used in digital systems and computing.

In digital image recording, light is converted into an abstract string
of numbers that have no intrinsic physical relationship to the original
image. The resulting digital file, simply a huge string of zeros and
ones, can be manipulated by a computer according to mathematical
formulae in order to change, filter and refine the information contained
in the file. The information can then be copied or transferred repeat-
edly without any loss of quality because a computer cannot misinter-
pret a zero or a one and accidentally convert, warp or dilute it.
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With the startling progress of digital television technology in the
early 1980s, those involved in film production began to seek ways
to apply digital techniques to the world of celluloid-based imagery.
If a way could be found to process film in much the way that TV
images were being manipulated, then the optical printer, with its
associated problems and constraints, would be a thing of the past.

Two major problems faced those who wished to use digital tech-
nology for the manipulation of filmed images. Motion picture images
are of a significantly higher resolution than television images, and
an immense amount of processing power and memory is therefore
needed to store and manipulate them. Computers in the early 1980s
were neither powerful nor cost-effective enough to process and
store more than a few frames of film-resolution images. Even if the
massive amounts of data involved could be handled, no one had yet
devised an economical and efficient way of converting analogue
film images into digital information and, after alteration, converting
the finished work back into film.

A practical means of getting film images in and out of the digi-
tal realm would be the key to unlocking the potential of the com-

puter in the production of film special effects.

THE DIGITAL GATEWAY

Finding an effective way of getting filmed images in and out of the
digital realm became the prime goal of a number of people in
the mid-1980s. Among them was Dr Mike Boudry, co-founder of
The Computer Film Company (CFC). ‘In 1984 we realized that there
was the potential for using the computer to combine the sort of
image manipulation that was emerging in TV production with the
tasks that had traditionally been done optically on film," says
Boudry. ‘We thought that this could radically change the type of

effects that could be achieved for feature films.’

However, Boudry and his col-
This early multi-shot video leagues quickly discovered that
image was digitally composited
from a number of separately
shot images. power of the computers of the day.

their goal was still beyond the

74

‘We did a few early calculations and An operator manipulating an
compositing television qualil

images at a computer conso
needed to achieve what we were using a graphics tablet and pe

realized that the type of computer

looking for would have to be much

faster than anything available in 1984," he explains. ‘However, com
puters were evolving so fast that we thought it would only be a mat
ter of time before machines that were affordable and fast enoug
would become available, so we continued to develop the syster
that we had in mind.’

‘Our goal was to start with filmed images, get them into a com
puter, manipulate them and then put them back on to film with n
loss of quality,” explains Boudry. ‘We looked around for anything o
the market that could do anything vaguely like what we wanted,’ h
remembers. ‘We found a fairly primitive camera that was designed t
scan and digitize printed documents. It turned out to be completel
useless for our purposes but we butchered it, found out how
worked, and re-used its useful components in our own film scanner

Boudry and his team built one of the first practical film scanner:
Their machine, completed in mid-1987, was the computer-ag
equivalent of the optical printer. Instead of copying images from on
film to another, their device converted analogue film images int
digital files. ‘Our scanner was loaded with the film to be digitized
explains Boudry. ‘A very bright light source then illuminated th
whole frame of film, which was focused through a lens on to a CC|
[Charge Coupled Device| array. The CCD converted light from th
film into electrical signals that were then converted into digital info
mation. The scanner produced digital information at a rate of tw
megabytes per second — which doesn’t sound like much now, bt
back in 1987 that was pretty awesome.’

The next task was to create a method of recording the digit:
images held in the computer back on to film. ‘We didn’t have tim
o build a proper recorder by the time we started doing commerci:
work,” admits Boudry, ‘so we got a really high-resolution Sony mon
itor and stuck it at one end of a cupboard and put a film camera &
the other end. We basically filmed the finished images directly o



the screen - and the results were Early digital film effects
were used to turn a human

) into a dolphin in The Fruit
in awe-struck tones about our Machine (1988).

surprisingly good. We used to talk

“recorder” whenever we met our

clients, but we never let them anywhere near it in case they noticed
it was just a camera and a monitor in a cupboard!’" Within a year, the
CFC team had built a much more professional device that replaced
the monitor with a high-resolution cathode ray tube, which pre-
sented digital images to a camera with specially designed lenses.

‘By the time we had our scanner and recorder ready, we had
developed the hardware and software to manipulate the images,’
says Boudry. ‘We did our first feature film work for a movie called
The Fruit Machine [1988]." The low-budget British film featured a
character obsessed by dolphins, who in one scene imagines himself
turning into one. ‘We had footage of the character diving into the
water and got some footage of a dolphin in roughly the same posi-
tion,” remembers Boudry. ‘After scanning the two pieces of film into
the computer, we used our new software to change the man into the
dolphin by producing a sort of mix of the two elements. It wasn't a
“morph” [86>] - we called it an “artistic transition”. It's quite embar-
rassing to look at now, but at the time it knocked everybody's socks
off.” Boudry is careful to point out that their dolphin shot certainly
was not the first digital work to go into a feature film. ‘By that time
Disney had used digital effects in TRON (1982), and ILM had done
the digital effects for Young Sherlock Holmes (1985). But those
films had used digital elements that were produced within the com-
puter and then output to film, before being composited in the old-
fashioned optical way. As far as ['m aware, our dolphin shot was the
first full-frame digital composite to go into a feature film.’

The experience of Mike Boudry and his colleagues was not
unique. In the late 80s a number of companies wishing to work in
digital effects independently developed their own scanning and
recording equipment. In 1995, the Academy of Motion Picture Arts
and Sciences awarded technical Oscars to Mike Boudry and a num-
ber of other individuals and companies who had been instrumental
in the development of the technology. Today, scanning and record-
ing equipment is commercially produced by a number of manufac-
turers and can be purchased by any company that can afford the
huge sums that such systems cost.

Modern film scanners work on the same principles as the origi-
nal machine built by Mike Boudry and his team. There are several
types on the market, but the Kodak Cineon lightning scanner oper-
ated by Cinesite Europe is of typical design. ‘Scanning is a very
=xpensive operation,’ says Simon Minshall, imaging systems engi-
neer at Cinesite. ‘When the first edit of a film has been completed,
we get instructions from the editor about which footage will be
1eeded for some sort of digital manipulation. We scan only the
‘ootage that is needed - with a “handle” of a few frames either side.’

Once selected, the length of original camera negative is loaded into
the scanner, an impressive device that stands inside an atmosphere

controlled room. The scanner itself is kept at a positive atmospheric
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Figure 28
FILM SCANNER

b) light

in drum

pressure so that dust is not sucked in when its doors are opened. Once
the machine has been loaded with the negative, its doors are closed
and the operation is controlled from a nearby computer console.

The film to be scanned is wrapped around a steel drum (fig. 28
(a)) and over a small horizontal slit, through which light is projected
(b). During scanning, each frame of film is moved past the slit,
which projects light through the negative and on to a trilinear CCD
(c). The CCD's three elements are sensitive to red, green or blue
light. Light that hits the CCD is turned into an analogue electrical
signal, which is then converted into digital information (d).

During scanning, the analogue medium of film grain is converted
into its digital equivalent: pixels. Pixels (the word is derived from
‘picture elements’) are the basic building blocks of a digital image.
As one can see when examining it closely, a digital picture is simply
a grid of millions of tiny squares — the pixels — each one a different
colour. As one moves away from the image, the individual square
pixels ‘merge’ to form a complete picture. The more pixels used to
define an image, the higher the resolution and the better the picture
quality (fig. 29).

Figure 29 PIXELS

d) analogue signals from
CCD converted to digital
information and recorded

a) film for scanning
wrapped around drum

projected
through slit

¢) trilinear CCD
records red, green
and blue light

‘At Cinesite we scan our 35mm film image
at 4K resolution,” says Minshall. ‘That mean
that during scanning our CCD array divides ai
image into a grid that has just over 4000 pixel
horizontally (actually 4096), and 3000 pixel
vertically (actually 3112). This produces ai
image that is made up of nearly thirteen millios
pixels. A 4K resolution image is about fift;
megabytes of information — which is still mor
information than we need for most purposes.
explains Minshall. ‘So once we've captured th
4000 horizontal pixels, we normally sub-sampli
them by taking a reading of each pixel - and it
neighbours — to produce a sort of “average’
The computer then calculates a new image tha
is 2K — it's half the resolution of a 4K image an:
at twelve megabytes is about one quarter th
digital file size. This allows our computers t
work with the images much more quickly.’

As well as choosing the number of pixels used to build a picture
the number of colours used to describe each pixel is also optiona
Film is such an effective medium for capturing images that it actuall
records far more colour information than the eye can perceive. Fc
example, our eyes can perceive the difference between two very sim
ilar dark colours much better than the difference between two ver
light colours. Because of this, most scanning systems do not captur
all of the information held within an original negative. Instead, the
save on memory and processing power by selectively filtering oL
some of the colour information that is present in the original image b
that our eye will not perceive.

Each pixel is composed of three component colours: red, gree
and blue. By varying the quantity of these colours in each pixe
every colour in the visible spectrum can be reproduced - just lik
mixing paints on a palette. The number of different shades of rec
green and blue available for adding to the mix is dependent on th
number of ‘bits’ (binary digits) of information used for each combc

nent element. This is known as ‘bit-depth’ (see panel opposite).

A digital image is made up of thousands of individual coloured squares or pixels, which become increasingly apparent when the image is magnified.
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‘There are differing opinions about how much colour detail it is
lecessary to capture from an original image,’ says Minshall. ‘The
iit-depth (fig. 30) that different effects facilities work at depends
'ery much on the type of work that needs to be done and the sys-
em being used,” explains Minshall. ‘Most effects facilities work at
ight bits, but we capture colour information at ten bits. This means
hat our images have a palette of over 1.7 billion possible colours.

‘or some purposes images can be captured at as much as sixteen

Figure 30 BIT-DEPTH
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One mathematical bit can define only two gradations of colour
(on and off), two bits can define four, three bits eight, four bits
sixteen and so on. The most common ‘bit-depth’ used in digital
feature film work is eight bits per channel, which produces a
24-bit image (eight bits for each of the red, green and blue
channels). Eight bits per channel means that each of the three
colour components of a pixel can have 256 possible gradations,
and the three combined can produce a pixel with almost seventeen
million potential colour variations. As well as the red, green and
blue channels, each pixel normally contains a fourth channel,
called the ‘alpha’ channel. This is used to control the transparency
of pixels and to produce mattes for digital compositing.

bits, and that gives a palette of over 280 trillion different colours —
but it's very impractical.’

Once an image has been scanned, it is recorded as a digital file
on digital tape or disk. The digital file for each image consists of two
elements. A header contains all the encryption information that the
computer needs to read the image, such as its bit-depth and reso-
lution. This is followed by the bulk of the information about the indi-
vidual pixels and their characteristics. This data can be downloaded
into a computer system and used anywhere in a
digital environment to achieve the necessary Figure 31
image manipulation. Once the images have been
altered and approved, they are recorded back on
to film for editing into the final version of the film.

There are two methods of recording digital
images on to film. Cinesite uses a Kodak Cineon
lightning laser recorder, which draws the image on
to film with a laser. ‘Our images are normally sub-
sampled down to 2K during scanning,’ says
Minshall, ‘but before putting them back to film,
the same process is applied in reverse to produce
images that are 4K resolution once again. These

LASER RECORDER G

OPTICAL

Laser recorders (fig. 31) contain

Loading film into the Cineon
three different coloured lasers: red, Sctiiter gt/ Clnesite: Euvope:
green and blue. As the digital file is
read, each of the three lasers emits the quantity of coloured laser
light needed to produce the colour in each pixel to be recorded on
film. The three separate laser beams are then mixed to produce a
single beam that is precisely the correct colour for each pixel. This
laser is directed on to a spinning mirror, which focuses the light on
to a piece of unexposed negative film. The moving mirror draws a
single line of the image on to the film, then the frame of film is
moved up one pixel and the next line is drawn. The Cineon laser
recorder takes approximately six seconds to emit, mix and record
the 13 million pixels in a 4K image.

The alternative to the laser recorder is the cathode-ray tube
(CRT) recorder (fig. 32). The CRT recorder is essentially a high-
quality film camera (a) focused on a high-resolution cathode-ray

¢) spinning mirror
reflects light beam on
to film

b) laser light mixed

a) digital signal
produces red,
green and blue
laser light

are then fed to the recorder to produce a new
negative on extremely fine-grained film stock. A
print made from this negative is virtually indistin-
guishable from a print made from the original
camera negative.’

d) unexposed negative
film records image one
pixel at a time
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Figure 32 CRT FILM RECORDER

¢) red, green and blue components

a) camera of image displayed on CRT

d)
colour
filters

b)
cathode-
ray tube
(CRT)

e) final recorded image
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tube (b). Each digital image is dis-

A red-screen being used whil
filming a model plane for a shc

played on the CRT screen three L
in Air Force One (1997,

times — once for each of its three

colour components (c). The camera has a set of three coloured fil
ters that mechanically swing in front of the lens during the record
ing of each image (d). Each frame of film takes approximatel
twenty seconds to record (e).

Until now CRT recorders have been the most commonly usec
but the recent development of less expensive and more reliabl
lasers seems likely to make the faster and more accurate lase
recorders the standard of the future.

It is the cost and time involved in converting filmed images int:
digital information that at the time of writing prevents many pro
ductions from fully utilizing digital technology. When cheaper an
faster scanners become available, or if film itself is replaced by dig
ital video as the dominant means of image acquisition, all film mak
ers will be able to exploit the full potential of the computer for imag

creation and manipulation.

DIGITAL COMPOSITING

A huge range of 2-D processes can be used to manipulate digitize:
images, but digital technology is also widely used to composite live
action images shot at different times and places with additionz
elements such as models, matte paintings and computer-generate
animation and effects.

Many of the basic principles and processes of optical composit
ing apply within the digital realm. Elements to be composited sti
need to be photographed in a manner that allows them to be isc
lated and re-combined using a system of mattes and countei
mattes. In the optical world, producing mattes is a skilled job i
which photochemical processes are carefully balanced to produc
an acceptable result. In the digital world, producing mattes is a mor
automated process, in which operators rely on the versatility ¢

powerful, pre-programmed image

A CRT film recorder. processing software.



Digital mattes

The process of producing mattes digitally is called ‘keying’, though
operators often refer to the process as ‘pulling a matte’. As with the
production of optical mattes, there are a number of ways to pull a
matte on a digital image, depending on the image content and the
way in which it has been filmed.

Actors, puppets and models are still filmed in front of blue- or
green-screens in order to produce an image that can be easily
divided into foreground and background elements after it has been
scanned into the computer. Black, red or any other colour can be
used as the backdrop for a digital shot, but green or blue is favoured.
Green backdrops require less light than other colours to be illumi-
nated sufficiently, so the cost of hiring lighting equipment and opera-
tors may be reduced. Blue is still the most popular colour when actors
are to appear in a shot, since its extraction during the matting process

does not greatly affect a performer’s appearance.

29
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To produce a matte Digital composites now hide any trace of
manipulation — even when they contain glass

and hair — as in this shot from The Saint (1997).

from an image with
a coloured backdrop
such as blue or green, the operator simply identifies the colour to be
removed from the image and the computer software automatically
produces a matte. If the foreground element contains blue or green,
the software can be instructed to ignore that particular area of the
image. Unlike in optical processes, the exact shade and balance of
the blue or green backing colour is not critical when setting up and
taking a shot. By sampling a few pixels of background colour, the
computer can be calibrated to remove only those exact shades. It is
therefore quite possible — though not by any means ideal - to photo-
graph a blue object against a blue background, as long as the two
blues are measurably different.

As well as background colour, a number of other image charac-

teristics can be used to produce a matte when keying. Among the




SPECIAL EFFECTS
ISTORY AND TECHNIQUE

most commonly used keying processes is Luma-key — a method
that derives its mattes from luminance, a measure of the brightness
of a colour. Luminance might be employed to produce a matte of an
explosion, for example, where the use of colour might prove diffi-
cult, since explosions are likely to contain a wide range of different
colours. An explosion is so bright that luminance can be used to
separate the explosion from its background.

There are, in fact, a variety of ways to measure the visual infor-
mation in a scene, and often a number of different keying tech-
niques are combined to produce the perfect matte. For example, it
is not always possible or practical to place a coloured screen behind
an object that is to be removed from a shot. In such cases, a tech-
nique called ‘difference matting’ may be used. Difference matting
requires that two versions of a scene be shot — one with the element
that needs to be isolated, and one without. The two shots are then
compared with one other by computer software, which can auto-
matically detect the differences between the two images and pro-
duce a matte based on the changes. This technique might be used
when a large crowd of people filmed in a busy location needs to be
removed from its background and placed in another environment.
It might also be employed to turn a shot of a busy city centre into a
deserted one - as people and vehicles move about the scene, the
computer detects the changes in each frame and builds up a shot
that contains only those elements that remain the same from
frame to frame, such as buildings and roads.

When ‘automatic’ methods of producing a matte are inappropri-
ate or ineffective, mattes can be produced using the digital equiva-
lent of the traditional technique of rotoscoping. The image from

which a matte is to be pulled is dis-

A typical digital workstation at played on a computer monitor, and

CFC in London. Operators can
access digitized film images and
choose from an array of image
manipulation software.

an operator using a graphics tablet

and a pen manually draws around

the objects that are to be isolated
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from the scene. By significantly

A modern film compositing suiti
enlarging the image on the screen,

pixel-accurate matte lines can be drawn. This task can be semi
automated by hand-drawing the matte lines only every few frame
and instructing the software to calculate the matte for the frames i
between. Automation usually only works for simple shapes the
move in a relatively linear fashion, however, so, more often than no
every matte in a sequence has to be hand-drawn. Such technique
may be used when a complex live-action background plate is t
have new elements placed within it. In Jurassic Park (1993), com
puter-generated dinosaurs were inserted into real jungle environ
ments. To place the dinosaurs behind trees and foliage, every singl
leaf and blade of grass in the foreground of each frame in
sequence was hand-traced to produce a split screen that would giv

the impression of dinosaurs roaming the jungle.

Compositing the image

Once mattes for each of the elements in a shot have been extractec
the scene can be composited. Starting with a blank ‘canvas’ on th
computer monitor, the operator introduces the elements of a sho!
one by one, to build up a new image.

In optical printing, an operator only finds out if a composite ha
been successful when the final film is developed and returned fror
the processing laboratory. The smallest mistake means performin
the entire compositing process again. Digital compositing, on th
other hand, is a non-linear process. If an element needs to be addec
changed or removed, the layer in question can be accessed at an
stage of the process. Just as with computer word-processing, if th
operator wants to try something different, one version of the shc
can be saved while a new version is tried. A digital composite wi

only be recorded to film when the visual effects supervisor and th




Twenty-five separate elements including
a computer-generated (CG) city
background, motion-control model
Freighter and pyrotechnic explosions
were digitally combined by London’s
Magic Camera Company to create this
shot from Lost in Space (1998).
Elements used included:

a) CG city; b) CG city with brighter
lighting for use as ship explodes;

¢) CG fighters; d) Matte for fighters;

e) Explosion light on side of freighter;

f) Green-screen beauty pass of freighter;
g) Background explosion; h) Foreground
explosion; i) CG debris; ) CG

background and background explosion
combined; k) Background elements and
freighter combined; |) Background
elements combined with freighter and
freighter explosion light; m) Background,
freighter and foreground explosion
combined; n) Final composite including
CG fighters and debris
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director of the movie are completely satisfied with it. To prevent
any surprises when the film returns from the laboratory, the high-
resolution computer monitors used for compositing are carefully
calibrated so that the images viewed on them faithfully represent

those that will appear on the final strip of celluloid.

DIGITAL IMAGE MANIPULATION

Since digital images are really no more than an abstract collection
of numbers, they can be subjected to almost limitless manipulation
through the use of specially written image-processing software. By
applying mathematical algorithms to their digital architecture,
images can be twisted, warped, stretched, squeezed, enlarged,
shrunk, blurred, coloured and dissolved, and practically any other
process can be applied to them. The resulting images can be
repeatedly copied, layered and combined without any loss of
resolution or quality.

The computers used to produce these effects have the massive
amounts of processing power and disk space that are needed to
work with film-resolution images. There are a number of commer-
cial systems available on the market, such as Quantel’s ‘Domino’
or Discrete Logic’s ‘Inferno’, both of which feature an array of
built-in digital image manipulation software. Many effects facilities
also write their own unique software programs in order to address
the specific requirements of the projects on which they work. In the
cut-throat visual effects industry, where competing companies
often use the same commercially available image-processing sys-
tems, this proprietary software can become a jealously guarded
asset in a company’s arsenal of services.

During the compositing process, images can be manipulated in

a number of ways to ensure that

) : the different elements of each shot
In this shot created using
Quantel’s Domino system,
modern signs, television aerials
and telephone wires were
removed, the road changed to a
dirt track, and the sky replaced.

integrate seamlessly. Various 2-D
processes are explained here; 3-D
processes are discussed in subse-
quent chapters.

Colour and contrast

When compositing an image, the operator begins by making sui
that the colour of each of the separate elements in the shot

uniform. The type of film stock, lighting, lens and exposure lew:
used when shooting each element can affect its colour value — som
elements may look slightly blue, while others look red b
comparison. The operator decides on the desired tone of a scen
and then calibrates the colour of each element so they look as
they were filmed at the same time.

The colour of an object can be controlled by measuring an
manipulating its chrominance values. Chrominance is a measure ¢
the hue and saturation of a colour, and it can be used to isolate a
object of an exact shade, the chrominance value of which can the
be altered. This is useful for making grey skies blue or turnin
parched grass green again. When shooting some location scenes fc
Jerry Maguire (1996), the film crew were unable to find a car th:
matched the one used in the rest of the film. A vehicle that was th
same model but a different colour was used during filming an
changed from blue to the correct shade of silver by selecting an
altering its chrominance during the post-production process.

It is particularly important that the contrast levels of different ele
ments in a shot match, since the human eye is very good at detec
ing uneven contrast, particularly in areas of heavy shadow. Contra:
is checked by comparing the darkest areas in each element. If on
element has dense black areas and another has grey areas, the cor
trast of the two must be calibrated and equalized.

Shadows

An element such as a model or an actor that is to be placed into
new background will look more integrated if it casts a shadow on t
its new environment. A model spacecraft that throws a shadow o
to a real landscape will look far more convincing than one that doe
not. The processes used for the production of digital mattes are s
refined that any shadow cast on to a blue-screen by an actor or

model can be extracted and added to the final composite.




Elements often come without shadows, however, in which case
they must be created artificially. A common method of achieving
this during compositing is to copy the matte of the foreground ele-
ment and reposition it so that it joins an actor's feet or hangs
beneath a model. By distorting or stretching the shape of this
shadow matte, it can be made to correspond to the direction of the
lighting in the scene. When given a transparent quality, this shaded
element can be made to follow the foreground object around to pro-
duce a convincing shadow.

Focus
Elements in the extreme foreground or background of a multi-
layered shot may represent objects that are supposed to be a great
distance apart. In a normal live-action scene, objects in the middle
distance would typically be sharply focused, while those near to or
far from the camera are likely to be out of focus. To produce a
realistic sense of depth in a composited image, the focus of different
elements should vary subtly. Since the eventual spatial relationship
between the elements in a composite may not be known at the
photography stage, each element is filmed in perfect focus. Once
the elements have been layered within the computer, each one can
be de-focused according to its supposed distance from the camera.
De-focusing an element involves digitally blurring the image.
While this gives a convincing impression of image depth, it also has
the effect of blurring the ‘grain’ in that element. Grain is a randomly
moving pattern of coloured dots caused by the millions of tiny silver
halide crystals in the emulsion of the original piece of film, and is
one of the almost imperceptible qualities that make film look differ-
ent from video. To add grain back into a blurred element, an area of
constant colour from the original camera negative is sampled and
used to create a grain ‘filter’. This artificial grain is applied to any
grain-free or blurred elements in the composite shot. Since com-
puters generate only grain-free pixels, any computer-generated ele-
ments in a shot will also have film grain applied to them.

Lens distortion
Though the images that we see on a cinema screen look ‘normal’ to
us, closer inspection reveals that supposedly straight lines are often

Figure 33 LENS DISTORTION
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curved - especially as they reach the edges of the screen. This
distortion is a characteristic product of all lenses used in motion
picture photography. Every camera lens is unique in the way that it
distorts the images that it photographs, so visual effects supervisors
try to ensure that elements to be composited together are filmed
using the same lens. However, since models, miniatures and live-
action elements are often filmed simultaneously in different parts of
the world, it is not always possible or practical to use the same
lenses. Furthermore, any computer-generated elements included in
a scene will be distortion-free because they have never been ‘filmed’
through a real lens.

Compositing elements with varying degrees of distortion can
lead to an unconvincing final image. To remedy this problem, the
distortion created by a lens can be selectively removed and reap-
plied to the required images during compositing. First, each of the
lenses employed to film the various elements of a shot are used to
film the same grid of squares. The different films of this grid are then
scanned and used to determine the amount by which each lens dis-
torts its image. This curvature information is then used to un-distort
each image that has been shot using the lenses in question. The
resulting optically perfect images are then combined with one
another to produce a non-distorted composite. The distortion infor-
mation from one of the lenses — normally that used to film the live-
action element of a scene - is then reapplied to the entire composite
image to produce a uniformly distorted picture that will match the
rest of the film (fig. 33).

Tracking

To composite elements that have been filmed with a moving
camera, or which are moving within a scene, a process called
‘tracking’ is employed. Tracking is used to map the relative motion
of objects within a scene so that any element added to that shot
during compositing can be matched or ‘locked’ to that movement.
Tracking within optical compositing was not impossible, but it could
be extremely time-consuming. In the digital world, however, the
efficiency and accuracy of tracking is hugely improved, and the
technology allows a level of image integration that has greatly
contributed to the ingenuity of modern visual effects.

Scene and grid filmed with same lens

The resulting images are warped by lens
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By calculating, mathematically, by how much
the grid has been distorted, the image itself
can be corrected
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dimensional elements can be added using a proce:
called ‘match-moving’ (182>).

Once the tracking information of a shot has bee
obtained, the exact motion can be applied to any eleme
that is to be added into the shot in order to ‘tie’ the tw
elements together. This method is commonly used
scenes of spaceship interiors or mission controls, whei
the camera needs to roam freely while a number of tel
vision screens and computer monitors display image
Filming televisions so that their screen images are bof

visible and synchronized with the main action of a scer

is extremely complicated. Instead, such scenes ai
filmed with blank television screens. As the camera rove
around the room, the corners of each television monit
are tracked and the appropriate images are later con
posited on to each screen.

Removing unwanted objects

Removing unwanted objects from a scene is relative
easy in the digital domain. If it is known during filmir
that an object will need to be removed from a shot, tw
versions will usually be The wires used to suspet

filmed — one plate with performers during filmit
were digitally removed

CFC from this shot fro
plate without it, whatever Event Horizon (199,

the object, and one clean

Most of the images on the television screens in
this scene from Crocodile Eyes (1998) were
‘tracked” into the shot during post-production,
using the white crosses on the blue-screens

as tracking markers.

The background plate that is to have
other 2-D images composited into it is
studied for a number of discrete refer-
ence points — usually corners of archi-
tecture, distinct landscape details or
intentionally placed luminous ‘tracking
markers’. These points, just a few pixels
in size, are registered by special tracking
software. By automatically recording the
movement of these groups of pixels
as the shot progresses, their relative
motion within the scene can be used to
form a ‘map’ of their movement or of the
camera’s changing position. A single
point is sufficient to keep track of the
subject’s vertical and horizontal move-
ment, and two points are enough to
measure its rotation and spatial arrange-
ment. More points can be used to gather
in-depth detail of a complicated camera

move so that computer-generated three-
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change this involves. By
layering one image on top
of another within the com-
puter, the objects that need
to be removed can simply
be ‘erased’ from the top
layer to reveal the clean
layer below. This makes the
rods, stands and wires used
to hold

suspend stunt performers

up models or

extremely easy to remove.
If a clean plate is not
supplied, wires and rods can
be removed in a number of
other ways. Moving objects
can be removed by tracking
their movement as they
cross the frame, and then
placing clean background
information — extracted from
the preceding frame in
which the object was in
another position - into the
relevant areas. Thin, sta-
be

removed by measuring the

tionary objects can
colour of the pixels on either
side to produce new pixels
that are of a colour that will
‘bridge’ the gap. This can be
useful for removing electric-
ity pylons and telephone
cables from landscapes that
are supposed to be histori-
cal settings.

Crowd replication

Film makers who wish to film a crowd scene without over-extending
their budget (extras have to be hired, transported, fed and
costumed, and this can quickly strain budgets) can use a computer
to turn an unimpressive collection of extras into an epic cast of
thousands. To produce a throng from a small gathering, a shot will
be filmed a number of times. In each take, the crowd moves to a
different part of the screen, and in order to escape recognition,
individuals may swap costumes. During filming, a portable blue-
screen may be placed around the edge of the crowd to enable a
matte of their edges to be pulled. More commonly, a difference
matte will be extracted by comparing the shot with the extras to one
without them. Each take can then be combined, allowing groups of

people to be layered on top of one another to form a dense crowd.
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Warping

For this shot in Elizabeth
(1998), flames and smoke were
added after filming, and the
image was digitally distorted as
if filmed through a heatwave.

Digital images can be distorted in
countless ways by using software
filters that stretch, displace or
combine pixels. This is useful for a
number of compositing tasks. To help tie a model spacecraft to a
landscape into which it is being composited, for example, the
background plate can be reversed, distorted and tracked on to the
spacecraft windscreen to create convincing reflections. Similarly,
any water contained in the real scenery can have a warped
reflection image of a spacecraft tracked on to its surface as the
model passes overhead.

If a fire is to be composited into the foreground of a scene, the

image on the background plate can be distorted to look as if it is
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being seen through the heat of the flames. A matte of the fire ele-
ments will be used to isolate the area of the background plate that
is behind the flames. This part of the background plate is then
slightly enlarged, blurred and warped, before being placed back into

the composite image to simulate heat distortion.

Morphing

Morphing is one of the few modern special effects techniques to have
become a household word. The technique’s striking ability to
metamorphose one image into another was first brought to the
public attention when it was used by Industrial Light and Magic for
the film Willow (1988). George Lucas's mythical story required a
character to change seamlessly into a number of different animals
in a single shot. To achieve the groundbreaking effect, a selection of
real creatures and performing model animals were filmed normally
in similar positions; the models were built to mechanically perform
the more extreme alterations that were needed. The animal images
were scanned, and software specially written by Doug Smyth was
used to distort each image into the next and create an extraordinary
blend (Smyth, along with Tom Brigham of MIT, received a technical
Oscar for the development of morphing techniques in 1992).

Morphing is a mathematical process, in which the computer cal-
culates the changes that need to be made to turn one image into
another. To achieve this, the original images in a sequence are ana-
lyzed by the operator to find areas of shared similarity — in the case of
a human head, eyes will be matched with eyes, ears with ears and so
on. A series of curves are created to surround the boundaries of each
of these key areas on the first image in the sequence (fig. 34 (a)).
These boundary curves are then transferred to the second image,
where they are manually distorted to conform to the characteristics of
the new object (b). Having been instructed which areas of one image
are to be merged with the corresponding areas of another, the com-
puter software calculates the necessary changes in colour and shape
that will turn one image into the other over a set number of frames (c).

The sensation caused in the entertainment business by the mor-
phing in Willow proved that computer graphics had become a pow-
erful tool in the production and manipulation of images. Morphing
one character into another became an overused trick in films, tele-
vision commercials and music videos in the early 1990s, but has
since become a powerful and subtle tool in the creation and com-
positing of visual effects.

Morphs can be used to change a shot of a movie star into one
of a stunt performer just before a dangerous stunt is performed.
A model spacecraft composited into a sequence can come to land
and be morphed seamlessly into a full-sized prop spacecraft that
has been built on the live-action set. In Kenneth Branagh's Much
Ado About Nothing (1993), some
scenes were apparently filmed in ILM morphed the image of

extremely long takes, as the cam- actress Iman into that of
William Shatner to create this

shot in Star Trek VI: The
to follow characters moving around Undiscovered Country (1991).

era swooped over hedges and trees
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Figure 34 MORPHING

a) first subject has boundary lines identified

OPTICAL

b) the second subject has the same boundary curves applied and
distorted to match new features

) The first image is converted into the second over a set number of frames

the garden of a Tuscan villa. The aim was to produce the effect of
the camera following the characters’ every step, so a number of
separately filmed shots were subtly morphed into one another, cre-

ating the illusion of continual camera movement (167>).

Temporal interpolation
The computer's ability to analyze and interpret images has
advanced so much that software is now able to create completely
artificial images. If there is a frame missing in the
middle of a sequence of images, the software is able
to study the frames on either side and create a new
replacement. It does this by studying small groups of
pixels over a period of several frames. The computer
detects the tendencies of those pixels and calculates
their changes for the frame to be added. An image
made in this way is not simply an ‘average’ of the
frame on either side, it is a completely new and
artifical creation.

This technique has been used to restore classic
films in cases where frames have been irretrievably
damaged or lost. It has also been useful for replac-
ing frames of film damaged by airport X-ray
machines. The ability to create new ‘in between’
frames means that shots can be made to last longer
without actually slowing them down. This technique

was used by Cinesite Europe to lengthen a shot in The Avengers

(1998). The shot of Ralph Fiennes
hooking his umbrella on to a tree in
order to swing over a puddle was
thought to be a little too short, so
additional new ‘in-between’ frames
were created and inserted into the

sequence to lengthen it.
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The opening sequence of The
English Patient (1996) was
slowed down and lengthened

by using interpolation to create
new images to appear between
existing ones. This is one of the
synthetic images of a brush

painting on stone created by CFC




To produce a shot of a
coronation for Elizabeth
(1998) a small crowd of
extras dressed in period
costumes was filmed in
several positions inside
a cathedral (top and
bottom left).

The group was also
filmed from a number
of angles on a dressed
platform in front of a
blue-screen (top right).
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London-based effects facility
Men In White Coats then
digitally composited the
elements to create a cathedral
full of people. Before the image
was complete, the cathedral’s
modern organ was removed
from the shot and the area
behind it repaired with pieces
of stone and window that were
cloned from elsewhere in the
image. Stained-glass windows
behind the left-hand balconies

were also removed. Finally,
the setting was made more
atmospheric with the addition
of a stream of hazy sunlight.




CHAPTER THREE

WHETHER FOR BUILDINGS, VEHICLES OR LANDSCAPES, FILM MAKERS
HAVE LONG RELIED ON THE USE OF MODELS TO PROVIDE THE PROPS
AND BACKDROPS FOR THEIR PRODUCTIONS. SOME ARE BUILT
BECAUSE THE OBJECT AND LOCATION THAT
THEY REPRESENT SIMPLY DOES NOT EXIST;
OTHERS ARE CREATED BECAUSE THE REAL LIFE
VERSION IS EITHER TOO EXPENSIVE, DIFFICULT
OR FAR FLUNG TO USE.

MODELS ARE GENERALLY MUCH SMALLER

Films often use models for the most mundane

EARLY MODELS WERE OF THE SIMPLEST VARIETY; TOY CARS

PULLED ON STRING WERE PASSED OFF AS THE REAL THING, AND

CARDBOARD CUT-OUT BOATS FLOATING ON SMALL PONDS USED

TO REPRESENT NAVAL EXPLOITS. SUCH

MODELS WERE USUALLY SHOWN IN SELF-

CONTAINED SHOTS INTERCUT WITH THE

MAIN ACTION OF THE FILM. HOWEVER, AS

TECHNIQUES DEVELOPED IN TANDEM WITH

AUDIENCE EXPECTATIONS, MODELS BECAME

locations. This model house featured in
Poltergeist Il (7986).

THAN THE OBJECT OR LOCATION THAT THEY
ARE BUILT TO REPRESENT; SPACESHIPS,
OCEAN LINERS, FUTURISTIC CITIES AND
MOUNTAIN RANGES CAN ALL BE
CONSTRUCTED AT A FRACTION OF THEIR
REAL OR SUPPOSED SIZE. MANY MODELS ARE
BUILT SOLELY TO BE DESTROYED - IT IS OBVIOUSLY MUCH SAFER
AND FAR EASIER TO STAGE EARTHQUAKES, FLOODS, FIRES AND
EXPLOSIONS OF SCALED-DOWN PROPORTIONS.

THE SHUFTAN PROCESS

Mirrors have always played a part in magic tricks and visual
illusions. A technique known as ‘Pepper's ghost’ was used in
eighteenth-century stage productions, and even early films, to
induce the appearance of transparent phantoms. The process
involved placing a disguised semi-transparent mirror at a 45°

angle to the audience or camera. With careful lighting, the viewer

could look directly through the mirror without noticing the

INCREASINGLY REALISTIC AND THEIR
COMBINATION WITH LIVE ACTION FOOTAGE
MORE CONVINCINGLY INTERACTIVE.

ToODAY, MODELS CAN BE BUILT, LIT AND
‘FILMED' ENTIRELY WITHIN THE COMPUTER,
THOUGH THERE IS STILL A DEMAND FOR
REAL MINIATURES. THE HISTORY AND TECHNIQUES OF MODEL
CREATION AND THEIR PHOTOGRAPHY CONSTITUTE ONE OF THE
MOST FASCINATING AREAS OF SPECIAL EFFECTS PRODUCTION.
glass itself. When the lights were raised on an actor standing off-
stage, his or her image appeared as a ghostly, semi-transparenti
reflection in the mirror.

The extensive use of mirrors for movie special effects was pio-
neered by German director of photography Eugene Shuftan (born
Eugen Schifftan; 1893-1977). Shuftan is said to have invented a

method of using mirrors to combine models and full-scale sets in

1923, though there is evidence that other film makers were using



Figure 1 THE SHUFTAN PROCESS

¢) model

e) full-
size set

composite image

d) reflective
surface removed
from area of
front door

b) camera

similar techniques earlier than this. However, it was undoubtedly
Shuftan who perfected and popularized the technique in European
film making from the mid-1920s.

The Shuftan process uses mirrors to create the in-camera com-
bination of miniature sets, paintings or rear-projected images with
full-scale sets and performers. A large mirror (fig.1 (a)) is placed at
a 45° angle to the camera (b). A model or painting is placed at a
90° angle to the camera (c), so that its reflection in the mirror can
be seen through the camera. The areas of the reflected image that
are to be replaced by full-scale scenery are marked on the surface
of the mirror. These areas are then scraped clear of the silver back-
ing that makes a mirror reflective
(d). The result is a reflected image
of the model or painting that con-
tains a hole through which the area
immediately behind the mirror is
visible. The full-scale set (e) is then
aligned with this area so that the
camera sees a combination of the
reflected image and the full-scale
scenery (f).

Shuftan used this technique
to produce a number of shots
in Metropolis (1926). The method
was also used during the climax of
Alfred Hitchcock’s Blackmail
(1929) to place characters inside
the British Museum, and in Things
to Come (1936) to locate crowds of
people within the modelled envi-
ronments of H. G. Wells’ futuristic

city, Everytown.

MODELS

Though an old technique, the Shuftan process is still used occa-

sionally in modern films. Special effects supervisors Robert and
Dennis Skotak (108>) are famous for using traditional techniques to
produce stunning images. ‘For Aliens [1986], we needed a shot of
two characters entering a bar in the boom town, but we had no time
or money to build a whole set,” explains Robert Skotak. ‘We built a
full-size door area that actors could interact with and a matching
miniature of the building and surrounding areas. The two parts were
combined during filming using a mirror. To help merge the two
halves convincingly, we blew clouds of dust across both the minia-
ture and the full-size set, and strung hanging cables across the
miniature that matched cables across the full-scale set. As the
cables moved in the breeze, it was very difficult to detect any join
between the miniature and the full-scale set. Even in the digital age,
these techniques still work perfectly, and you can get your shot done

in one take without any additional processes.’

SCALE, SPEED AND DEPTH OF FIELD
When used well, miniatures can be combined with full-sized live
action without an audience suspecting that there is anything
‘special’ about what it sees. However, while most of us will never
spot a good model shot, an unsuccessful one will look fake even to
the most uncritical eye. To make a miniature shot indistinguishable
from the real thing, much depends on the quality of the models
themselves. However, the most important element in ensuring the
success of a miniature is the way in which it is filmed.

‘You can have the best models in the world, but if you don’t pho-
tograph them correctly, you can throw away months of a model-

maker’'s hard work in a single
Full-scale and miniature sets

were combined for the filming of
this scene from Aliens (1986).

morning’s shoot,” says Nigel Stone,

whose miniature photography has
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appeared in films such as Lost in Space (1998)
and Entrapment (1999). ‘It's easy to ruin good
models with bad photography,’ claims Stone, ‘but
good photography can often save the day if the
models themselves are not quite as detailed as
they could be.’

One of the first considerations when pho-
tographing a miniature is depth of field - the dis-
tance over which objects within a scene are in
focus. Normal motion picture photography usually
has a relatively deep depth of field — objects that
are in the extreme background or foreground tend
to look slightly out of focus or ‘soft’, but the major-
ity of the action in the middle distance is perfectly
sharp.

To help models look full-size, it is necessary to
reproduce a similar depth of field in miniature pho-
tography to that nermally achieved in full-scale
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photography. ‘To photograph models so that they
look like full-sized objects, the camera must often get very close to
them,’ explains Stone. ‘If we filmed a full-sized car with a camera 3m
[10ft] away from it, we would probably get a shot in which the car and
most of the background is in focus. To reproduce this look with a
model car that is built at 1:10 scale, our camera would have to be
nine-tenths nearer the car — only about 30cm [1ft] away. Then our
problem is making sure that we have enough depth of field to ensure
that the car is in perfect focus as well as the rest of the miniature set
behind it." Ensuring that both car and miniature background are per-
fectly focused can prove difficult, since most lenses, when focused on
objects extremely close to the camera, will make anything in the
background look out of focus — in other words, the shot will have a
very shallow depth of field.

Depth of field can be controlled in a number of ways. Lenses with
a short focal length (wide-angle lenses, <39) usually produce
images that have greater depth of field than lenses with a long focal
length. This is convenient for model photography since when cam-
eras have to be close to models, wide-angle lenses are generally
used to replicate the look that would be produced by a longer lens
on a full-scale set. Depth of field is also affected by the size of the
lens aperture. Opening or closing the aperture not only alters the
amount of light that reaches the film, it also affects the depth of
field. A small aperture allows a small amount of light into the lens
but results in a deep depth of field (deep focus). A large aperture
lets in a lot of light, but results in a shallow depth of field. To pro-
duce correctly exposed deep-focus miniature shots with a small
aperture, a model can be lit with extremely bright lights or filmed
using a fast film stock, which needs less light to record images
than slow stock.

‘When shooting miniatures you're constantly juggling the
amount of light you use with the speed of the film, the focal
length of the lens and the aperture you're shooting at,” says Stone.
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‘It becomes quite a complicated In Darby O'Gill and the Littl
People (1959), deep-foct
photography made actors in tk
distance look tiny compared t

those nearer to the camerc

equation, but it can make all the dif-
ference to the success of a shot. On
top of all these factors you also
have to consider the camera speed
at which you shoot the models. Ordinary films are shot at twenty
four frames per second. If you film a moving full-sized car &

twenty-four frames it will look normal, but if you film a model ca

CALCULATING CAMERA SPEED
The following mathematical formula can be used to calculate

the correct camera speed when filming miniatures:

D = dimensions of full-scale

D

object (in feet) d = dimen-

X 24 = fps

d sions of model object (in feet)
FPS = correct speed for filming (frames per second)

30 24
3 scale truck measuring

30ft in length (D = 30) is represented by a model truck that

For example, to film a

In

76 fps

scene in which a full-

is 3ft in length (d = 3), the equation would produce a filming
speed of seventy-six frames per second:

Therefore a 1:10 scale miniature needs to be filmed at
seventy-six frames per second. When the finished film is
projected at the standard rate of twenty-four frames per sec-
ond, an event that took just one second to film will be
stretched to a little over three seconds.



at twenty r fram
the difference between scale of its size
zed car might be 3 Oft) in length and w
kg (3000lb). A model built at 1:10 scale will therefore
be 30cm (1ft) in length, but its weight is lil
all. As a result, m Is tend to look un

t when filmed at the usual twe four frames per

y steadily as it turns a corner,

while a miniature car will wobble and jolt in response to
y small bump in the road, just like a toy. To lend

miniatures the sense of weight that they

filmed at higher than usual frame rates (see panel oppo-

). Wi the film is projected at normal speed, the
small, irregular movements that reveal a model’s true

t are slowed down and smoothed out to give a
sense of bulk.

To calculate the frame rate at which a model should
be filmed, cinematographers use an equation that takes
into account the nparative scale of the full-sized
object and its model. However, this formula is just a
starting point when deciding the speed at which to film a
miniature. ‘Although king out camera speeds mathe-
matically is helpful

says The five-foot mothership in Close

Encounters of the Third Kind (top)
seemed enormous as a result of filming
in a smoke-filled atmosphere (hullnmi

Stone, ‘there are

lots of other factors

MODELS

to consider, such as the lens you're using, what the model is doin
how it's going to be in the film and so on. You usually end (
sing the best speed based on a mixture of science and gut fe¢
ing. When we shot the Jupiter 2 spaceship crash for Lost in
[1998], we had five cameras shooting the 3.7m [12ft] model

between 72 and 250 frames per second. This gave us a selection
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shots that all looked the appropriate speed and could be edited
together to look quite convincing.’

Another factor that needs to be considered when trying to make
a model look real is depth perception. When we look into the dis-
tance, even on a clear day, faraway objects appear to be pale and
diffuse. This is because the atmosphere that we are looking through
contains traffic fumes, pollen, humidity and distortion from heat-
waves. ‘When you build a 1:10 scale model, you also need to create
a 1:10 scale atmosphere to make distances appear correct,’ explains
Nigel Stone. ‘We therefore have to make the atmosphere that we film
in ten times denser.” Miniatures that require an artificial atmosphere
are filmed in a sealed and smoke-proof studio, which is filled to the
correct density with a fine smoke during filming (250>). ‘Models
shrouded in smoke look a little odd during filming,’ says Stone, ‘but
when the film comes back, if you've got the exposure and lighting
correct, small model landscapes can look absolutely huge - you
don’t notice the smoke at all.’

FOREGROUND MINIATURES

Film makers often need apparently huge sets, but do not have the
time or money to build them full-scale. One solution is to construct
only those parts of the set that the actors will interact with. This
piece of scenery can then be extended by combining it either with a
highly realistic painting (known as a ‘matte painting’, 188>) or a
carefully crafted foreground miniature.

The foreground miniature is exactly what its name suggests - a
small model of a building, landscape or other setting that is placed
in front of the full-scale film set. Such miniatures are carefully
designed so that their lines of perspective match those of the full-
scale set precisely so that the two elements will merge together
seamlessly when the miniature is correctly positioned and viewed
through the camera.

Figure 2 FOREGROUND MINIATURES

final image as
-
seen by camera

Foreground miniatures are usu- From off-camera, the miniatire
component of the arena used
for Ben Hur (1925) is clearly
complete the lower half of a par- visible. When filmed from the
tially built full-scale building, and correct angle, however, the
combination of full-scale set and
miniature is seamless (bottom).

ally hung in the top of a frame to

are therefore often called *hanging

miniatures’ (fig. 2). The method
was frequently used in the 1930s and 40s to provide open-topped
studio sets with a ceiling, thus obscuring the overhead parapherna-
lia of lights, gantries and microphones.

Designing and building a three-dimensional model to match «

full-scale set is a complicated and time-consuming task, but it has
distinct advantages over the use of a two-dimensional painting.
Lighting will produce the same shadows and highlights on the 3-D

model as it will on the full-scale set, and a model can be built to
foreground

miniature include moving parts, making it ideal when action is required in the

faked part of the scene.
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round miniatures with moving parts were made by Arnold
pie and Cedric Gibbons for Ben Hur (1925). The full-scale
s Maximus set was built only a few storeys high. Once the
'a angle for establishing shots was decided, Gillespie and
bons made the top half of the arena in miniature. The minutely
| model was then hung in front of the camera so that it
d the distant set perfectly, giving the impression of a vast
. The model included thousands of tiny figures that could be
ted by hand to produce the effect of an animated crowd.
ingly, a similar method was used during the filming of Star
s Episode One: The Phantom Menace (1999) to produce some
its of the crowded stadium for the pod race sequence. The
ted spectators in the background were actually thousands of
otton buds whose white tips were dyed various colours. They were
slotted into a wire-mesh base and air was blown across them so that
they jostled together convincingly. The shots were then digitally
composited (combined within the computer; <78) with the live-
action foreground footage.

Certain precautions must be taken when using foreground

miniatures. During filming, actors and moving objects must not be
s0 high that they disappear behind the model. Similarly, atmos-
pheric elements such as dust, fog and rain must be avoided — any
such elements on the full-scale set would appear to come from or
disappear behind the model. Foreground models also have the
disadvantage that they can only be viewed from a limited number
of angles. Any change in camera position and perspective may
mean that the model and the full-scale set no longer match. Even a
tiny movement during filming will cause the top half of a construc-
tion to appear to slide against the bottom half, shattering the
illusion of unity.

Though it is usually essential that neither camera nor model is
moved during filming, some camera movement is possible using a
specially designed head for the tripod. Normal tripod heads tilt or
swing a camera about its own centre, causing a significant change

| Figure 3 NORMAL AND NODAL TRIPOD HEADS
|

a normal tripod
tilts a camera

around its own
central axis

a nodal
tripod tilts
the camera
around the
nodal point
of its lens
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in the perspective of the lens. For panning and tilting on foreground
miniatures, however, a special ‘nodal’ head can be used (fig. 3).
Nodal heads place the pivot point of a pan or tilt at the nodal point
of the lens instead of at the centre of the camera. The nodal point is
the optical centre of the lens, where all light travelling through the
lens converges. By swinging the camera and lens about this point
when filming foreground miniatures, the view of the subject can be
changed but the perspective remains the same, keeping foreground
and background elements locked together.

The use of foreground miniatures has proved to be an effective
way of creating in-camera illusions without resorting to optical
or digital post-production techniques. During the production of
Superman (1978), special effects supervisor Colin Chilvers was
asked to create a shot of the superhero pushing an enormous boul-
der off a mountain. Several options were considered, including
building a giant fibreglass rock for the actor to push, or superim-
posing the actor on to a model of the scene. The solution finally
used was simple, brilliant and took little time to set up and film. A
miniature cliff top and boulder were constructed and placed in front
of the camera. In the distance, actor Christopher Reeve stood on a
platform that was concealed by the foreground miniature. Through
the camera he appeared to be standing on the cliff top. He was then
aligned with the miniature rock in the foreground and, as he mimed
a push, the boulder was released to roll down the miniature cliff
face. The scene was filmed at high speed to give the boulder an
appearance of massive weight that only the man of steel could shift.

Effects supervisor John Richardson has successfully used fore-
ground miniatures in several James Bond films. In the pre-credit
sequence of Octopussy (1983), Bond flies a miniature jet-plane
around a Latin American airfield while pursued by an Exocet mis-
sile. The secret agent pilots the plane through the interior of a giant
hangar as soldiers begin to close the sliding double doors at the far
end. From the outside of the building we see the plane squeeze
through the closing doors — with inches to spare — before the missile
behind destroys the building.

‘The plane itself was mounted on a pole and attached to an old
Jaguar with its roof cut off,” Richardson explains. ‘Even though the
plane was not flying but was being driven through the hangar, such
a small gap at the end would have been impossible to get through at
high speed. So during the shoot we actually had a very wide gap to
drive through but disguised it to look very slim. The open door was
concealed by a foreground miniature door that was placed between
the camera and the hangar. The replica door was positioned to make
the gap between the closing double doors look tiny, so when the
plane shoots out of the hangar, it looks like quite a stunt.’

Richardson also used a foreground miniature while shooting The
Living Daylights (1987). During a sequence set in Afghanistan,
Bond’s allies are chased by Russian tanks across a bridge over a
deep gorge. ‘The bridge seen in the film didn't exist on location,’
explains Richardson. ‘There was just a fairly unimpressive bridge
about the same length as the one you see on screen, but only about
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A foreground miniature was
used for the bridge and
everything below it in this shot
from The Living Daylights
(1987). The top of the real
bridge in the background is just
visible.

6m [20ft] high. So we built a model
bridge over a miniature ravine with

a cellophane river at the bottom.
The miniature bridge, which was
about 6m [20ft] long and 1.2m [4ft]
high, was placed about 6m [20ft] in
front of the camera with the real bridge about 300m [1000ft] behind
it. With everything positioned correctly, real horse riders and tanks
moving across the full-scale bridge in the background looked just as
if they were actually using the miniature.” Richardson loves to use
traditional methods when filming. ‘Despite all the amazing things
you can do with a computer,’ he says, ‘simple tricks like these have
always worked - and will always work — and they can be cheaper,
faster and a lot more fun to create.’

CITYSCAPES AND LANDSCAPES

Since Fritz Lang's Metropolis (1926; 101>), models have been used
to create the futuristic cityscapes of our dreams and nightmares.
Increasingly, however, film makers rely on architectural models to
replicate the ordinary world. ‘More and more these days we are
asked to build models that represent not mythical or alien cities, but
the modern cities that audiences know so well, like London, New
York and Paris,’ says Matthew Gratzner, a partner in Hunter Gratzner
Industries, one of Hollywood’s leading modelmaking companies.
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According to Gratzner, replicating modern cities in miniature is a
greater challenge than constructing the cities of alien civilizations or
of our own future. ‘Modelling contemporary cities is so hard because
everybody is an expert on what these places look like," believes
Gratzner. ‘We all have a little mechanism in our brain that screams
“fake!” when we see something that isn’t totally convincing. Often
the audience doesn’t know why a shot looks fake - it just senses
that there's something not quite right about it. Building realistic
models of everyday environments is therefore about the hardest
thing that can be done, and it takes the skill and knowledge of the
best artists and technicians.’

For Gratzner, planning the way in which models will be filmed is the
first step to take in the creation of successful miniatures. ‘We like to
approach the filming of models like ordinary first-unit production,” he
explains. ‘With models it is possible to do incredibly fancy shots with
the camera flying around on a crane, but that rarely has any story-
telling purpose — it's just showing off. The audience will then instantly
realize that there’'s some sort of trickery going on and it's the effetl':l
that becomes the focus of attention and not the story. So we always
try to restrain model photography to the normal type of shots that a
live-action unit, with all its physical constraints, might produce.’

Once it is known what is required of a model, plans are drawn up
for its construction. If the model is of a city or a building that already
exists, hundreds of photographs and measurements are taken to



In this shot from Batman
Returns (1992), a full-size
actress is suspended above a
miniature of Gotham City Plaza.

help the modelmakers reproduce
every detail. ‘Once we know the
design of a building, we begin to
break it down into easily con-
structed sections. We do this for several reasons,’ explains Gratzner.
‘Firstly, the models may be filmed many miles from where we man-
ufacture them, so they often have to be made in sections and then
transported to the studio for assembly. At the studio, each section of
building is affixed to a custom-built steel frame designed to make
the model structurally sound. Secondly, we always study a building
for any repeated patterns. Once we've identified parts of a building
that are the same — usually brickwork or sections of facade — we can
model them, then create a mould and cast as many copies as are

needed to make up the whole build-
Many scenes of Gotham City ing. When you only have eight
were reproduced in miniature.
For long-shots, minute models
of people were moved with wires
from below the set

weeks to produce a block of build-
ings, finding techniques like this

becomes really important.’
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Wood, metal, foam and plastic can all be shaped and sculpted to
produce the repeatable parts of a building. Most materials, other
than metal, can be cut using a computer-controlled laser to create
the precise design required. Once completed, the cut-out design is
covered with liquid rubber, which sets to form a mould that can be
peeled off. The completed mould can then be filled with the type of
material needed to produce an exact copy of the required design.

‘We fill the moulds with different types of plaster, fibreglass, resin
or foam, according to what is required of the final buildings,” explains
Gratzner. ‘Fibreglass and resins will produce a lightweight and strong
shell that is suitable for many types of building. However, the mod-
els we make often have to be destroyed in the film, so we use mate-
rials that, when exploded, will produce many tiny chunks that are the
correct scale for a building of that particular size.” To produce a
building that will blow up realistically, its facade is moulded from
specially mixed plaster. ‘Destructive plaster is made up with baking
soda, sawdust and any other materials that make it light, brittle

and crumbly when set,” explains o | )

This miniature building from
X-Files: The Movie (1998) was
constructed pre-destroyed. Each

room was filled with miniature
office furniture and even scaled-
down pieces of paper.

Gratzner. ‘This mixture ensures that
the models will blow up perfectly,

but they can become so fragile that

they are a real pain to work with.’
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Models to be destroyed also have to have some sort of interior
that will be revealed during the explosion. ‘We often build one layer
of rooms around the inside of a building and fill them with miniature
furniture, fittings and carpets,’” explains Gratzner. ‘Then, at the edge
of the floors and ceilings, we fit twisted miniature I-beams, joists, air-
conditioning ducts and so on, as if the front of the building had been
blown off and all this stuff has been left exposed. Once this pre-
destroyed interior has been arranged and filled with dust and
debris, we carefully place the facade of the building over the front
and prepare it for destruction with compressed air or miniature
pyrotechnics [102>].

Once built, the exterior of the building is painted. ‘Painting is one
of the most vital parts of model construction,’” stresses Gratzner. ‘It
makes a building the correct colour, but also gives it authenticity and

character. Woods, metals and other
A model of New York’s famous
Flatiron building is positioned for

use in Godzilla (1998).

materials may have been repro-

duced in plaster, so they need to be
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painted to look like the correct material. Then, once all the colours
are correct, we begin the vital process of ageing and weathering.’

Nothing in the real world is perfectly clean. From the moment ar
object comes off the production line, it becomes dirty, greasy anc
imperfect. For Gratzner, these imperfections are vital in persuading
the audience that what appears on the screen is the real thing. ‘Ir
the real world most objects are pretty dirty,” says Gratzner
‘Absolutely everything is affected by environmental elements suct
as rain, wind, dirt, smog, smoke or the sun - and we paint all of tha
into our models. Whenever | look at buildings | see the way that rain
water has stained the brickwork, or how the corners of the windows
have been missed by the window cleaner. Most people may neve
notice this kind of detail, but if it's not in a model, that little voice ir
their head will shout “fake!™

Gratzner's obsession with the limitations of the real world i
observed throughout the modelmaking process. ‘Straight lines are
another thing that rarely occur in real life,” he claims. ‘We all think
that skyscrapers are about the most regular, perfectly angular build
ings that it's possible to find, but if you stand at the foot of one o
those buildings and look up at them, you'll see that the lines tha
should go vertically upwards actually wobble all over the place. We
try to replicate that in our models. What's more,” Gratzner adds, ‘i
you stand at the right angle to the light, you'll notice that what you
would assume are perfectly flat sheets of glass are actually rippled
Each sheet of glass used on these buildings is so huge that it bulges
under its own weight, so we try to reproduce that by using shee
acetate that has similar kinds of ripples in it.’

The scale to which miniature cityscapes are built depends on ¢
number of factors. ‘There are mathematical ways of working ou
what scale buildings should best be built in,” says Gratzner, ‘but the
biggest factor in deciding a scale is practicality. If you're building &
vast city, you could build the whole environment with every building
at the same very small scale, which might make good photography
difficult,” explains Gratzner. ‘Or, you could build the whole city from
very large models and then hire the world’'s biggest stage to house
it all. Alternatively, you could work out which angles you were going
to shoot from and build the models in that area a good size and have
them get gradually smaller from then on.’

‘Forced perspective’ models were used in theatre set design long
before cinema was invented, and the method still proves a usefu
way of fitting an apparently enormous city on to a small stage, while
saving time and money in construction costs. ‘In a forced perspec
tive shot we diminish the scale of buildings the further they get from
the camera,’ explains Gratzner. “‘We might have 1:8 scale buildings ir
the foreground with every little detail perfect, then a couple of block:
further down we might go to 1:10 scale and the buildings will have &
little less detail. The buildings will carry on getting smaller, and witt
each step down in scale, we will take a step down with the detail
MNothing makes a model look less convincing than too much detai
on distant objects,’ believes Gratzner. ‘If you look into the distance ir

a real city, you can see buildings but you can’t make out actua
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to manufacture sections of architecture ar
of limited use when building models ¢
landscapes. A pattern can only be repro
duced a small number of times before th
repetition is spotted by the viewer.

‘Making miniature versions of anything the
Mother Nature makes is hard, so we often loo
to the real world as a source for our materials
explains Granell. ‘It's surprising how many rez
objects nature already reproduces in miniature
Many full-size trees can be represented b
using immature or dwarf varieties — especiall
fir trees. Some houseplants even make goo
tree stand-ins. We sometimes buy varieties ¢
real grass and these can be laid into the fore
grounds of landscape models before filming
says Granell. ‘If the grass grows too long dur
ing filming, it can be trimmed or replanted wit
a younger batch. For smaller scale grass in th
middle and far areas of a landscape, there ar
a number of types of moss that look surpris

ingly grass-like.” Borrowing from nature doe

A mountainous miniature details, just suggestions of detail. not stop at foliage; soil and rocks
landscape created by the Colours also get less defined the can also be used. ‘Pebbles are basi- English effects master Dere
Magic Camera Company ) ) ] ) Meddings, whose work include
for Hamlet (1996). further away objects are. We might cally boulders in miniature,” says the British television serie
build a city with exquisite models in Granell, ‘and there are all sorts of Thunderbirds as well as mar.
. James Bond films, sits in

the foreground and end up arranging grey and lavender coloured gravels and sands that can be used

miniature landscape created ft
shoe boxes in the distance. For the most distant buildings, we will for boulders as well.’ GoldenEye (1995

often just use black-and-white photos of
the foreground buildings stuck on
mounting board and cut out to produce
2-D silhouettes.’

LANDSCAPES

Rebuilding the cities we see every day
is difficult, but reproducing natural
landscapes can be equally challenging.
In many respects, imitating nature in
miniature is more complicated than
producing scaled down versions of
man-made objects. ‘Copying nature
can be extremely hard,’ says José
Granell, joint director of The Magic
Camera Company and one of the UK’s
leading modelmakers. ‘Unlike buildings
that are man-made, scenes of nature
are totally random,’ points out Granell,
‘and modelling randomness is a
surprisingly tricky thing to do.” Since
nature is so random, the production-

line techniques that can be employed
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SPECIAL EFFECTS
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In this dam-bursting scene from
Earthquake (1974), the scale of
the model is given away by the
unconvincing look of the water
and the oversized grass.

Often nature just isn’t enough,

however, and a miniature natural
world has to be created using artifi-
cial materials. ‘For The Avengers
[1998], we had to model a number
of miniature landscapes such as the Serpentine lake in London’s
Hyde Park,” explains Granell. ‘The park features a range of fully
grown classic English trees such as oaks and chestnuts — and
there's nothing else that looks like that.” The trees for this sequence
were made by painstakingly sculpting each trunk and branch in
clay, making moulds, and using the moulds to produce foam rubber
castings. Each tree was constructed with a flexible wire frame
inside the foam rubber body so that, during filming, the smaller
branches would sway realistically in the wind. After being painted,
the trees were given plastic or paper leaves. Once planted, the
fake trees were supplemented with an undergrowth of real dwarf
trees, shrubs and artificial grass, which comes in an amazing vari-
ety of types and sizes.

Producing geological features such as rocks and mountains is a
case of being creative with plaster. “‘We used to carve mountains out
of blocks of polystyrene,’ says Granell, ‘which made transporting
sets very easy, but it wasn’t very environmentally friendly. Now we

use plaster for most things. Plaster can be moulded over basic wood
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and chicken-wire frameworks while wet, then carved and shaped
when dry. We have people who are very good at reproducing the
look of various types of stone at all different scales. The plaster is
then painted and, of course, aged and weathered - the most impor-
tant part in making a model look genuine.’

Whenever possible, Granell likes to film models of natural envi-
ronments in the open air. ‘The sun really is the best light to use when
filming anything that’'s meant to be outside. There are so many
things about the real sun that are hard to replicate artificially, but
relying on the sun can be inconvenient because it limits shooting to
daylight hours and means depending on weather conditions. By
shooting outside, models also benefit from genuine skies with mov-
ing clouds, though the back of a miniature set often has to be raised
on ramps to obscure a horizon that is littered by trees, buildings and
power lines. There is also the danger of the unwelcome intrusion of
birds and aircraft when filming outdoors.

Like many others involved in special effects, it is the challenge
of deceiving the viewer that attracts Granell to the world of model-
making. ‘With high-quality model construction and good photogra-
phy, an audience today may never know if they're looking at a shot
of a Russian mountainside taken from a helicopter or a shot of a
model filmed in a field outside London,” he says with satisfaction,
‘and | find that a great challenge.’



Despite the struggling economy of mid-1920s Germany, the
country’s giant film studio UFA (Universum Film Atkien Gesellschaft)
embarked on a series of ambitious and expensive productions
directed by the expressionist film maker Fritz Lang (1890-1976).
After the success of Dr Mabuse (1922), a brooding thriller in which
an arch-criminal leads a gang of murderers in a series of crimes, and
Die Niebelungen (1924), the tale of legendary German hero
Siegfried, Lang took a trip to the United States to learn about
American production techniques. While sailing through New York
harbour, Lang gazed at the Manhattan skyline and conceived the
idea for his next film, Metropolis (1926).

Metropolis was the first great science-fiction feature, a futuristic
tour de force that established many of the themes and motifs that we
expect in the sci-fi movies of today. The film contrasts the lives of
the ruling classes, who frolic in the luxury of their utopian
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skyscrapers, with the underclasses who toil below ground

to keep the massive machines of industry in production.

The story of Metropolis, with its simplistic themes and

sentimental romance, today seems rather weak, but its

images of a great city whose citizens are divided by their

status remain powerful.

It is the image of the great futuristic city of Metropolis

itself — towering, gleaming and optimistic — that remains

most striking and influential. Endless streams of smoothly

flowing traffic fill the wide streets, sky-bridge railways

swiftly transport people from block to block, while bi-

planes glide through the man-made canyons of buildings.

The city is more fiction than science, however, and Lang,

who trained as an architect, must have known that the

updraught around such huge buildings would make it
impossible for light aircraft to fly around
them. The film’s prediction of television and
videophones (achieved through rear projection;
<66) was more prophetic, however.

Part of the underground city, the machine room
and the Cathedral Square were built full-size and
populated by some 30,000 extras. These full-scale
sets were built on UFA’s giant stages, and special
watertight walls were built around them to contain
the thousands of gallons of water that were
unleashed by dump-tanks for the climactic flood
scenes. However, most of the city was conjured
using matte paintings and models (200>), cleverly
combined with live action by cinematographer
Eugene Shuftan (<90).

The film’s other major contribution to the
science-fiction movie genre was Maria. Built by
mad scientist Rotwang, Maria (like many of her
descendants, created by an actor wearing a very
uncomfortable suit) was the first memorable robot
to appear on screen.

After eighteen months in the making,
Metropolis was a financial disaster and almost
bankrupted the studio that produced it. It was,
nevertheless, the greatest effects achievement of its
age, and set a trend for futuristic cities that has
reverberated through the decades since its
creation. Several years later the American musical
Just Imagine (1930) produced a direct (though
inferior) copy of the city of Metropolis, and its
classic design has influenced the cityscapes
featured in films such as Blade Runner (1982), the
Star Wars series (1977, 1980, 1983) and The Fifth
Element (1997) — among many others.
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MINIATURE PYROTECHNICS

For many people, high-octane action is what going to the cinema
is all about. Big explosions are one of the most important
ingredients in any modern action-adventure movie but, ironically,
the biggest explosions to engulf our screens are usually created in
miniature. Miniature pyrotechnics are used in film making for many
of the same reasons that models are used - blowing up real
buildings and vehicles would be time-consuming, expensive and,
most of all, dangerous.

‘Every kid wants to blow things up,’ says Academy Award win-
ner Joseph Viskocil, one of Hollywood’s leading miniature pyrotech-
nicians. ‘For me, the inspiration was the Saturday morning serials
made by the Lydecker brothers [117>], and the Gerry Anderson
puppet shows like Thunderbirds, which had a different explosion
every week. As a kid | didn’t know these things were done in minia-
ture; | thought they were out there blowing up a new warehouse
every week. When | discovered it was all models, | decided that was
what | wanted to do.’

Viskocil's work on a project begins by discussing what type of
explosion is required with the film’s director and visual effects super-
visor. ‘What the explosion must do, and what it must look like, will

affect a number of factors,” explains

Filming explosions on the Death the pyrotechnician. ‘It can influence

Star surface for Star Wars. The
camera is sliding down a wire

(far right) to produce a pilots-
eye view of the havoc.

the way a model is built, the way it is
filmed, and what type of explosives
and chemicals | will use for the job.'

Once plans for a shot have been confirmed, Viskocil works with
the film's modelmakers to make sure that the miniature to be
destroyed is built to the correct specifications. ‘A model for destruc-
tion is quite different to one that is used for normal shooting,’ he
explains. ‘Most models are built to look good and perform, but
destruction models must look good and blow up convincingly - it’s
a very different thing.” While most models are built to survive the
rigours of filming, destruction models must be designed to come
apart in all the right places when detonated. The way that a build-
ing comes apart is largely dependent on the materials used for its
construction. ‘The material a model is made of is very important.’
states Viskocil. ‘Plastics may be no good because they may just
melt; on the other hand, metals might not break apart so well. When
it comes to buildings, plaster is the best material; it blows up in nice
chunks that can be controlled by the consistency of the plaster that
is used. It can look totally convincing.’

Once a model is built, Viskocil takes it apart again. ‘Models that
explode have to be told how to explode,' states Viskocil. ‘If you just
rig a model with explosives, there’s no telling what it might do, sc
we weaken them first.” Simply obliterating a model can be visually
uninteresting, so by scoring and pre-weakening it, the model’s
destruction can be engineered so that particular parts break away
or remain intact.

Viskocil also considers the way in which an explosion should be

filmed. ‘The speed we choose to film at will depend on the size of the

model and what it will be doing,’ he says. ‘Most model explosions are
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made to appear orange, red, blue or green. ‘For the tie-fighter

explosions in Star Wars [1977], | produced green explosions using
gasoline and powdered zinc,” remembers Viskocil. ‘George Lucas
had specifically asked for green because he said it represented all

the money that was being blown on the film!’

Surprisingly small quantities of gas are needed to blow up minia-
tures effectively. Blowing up the 2m (7ft) model gas tanker in The
Terminator (1984) involved just 7 litres (1% gallons) of gas to create
the apparently huge ball of fire seen in the film. Additional ingredi-
ents can be mixed with the gas to produce other effects. Adding tita-
nium powder results in a shower of silver-blue sparks; gold sparks
are produced using iron filings. ‘| produced a really nice sparky
explosion when we were shooting some test explosions for Star
Wars,” recalls Viskocil. “‘When we watched the results the next day,
someone saw this explosion and said, “That’s the one we'll use for
the Death Star!” I'd never even heard of the Death Star by this point

so | didn’t know what they meant,

but that explosion was the one that Joe Viskocil prepares a miniature

they used at the end of the film.’ version of the White House for

destruction in Independence
Day. The yellow and black rope
quently achieved using a mortar - a is explosive Prima-Cord.

Gasoline explosions are fre-

Joe Viskocil’s Death Star done at about 96 or 120 frames per
explosion for Star Wars.

second, which will normally make
an explosion look pretty good. Generally speaking, the smaller the
model, the faster we will film it.” Camera position must also be con-
sidered. Most explosions are filmed with two cameras, though more
are used for shots that can only be filmed in one take. ‘You have to
make sure you've got all the angles covered,’ explains Viskocil. ‘It's
not so important with things like aeroplanes, because the modellers
usually make a number of copies, but with a big building like the
White House that | destroyed for Independence Day [1996], you're
talking about blowing up models that cost tens of thousands of dol-
lars each — sometimes hundreds of thousands. You don’t want to
have to ask them to go build you another if you get it wrong!’

As the shoot approaches, Viskocil prepares the explosives them-
selves. ‘The first thing | will consider is safety. The work | do could
easily kill, and no one should try anything like this without an awful
lot of experience and technical know-how,’ explains Viskocil. ‘After
considering the safety aspects of a shot, | will work out what the
explosion needs to look like and which explosives will achieve that
look. There are basically two types of explosion that | use,” he
explains. ‘One is largely cosmetic; it produces lots of fire and
sparks. The other type of explosion is purely destructive and is used
to rip things apart physically.’

Gasoline is the basic ingredient used to produce billowing clouds

of fire. By adding other chemicals to the gasoline, explosions can be
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Filming the destruction of
Capitol Hill for Independence
Day. The film camera is looking
down from above, as the dome
is engulfed in fire.

metal tube that is planted at the
point where the explosion has to
appear. ‘A mortar is used to shape
an explosion,” explains Viskocil.
‘Ultimately all fire will always go
upwards, but using a mortar you can bully an explosion and force it
in the direction you want it to go.” A detonator is placed at the bot-
tom of the mortar, and on top of this goes a polythene bag contain-

ing the gas and other chemicals. Debris - usually bits of material left
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over from the modelling process — is the last thing placed in th:
mortar, so that it will be projected outwards to produce chunks c
wreckage that are silhouetted by the ball of fire behind it.

For gas explosions in the zero gravity of space, pyrotechnics ar:
filmed in a high-ceilinged building. The camera is placed on the
floor pointing up at the explosive device that hangs from the ceiling
and after detonation the cloud of combusting gas and sparks pro
pelled towards the camera seems as if it is travelling outwards in ths
vacuum of space, while the unwanted smoke rises to the ceiling
concealed by the explosion in the foreground.

To physically destroy objects, an explosive rope called Prima
Cord, also known as Det-Cord, is used. Prima-Cord can be wrappe«
around, or threaded through, objects, and when detonated by ai
electrical charge, explodes at a speed of 6,700m (22,000ft) pe
second. 'lt's a strange substance,’” remarks Viskocil. “You can carr
it around in rolls like normal rope and even throw it into a fire and i
won't explode, but if you hit it with a hammer, you can say goodby:
to your hand.’

Detonating explosives is a job that requires considerable plan
ning. ‘Normally we may have a dozen or more explosions in on
shot,” Viskocil explains. ‘Usually we film at around 120 frames pe
second, and the average explosive shot may need to be on screei
for two, maybe four seconds. At 120 frames, a four-second shot wil
actually take about three-quarters of a second to film, so we ma:
have dozens of explosions going off in less than a second - it get
pretty complicated!" The exact order in which a sequence of explo
sions should be detonated is calculated carefully, taking intc
account the varying speeds at which different charges will explod:
and the position of each camera. If an explosion near the camer:
were to go off before those in the distance, the foreground explosior

would obscure the background

Joe Viskocil (below left
preparing a model gas tanke
for destruction in one of th
climactic sequences fror

The Terminator (1984). Below
the explosion itseli

action. Once a shot has been
planned and wired, a test is con-
ducted using flash bulbs in place of

explosives. The sequence of flash

.,
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Top: A miniature bridge bulbs is filmed at the correct cam-
explodes in True Lies. The
computer-generated missile trails
were added in post-production.
Right: Joe Viskocil prepares the
miniature bridge in the shallow
water of the Florida Keys.

era speed and the result studied to
make sure that each ‘explosion’ is
in the right place at the right time.
Once tests have been approved,
the shot can be filmed. All of the
wiring and mortars are already in place, so setting up the shot is a
matter of installing the pre-prepared charges. Each charge is linked
to an electronic firing box that can detonate the explosives at inter-
vals of anything from one hour to one thousandth of a second. ‘We
do a lot of checks and rehearsals before setting off an explosion,’
says Viskocil. ‘Everyone has to know the exact running order. We
deal with potentially lethal events, so if, at any point during a shot,
| have the slightest doubt about anything, the whole thing will be
shut down - even if there are tens of thousands of dollars at risk.
Safety is number one on the set — there's no two ways about it.’
When asked about his favourite shot in his thirty-year career,
Viskocil is quick to respond. ‘l received an Oscar for Independence
Day, and the shots of waves of fire sweeping through New York were
pretty innovative, but the shot | like best is from True Lies [1994],
he admits. ‘It's where a truck is travelling across a bridge and the
bridge is blown up by missiles. The shot was filmed down in the
Florida Keys using a model bridge in shallow water. Everything
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about that shot worked so well that most people are convinced th:

it's a real bridge being destroyed. When | look at shots like that ont
| realize what a great job | have — people actually pay me to blo
stuff up. What school kid wouldn’t want a job like that?”’
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Figure 4
HIGH-SPEED CAMERA

Light entering the ——————
camera is bent by a

prism which follows
the rapid movement
of each frame of film

PHOTOGRAPAHY

To film models and
at higher
normal

explosions
than
rates,

frame
high-
speed cameras are used.

special

Cameras designed by
the Photo-Sonics Corpo-
ration, ofiginally man-

ufactured for filming
NASA rocket launches,
will run at up to 360
frames per second (fps). The high-precision instruments
use a vacuum pump to suck each frame of film into
place behind the lens and hold it steady during
exposure. The cameras have to be operated by
specialist engineers who lubricate the moving parts
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between each shot.

An even faster Photosonics camera can film at an
incredible 2,500 frames per second, making a one-second event
last over 100 seconds when projected at the normal 24fps. At
this speed, it is impossible to hold each frame still for exposure,
50 a spinning prism is used to bend the light from the lens and
project it on to each frame of film as it passes.

High-speed cameras take a few seconds to attain the right
speed, and so could waste hundreds of feet of film before
anything useful is filmed. To avoid this the camera is brought up
to speed before the film is released through the camera at a rate
of 5m (16%ft) per second. Jams sometimes occur when filming at
this speed and the cameras have even been known to explode.
Such high speeds are normally reserved for filming small but
intense explosions, which look massive and slow moving when
projected at normal speed.
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PHOTO CUT-0OUTS

2-D images have been used to simulate 3-D reality in movies et
since George Méliés (<12) painted trompe ['oeil spacecraft an
settings for films like A Trip to the Moon (1902). The method ¢
using 2-D photo cut-outs to create apparently 3-D sets has prove
a useful and labour-saving one ever since.

Responsible for the effects in many of the low-budget Hamm
horror films of the 50s and 60s, British effects artist Les Bowi
(1913-1979) spent much of his career achieving convincing effec
at rock-bottom prices. For the production of films like the Bulldo
Drummond adventure Deadlier Than the Male (1966), and the clas
sic thriller The Face of Fu Manchu (1965), Bowie did not have th
budget to construct and destroy the miniature buildings that wer
called for in the scripts. To solve his problem, Bowie photographe
real buildings and produced large prints that were cut out an
arranged to look 3-D. Bowie then attached small explosive charge
to the back of the photographs and filmed them as they detonate¢
Judicious editing prevented these shots lingering on screen lon
enough for the deception to become too apparent.

More recently Robert and Dennis Skotak have used photo cu
outs to great effect. ‘While filming Aliens [1986] we had a pretty tin
budget to produce over 150 effects shots, so we were always loo}
ing for ways to do shots effectively but cheaply,” explains Robe
Skotak. ‘For shots of the spaceship cargo lock we built only tF
walls nearest to the camera as 1:12 scale miniatures. Then we wei
over to the sound stages and photographed the full-size sets an
various props like the power-loader, and used those 2-D photos {
produce the background for our miniature.’

For No Escape (1994) the Skotaks used photo cut-outs to prc
duce shots of far more down-to-earth flying objects. ‘We needed {
produce a shot looking up at the underside of a helicopter as it fle
over a facility,” explains Robert Skotak, ‘but we didn’t have the tir
or budget to use a real helicopter. Instead, we took a photograph ¢
the underside of a model helicopter that we were using for sorr
other shots. We then stuck that photo on to a sheet of glass an
glued a few 3-D model parts on to it to give the picture more deptl
On the other side of the glass we attached a disc of perspex ¢
which we drew grease-pencil blurred streaks to represent the mo»
ing rotor-blades. The disc was attached so that an out-of-shot ai
line would blow on to it and cause it to spin. Then we set up ot
camera to look up at the futuristic buildings of the real life facili
and simply moved the sheet of glass across the front of the lens. Tk
finished shot looks just like a real helicopter is passing overhea
and because it's such an ordinary type of shot, no one would ewvt
imagine that it’s a special effect.’

Simple photo cut-outs have even been used in the most cutting
edge digital productions. For Titanic (1997), the Skotaks wei
asked to produce a view of the doomed liner as seen from the wir
dow of a dockside pub. ‘“We took several photographs of the 13.51
[44ft] model that was being used for many of the effects sequence

and glued them together to produce one huge 5m [17ft] photo of tk
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ship,” explains Robert Skotak. ‘That giant photo had to be touched
up a bit since the model used for filming was in several sections and
a bit worse-for-wear by the time we photographed it. The main body
of the photo cut-out ship looked quite convincing, but the rounded
funnels looked a bit fake from the oblique angle that we were film-
ing from, so we cut them out separately and angled them so that
they looked more convincingly 3-D from the position of the camera.
Then we dressed the photo with real model masts and rigging to
give a better sense of depth.’

As well as the Titanic itself, the surrounding dockside area was
also partly re-created using photo cut-outs. ‘We built detailed minia-
ture warehouses and needed to put some railway carriages in front
of them,’ says Skotak. ‘We purchased some large European hobby-
ist trains, but these were very expensive — even for the budget of
Titanic — so we photographed the models, then scanned them into
the computer where we retouched the pictures to produce a number
of variables such as wagons with open doors and windows and so
on. We then printed out these photos and mounted them on cards
which we added to the model to produce a much more impressive-
looking railway yard.’

To finish the shot, the Skotaks resorted to digital technology. ‘We

now find that the computer is a really useful tool for helping us to
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achieve the last ten per cent of an A photo cut-out ship sits behi
maodel buildings and photo
out railway carriages

Titanic (1992

image that used to take us a dispro-
portionate amount of time to get
right during actual filming,” com-
ments Skotak. ‘Now we can spend more time making sure that v
get the lighting right on the model and it doesn’t matter too much
any bits of equipment stray into a shot because they can i
removed digitally later on. In the Titanic dockside shot we digital
tweaked the ship’s tonal values to make it look more realistic, ar
we added a plume of steam coming out of one of the funnels.” Tt
Skotaks then digitally composited the photo cut-out shot into t
live-action pub sequence in which Leonardo DiCaprio wins ticke

for his trip on Titanic.

BATTLESHIPS AND SEASCAPES

The maritime history of the movies is a long one. As early as 168
J. Stuart Blackton and Albert E. Smith of the Vitagraph Compat
were sailing cardboard cut-out ships on improvised ponds

re-create the Baltle of Santiago Bay (1898). Their later depiction
the Battle of Manila is said to have been so convincing that eve
naval officers present at the real conflict mistook the film f

documentary footage.
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Growing up in Detroit,
Dennis Skotak (1943-)
and his brother Robert
(1948-) were
enced at an early age

influ-

by a Saturday matinee

screening of George
Pal’s (<26) classic film Destination Moon (1950). The
boys became obsessed by space travel and sci-fi
movies. To re-live their favourite movies, the two took
photographs of scenes featuring home-made model
spaceships. Taking photographs soon turned into
making movies. In 1958 the pair made an ambitious
thirty-minute version of H. G. Wells’ The Time Machine
(1895). The effects-laden epic was the first 8mm film
shot in Cinemascope and won them awards in a Kodak
competition for young film makers.

Dedicated to a career in the movies, the Skotaks
moved to Los Angeles in 1976 and found work
producing imaginative low-budget effects for Roger
Corman’s (<28) company New World Pictures, where
they befriended another aspiring young film maker,
James Cameron (<36).

The Skotaks became known for their ability to
create dazzling in-camera special effects for films like
Battle Beyond the Stars (1980) and Escape from New York
(1980). For James Cameron’s Aliens (1986), the two
made extensive use of foreground miniatures, mirrors,
photo cut-outs and a host of other traditional
techniques to produce extraordinary effects on a
limited budget. It was the start of a working
relationship that would include most of the director’s
future output.
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Although the Skotaks have gained great respect
within the industry for producing amazing effects using
a minimum of resources, the two brothers embrace the digital
medium. They now pioneer the production of stunning visual
effects that are a clever hybrid of sophisticated in-camera
techniques and modern digital technologies. The best of both
disciplines have been combined for the benefit of films such
as House on Haunted
Hill (1999).

The Skotaks have
won Academy Awards
in recognition of their
work on Aliens (1986),

The Abyss (1989) and
Terminator 2: Judge-
ment Day (1991).
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Sea-going dramas have always been in great demand, and by
the 1940s, special effects departments were well equipped to pro-
vide miniature pirate galleons or battle cruisers. Techniques were
greatly refined during World War Il. With limited access to naval
resources and the coast during wartime, special effects artists relied
on the studio ‘tank’ — a large pond with a painted backdrop - to pro-
vide the setting for sea battles and any other scenes that involved
water. Today, model ships are used as much as ever, and special
effects artists continue to rely on the methods that were developed
in the 40s and 50s.

Effects Martin

Pinewood Studios, specializes in miniature maritime sequences.

supervisor Gutteridge, based at London's
‘Miniature ships are still the most effective way of achieving any sort
of action at sea,’ says Gutteridge. ‘Real ships are cumbersome, they
take a long time to manoeuvre, they rely on the right sort of weather
conditions, and they need a large crew to operate. It's also quite
hard to find anyone who will let you blow up their boat and sink it!’
The greatest problem when filming miniature ships has always
been the difficulty in making water look to scale — while it is easy to
make small boats, it is impossible to make ‘small water’. Whatever
is done to it, water always remains the same scale. ‘There are few
things you can do about water,’ says Gutteridge, sighing. ‘It is phys-
ically impossible to scale down. There are a few tricks that we use
to make things a little better, but on the whole you need to design
model shots so that water appears for the shortest time possible.’
One of the most important areas of water in a model shot is that
immediately in front of the camera. When filming miniature ships,
the camera is kept as close as possible to the water level, and is
sometimes even partially submerged so that its lens remains just

above the surface. This low angle helps to make model ships look

arger and also ensures that the sky detail painted on the tank’s
backdrop is seen as a reflection in the water. Such a low angle does,
however, mean that the water may be just inches in front of the lens
and a very large depth of field must be used to keep both foreground
water and distant ship in acceptable focus. Out-of-focus foreground
water is an instant giveaway to the presence of model shots and can
be seen in many wartime films, shot without the advantage of mod-
ern fast film stocks.

Much of the art of filming miniature sea battles lies in the way
that water is persuaded to perform for the camera. ‘Getting waves
right is essential,” says Gutteridge. ‘In fact, we spend as much time
on the performance of the water as we do on almost everything
else.” Small waves are produced by placing huge fans around the
edge of the tank to blow winds across the water and create the
desired wave pattern. Some people add a little detergent to the
water to encourage slightly foamy wave tips, though just a few drops
too much can turn an ocean into a bubble bath. By positioning
wedge-shaped paddles that move up and down at the edge of the
tank, larger waves and rougher sea conditions can be created.
Storms and tidal waves are produced using ‘tipper-tanks’, which

can release thousands of gallons of water into the tank to crash intc



Technicians stage an indoor sea boats and simulate treacherous

Ratiie:for jack Ahoy (19349, seas. Successful wave patterns can
often only be sustained for a few
seconds before they reach the opposite wall of the tank and rebound
to cause new and unrealistic ripples. Wave patterns are therefore set
up and tested before shooting commences. Once ships and cam-
eras are in position, the desired pattern is created just moments
before the action begins.

The camera speed used to film model ships is influenced more
by the need to create realistic water conditions than by the scale of
the models. Small waves can be made to look larger by filming at
faster frame rates. This has the effect of slowing down their move-
ment when the film is projected at the normal speed. However,
rather than looking larger, waves can look thick and oily if they are
filmed too fast. ‘Depending on the scale of model that we use, we
tend to film most of our water sequences at somewhere between 75
and 125 frames per second,’ says Gutteridge. ‘This will usually give
quite acceptable scaled water. One way to get water to look totally
convincing, though, is to film at night - the dark is very good at hid-
ing scale problems in a water shot.’

To help with problems of scale in water shots, all models are built
as large as possible. ‘When working out at what scale to build a ship,
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we tend to do it in reverse,” explains Gutteridge. ‘We like working
with ships that are around 7.5m [25ft] in length. A ship that size i
relatively easy to move, it's not a bad size in terms of water scale
and we can climb on board to make adjustments during filming. We
can also comfortably float a small fleet of ships of that size on the
Pinewood tank at the same time. Therefore we tend to look at the
measurements of the full-size ship '

and derive a scale to produce a ship Miniature maritime masterpiece.

under construction in thy
workshops of Martir
Gutteridge's well-knowr
facility Effects Associates

that is about the size we need.’
Model ships are built from a
variety of materials, depending on
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filming. ‘Moving ships around in a tank is quite a complicated busi-

ness and we use a number of different methods,” explains

Gutteridge. ‘We can actually sail a boat by using huge fans to fill the

sails and blow it along. But it's hard to get a ship to sail exactly
/ where you want it to go and the fans can cause problems with the
wave pattern. We can also build motors into the ships and sail them
by radio control. More commonly, however, we use a system ol
underwater cables to push and pull the boats.’

Each vessel is built with a series of rings along the bottom of its
keel. The rings are threaded on to an underwater guide cable that is
arranged along the path that the ship needs to follow. A seconc
underwater cable is then run through an on-shore winch anc
attached to the bow and stern of the boat. When this cable is movec
backwards or forwards the boat moves along the guide cable at the
desired speed and in the correct direction. ‘With six or eight ships
being operated at once, which isn’t uncommon in sea battles, there

can be a real maze of wires under the water and it can become quite

complex,’ says Gutteridge.

The problems of making water the type of vessel being replicated.
look to scale are apparent in this
model shot from The Poseidon

Adventure (1972). structed using a fibreglass hull with

Modern naval vessels are often con-

wood and metal fittings. Traditional
galleons, on the other hand, are crafted entirely from wood. 'Old-
fashioned ships are our favourite to re-create,’ says Gutteridge. ‘We
construct our models just like a real ship, using traditional methods
to produce a scaled-down hull on to which we attach miniature
planks of wood. We find that ships that are constructed in the cor-
rect way will move in all the right ways when floating in the water.’
After the hull is complete, it is given decking and every external
detail, from capstan to crow’s nest, is carved in wood, painted and
placed on board. Masts as high as 4.6m (15ft) are fitted with histor-
ically accurate, hand-tied rigging and hung with lightweight sails
designed to undulate like heavy canvas when filmed at high speed.
Several sets of rigging are normally made for each boat, since they
tend to be the first part of a ship to suffer from battle damage.
The finished masterpieces, often

Filming a shot for Interview c :
with a Vampire (1994) in weighing over a tonne, are lifted

Pinewood’s huge tank. into the tank by crane, ready for




The staging of sea battles is something of a military operation in
itself. ‘The thing about models is that we spend months building
them only for editors to spend their time trying to show them as lit-
tle as possible,” explains Gutteridge. ‘That’s because even the best
models shouldn’t be on screen for too long, otherwise the audience
has the chance to scrutinize the image and see that it is actually just
a miniature — especially where water is involved.” As a result,
Gutteridge and his team often spend their time producing shots that
will be on screen for perhaps four seconds or less. ‘A lot can happen
in four seconds,’ says Gutteridge. ‘Our problem, however, is that in a
typical miniature ship sequence we will be filming at about 100
frames per second - four times normal speed. That means that in
reality we have to perform a four-second shot in just one second.
In one second we may have to manoeuvre six ships, fire a dozen

cannon and blow up a mast. We

Not all model ships are have to plan things like explosions

miniatures. At forty feet long,
the model built for Titanic was
bigger than many private yachts.

to hundredths of a second,” he

explains. ‘We can make a small

The destruction of a 25-foot
ship for the pirate adventure
Cutthroat Island (71995).

explosion filmed at high speed look

totally convincing, but when you're
dealing with explosions in or around
water, they will only look real during the explosion itself. Water and
debris looks fine while it's on the way up, but as soon as it comes
back down and hits the water, the patterns and ripples that it pro-
duces are totally unconvincing. So we always plan explosions to
happen at the end of a shot so that the editor can cut away before
things start to look wrong.’

Filming at four times normal speed means that ships need to be
manoeuvred around the tank at a surprisingly fast rate of knots.
However, these speeds are rarely enough to simulate the look of a
real ship ploughing through the oceans. ‘To give the impression that
our small ships are actually cutting through the waves, we have to
cheat a little,” admits Gutteridge. ‘A normal ship travelling at speed
will have waves and spray around its bow. We can't achieve that at
the speeds our models move, so we fit the front of each ship with a
pipe that pumps a stream of water up in front of the bow to give the
impression that the ship is slicing through the waves. A similar
device may be used to create a ship’'s wake.’

A watery grave is the fate of many model ships, and sinking
them is another complex operation. Most studio tanks are just
1-1.2m (3-4ft) in depth but include a much deeper ‘sinking hole’ at
their centre. This central well will allow 6m (20ft) ships to up-end
and go down. ‘To sink ships, we sometimes divide their hulls into a
number of ballast tanks. These are fitted with remote-controlled
valves and can be filled with air or water to control the way in which
a ship lists,’ says Gutteridge. ‘For dramatic sinkings, however, we
attach ships to a submerged hydraulic rig that will twist the vessel in

any direction we want as it goes down below the surface.’
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Contributing to over six hundred films spanning fifty
years, Arnold ‘Buddy’ Gillespie (1899-1978) was
perhaps the longest serving special effects man in
Hollywood history.

Beginning as an art director at MGM in 1924,
Gillespie worked under Cedric Gibbons, who would
later design the ‘Oscar’ statuette for the Academy
Awards. In the days before heavy unionization,
Gillespies early career included work in various roles

on hundreds of films. In 1924 he spent nine months

filming the original Ben Hur in Italy and was dressed in
soldier’s uniform on board a Roman galley during the
infamous sinking in which extras are reputed to have
drowned. With Gibbons, Gillespie built the hanging
miniature that was used to add additional stories to
the film’s Circus Maximus set. Gillespie’s career was so
lengthy that he had the rare honour of working on
the originals and remakes of both Ben Hur (1925 and
1959) and Mutiny on the Bounty (1935 and 1962).

In 1936 Gillespie became the head of MGM'’s
special effects department where he oversaw the
effects for hundreds of feature films including classics
such as The Wizard of Oz (1939), Forbidden Planet
(1956) and North by Northwest (1959). Gillespie is
most renowned for his work in MGM’s 300-foot square tank.

FRNOLD GILLESPIE

During World War Il Gillespie spent much of his working life up
to his waist in water over-
seeing the filming of increas-
ingly
ships, including the 54-foot

sophisticated model

hydraulically operated aircraft
carrier built for Thirty Seconds
over Tokyo (1944). Gillespie
didn’t always resort to the use
of such dramatic techniques,
however; for Mrs Miniver
(1942), he
flotilla of Dunkirk rescue ships

re-created the

from hundreds of cardboard
cut-outs pulled along the
water on strings. The result
was surprisingly effective, if a
little jerky.

Gillespie won Academy
Awards for his work in Thirty
Seconds over Tokyo (1944),
Green Dolphin Street (1946),
Plymouth Adventure (1949)
and Ben Hur (1959).

CLOUD TANKS
For The Beginning or the End (1947), director Arnold Gillespie (se:

panel) was asked to re-create the explosion of an atom bomb
Gillespie's first problem was discovering what such an event looke:
like, since the only existing footage of real atomic explosions wa
classified at the time. To create the mushroom cloud eventuall
seen in the film, Gillespie remembered the way in which he had see
fake blood form billowing clouds in water when filming Tarza
movies years earlier. The effects man built a large glass tank, an
after experimenting with various dyes, filmed an underwate
mushroom cloud. When superimposed over background footage,
created an impression of an explosion so convincing that the she
was used in air force training films for years afterwards.

Similar methods have been used to provide brooding cloud for
mations in films such as Close Encounters of the Third Kind (1977
and Ghostbuslers (1984). To create the effect of clouds billowin
towards the camera, a large glass tank is half filled with a heav
saline solution. A layer of plastic sheeting is then floated on top «

the saline liquid and fresh water gently poured over it. After th



Dark clouds — actually grey

water settles, the plastic sheeting is

paint suspended in water — roll

‘ carefully removed, causing as little
ominously across the sky in i -

Independence Day (1996). disturbance as possible. Salt and
fresh water have different densities,
and this causes an invisible barrier called an inversion layer to form
where the two liquids meet.

Various liquids can be employed to create the clouds them-
selves, though the most commonly used is a mixture of thinned grey
emulsion paint. The paint is injected into the tank and, since it is
heavier than fresh water, it sinks until it reaches the dense salt water,
where it starts to spread out, creating the effect of rolling clouds.
The process is normally filmed at high speed through the glass sides
of the tank, and when projected at the normal rate of twenty-four
frames per second, gives the impression of vast, heavy cloud move-
ment. A blue backing screen may be placed behind the tank to help
produce a travelling matte for use when compositing (<56) the
clouds into a background plate.

To create the effect of lightning within the cloud formations,

waterproofed photography flashguns are suspended in the water

MODELS

and fired when engulfed by the paint mixture. For the threatening
cloud cover that cloaks moving spaceships in Independence Day
(1996), a horse-shoe arrangement of coloured lights was pushed
through the water while attached nozzles squirted paint, to create
clouds that moved in front of the travelling rig.

To produce a convincing World War Il bombing raid in Memphis
Belle (1990), effects supervisor Richard Conway produced the aer-
ial view of bombs hitting the ground by covering the bottom of a
large water tank with an aerial photograph. The targets on the pic-
ture had valves placed beneath them. As the camera passed over-
head, puffs of paint were squirted out of the valves to give the
impression of bombs hitting their targets.

Any material that is required to fly, float in the air or blow with
the wind can be suspended in water for photography. In Poltergeist
(1982), the hair-raising phantom that threatens the mother was
actually a puppet filmed in a tank of water. Underwater, the ghoul's
long hairs floated eerily around its body. For The Good Earth (1937),
Arnold Gillespie filmed a tank of water to which an assistant added
handfuls of coffee grounds. The image of thousands of drifting par-
ticles was superimposed over footage of rice fields, to create a con-
vincing plague of locusts. A very British approach was taken by
effects supervisor Cliff Richardson when filming The African Queen

(1951). Where Americans had used

A cloud tank being used by
Gary Platek and Gary Waller at
ILM to create a tornado effect
for Poltergeist (1982).

coffee to portray a plague of

locusts, Richardson used tea leaves

to create a swarm of !'I]OSL]UitC)&S.
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AIRCRAFT AND SPACESHIPS

Aeroplanes and spacecraft are among the most called-for model
effects in film making. Model aircraft need to be particularly strong,
since they often undergo considerable stress during filming. They
must be able to withstand the heat of intense studio lights, occasional
collisions with camera equipment, rough handling by technicians
and even falls from great heights when support cables fail.

The strength of such craft comes from within. Model builders
usually construct aircraft from a honeycombed framework of
wooden or aluminium cross-sections. This skeleton must be light
enough to allow the model to be handled easily, but strong enough
to support the whole model when it is suspended on a pylon at a sin-
gle point. Aircraft are normally built with a number of mounting
points, so that a support pylon can be hidden behind the body of the
model regardless of the angle from which it is being filmed.

Models are usually clad with an exterior of lightweight plastic or
fibreglass panels. These can be removed easily to allow access to
interior mechanisms, and quickly replaced for shooting any retakes
after the filming of explosions or collisions. Modelmakers often save
time and money by decorating the exterior of their creations with
ready-made items. A favourite resource is commercial model Kkits,
whose moulded plastic components can provide instant detail for a

film miniature. For Silent Running (1971), parts scavenged from

over 650 German tank kits were used to embellish the exterior of the
8m (26ft) model spaceship, Valley Forge.

Model aircraft and spaceships often have a number of mechani
cal features, such as hinged wing-flaps, spinning propeller blades ol
intricate puppet pilots whose heads can be turned during flight. The
models must also accommodate the motors and gears that contro
their movement and the batteries that power them. The mecha
nisms themselves may be operated by radio control or via a bundle
of electric cables that trail behind the model during filming.

Planes, and especially spacecraft, often need some form of inter
nal lighting. This can be provided by drilling tiny holes in the body
of the model to allow a bright interior light source to shine through
For The Empire Strikes Back (1980), the 1.8m (6ft) model of Dartt
Vader's Star Destroyer was drilled with over 250,000 tiny holes
that twinkled with light from interior neon tubes. Occasionally, ¢
bundle of fibre-optic cables is placed inside a model and the lumi
nous end of each cable laboriously threaded into each porthole. The
3.7m (12ft) mothership model for Independence Day (1996) wa:
illuminated by over 10,000 individ-
ually fitted fibre-optic cables
45km (28 miles) worth in all. This

cargo of lights and motors can

A selection of model spaceship

do battle in The Empire Strike

Back. Tiny shipboard lights wer:
created by drilling thousand

of holes in the models

become extremely hot during the




The Skotaks and their crew long hours that it usually takes to

epare to film the drop ship

B : photograph each shot, so some
for Aliens (1986). )

models are fitted with extractor fans
to prevent a meltdown of plastic components.

Once model aircraft have been constructed, they are ready to
take to the skies. The simplest and perhaps easiest approach is to
hang them on wires — a method favoured since the earliest days of
movie making and perfected by legendary effects artists Howard
and Theodore Lydecker (117>).

Wire techniques have been used more recently by modern
effects legends Robert and Dennis Skotak. ‘We built quite a sophis-
ticated flying rig to move some of the spacecraft for Aliens (1986),’
remembers Robert Skotak. ‘One of the most complex shots that we
achieved was where a drop ship had to land at the deserted colony
of Acheron,” he states. ‘The ship had to arc across the shot and then
land in exactly the right spot on the miniature colony set. The doors
of the craft then had to open up so that a remote-controlled per-
sonnel carrier could drive out. The 1:12 scale fibreglass spacecraft,
approximately 1.8m [6ft] in length and weighing some 27kg [60Ib],
was suspended from four wires, one at each corner. The wires went
up to a T-shaped support rig that was itself attached to a 3.7m [12ft]
boom arm mounted on a platform that ran on rails.’

‘Two or three people pushed the platform to give the ship for-
ward and backward movement,’ explains Skotak. ‘Another person

sat on the platform and operated a steering wheel mechanism that

was attached to the wires to control the roll of the model. Anothe
person controlled the pitch of the model, and another its rise. A fur
ther person operated the swing of the boomn arm. All of these peo
ple had to co-ordinate their actions perfectly so that the ship wouls
fly on the desired flight path, pass within a few inches of th

camera — which also had to follow
Joe Viskocil about to fly a mod:
aircraft using the Lydecke

technique on the set «

the action - then land at the correct
place. The director, Jim Cameron,

had asked that the craft have a hard Independence Day
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An effects engineer prepares a
Martian craft for The War of
the Worlds (71953). Wires were
used both to suspend the
models and supply power for
their various functions.

landing, but the model’s landing
gear was quite delicate, so we found
a way to give the model a rough-
looking touchdown without putting
too much weight on its legs. Once
the ship had landed, a door opened and the radio-controlled per-
sonnel carrier had to drive out without hitting the door or getting
snagged on any of the rocks on the set. We were filming at sixty
frames per second, so the whole sequence of events had to be done
at two and a half times the speed that it appears on screen. To make
things worse, the shot was filmed in rain and we had a fan blowing
to break up the falling water to make it look more to scale. Getting
all the variables right was almost impossible. Every time one part of
it worked, something else went wrong. We eventually got the shot
but it took about fifty takes.’

Working with wires requires a number of performance skills on
the part of special effects technicians. ‘One of the hardest things to
get right is the velocity of the model that you are flying,” states
Robert Skotak. ‘The biggest rule is to make sure that an aircraft that
is taking off or flying is always in a state of acceleration. If there is
any uncontrolled deceleration, it causes slack in the wires, and the
model will start to wander and shake. Sometimes we might attach
additional wires to the tail or nose of a model, and someone stand-
ing some way in front of or behind the model will try to judge the
speed at which it is travelling and manually keep some tension in
the wires. However, if they pull the wires too much, it will just swing
the model in the wrong direction.’

Hiding wires is another factor that must be considered when using
them to suspend models. “Today we can remove wires digitally with-
out any difficulty,” says Skotak, ‘but even without computer assis-
tance, there are all sorts of tricks that we can use to try to disguise
wires. A little Vaseline smeared on a lens filter in the area above a
ship can help to soften the image and conceal wires. A little extra
smoke in that area of the image will do the same thing. Or, if a craft

is flying in a linear sort of fashion, the sky above the ship could be

painted on a sheet of glass and The impression of flying aircraf
in this shot from The Sky's Nc
Limit (71984) was created b)
suspending model planes in
tank of water, behind whicl

fibrecill wool was slowly moved

placed near to the camera and in
front of the wires. It also helps if
there is rain in the scene - a little
backlit rain will hide wires very well.’
Another method used to hide
wires is to vibrate them by attaching small motors. Wires that shake
at a high frequency become blurred and unnoticeable. Providing the
model is relatively heavy and the motor relatively small, the shak
ing wires will not affect the flight performance of the model itself.
The swinging and shaking that can occur when a model is hung
on wires is one of the biggest drawbacks of the method. Again, the
Skotaks have devised techniques to overcome such difficulties. Fol
The Sky's No Limit (1984), director
David Lowell Rich wanted to place
shots of model aircraft into shots of
the travelling
mattes (<44), which he felt had been

sky without using

unsuccessful in his earlier film, The
Concorde (1979). ‘To avoid travelling
mattes, we decided that we would film
the planes on wires,” explains Robert
Skotak. ‘Then we started to think
about the normal giveaways of using
wires — like the juddering that you can
get when a model isn't perfectly con-
trolled. We decided that these prob-
lems could be reduced if the models
were suspended in heavier than nor-
mal air — in other words, water.’

The Skotaks invested in a large

aquarium and constructed a rig that

suspended the film's model aircraft
on almost invisible tungsten wires.

The model planes were then lowered



into the water, where their movements could be puppeteered quite
smoothly from above. However, although the models could turn and
bank convincingly, they could not move forward very far in the con-
fines of the aquarium. ‘Since we couldn't move the planes through
the “sky”, we decided to move the sky past the planes,’ explains
Skotak. ‘We got a strip of clear Perspex about 3m [10ft] in length
and just a few inches high and sand-blasted parts of it so that they
went misty. This strip was mounted right in front of the camera and
was pulled past the lens during filming to look like passing fore-
ground cloud. Behind the tank of water we had two large banks of
clouds made from fibrecill, a material similar to cotton wool. These
banks of clouds were right next to each other, but during filming the
front layer of clouds was moved faster than the back one. In the dis-
tant background we had a painted sky backing that also moved -
but very incrementally. With these differential cloud speeds, we cre-
ated a great feeling of depth within the scene.’

Occasionally, model aircraft must perform manoeuvres that are
too complex to achieve with small models in a studio environment.
n such cases, radio-controlled model aeroplanes may be the
answer. For Empire of the Sun (1987), a fleet of 1:3 scale radio-
~ontrolled aircraft were constructed. With wingspans ranging from
2-5.5m (7-18ft), the Japanese Zeros, American Mustangs and a
single B-29 bomber were some of the largest operational model air-
craft ever assembled for a film. Motorcycle engines powered the
huge models, which looked like full-sized planes when flown in the

sky behind actors. The models

ad . lecd
Radio-controlled aircraft could even drop miniature bombs

nowered by motorcycle engines

on to areas of ground pre-rigged to

ver a Japanese prisoner-of

war camp in Empire of the Sun erupt into flames upon impact.
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The Lydecker brothers, Theodore (1908-1990) and
Howard (1911-1969), worked for Republic Pictures, a
small independent studio that churned out B-movies
and adventure serials featuring heroes such as
Captain America and Dick Tracy. As joint heads of the
studio effects department, it was the Lydeckers who
oversaw the production of the flying superheroes,
rocket ships and underwater cities that kept
thousands of children on the edge of their seats
during their Saturday morning visits to the movie
theatre in the 1940s and 50s.

The brothers excelled at producing spectacular
effects on shoestring budgets that any other studio
department would have laughed at. In particular,
they perfected a method of flying model aircraft and
even full-scale papier-maché superhero models. Their
technique involved fitting aircraft or model people
with two thin, parallel copper tubes. In the case of a
human dummy, the tubes - one placed on each side
of the body - entered the figure’s shoulders, travelled
the length of the body and exited at the heels. Piano
wire was threaded through the copper tubing, with
talcum powder for lubrication. One end of each piano
wire (strong, thin wire used in many special effects
applications) was firmly secured, while the other was
attached to handles that were operated by the
Lydeckers or an assistant. Keeping the wires taut, the
operator could twist them to make a flying model
bank and turn. By slackening the wires or pulling
them tight, the model could be encouraged to take
off and land. A third central cable could also be added
to pull the model forwards and backwards.

In 1959 Republic went out of business and the
brothers sought work elsewhere. Howard found
employment at Universal Studios providing effects for

features such
as Voyage to
the Bottom of
the Sea (1961)
and the 1960s
TV series Lost in
Space. After an
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unhappy stint at Disney,

Theodore also

joined

Universal where, among

other projects, he pro-

duced the mechanical
birds for Hitchcock’s The

Birds (1963).




SPECIAL EFFECTS
ISTORY AND TECHNIQUE

Since the success of Star Wars (1977), the method employed to
film model spaceships and aircraft in flight has centred around the
use of travelling matte techniques. In such cases, static models are
suspended in front of a blue-screen (<48) and held aloft on some
form of arm or pylon. Rather than the models moving past the cam-
era, it is the camera that moves past the models — which are them-
selves often manipulated to produce additional movements such as
banking and rolling. The resulting blue-screen shots are used to
place the models into environments such as skies and star fields.
The technology utilized to move cameras around models in this way
is known as motion control.

MOTION CONTROL

The successful combination of separately filmed elements has
traditionally depended on ensuring that there is no movement in any
of the cameras used to film the various components. If a model
castle was filmed in one shot, and a full-scale set in another, the two
images could only be combined successfully if there was absolutely
no camera movement in either shot. The slightest movement of one
element in a composite causes it to ‘slide’ against its neighbouring
image, shattering the illusion of a unified whole. Film makers
traditionally avoided this problem by using a static camera to shoot
all of the elements that were to be combined in the final sequence,
although this proved very limiting.

The only way to have camera movement in a composite shot is
to use a camera that can precisely repeat the same movements
while filming each of the shots that
are to be combined. This is the

Early motion-control
photography was used for this
composite of full-scale live action
and models in Samson and
Delilah (1949).

basic principle of motion control -
using mechanical or electronic

means to record the movement of a

camera and reproduce that movement wherever and whenever dif
ferent elements of a composite shot are filmed.

Though motion-control photography has only flowered in th
past two decades, the idea is not a new one. As early as 1914, on
of Thomas Edison’s (<10) camera operators, James Brautigarr
built a mechanical system that allowed a camera to repeat its move
ments over and over again. For The Flying Duchess (1914,
Brautigam wanted to double-expose a shot so that an actor intrc
duced during the second exposure would appear as a transparen
ghostly figure. The basic approach was not unusual, but Brautigar
realized that creating a double exposure while moving the camer
would be a unique and logic-defying special effect.

Brautigam’'s camera was mounted on a 21m (70ft) track an
moved manually using a block-and-tackle winch rig. By carefull
marking the winch drum and the winch cable with distance indice
tors, and with some careful timing, Brautigam was able to manuall
match a second camera movement to the first. The system wa
hardly efficient or precise, but it worked. The effort and technolog
involved in mechanically repeating camera movements, howeve
meant that it was rarely attempted over the next twenty years, an
it was not until the 1940s that any practical systems of motion-cor
trolled photography were developed.

In the late 1940s an MGM sound engineer called O. L. Dup
developed a machine known as the Dupy duplicator. Dupy's syster
was incredibly sophisticated for its time. The camera’s pan and ti
motions were recorded directly on to a phonographic record, whic
repeated the camera’s movements when played back in subsequer
takes. The system was used with great success during the filming ¢
An American in Paris (1951) to combine studio live action wit
reconstructed views of the French capital.

At about the same time, Gordon Jennings (119>) was workin
on a similar motion repeater at Paramoun
Jennings’ device recorded camera motion on
strip of film, but the motion itself was plotte
mathematically before any sets or miniatures wer
built. Jennings studied construction blueprint
and calculated the necessary camera moves b
using stand-ins on an empty stage. Once th
motion track was recorded, the camera ran autc
matically while filming each shot of live actior
matte painting or miniature. The system was mos
spectacularly used to combine live action an
model elements in the temple destruction scene ¢
Cecil B. De Mille's Samson and Delilah (1949’
Dupy and Jennings were awarded technice
Academy Awards for their systems in 195]
Though sophisticated, the rather cumbersome an
unreliable machinery that they designed did nc
enjoy widespread use.

The work of experimental film maker Joh
Whitney is perhaps the next link in the developmer



he huge model spacecraft in
001: A Space Odyssey was
xed motionless in the studio,

of motion control. In 1957 Whitney

acquired an army-surplus mechani-

wt filming with motion-control cal analogue computer — previously
thatography gave the
npression of the spacecraft

loving past the camera.

used as part of an anti-aircraft gun
system — and rebuilt it to control the
movements of a camera and lights
o that he could film streaks of coloured light for an abstract film called
“atalog 61 (1961). His goal was to give visual representation to the
rattern, colour and dynamics of a piece of music. Whitney did not
'mploy the technology that he pioneered to produce special effects as
ve know them, but the method was adopted for the production of the
treak-photography graphics that became widely used in television
idvertising and films. The technique was further developed for the
roduction of the Stargate sequence in 2001: A Space Odyssey
1968), whereupon it was dubbed ‘slit scan’ (145> ).

The method of repeating camera movement for the Stargate
equence of 2001 was also used for the photography of the film’s
jiant spaceship models. The 16.5m (54ft) model spacecraft
Jiscovery was too large to hang on wires or be physically moved
rast the camera. It was decided, therefore, that the camera should
nove past the model. Next to the huge model spacecraft, which was
inchored on steel supports, a 45m (150ft) camera track was con-
itructed on which a camera platform was moved back and forth by
vorm gearing. The camera was moved incrementally past the
nodel and, in each new position, the shutter opened to expose the
1ew image of the ship on to film. The fact that the movement of the
ramera could be repeated meant that additional identical ‘passes’
rould be made to film the different elements of the same shot.

Douglas Trumbull (295>) was part of the team responsible for
he effects on 2001, and he continued to develop the technology of
notion control after the film's release, producing the visual effects
or The Andromeda Strain (1971), which employed a new electronic
system that recorded repeatable camera movements using an ordi-
ary stereo tape recorder. However, it was the release of Star Wars

1977) that really brought the potential of motion control to the

Gordon Jennings entered the film industry as an
assistant cameraman in 1919, and quickly established
a reputation for innovation by inventing the first
moving titles — he painted credits on glass and slid
them over painted backdrops.

In 1933 Jennings became head of special effects at
Paramount where, over the next twenty years, he
oversaw the effects for hundreds of classic movies. For
Cleopatra (1934), Jennings stretched a meagre budget
by using mirrors and double exposure to turn just two

model galleys into a fleet of thirty. For When Worlds

Collide (1951), he oversaw the construction of a huge
‘miniature’ of eight blocks of New York before
destroying it in a massive tidal wave. The film’s
miniature rocket sequences are some of the most
memorable of the time.

Jennings is perhaps best remembered for his work
on George Pal’s special effects tour de force The War of
the Worlds (1953). The film’s pulsating manta ray-like
spacecraft were 1m (3ft) flexible rubber models that
were inflated by hidden air pumps. Internal coloured
light bulbs glowed eerily through the plastic bodies.
The Martian crafts’
famous death rays
were created by
melting welding
wire with a blow-
torch to create a
stream of sparks.

The craft are now
a design classic.
the
completion of The
War of the Worlds
Jennings died, and

Soon after

his  department
was taken over by
John Fulton (<47).

Jennings,
whom Cecil B. De
Mille called ‘the
best special effects
man | have ever
been privileged to

MODELS
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work with’, won Oscars for his contributions to Spawn of the
North (1938), | Wanted Wings (1941), When Worlds Collide and
The War of the Worlds. He also received technical Oscars for the

design of a nodal-head tripod in 1944 (<95), and a motion-

control device in 1951 (see main text).




SPECIAL EFFECTS |
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A motion-control camera tracks world's attention. Using the latest in device. Early motion control like Dennis Muren programs ILM
past Robin Williams during the Dykstraflex motion-cohtr
filming of effects plates for ) camera for a shot in Tt
Flubber (1997). Light and Magic, headed by John Star Wars was a comparatively Empire Strikes Back (1980

Dykstra (122>), built the first com-

puter-controlled motion-control rig, which was capable of memoriz-

microchip technology, Industrial that used during the filming of

ing and repeating sophisticated camera movements with absolute
precision (121>). Motion control became an essential part of pro-
duction for the many special effects driven movies that appeared in
response to the success of Star Wars, and many companies devised
their own motion-control systems based on the one built at [LM.
Today, motion-control rigs (fig. 5) can be purchased from a
number of companies that manufacture the equipment using the
latest motor and computer technology. One of the world's leading
manufacturers is Mark Roberts Motion Control. ‘We make two
types of motion-control rig,” explains the company’s founder, Mark
Roberts. ‘Our Cyclops rig is a large rig for studio-based shooting,
our smaller and more popular rig is the Milo. Milo grew out of the

need to make motion control much more of a first-unit filming

120



Figure 5 MOTION-CONTROL RIG SET-UP

A motion-control camera is linked to a computer
and can repeat programmed movements
precisely. (See bottom for
the changing view of a
stationary spaceship
achieved by the process.)

cumbersome, studio-based technology that was highly specialized
and incredibly time-consuming to program and shoot with. Our Milo
rig responds to modern production needs in which motion control is
used for a lot more than just a few select effects shots. The rig can
be taken anywhere in a few flight cases and be set up and opera-
tional in forty-five minutes.’

The rig offers thirteen axes of movement and, as well as physi-
cally moving the camera, can control its focus, zoom, aperture and
other mechanisms. The device sits on a 1m (3ft) wide length of
track, along which it can travel at 2m (7ft) per second.

The system is controlled by a powerful software program called
Flair. To program a camera movement, the operator instructs the
software how many frames there will be in a sequence. The opera-
tor then uses a hand-held remote-control device to move the cam-
era to its starting position. The axis and camera information for this
point is logged by the computer. The operator then moves the cam-
era to a second position, changing the camera’s angle and focus as
necessary, and instructs the software to log all of the key informa-
tion once again. Depending on the complexity of the move, the
operator may log from two to ten key-frame positions. The software
then calculates an arc based on the key-frames to determine the
exact position of the motion-control rig and camera for all the
frames in the sequence between the key-frames. Once a move has
been programmed, the motion-control unit can repeat the move-
ment in real time — or at one frame at a time - to within thousandths
of an inch wherever and whenever asked.

The software contains a number of automatic functions that help
the operator to achieve perfect results. If the device is being used to

film a shot in which one item is to remain central in the frame, the

MODELS

operator can measure the distance from tha
object to the lens in the first and last position o
the sequence. The computer software will ther
automatically track the target object in all it:
camera movement calculations to ensure that the
item remains in the same part of the frame
throughout a complicated camera move.
Increasingly, motion-control rigs act as the
link between the real world environment of the
film studio and the digital world of the computer
A typical special effects shot today might contair
live-action footage, miniatures and computer
generated animation (146>). The shot may firs
be designed in the computer using a digital mode
of the motion-control rig, which simulates the
movement constraints that exist in the physica

world. Once the
Motion control can also b

used to precisely control th
the movement movements of models. Here,

shot is planned,

data from the huge model-mover rig is bein

prepared to fly a model fo
Starship Troopers (1997) a
control rig can be Sony Pictures Imageworks

digital motion-
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JOHN DYRSTRA

Interested in mechanics and photography from an early age,
John Dykstra (1947-) studied industrial design at Long Beach
State College, California. After leaving college, he combined the
two disciplines when he became involved in the production of
the special effects for Douglas Trumbull’s classic effects movie
Silent Running (1971; <114).

After Silent Running, Dykstra worked for Berkeley’s Institute of
Urban Development, where future urban developments were
simulated by building small-scale city models and filming them
using innovative miniature photography techniques.

In 1975 Dykstra was appointed special effects supervisor on
Star Wars (1977). Of the many technical innovations that Dykstra
oversaw during production of the film, the most significant was

the computer-controlled motion-control system that was called

Dykstraflex in his honour. Dykstra won an Oscar for his effects
supervision on Star Wars, and a Scientific and Technical Oscar for
the development of the Industrial Light and Magic facility.

After the success of Star Wars, Dykstra was chosen to create
the special effects for the high-budget television series Battlestar
Galactica (1978-80). As a result, Dykstra and a group of
colleagues established Apogee, a facility that became a leader in
special effects innovation for its work on films like Star Trek: The
Motion Picture (1979) and Firefox (1982).

Apogee closed its doors in 1993, but Dykstra has continued
to supervise the production of cutting-edge special effects in
films such as Batman Forever (1995)-and Stuart Little (1999).

122

downloaded to the real motion-control rig, which then repeats the
movement when shooting the live-action element of the shot. The
same camera movement is then used to film any miniatures that are
to appear in the shot. However, because models are smaller than the
live-action elements, the movements of the camera must be scalec
down accordingly. Scaling movements was once a mathematica
problem for operators, but today the comparative scale of a mode
is simply entered into the motion-control software, which automati
cally calculates the camera move required.

A model shot may be filmed a number of times using identica
camera movements but with different lighting conditions in eact
pass. A ‘beauty pass’ films the model in its most perfectly lit state
a ‘shadow pass’ captures the shadow elements of a model; and ¢
‘matte pass’ records the blue- or green-screen under optimal light
ing conditions. Additional passes may be employed to capture any
lights that are part of the model’s construction - these are normally
too weak to be visible under normal exposure conditions. Each pas:
is captured on a separate piece of film and is later selectively com
bined in the digital compositing process. Finally, the movement dat:
may be applied to the virtual camera that is used to ‘film’ any ele
ments that are generated within the computer (179>).

In today’s increasingly international production environment, i
is quite possible for a motion-control move to take place in one par
of the world and for that data to be e-mailed to another facility, or
another continent, for the generation of additional elements with ar
identical camera move.

Modern motion control is so fast, accurate and user-friendly tha
it is increasingly being used for work that is not necessarily visua
effects oriented, but which does require specific camera move
ments. Although the equipment is expensive to hire, motion contro
can save money for productions such as commercials where shoot
ing time is limited. By programming a camera move just once, ar
directors can spend more time arranging and lighting shots of prod
ucts, and when everything is ready, perfect camera movements are

assured at the touch of a button.

COMPUTER GRAPHICS

Star Wars (1977) may have been the first feature film to use :
computer to control its camera, but computers had alread)
started to replace the camera altogether for the creation of wholly
synthetic 3-D images.

Synthetic electronic imagery became a goal in the 1950s wher
scientists at the Massachusetts Institute of Technology (MIT) pro
duced the first numerically controlled industrial production tools -
drills and milling machines that could be programmed to perforn
simple and repetitive tasks during the manufacturing process. Tht
technique became known as CAM (computer-aided manufacture)
and once it had become a viable technology, the MIT scientist:
began to engineer a complementary technology that could be use«
as part of the design process, a technique that became known a

CAD (computer-aided design).



‘A long time ago in a galaxy far, far away ...’ When these legendary
words first scrolled across our screens over two decades ago,
science-fiction movies and special effects changed forever.

Everyone knew that the special effects in Star Wars (1977) were
truly special, but few were aware of just why those thrilling space
battles felt so realistic, or why the imperial star destroyer looked so
awesome as it passed overhead. The exhilarating realism of these
moments was due to the development of a new computer-
controlled method of moving the camera.

Richard Edlund (<65) was a:-member of the first Industrial Light
and Magic team, and was part of the film’s pre-production planning
process. ‘Our work on the Star Wars space battle sequences began
when George Lucas showed us a reel of black-and-white film that
he had edited together
from footage of World
War |l aerial dog fights,”
remembers Edlund. ‘That
was when we realized
that this was going to be
no kids’ sci-fi movie with
spaceships flying around
on wires. We realized
that we were going to
need an electronically
controlled camera that
would be capable of
motion in a number of
axes, and which could be
programmed to perform
and repeat moves to film
models whenever we
required them.’

Edlund was part of a
team headed by John
Dykstra (<122), who
spearheaded the design
and construction of the
microchip-controlled
motion-control  system
dubbed Dykstraflex. ‘Each category of camera movement would be
stored as an individual channel in a microchip,” explains Edlund. ‘I
always thought it was pretty ironic that we were using technology
developed as a result of the NASA space programme to make our own
space movie! The chip could store twelve channels of movement,
which we programmed individually by adjusting a potenti-ometer to
control the motors that would operate the various parts of the system.
| would begin by programming the required forward movement of
the camera. Then | would do the pan movement, then the tilt and

then the roll, slowly building up the overall movement of the camera,
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axis by axis. We didnt have any sort of video feedback at
the time, so while the camera was moving forwards or up
into the air, | would be up and down a ladder twisting my
neck to look through the viewfinder to see what we had.’

‘Once we had programmed a move, we could repeat
it whenever we wanted,” says Edlund. ‘This meant that we
could program a move and then use it for a number of
different takes to film model spacecraft that were situated
in different parts of the picture. | could then quickly
develop black-and-white tests of these shots and lay them
on top of one another to make sure that none of the ships
would cross over any of the others when they had been
filmed and composited.’

The Dykstraflex was essential in producing the film’s fast-paced
space battles because, once programmed, the intricate camera
moves could be performed one frame at a time while the shutter
was actually open. Moving the camera past models while exposing
the film meant that the resulting images were actually blurred, in
the way that they might be if real fast-moving objects were filmed.
This motion blur was essential in making the space battles look
convincing and unique for their time, and was one of the
groundbreaking techniques that helped Star Wars smash box-office
records around the world.

’
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Doctor Ivan Sutherland inspects
the memory of an enormous
early computer at MIT.

The system created at MIT as a

result was called Sketchpad, and its
foremost architect was computer
scientist Dr lvan Sutherland. Sutherland used the Sketchpad system
to create the first computer-generated 3-D objects. Until then, early
computers had been used to produce basic 2-D pictures, but these
images had been described to the computer as flat scenes that
could only be viewed from one angle — much like a drawing on a
sheet of paper. Sutherland’s breakthrough technique was to
describe not the picture that he wanted to see but the object. By
programming the co-ordinates of an object, and describing the way
in which each aspect of its shape related to the others, Sutherland
created objects that could be viewed from any angle. [n 1964
Sutherland used the Sketchpad tool to create a short film called
Sketchpad. Though crude, the film was perhaps the first 3-D com-
puter animation, and was the launchpad for the incredible CGI
(computer-generated image) systems that are used today to create
sophisticated 3-D graphics.

3-D graphics systems rely on the description of co-ordinates in
terms of their depth, width and height. This method is known as the
Cartesian co-ordinate system, after the French mathematician René
Descartes (1596-1650), who created a system by which points,
lines, planes and shapes could be described with algebraic equations.

Using Cartesian co-ordinates, a 2-D shape is described using
two perpendicular axes called the y axis (vertical, or height) and the
x axis (horizontal, or width). Each axis includes positive and nega-
tive numbers, as measured from an arbitrary starting point or ‘ori-
gin’. The position of any point, or ‘vertex’, in 2-D space can
therefore be defined by pair of numbers, which are the point’s
‘xy co-ordinates’ (fig. 6).
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3-D objects can be cre-

o Figure 6
ated using points that are Y pxis THE CARTESIAN
located within a three-axis Lo

) } %.9) SYSTEM
system of co-ordinates (fig. ;
7). The third axis, the z axis,
is perpendicular to both the x
and y axes and gives depth to ;
X axis

an object. Using this system,

the size and shape of theoretical objects, be they a cube or a spher

— or even a road or a tree — can be modelled within the computer.
Early graphics systems

that used b

Sutherland, were extremel

Figure 7 The Cartesian
co-ordinate
system used to
describe a point
in 3-dimensional

space

such as

Y axis

basic, and images could onl
be built up by instructing th
computer to place one dot ¢
light at a specific co-ordinat
at any one time. By the mic
1960s,

and software had advancec

however, hardwar
and designers were able to use graphics ‘pens’ to draw shapes the
immediately appeared on the computer screen. Even so, compute
technology was so expensive, and so electronically and mathemat
ically complex, that it could only be supported by the largest un
versities and corporations. The software and hardware for thes
imaging systems could not be purchased anywhere, so those wist
ing to work with computer graphics had to build their own system
and write original software from scratch.

The first truly practical use of computer graphics was in th
aerospace industry, where the technology was used not only fc
computer-aided design purposes, but was also developed for th
first flight simulators. It was this flight simulation hardware and soft
ware that fuelled the computer graphics revolution in the entertair
ment industry. The world’s foremost manufacturer of fligt
simulation graphics hardware was a company called Evans an
Sutherland. Its co-founder was lvan Sutherland.

Early 3-D computer images were drawn using a method calle
‘vector graphics’. Vector graphics is a simple way of describing objecl
in terms of single points connected by straight lines, and generall
results in see-through computer-generated shapes known as ‘wire
frame’ models. It is possible to create solid-looking objects with vec
tor graphics by filling spaces with many single lines, but the metho
cannot produce subtle shading or highlights. The alternative to vectc
graphics is ‘raster graphics’. The raster process is capable of creatin
graphics by individually addressing the qualities of each pixel on'th
screen. The process can therefore produce images that contain larg
areas of apparently solid-looking colour with many subtleties of ligl
and shade. Raster graphics requires large amounts of computin
power and only became practical after the availability of frame buffe
in the early 1970s (frame buffers are a form of memory that stores tr
information about each of the thousands of pixels in a picture).



The only system that can synthesize realistic looking objects,
raster graphics was used for the production of television commer-
cials by American companies such as Robert Abel and Associates
as early as 1973. At about this time, high-resolution computer
graphics also began to make occasional appearances in feature
films. In 1973, Gary Demos and John Whitney Jr (son of the com-
puter art pioneer John Whitney; <118) were nominated for an
Academy Award for the robot-vision sequences they produced for
Westworld (1973). The images showed the heavily pixelated point
of view of a robot played by Yul Brynner. Demos and Whitney, who
worked for a company called Triple-1, were then asked to produce a
computer-generated simulation of Peter Fonda's head for the film's
sequel, Futureworld (1976). The resulting sequence was one of the
first fully computer-generated elements for a feature film.

Throughout the 1970s, the film industry remained cautious of
the potential of the computer for generating images. Brief vector
graphics sequences were used for the Death Star trench graphic in
Star Wars (1977), the computerized black hole graphic in The Black
Hole (1979) and the cockpit computer graphics of the outside ter-
rain in Alien (1979). In each of these films, computer graphics was
actually used to create representations of basic computer graphics
- few people were interested in their potential for simulating photo-
realistic objects. One notable exception was Steven Spielberg, who
approached Demos and Whitney about the possibility of producing
computer-generated glowing cubes to fly around people during the
climactic scenes of Close Encounters of the Third Kind (1977).
However, the concept was ultimately dropped from the production.

Frustrated by the continuing lack of industry interest in com-
puter graphics, Demos and Whitney decided to demonstrate the
potential of the computer by preparing a test shot for The Empire
Strikes Back (1980), which George Lucas was then preparing for
production. Using a model of an X-wing fighter craft provided by
Lucasfilm, Demos and Whitney built a photo-realistic computer
model using raster graphics and produced a test scene in which five
of the craft flew in space. Lucas was impressed enough to begin
negotiations with Triple-I, but the cost and practicality of such sim-
ulations proved prohibitive. However, after this demonstration of the
potential of the computer, Lucas established his own computer
graphics division. While computer-generated imagery was not used
for the Star Wars sequel, the opportunity would come instead with
the production of Disney's TRON (1982; 126>).

DIGITAL MODELLING

Today, computer-generated imagery can be created by anyone who
can afford the relatively low cost of the off-the-shelf software and
hardware that is needed to produce such work. Most special effects
companies use the same inexpensive, commercially available
software packages. Many rely solely on the built-in features
included in such software, while larger companies employ their own
software engineers to write the additional programs needed to solve
the particular requirements of each production.
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Modern modelling software is designed to be intuitive and sim

ple to use. Most computer designers need no specialized knowledg
of computing or software code. The most important skill that a com
puter designer must possess is the ability to study a shape or a forn
and find a way to turn it into a model within the computer. For ever
designer, whatever software they use, the basic principles of pro
ducing digital 3-D models are the same.

The basic unit of any computer model is the ‘vertex’, a singl
point whose position in 3-D space is defined using the Cartesian co
ordinate system. On its own, one vertex is nothing very useful - jus
a small dot in space - but by adding a second vertex, a connectin
line can be drawn between the two. The distance and direction of on
vertex relative to another is called a ‘vector’, and the line that join
them is called a ‘segment’. Segments are also fairly useless on thel
own, but by adding a third vertex, a triangle — called a ‘polygon’ - ca
be formed (fig. 8). Polygons are the essential building blocks of an
computer model — they are like the single patches that are sew
together to create a patchwork quilt. When clustered together to forn
an object, a group of polygons is called a ‘mesh’. The mesh for
model of a basic cube, for

example, could be made from Figure 8 1‘\_P?lygor:i (::)
: ; is formed by
eight vertices (one for each ?a;f;?:'ﬁ::: ¥ joining three or
corner) connected by twelve joining two more vertices.
segments (one for each vertices. a)

edge), and twelve polygons -
(each of the six square sides 3
are made up of two triangles).

During modelling, a com-

dows, known as orthographic projections, in which different views ¢

puter screen is normally

divided into a number of win-

the modelling environment can be seen. Normally there are win
dows that show the model from the top, front and one side, with a
additional ‘camera’ viewport in which the designer can define an
other perspective from which to view the model. Starting with thi
empty canvas, the designer begins by studying the object that is t
be built in the digital environment.

‘We get all sorts of reference material from the production com
pany of the films that we work on,” says Gary Coulter, head of th
3-D department of London’s Magic Camera Company. ‘Sometime
we get photographs of sets or real models that have been built fc
the film, sometimes we actually get the models themselves. Othe
times we may get blueprints from a production designer, or we ma
go through books and magazines to find pictures of the objects the
we need to make. We study the object required to familiarize ou
selves with its every detail.’

Designers study the element that they have to re-create in orde
to break it down into a number of discrete parts that can be moc
elled as separate pieces. ‘When we look at an item to be modellec
we will mentally disassemble it into its constituent parts,’ explain
Coulter. “We look for small chunks of detail that can be individuall
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TRON (1982) was the first major feature film to include
fully realized sequences of computer-generated animation.
The film was the brainchild of animator Steven Lisberger,
who believed that the fledgling technology of computer
graphics could be combined with more traditional hand-
drawn animation to tell a story set mainly within the body

of a computerized arcade game. Lisberger initially tried to finance
the movie independently, but when the resources involved in
producing such an ambitious film became apparent, the Disney
organization was persuaded to become involved.

To produce the characters who inhabit the computer world,
actors were dressed in costumes that were covered with black-and-
white computer circuitry designs. Each frame of this live action was
then blown up on to large black-and-white transparencies, which
were placed on a backlit animation stand and re-photographed
through coloured filters. With coloured light shining through the
white areas of their costumes, the resulting characters appeared to
glow as if lit from within.

While optical processes were used to create all of the film's
computerized characters, real computers were used to generate
much of the world that they inhabited. From the tiny selection of
American companies then capable of producing film-resolution
computer images, Disney chose four outside groups to produce the
computer graphics for TRON. At this time, off-the-shelf graphics
hardware and software packages were not available, so most
computer graphics companies differed greatly from each other in

the techniques and technology they used and the images they
could produce. Each of the four companies was therefore given
work that most suited its production capabilities.

Robert Abel and Associates used vector graphics (<124) to
produce the film’s title sequence as well as a scene in which the
main character, Flynn (Jeff Bridges), first enters the world of the

computer. Digital Effects
Inc produced a character
called The Bit, and a short
sequence of graphics at the
beginning of the film.
Triple-1"and MAGI contrib-
uted sixteen minutes of
(<124),
including the memorable

raster imagery
light-cycle sequence.

To produce the 3-D
models needed for its
portion of the film, MAGI
first built a series of uniform

geometric shapes called
‘primitives’. The light-cycle
models that the company
produced were made
entirely by intersecting
these primitives to build up
the body of the object -
rather like building a model
using children’s toy bricks.

Triple-I, however, used a more sophisticated method to build the
models for its share of the animation. After preparing detailed
blueprints of the objects to be modelled, Triple-l mounted the plans
on a digital encoding table — the early equivalent of today’s graphics
tablets — and recorded the position of each vertex (see main text) by
using an early mouse device with a cross-hair viewfinder. With this
encoded information the computer was able to construct the
models in three dimensions.

The system used by MAGI was favoured for the production of
mechanical objects like the police Recognizer robots, while Triple-I
worked on the more organic images such as the ‘solar sailor’ and the
‘sea of simulation’.

As the first film to make extensive and widely publicized use of
digital graphics, much of the film industry treated TRON as a test for
the viability of computer-generated imagery. Although its computer
animation was stunning, the film’s failure at the box office was proof
to many that the future for CGI was limited. The fact that computers
had been used to re-create the world within a computer did nothing
to alter people’s opinion that computer graphics could only
represent the artificial. :




modelled. Once those parts are made, they will be combined to pro-
duce the final model. If we were going to build a wooden chair, for
example, we would break it down into legs, seat, arms and back.
Within those chunks we will look for what we call primitive shapes —
spheres, cubes and so on. These are our basic building blocks, and
it's surprising how many complex items can be made from these
simple shapes. We also look for any symmetry in an object,’ says
Coulter. ‘As soon as we've spotted any symmetry or repetition, our
job is halved because we only need to make one object and then
multiply it, or instruct the computer to make a mirror image of it.’

All modern modelling packages come with a range of ready-
made ‘primitives’ - shapes such as spheres, cubes, cones and cylin-
ders. These objects can be summoned on to the screen at the touch
of a button. The designer can define the exact number of vertices
and segments that the primitives contain, depending on the amount
of detail needed in a model or the way in which the object is going
to be manipulated.

‘Once we have a wire-mesh primitive, there are all kinds of
ways that it can be bullied into the shape that we want,’ says
Coulter. ‘It's a bit like having a big ball of clay and being able to
mould it to shape, and the more polygons a mesh has, the more we
can refine its detail.’

Primitives can be ‘deformed’ to resemble the various parts of
the model that they are to represent — a cube can be stretched to
produce a long rectangle or squeezed to make a thin tile, for exam-
ple. A polygon’s wire mesh can also be ‘edited’ to amend its shape.
For instance, by selecting a single vertex and pulling it away from
the surface of the object, a spike can be produced (fig. 9).

‘Sometimes an object is
just too complicated to be
made from a primitive. In
these cases, there are a num-
ber of other methods we can
use,” says Coulter. ‘If some-
thing is an odd shape, we
may study it to see if it has a

cross-section - that is, a con-
stant shape that runs.right through it. Once we identify such a shape,
we re-create its cross-section by arranging and connecting vertices to
form that shape in 2-D. That shape can be stretched and squeezed
and refined until it matches the outline of the cross-section perfectly.
Sometimes we scan a plan or a blueprint into the computer and
use that as a template to get the shape perfect. Once we have the
outline that we want, it can
be “extruded” - that is, pulled
outwards to form a 3-D object
of any length [fig. 10]. It's a
bit like pushing children's
modelling clay through a hole
to produce one long sausage
of the same shape.’
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A number of different shapes can be arranged in a line an
linked to create a single object whose cross-section alters from on
end to the other. This process, called ‘lofting’ (fig. 11), requires eac|
of the shapes along the path to contain the same number of ver
tices, so that each vertex in
one shape can be linked to a
corresponding vertex in its
adjoining shape.

Any circular object can
be created through a process
called ‘lathing’ (fig. 12). To
produce a model of an ornate

table leg, for example, a pro-
file of one half of the vertical leg is made. This template is the
rotated around its centre
vertical axis to create a per
fectly circular object that ha
the same profile all the wa
around. The shape can b
swept through different axe
to create a number of differ
ent objects if required.
Once objects have bee
made, it is possible to puncl
holes through them. A mode
that is the shape of the desired hole is created, then ‘intersectec
with the main object at the place and depth that the hole is to occui
In an operation called a ‘boolean’ (fig. 13), the first object is sub
tracted from the second, leaving a hole in its place. Boolean opera
tions can also be used to
merge, split, carve and join
objects in various ways.
‘Once we have created
our basic model parts, we
all
together,” explains Coulter.

start to put them

‘It's a bit like making a

model kit of an aeroplane
where you have to make all the little pieces first, and make sure tha
they're all going to fit before you actually glue them togethe
Sometimes the bits don’t fit very well, but it doesn’t matter too mucl
because, unlike a plastic modelling kit, our objects can be stretche
and shrunk and warped until they do.’

Since the models created in a computer are not actually solic
they can be assembled by simply pushing one object throug
another. If one model part needs to be affixed to the side of anothe
object, it can simply be dragged to the object and ‘placed’ agains
the object’s side. If part of it protrudes a little too far, it can be pushe
a little further into the main object. Once the position is satisfactor
the two parts are ‘attached’ to each other so that, wherever the mai
object goes, the smaller part follows. Should the two elements nee
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readjusting at any time, they can be separated and addressed indi-
vidually. If the union is completely satisfactory, however, the two
parts can be merged to form a single, inseparable object.

Small details can be added to the main body of the model to
decorate its exterior. ‘There are often times when we need to add
extra detail to a model, but don’t want to spend a long time model-
ling every small part,” says Coulter. ‘In such cases we use what we
call “nernies”. These are just meaningless exterior details that we
arrange to give the feel of some kind of complicated mechanical
workings. Most of the time nernies are just made from primitive
shapes. It's similar to the method used in traditional modelmaking,
where they borrow random parts from commercial modelling kits.’

The final process in making a polygonal model is to ‘clean’ it. ‘We
sometimes use more vertices or segments than we really need when
making a model,’ explains Coulter. “The more vertices and segments
a model has, the more polygons there are in its surface. While more
polygons means a more refined surface, it also means that the com-
puter will take a lot more time to process the model during the light-
ing and animation stages.” One of the biggest costs in digital effects
production is machine time - the time that it takes for computers to
prepare images so that they are ready to be transferred on to film.
This is a process called ‘rendering’, whereby the computer uses all
the information it has been given about models, lighting and the
camera to produce a film quality 2-D image (182>). The more poly-
gons a model contains, the more calculations a computer has to
make during rendering. Rendering time can be reduced by many
hours per shot by removing a model’s unnecessary polygons.

‘It's surprising how much detail can be removed from a model
before it starts to look bad,’ says Coulter. ‘Much depends on how big
a model will be on the screen in the final shot. If a model will be very
close to the camera, it should have more detail; if it will be further
away, we will use a lot less. If the model starts near the camera and
moves away during the shot, we may change the model to a less
detailed “proxy” model as it moves into the distance - there's no
point having an incredibly detailed model in a shot if it only looks
like a distant moving shape.’

To reduce the number of polygons in a model, the designer stud-
ies the surfaces to decide which vertices and polygons can be
removed without adversely affecting the quality of the model. During
modelling, many individual parts may have been constructed and
joined together. Part of one object’s detail will be hidden ‘within’ the
other object where they intersect. Any polygons hidden inside a
model will not be visible when rendered and can therefore be
removed. Large flat surfaces also need very few polygons to be rep-

resented successfully.

TEXTURING

Once the structure of a computer model has been completed, a
designer begins work on its outer appearance. Basic computer
models are usually grey and dull in appearance - in fact, they look

remarkably similar to an unfinished plastic kit model. Like
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Polygonal modelling is the most popular method of
producing digital models, but there are other ways to
construct objects within the computer. The most
commonly used alternative is spline-based modelling.
A spline is a path or shape that is created by linking a
number of vertices or control points (<125). This path
can be straight or curved.

The most frequently used spline-based modelling
system is known
as ‘nurbs’ (which

Figure 14

stands for Non-
Control points positioned on
or above a nurbs patch can be
used to manipulate its shape

Uniform-Rational
Bezier-spline).
The
based on the use

system s

of ‘'nurbs patches’.
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A nurbs patch is a

-sHE

2-D shape whose
surface is formed
using a number of
splines.

By changing
the position of
control points
along the path of
a spline, the
surface of a nurbs
patch can be
distorted to create
the desired shape.

It is easiest to

JNITTI00N

envisage a nurbs
patch by imagining a square of flexible rubber that is
pinned to a surface at its corners. By attaching a number of
strings to this rubber, its surface can be pulled and stretched into
different shapes. Using just a few control points, a single nurbs
patch can produce a complex shape that would otherwise require
a mesh of hundreds of thousands of polygons. Because of its low
number of shape-defining vertices, the modelling, animation and
rendering of a complete nurbs model requires less processing
power than would be needed for a similar model created using
polygons. To produce a complete model, many individual
patches may be ‘stitched’ together like a patchwork quilt.

In a polygonal model one vertice can be moved in order to /s

reshape one particular aspect of its shape. In a nurbs model,
however, changing one aspect of one spline will alter the shape
of the whole nurbs patch. For this reason, some systems allow
small areas of a nurbs patch to be converted to polygons which
can then be more carefully refined.




modelling kits, computer models must be finished with a coat of
‘paint’ and additional exterior details. It is this part of the design
process that can truly define a model’'s characteristics and bring it
to life. Simply by applying different colours, textures and surface
properties to the model’s exterior, a basic sphere can be turned into
a planet, a golf ball or an orange.

Surface materials are applied to basic models in a process called
‘texture mapping’. Texture mapping resembles the process of wrap-
ping a gift. First, the wrapping paper is chosen; if nothing suitable
can be found, something is specially made. The paper is then
wrapped around the item in the best way possible. When gifts are
oddly shaped, getting the paper on neatly may involve using vari-
ous approaches. Putting a surface on a computer model works in
much the same way. All textures begin like printed paper that has to
be wrapped around the model, or each of its separate parts, in order
to make it look real.

Texture maps contain all the information about the exterior
details of a model - its colour, material, texture, translucency and so
on. Any number of texture maps, each describing a different aspect
of a surface quality, can be attached to a single model using a num-
ber of techniques.

The simplest form of mapping is ‘planar mapping’. Planar map-
ping is similar to the process of applying wallpaper to a flat wall. The
designer decides what the pattern of the wallpaper should be, what
size it should be, where it should be applied on the wall, and how
many times the pattern should repeat along the wall’s length and
width (fig. 15). As with wallpapering, planar mapping only works
well if the model's surface is relatively flat and featureless.

‘Cylindrical map-
ping’ is used for sur-

. ’ faces that have a little

| ; more curve to them -
like wrapping a label
around the body of
a bottle. The texture
map can be arranged
so that its height fits

the cylinder’s height,

Figure 15 PLANAR MAPPING

and its width fits the cylinder’s circumference (fig. 16).

‘Spherical mapping’ is similar to cylindrical mapping in that a
linear measurement, such as image width, is converted into a cir-
cumference measure-
ment. However, while
mapping
takes only the curve

cylindrical

of the object’s circum-
ference into account
(as a cylinder's sides

are straight over its

Figure 16
CYLINDRICAL MAPPING

entire height), spheri-

cal mapping takes into
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account both the curve of an object’s circumference and the curv
of its height (a sphere’s ‘sides’ are curved over its height) (fig. 17

Texture mapping can be applied automatically by the compute
program, which can predict the most likely co-ordinate system fc
any given object, or it

can be applied manu-
ally, with the designer

pulling the texture one
way or another until it
sits on the model in a

satisfactory way. Figure 17

SPHERICAL MAPPING

‘Wrapping’ may be
a useful analogy to use
when describing texture mapping, but the term is actually somewh:
misleading. Texture maps that are applied to a digital model are n¢
‘physically’ wrapped around an object at all. The texture map is dis
torted by the computer according to the mapping co-ordinates, the
projected on to the surface of the digital model (much like th
image from a slide being projected on to a wall from a distance
with the computer calculating the appropriate amount of distortio
that is required to make projected images on the sides of curve
objects look convincing.

Before texture mapping can take place, the textures themselve
must be created. Simple textures are produced using a ‘materi:
editor’, a part of every modelling software package in which th
basic structure of a material’s surface is designed. The designer ca
begin by choosing from the range of ready-made materials th:
most programs contain. These textures are then refined by varyin
a number of surface parameters. These include variables such &
colour, shine, transparency and self-illumination, and the way thz
light interacts with each of those surface values under certain cor
ditions. Unique or highly detailed materials, such as a specific typ
of leaf, or liquids, may have their surface properties specially wri
ten by a software expert. These programs are called ‘shaders’. |

In addition to these materials, there is another group called “prc
cedural textures'. Procedural textures are applied to an object’s su
face in the same way as normal textures, but the actual texture |
generated by a mathematical algorithm. The result is not a materi
that needs to be wrapped around an object, but one that uses th
geometry of the object to generate its own appearance. Example
of procedural textures are marble and wood, where no texture mag
ping option is uniquely suited to the object.

If the texture required for a model cannot be made from on
found in a library of ready-made materials, a material can b
imported from elsewhere. Designers often photograph materials an
scan them into the computer for use as textures. During locatio
filming, a special effects supervisor might take photographs ¢
buildings so that subsequent computer models can be built from th
correct type of local stone. Even greasy fingerprints may t
scanned and added to digitally created windows or paintworl
Texture maps can also be painted by hand or created using
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digital paint package. Using such tools, a texture map can be
weathered - a building may have water stains painted on to its
brickwork, or an aircraft be given exhaust stains and grease marks.

The process of painting 2-D texture maps that look good and fit
properly around a complex 3-D model can be a frustrating one. Just
like wallpapering, if a flat image is pasted on to a particularly curved
or bumpy surface, there will be a lot of stretching and creasing. To
avoid this, it is possible to use a graphics pen to ‘paint’ directly on
to the surface of the 3-D model. Using the digital equivalent of an
airbrush, designers can decorate the skin of the model once it is in
place. Often a designer uses this process to mark the areas that
need to be painted before ‘unwrapping’ the texture map to work on
it in greater detail as a flattened image. The map is then reapplied
to the model when finished. Industrial Light and Magic created such
a system, called Viewpaint, to achieve accurately mapped fine skin
detail on the dinosaurs in Jurassic Park (1993).

Texture maps do not have to be still images. An animated tex-
ture map, such as a piece of video footage, can also be mapped on
to an object — this is useful for putting moving images on to a tele-
vision set, for example, or creating the appearance of a moving
reflection in a window.

To create reflections on digital objects, a ‘reflection map’ can be
used. If a digital car with shiny paintwork and chrome is to be com-
posited into live-action footage, reflections from the live-action sur-
roundings can be added to the digital car. After assigning shiny,
reflective surfaces to the computer model car, a cube or dome can
be placed around it. Moving footage of the location in question is
then mapped on to the cube or dome, which is itself made invisible
to the virtual camera so that only the moving images that it holds
are reflected in the paintwork of the car. The finished image will be
a digital car with real location reflections, so that, when the car is
composited into the live action, it will look as if it is physically within
the real environment.

To bring more life to the surface of a model, a special texture
map called a ‘bump map’ may be used (fig. 18). Bump maps are
greyscale pictures — that is, images composed of varying shades of
grey — of the surface of an object. They are usually painted in the
computer by artists using a digital paint program such as
Photoshop. Although a bump map is ‘flat’, when it is added to a
model, the computer renders light grey areas to look as if they are
raised from the surface, and dark grey areas to look as if they are
sunk below the surface. The actual surface of the model remains
‘physically’ unaffected, but the bump map produces an impression
of depth. A bump map may be used to save modelling time when
building a complex model like a ship, for example. The hull of the
ship may be modelled as a perfectly smooth object. A separate
bump map containing the detail of the thousands of rivets on the
hull can then be hand-drawn or made from photographs of a real
ship. When applied to the model hull, the bump map will give the
impression of a much more complex and believable model without
the modeller having to make and apply each rivet.
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In addition to bump maps, modellers can use ‘displacemen
maps' (fig. 18). Displacement maps are similar to bump maps ir
that they use light and dark areas to represent areas of surface
detail that are raised or

Figure 18

A greyscale map can be used as a bump
map (a) to make a surface appear 3-D,

or as a displacement map (b) to alter a
model’s ‘physical’ surface.

sunk. However, when a
displacement map is
attached to a model, it
‘physically’ alters it,

pulling areas of high-
light
pushing areas of shade

outwards and

inwards, to create a
much more complex
and realistic model.
Another variety of
map, called an ‘opac-
ity map’, can control
the solidity or transparency of a surface (fig. 19). Opacity maps are
greyscale maps that range from black to white — the darker area:
resulting in see-through sections of surface and the lighter parts cre
ating areas of solidity. These maps are useful for placing holes ir

Figure 19 AN OPACITY MAP USED FOR THE CREATION OF A RUSTING PIPE

model pipe with no texture mapping

J : greysc:le rusting pipe with
4 Of::;’y areas of transparency

| caused by opacity
map

pipe with rough metal
texture map applied

complicated models, allowing the artist first to build a perfect mode
and attach various texture maps to it before making alterations. At
with any texture map, opacity maps can be animated so that ar
object appears to turn transparent — bullet holes appearing in the
side of a computer-generated car, for example. Opacity map:
were used by ILM during the making of The Mummy (1999). The
computer-generated Mummy, Imhotep, was first built with man
layers of skin, flesh, muscle and bone, before opacity maps were
applied to create the holes and fissures that revealed the Mummy"
underlying flesh and bone.

LIGHTING

Just like real models, digital objects must be properly lit befor:
filming takes place. ‘A model built in the computer exists within
totally dark environment,” explains Craig Ring, lighting director a



the California-based Pacific Data Images (PDI), the animation
company that produced Antz (1998). ‘During the modelling
process, a very flat type of light is used to view the object that a
designer is working on. Without placing additional lights within the
scene, the model would be in total darkness when finally rendered.’

Much like cinematographers on location, digital lighting design-
ers have a full range of lighting tools at their disposal. However, the
computer environment is very different from the real world, in which
light is affected by how shiny a surface is or by how much dust is
in the atmosphere.

‘In a real environment, you can shine a light at an object and
the whole scene will be affected,’ explains Ring. ‘Light hitting an
object will change colour and become more diffused when it is
reflected off again. Then that reflected light will hit another object,
where its colours and characteristics are changed even more. Digital
lights don’t usually work quite like that, so we have to study nature
and then mimic it.’

To help mimic nature, the computer contains a number of types
of light, which go some way towards creating the effects that can be
achieved by natural light and the electric lights that are used during
filming. The designer can choose from spotlights, which provide
focused cones of light that cast shadows; radial lights, which cast
light outwards in all directions like a real light bulb; ambient lights,
non-directional diffuse lighting that illuminates a scene uniformly;
and global lights, which cover the whole scene with parallel rays of
light from a distant spot. Digital lights are totally invisible, so they
can point directly into the virtual camera and nothing will be seen,
but any objects in the path of their light will be illuminated.

‘To help us along, the lights we use at PDI are designed to look
like real lights,” explains Ring. ‘We have little icons of fluorescent
tube lights, or spotlights with little movable barn doors on the front.
These lights don’t behave exactly like the real thing, but they are our
nearest equivalent. When we want a light, we can pick up one of
these icons and drag it to the place in the digital environment where
we want to use it — just as a stage technician would pick up a light
and place it where they want before plugging it in.” Once a light has
been positioned within the virtual environment, the designer adjusts
variables such as focus, colour and so on.

‘The easiest part of lighting a shot is placing the key light,’
explains Ring. ‘The key light is the main source of illumination in
any scene. Outdoors, the key light would be the sun. Indoors, the
key light would be the brightest light in a room — probably a window.
Once we've placed the key light, we spend a lot of time artificially
creating the side effects of that light. Most of the time digital lights
don’t work in the same way that real lights work, so we have to
re-create all the side effects that would occur if we did have a big
light pointing at something in the real world. If we point a bright
white key light at a red box in our digital environment, we might
then place a smaller light inside the box to cast some red “reflected”
light away from it [fig. 20]. Building up the light in this way may
mean that each main light may have many smaller lights working
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as its “slaves”." In order
to create realistic lighting
effects inside an artificial
environment, digital lighting
designers must have a thor-
ough understanding of how
light works in the real world,
along with the eye of an
artist to re-create those con-
ditions convincingly in the
digital world.

According to Ring, one of
the hardest things to light in
the computer is natural exte-
riors. ‘Lighting an interior

scene is fairly easy to get
right because the inside of every room is different,” says Ring
Nobody watching a film has ever been in the room that they see uj
there on the screen - so as far as they're concerned, it could be li
almost any way and still look convincing. However, everybody is ai
expert on what things look like outside,’ claims Ring. ‘Everybod:
sees ordinary exterior light every day, and because we all know wha
bright sunlight or cold wintry light looks like, they are quite a chal
lenge for us to re-create perfectly. The sun is relatively easy to ge
right — it’s just a great big hard light in the sky,” continues Ring
‘The difficult bit is getting the fill light right — that is, the soft light tha
comes from the blue sky or that is bounced off the ground anc
surrounding areas.’

‘We don't actually have a “soft” light in the computer,” explain:
Ring, ‘so we have to re-create it artificially. There was a scene i
Antz where the character called Barbados dies. The scene was sup
posed to be overcast with very soft light and gentle shadows. To cre
ate the effect, | placed about twelve lights in an arc arounc
Barbados’ head. Each light cast a hard shadow, but by arranging
each light so that its shadow overlapped the shadow caused by the
light next to it, the shadows added up to feel like a very soft light.’

Shadows are an area of detail to which digital lighting designer:
pay a great deal of attention. ‘Shadows are very useful for giving th
impression that a character is travelling through space,’ believe:
Ring. ‘By having the lighting get slightly darker or lighter as a char
acter walks forwards, it really gives the impression that they ar
walking past several light sources or perhaps under the shadow o
trees.” Shadows such as these can be created in exactly the samu
way that they are in the real world. A computer model of a filte
is made and placed in front of the virtual lights to cast areas ¢
light and shade.

‘We also spend a lot of time on the shadows cast by our charac
ters,’ says Ring. ‘If you look at the shadow that your body casts o
a sunny day, you will notice that the shadow is quite sharp where i
joins your feet, but up near your head it's quite fuzzy and out c
focus. We find that little subtleties like that make all the difference
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Dozens of digital lights were
used to simulate the effect of
just two real lights in this
scene from Antz.

but they aren’t always possible to
achieve with our normal lighting
set-ups. We often render shadows
as a separate element in which we
can concentrate just on getting them looking right — perhaps by
manipulating them with a 2-D image-processing procedure.
Sometimes we even draw the shadow by hand if it proves really
complicated. When the shadow is looking right, we reintroduce it to
its body during compositing.’

Like cinematographers in the real world, digital lighting design-
ers need to make the stars of the film look as good as possible.
‘When lighting characters, there are certain small things that are
important to get right,” explains Ring. ‘Real cinematographers are
always careful to get a bright highlight in the actors’ eyes - a little
sparkle that helps to bring them to life. With the characters in Antz,

we spent a lot of effort trying to do the same thing. Though their
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eyes look as if they are round, the model ants’ eyes were actually
flat, which meant that they didn’t easily pick up the reflection from
a light. To get over this, we filled our environments with lots and lots
of small lights and programmed them so that they didn't actually
cast light on to anything except the eyes of our ants.’

Being able to tell a light exactly which objects to illuminate is one
of the great advantages of digital lighting. In the real world, cine-
matographers may spend hours arranging lights so that particular
actors or areas of a set have just the right quality of illumination. In
the digital world, a light can be told to light just one object and noth-
ing else. ‘The flexibility of digital lights is something that film and
stage lighting people get really jealous of,” exclaims Ring. ‘We can
animate the position of a light so that it follows a character around
wherever they go, or | could ask a light to illuminate the tip of a nose
and nothing else, or | can drastically change the quality of the light

at any time. It's very liberating!’



Lighting digital models for completely computer-generated
scenes is a complex task, but lighting a computer-generated model
that is going to be added into a real environment requires consider-
able skill. In such cases, the lighting on the digital model must per-
fectly match the natural light in the real environment. During the
filming of the live-action plate into which a computer-generated
model is to be added, effects supervisors carefully record the position
and strength of each of the lights being used. Often, a highly reflec-
tive chrome lighting reference ball is placed in the scene and filmed
to record a reflected map of the position of the lights. In addition, a
plain white ball is used to record the direction and shape of light and
shadow in the scene. Sometimes a real model or sculpture of the
object to be created in the computer is filmed so that the way light
falls on surfaces can be judged. Once the live-action plate has been
filmed, lighting on the computer models must be designed to match.

‘We spend a lot of time trying to match our lights to the real
lights used on location,” says Clint Hanson of Sony Pictures
Imageworks. ‘For Stuart Little [1999], we created an incredibly life-

like computer-generated model of the mouse, Stuart Little. Once
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completed, Stuart was placed into environments in which every-
thing else was real. All the hard work that went into producing that
mouse could easily have been wasted if we didn't get the lighting on
our computer-generated rodent to match the live action perfectly.’
The effects team at Sony were provided with highly detailed
descriptions of the position, colour and intensity of the lighting used
to film the live-action sequences. They then replicated this lighting
within the computer environment in order to produce a computer-
generated mouse that perfectly matched the environment into
which it was to be composited. ‘In fact,” admits Hanson, ‘taking
great care to copy the real lighting on a film set is just the start of
the process. Once we have digital lights that match the real lighting
in a scene, we often end up altering them slightly because what is

scientifically correct is not always
For this scene from The Lost
World (1997), the natural
lighting in the location footage

what is aesthetically pleasing. Using
the live-action lighting information is
about eighty per cent of the task. The was carefully replicated within
) the computer so that the

last twenty per cent is done by eye, digital dinosaurs matched

and that's the art of digital lighting.’

their environment perfectly.




THE MAGIC CAMERA COMPANY BUILT THIS MODEL HELICOPTER AS PART OF THEIR WORK FOR THE JAMES BOND FILM THE WORLD IS NOT ENOUGH (1999).

B) During modelling, the model can be viewed from a number of
separate angles at once.

A) Screen grab from computer monitor during modelling. Shows a wire frame preview of whole model,

= LightWave 30 - WIRE_TIGRE_DEFAULT_SCENE_029 bws
T T 1 T
T 5 ] r—— T e

C) Close up of wheel showing the individually modelled
components from various angles.

E) This colour map is projected onto the model to give it it's exterior
markings. Notice the basic helicopter outline of the highlights.

D) A simple rendering converts the wire mesh model into a solid object for preview purposes.

F) Fully rendered images of the final helicopter.




G) A wire frame render of final model showing each of its components in a H) A render of final model with colour map applied to it.
different colour.

1) Final model with texture and shadow maps applied. J) A render of final model with bump map and opacity map applied to it (notice
transparency of windows).

K) Final fully rendered version of helicopter as it would appear on film. L) Final version of helicopter showing underlying wire frame structure.




MATI ON

THE PRINCIPLE AT THE HEART OF MOVING PICTURES IS THE
ABILITY TO PROJECT STILL IMAGES AT THE SPEED OF TWENTY-
FOUR FRAMES PER SECOND, THUS CREATING THE ILLUSION OF
CONTINUOUS MOVEMENT. ANIMATORS TAKE ADVANTAGE OF THE
FACT THAT THE FILMING OF SUCH IMAGES NEED NOT BE
CONTINUOUS, AND THAT EACH FRAME IN A SEQUENCE CAN BE
PHOTOGRAPHED INDIVIDUALLY WITH A LENGTHY TIME BETWEEN
EXPOSURES. BY MANIPULATING OBJECTS INCREMENTALLY FROM
FRAME TO FRAME, ANIMATORS ARE ABLE TO CREATE THE
IMPRESSION OF MOVEMENT AND LIFE WHERE THERE IS NONE.
THERE ARE TWO BROAD CATEGORIES OF ANIMATION. 2-D
ANIMATION MAINLY INVOLVES THE PHOTOGRAPHY OF FLAT
ARTWORK SUCH AS DRAWINGS OR PAINTINGS TO PRODUCE WHAT
WE MIGHT CALL A CARTOON. SUCH METHODS ARE USED TO
PRODUCE SHORT FILMS FEATURING POPULAR CHARACTERS SUCH
AS Tom AND JERRY OR, IN THEIR MOST COMPLEX FORM,
ANIMATED FEATURE FILMS SUCH AS PiNoccHIo (1940) or
Beauty AND THE BEAST (1991). LESS WELL KNOWN IS THE
PRACTICE OF ANIMATING 2-D ARTWORK TO CREATE VISUAL
EFFECTS FOR LIVE-ACTION FILMS. ELEMENTS SUCH AS SPARKS,
2-D animation
It was a decade after the emergence of moving pictures before

2-D animation, the ancestor of the modern cartoon, became a
recognizable mode of production. J. Stuart Blackton (1875-1941)

LIGHTNING AND LASER BOLTS CAN ALL BE DRAWN BY HAND ANI
PHOTOGRAPHED ONE FRAME AT A TIME BEFORE BEING ADDEI
TO LIVE-ACTION IMAGES. THESE TRADITIONALLY PAINSTAKINC
AND LABORIOUS PROCESSES HAVE BEEN GREATLY AFFECTED B’
THE EMERGENCE OF THE COMPUTER, BUT THE PRINCIPLE Ol
ANIMATING 2-D IMAGES REMAINS ESSENTIALLY UNCHANGED.

3-D ANIMATION PROCESSES, ON THE OTHER HAND, INVOLVI
MANIPULATING THE POSITION OF DIMENSIONAL OBJECTS, SUCH At
PUPPETS, AND ENVIRONMENTS FROM FRAME TO FRAME. SUCt
TECHNIQUES ARE BEST KNOWN FOR CREATING THE PERFORMANCE
OF MYTHICAL CREATURES IN FILMS SUCH AS KING KonG (1933
OR THE SEVENTH VOYAGE OF SINBAD (1958). 3-D ANIMATIO!
HAS ALSO BEEN GREATLY AFFECTED BY THE DIGITAL REVOLUTION
AND MANY STUNNINGLY REALISTIC MODELS, FROM DlHOSAURSlT(
SPACESHIPS — AND EVEN CLOUDS OF DUST, ARE NOW CREATEI
AND ANIMATED ENTIRELY WITHIN THE COMPUTER.

ANIMATION IS PERHAPS THE MOST IMPORTANT AND WIDEL
USED OF ALL SPECIAL EFFECTS TECHNIQUES, AND IT HA!
PRODUCED SOME OF THE MOST MEMORABLE AND TRUL
BREATHTAKING MOMENTS IN THE HISTORY OF THE MOVIES.
produced a film called Humorous Phases of Funny Faces (1906), ii
which an artist's hand sketched faces in white chalk on a blacl

background. Once drawn, the caricatures assumed a life of thei
own and performed exaggerated facial expressions. The film wa



made by a process of exposing a frame or two of the drawn face,
then re-drawing it in a new position and exposing it for another
frame or two.

In 1908 French caricaturist and comic-strip artist Emile Cohl
(1857-1938) made Fantasmagorie, a two-minute film of hand-drawn,
moving stick figures. Between 1908 and 1910, Cohl contributed ani-
mation to over seventy-five films for the Gaumont company, and
invented many of the tools that became standards of the trade,
including the vertically mounted camera animation stand and charts
for plotting character and camera movement. Cohl's surreal anima-
tions, in which fantastic drawings metamorphosed into one another
with no apparent logic, were very popular, and in 1912 he moved to
the United States to produce a series of animations based on a news-
paper comic strip called The Newlyweds and Their Baby.

A number of American newspaper cartoonists were encouraged
by the success of Cohl's films and began to make moving adapta-
tions of their own work. Among them was Winsor McCay
(1886-1934), who drew the Little Nemo cartoon for the New York
Herald. In 1911 McCay produced a short untitled film based on his
Little Nemo comic strip. Before the animation itself, McCay
appeared on screen to demonstrate the way in which thousands of
individual drawings had been photographed to create the impres-
sion of movement. McCay actually painted the black-and-white cel-
luloid images, to produce the first colour animated film.

After a year's work, McCay produced Gertie the Dinosaur (1914)

- not, as is often claimed, the
Drawings of simple stick figures
were animated in Emile Cohl’s
Fantasmagorie (1908)

world's first cartoon, but certainly

the first to feature a character with a
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personality. Gertie appeared to An advertising poster for Gertie

the Dinosaur (1914), one of the

move with a feeling of ponderous )
cinema’s first cartoon stars

weight, was shy but liked to show
off, and even shed tears when admonished by McCay (who appeared
as an animated character in the film). McCay drew every detail of
every frame line by line, each picture replicating the last except for
minute differences, which produced the impression of movement
when the pictures were photographed and shown in rapid succession.
In 1914 the cartoonist and producer John Bray (1879-1978)
pioneered a method of painting the background scenery of a shot
on a clear cellulose acetate sheet, leaving the area where the mov-
ing characters were to appear unpainted. The acetate sheet was
then placed on top of the characters, still drawn individually on
paper, and filmed. The system made production much quicker since
only the moving characters and not the static background scenery
had to be re-drawn for each shot. Bray's system was improved later
in the same year by Earl Hurd, who reversed the process, using a
single elaborate background painting over which cellulose sheets, or

‘cels’, containing the changing characters were laid. The system of
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producing characters on see-through cels has formed the basis of
2-D character animation ever since.

Realizing the potential of animated cartoons, the Edison com-
pany set up a cartoon production department under the supervision
of Raoul Barr (1874-1932) and William Nolan (1894-1954), who
together devised several techniques that became industry standards.
Around 1914, Nolan and Barr added a row of pegs to drawing boards
and animation stands, on which cels and backgrounds with perfora-
tions could be laid to ensure perfect registration during drawing and
photography. They also introduced an assembly-line production
regime in which separate teams of people drew animation, painted

[ > i _/’ - w‘- \\
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Winsor McCay'’s simple line
drawings gave Gertie the
dinosaur a real sense of weight
and a distinct personality.

it, photographed it and so on. The
process of drawing animation itself
was streamlined, with lead anima-
tors sketching characters’ most
extreme poses, while lower paid artists drew the actions in-between
- a process that became known as ‘inbetweening’.

By the 1920s, the animated cartoon was an established part of
every movie theatre programme, and animated characters such as
Koko the Clown and the incredibly popular Felix the Cat were as
widely recognized as their live-action counterparts. In 1923 a young
and ambitious animator moved to Hollywood from Kansas City,
where he had been producing humorous animated advertisements
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called ‘Laugh-O-Grams’ for a local theatre chain. Within five years
he was producing the most popular and sophisticated cartoons ir
the world, and his name soon became synonymous with animation

Walt Disney (1901-66) and his partner Ub Iwerks (1901-71’
produced, among other projects, a series of Alice comedies
(1923-27), cartoons that combined a live-action character callec
Alice with a cartoon world and cartoon characters. Disney anc
lwerks made over fifty Alice films before creating a new characte
called Oswald the Lucky Rabbit in 1927. The cartoons starring
Oswald were a success, so much so that their distributor, Charles
Mintz, poached most of Disney’s staff and set up his own studio tc
produce the films without Disney’s input. Disney
vowed that he would never again make films foi
anyone else. Looking for a new character tc
revive his fortunes, Disney shortened Oswald’s
ears, gave him a long tail and turned him into ¢
mouse called Mickey.

Disney produced two Mickey Mouse cartoons
in 1928 but, unable to find a national distributor
decided to make a third with sound. Steamboa
Willie (1928) was not the first sound cartoon; the
work of Max and Dave Fleischer had already
(139>),
the Terrytoon cartoons made by Paul Terry
(1887-1971). However, Steamboat Willie was
the first cartoon to use synchronized music anc¢

been set to music as hac

sound effects, including a whistling mouse anc
cats that miaowed when their tails were pulled.
Audiences and critics loved the seven-minute
cartoon and demanded more. Disney nevel
looked back. In 1932 Disney won an Oscar fol
Flowers and Trees, the first cartoon made ir
three-strip Technicolor (<44), and went on tc
collect every Academy Award for animation ovel
the next eleven years.

While other American animators were happy
to produce cartoons that portrayed a slapstick
almost surreal version of the world, Disney
developed a unique form of stylized realismr
combined with a close attention to narrative and characterization
By the mid-1930s, Disney felt that the art of animation had devel
oped sufficiently to support the production of a feature-length ani-
mated film. In 1934, against the advice of almost everybody, Disney
began production of Snow White and the Seven Dwarfs (1937). |

Disney knew that the limitations of normal 2-D cartoon anim_g-
tion would constrain the aesthetics of the feature-length animatec
film that he had in mind. Ordinary cartoon animation is built up by
combining a number of images painted on transparent acetate
sheets, so the moving images they produce give very little sense
of depth. In the real world, a camera that pans over any scene wil
make objects in the distance appear to move very slowly, while those



in the foreground appear to
move much more quickly. This

phenocmenon is a vital clue to

the depth of a scene and is
known as ‘parallax’. Since the
painted cels used in ordinary
animation are placed directly
on top of one another, there is
Further-

more, real scenes of objects

no parallax effect.

that are some distance apart
are affected by depth of
field (<91), which makes fore-
ground and background ele-
ments appear to be in focus to
varying degrees. Sandwiched
acetate cels have no distance
between them, so every layer
remains in constant focus.

To overcome the lack of
depth in ordinary animation,
the Disney technical depart-
ment built the first multiplane
camera (fig. 1) — an award-
and

winning revolutionary

© Disney Enterprises, Inc.

piece of animation equipment.

The camera was a towering device in which several animation cels
were layered vertically with some distance between them. The cam-
era, which looked down on to the stack of cels from above, was then
sharply focused on a single layer so that the elements in front and
behind were in soft focus. The cels could also be moved horizontally
so that particular elements, such as the branches of overhanging
trees, could be moved out of the way to give the impression that
the camera was moving through a scene. Lengthy tracking shots
were achieved by moving long sheets of painted acetate or glass
past the stationary camera. The cels in the foreground were moved

Figure 1 THE MULTIPLANE CAMERA

Composite
image as seen
by camera

Lighting for
each layer

Individual elements
arranged in layers
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much faster than those in the back-

Enjoying the new medium of
sound, Mickey Mouse makes a
musical instrument out of a
cow’s mouth in the cartoon
Steamboat Willie (1928)

ground to give a convincing sense
of depth. Each layer of animation
was individually illuminated to
enable the creation of interesting
lighting effects.

Using the multiplane camera was a complicated process. The
movements of each of the separate layers of animation were
painstakingly calculated and plotted before photography began.
Complex sequences involving the movement of multiple layers/
sometimes with dozens of characters, could involve using a team of
animation photographers to service the requirements of each layer of
imagery. After days of work, the success of a shot would only be con-
firmed when the developed film was returned from the laboratory.

Before being used for Snow White, the multiplane camera was
given a trial run for the short film The Old Mill (1937), for which it
created spectacular atmospheric images with a sense of depth that
had never been seen in 2-D animation before. The incredibly realis-
tic feeling of depth in Snow White was partly responsible for the
success when it was released in

February 1938. Walt Disney had proved to his critics that the pub-

film’s massive commercial

lic would pay to see feature-length animated films, and his studio
embarked on the production of an ambitious and profitable series of
animated features, many of which have become classics. Though

Disney's storytelling became increasingly sophisticated, the place
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Disney’s multiplane camera (invented
in 1937) brought a new sense of realism
to cartoon animation.

of the multiplane camera at the
heart of the animation production
process remained unchanged until
the arrival of computer-aided tech-

niques in the 1980s.

SPECIAL EFFECTS
ANIMATION

Although creating the illusion of
life with a few strokes of a pencil
could be considered a special
2-D

distinguish between

effect in itself, traditional
animators
character animation and special effects animation. Anything that

moves and which is not a character is usually animated by the
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effects department. This can include rain, snow, water, fallin
leaves, fire, smoke, shadows — anything that brings the scene to life

As with so many aspects of animation, Walt Disney was an earl
innovator in the field of special effects. Character animators wer
traditionally responsible for drawing their own special effects, an
as a result, such elements often remained crude and ineffectiv
compared to the advances that were made in stylistic characte
animation. Disney was aware that his first feature film, Snow Whit
and the Seven Dwarfs (1937), would rely just as much on the cred
ibility of its environments as it would on its characters. To create th
film he envisaged, Disney established the first special effect
department and staffed it with animators whose talents lay in th
portrayal of the natural world. These animators spent months study
ing the way in which different types of rain fell, rivers flowed an
flames danced. With nothing to animate but special effects, th

skills of the effects department
Special effects animation bring
drama to this scene from Wa
Disney’s Pinocchio (1940

staff developed so greatly that, as

Snow White neared completion, the




effects animation created at the beginning of production had to be
redesigned to match the sophistication of the later work.

One of the major innovations made by Disney during the pro-
duction of Snow White was a method of creating complex shadows.
Traditionally, characters looked rather flat because there were no
shadows on their bodies. The shadows that characters cast on the
ground and the objects around them, which are important in ‘tying’
a character to its environment, were usually limited to amorphous
dark patches that followed the characters around. For Snow White,
Disney artists completed the character animation and painting
before the effects team placed another cel on top of each character
on which they drew the outline of a shadow area. The shadow area
was then painted solid black. During photography, the shadow cel
was laid on top of the character cel and the two were photographed
for around seventy per cent of the time required for a good expo-
sure. The shadow element was then removed and the character was
photographed on its own for the remaining thirty per cent of expo-
sure time. The result was an image that contained a character with
a transparent shadow - that is, the character detail could be seen
beneath the shadow. Varying the proportion of exposure time given
to the shadow element made it darker or lighter.

‘Shadows continue to be a large part of an effects animator’s
job,” says Jon Brook, an animation effects supervisor who has
worked on modern animated classics such as An American Tale 2
and Who Framed Roger Rabbit. *You might think that creating a
shadow down the side of a character is simply a case of drawing an
area of darkness over the body, but in fact, shadow style varies
greatly from scene to scene and film to film, depending on the over-
all production design. Shadows can be hard-edged and bold, or soft-
edged and subtle so that they wrap themselves gently around the
body. Shadows also have to be animated according to the content
of the scene; as a character moves past a light source, the direction
and quality of a shadow will change. If there's a fire in the scene, a
shadow will shudder and move in response to the mood of the fire.’

Perhaps the greatest challenge for an effects animator is water.
Water is transparent, elastic, constantly moving, sometimes heavy,
sometimes light and frothy. Re-creating water with a few hand-
drawn pencil lines is an extraordinary skill. A wave is not simply a
crest that can be drawn with a single line - a wave has shadows, cur-
rents and smaller waves that grow and die within it as it moves. ‘A
simple little splash has so much thought put into it," says Brook. ‘It
has to grow and die in probably less than a second, yet in that
twenty-four frames we must draw a series of droplets that separate
out and rise up to a crest before falling back down convincingly, all
within the specific style of the production. We don’t simply draw a
standard splash when one is needed; we spend a great deal of time
designing the feeling of the splashes in any production so that they
fit in with the overall art direction - they might be hard, spiky
splashes or delicate, soft ones.’

An effects animator is often called upon to draw objects as they
move around and change position. A classic example is leaves
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blowing in the wind. Each leaf Unusual movements such as
water splashes are painstakingly
planned and drawn by special
effects animators. These
production designs were created

by effects supervisor Jon Brook.

must change its shape, colour and
shadow as it is twisted and carried
along by the breeze. Some of the
most extraordinary examples of this
artistic skill can be seen in Disney's
Fantasia (1940). For the Nutcracker suite sequence, animator Cy
Young created a beautiful moment when a delicate white blossom
drifts down to land on the surface of a pond before being reborn as
a graceful ballerina swirling up into the sky. This moment is one of
hundreds of sublime animated effects in the film and, despite being
over half a century old, Fantasia remains one of the finest examples
of the art that has ever been produced.

ROTOSCOPING

The use of effects animation is not confined to films featuring
cartoon characters. Many live-action feature films make extensive
use of hand-drawn 2-D animated special effects.

In 1917 animator Max Fleischer (1889-1972) patented the rotg-
scope, a device that projected pre-filmed footage of a performing
actor on to a sheet of glass. The movements of the actor were then
traced on to sheets of paper one frame at a time, and these tracings
were then used as templates to draw cartoon characters that, when
animated, had incredibly lifelike movements. Max Fleischer and his
brother Dave (1894-1979) used the rotoscope to produce the pop-
ular Koko the Clown cartoons of the 1920s and the Betty Boop and
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Film makers have always been fascinated by the potential
of combining live-action performers with animated
characters. Max Fleischer’s (<141) Out of the Inkwell series
of cartoons (1919-28) featured animated characters that
left their artificial environment for a jaunt in the live-
action world. Walt Disney (<138) reversed the conceit
with his Alice comedies (1923-27), in which a live-action
actor was placed within an animated environment
populated by cartoon co-stars. Later feature films such as
Bedknobs and Broomsticks
(1971) and Pete’s Dragon ol -
(1977) combined human i
and cartoon characters,
but the blend was never
particularly subtle.
When director Robert
Zemeckis (1952-) and
executive producer
Steven Spielberg (<34)
&=  decided to make Who
Loy Framed Roger Rabbit
(1988), they knew that
= _  modern audiences would
—— only watch the film if the
human characters and the
e ‘Toons’ (the film’s short-
L hand for cartoon charac-
ters) co-existed with a
level of realistic inter-
action that had never
been seen before. After
two years in production,
the film that was finally
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released blurred the lines

o

between animation and live- action -
until they were almost unrecognizable. Audiences were thrilled by a
world that included such inconceivable marvels as a cartoon car
with a human passenger inside being chased by a real car driven by
cartoon weasels.

The first stage of production involved filming the live-action
scenes into which animation would eventually be inserted. The film
had to go through so many optical processes before completion
that the whole movie was shot in the large VistaVision format (<42),
which helped to retain good picture quality. It was the first film shot
entirely in the format since the 1950s.

Star Bob Hoskins endured months of reacting to non-existent
characters. To help Hoskins, voice artist Charles Fleischer dressed in
a Roger Rabbit costume and read Roger’s lines from the wings.
Hoskins was also surrounded by dozens of technicians operating a

B L.‘u_;‘;b ;'sf-. l.

host of wire and radio-controlled props that had been cleverly
designed to indicate the presence of an unseen co-star. Coats
bulged with the contortions of an invisible rabbit, chair seats
depressed and puffed out dust as nothing sat down on them, and
guns floated around in the hands of a transparent pack of weasels —
Zemeckis referred to the proceedings as ‘the most elaborate
invisible man film ever made’.

Once live-action photography was completed, the film was edited
into a semblance of its ultimate form. Scenes awaiting Toon

performances were then enlarged
into a series of photographs. These
blow-ups were used as a guide by the
375 animators working under the
supervision of master animator
Richard Williams at his London studio.
Williams produced rough pencil-line
performances and combined them
with the live-action backgrounds for
the director’s approval. Animation
was particularly taxing because
Zemeckis had filmed many scenes
with a moving camera. To create
cartoon characters that fitted into
these scenes, animators had to draw
Toons whose perspective altered as if
filmed by the same camera.
Once approved by the director,
animation was re-drawn, inked and
painted. To help bring a sense of 3-D
life to 2-D characters, a new method
of producing shadows was devised.
Since the 1930s shadows had been
painted in black and double-exposed
into a shot (<141), which gave all the !
shadows the same grey, sometimes
muddy tone. To help the Toons blend more realistically with their
surroundings, all shadow detail was painted in coloured tones;
Jessica Rabbit’s red dress was fringed with dark burgundy shadows
and scarlet highlights, for example. Additional layers of animated
effects — sparkling sequins in the case of Jessica’s dress — were also
created. Extensive rotoscoping (<141) was used to produce hand-
drawn travelling mattes (<54) so that Toons, humans and real-life
props could be composited together as if actually interacting.

The 82,000 frames of hand-drawn animation were then optically
composited (<59) at Industrial Light and Magic to produce over a
thousand special effects shots — visual effects supervisor Ken Ralston
compared this to creating the effects for all three Star Wars films.
Who Framed Roger Rabbit became a huge hit upon its release and
picked up an Academy Award for its special effects.
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Popeye cartoons of the 1930s. However, the rotoscope did not rev-
olutionize the production of cartoons in the way that Fleischer had
hoped. Many animators, including Walt Disney, preferred to use a
stylized hand-drawn form of human movement.

Although rotoscoping was rarely used in the production of ani-
mated cartoons, its basic principles have found other important
uses in the field of film special effects. By projecting pre-filmed
images on to a flat surface, they can be traced to produce hand-
drawn travelling mattes (<54). The process can also be used to
hand-draw a variety of 2-D animated elements, such as lightning,
lasers, gun blasts and shadows.

Steve Begg is one of Britain’s leading special effects artists and
is recognized for his skill in hand-drawing animated special effects
elements. ‘One of the most commonly required animation effects is
lightning and electrical charges,’ says Begg. ‘To produce such
effects optically, we first load a registration print [a developed print
of the sequence that needs an animation effect added to it] into the
rotoscope projector. Each frame of the sequence is projected down
on to a piece of paper. Using the projected image for reference, we
hand-draw a rough version of the actual animation itself, or trace
reference points from the scene that we can use as a guide for our
animation later.” The artist then sketches the animation in pencil
before going over it with black ink or paint.

‘There are a number of different ways of getting lightning to look

like the real thing,” says Begg. ‘Some people like to draw just the tip

of the bolt of lightning as it emerges from a cloud and then extend it the beams would travel far too fast Effects supervisor Steve Begg

down towards the ground over the course of three or four frames. In for you to see them moving across photographs ﬂar artwork using

) the rotoscope at The Magic

actual fact, lightning is so fast that it's instantaneous - it's not there the screen — they would simply be a Camera Company.
and then suddenly it is. It's the same with laser guns in sci-fi films; the beam of light that was on or off. For

beams of light are usually animated natural lightning, 1 think it looks best if it snaps down to the ground

to look as if they leave the guns and instantly. If it's some sort of fantasy film and you want the lightning to

Hand-drawn lightning effects > 4 : ; : .

hsmingie the:skies [ travel across space until they hit appear to have a life of its own, however, you can draw it so that it

Dragonslayer (1981). something. If those were real lasers, twists and curls in an organic-looking way before recoiling back into
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Actors fought with wooden
sticks during the making of
The Empire Strikes Back. The
glowing light sabres were then
hand-drawn and added to the
footage during compositing.

itself. It's important to try to give the
lightning that life.’

Once the animation of lightning
or lasers has been drawn and
painted, it is photographed. Each
sheet of animation is laid back on
the rotoscope stand and photographed sequentially on to high-
contrast black-and-white film. When developed, the result is a series
of black negatives with white (transparent) animation on them; in
other words, the black-painted lightning becomes a clear area on
the negative. This film is then loaded into an optical printer (<56)
and combined with the film of the original scene. ‘“We will often print
animation in several passes,’ explains Begg. ‘Drawn animation is
usually quite sharp-edged. This is fine for sharp electrical sparks
and lighting, but lasers and other effects often look better if they
have a soft glow. To achieve this, we first print the animation in what
we call a “core pass”. This gives a bright, sharp centre to the effect.
Then we rewind the animation and print it a second time using a dif-
fusion filter that blurs the image. This produces a soft glow around

an intense, “burnt-out” centre. By placing a coloured filter in front of
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the animation during printing, the lightning or laser bolts can be
made any colour that you want.’

As well as creating areas of light, effects animation can be used
to create areas of darkness. When real aircraft fly over a real land-
scape, they cast shadows beneath them as they travel. When model
aircraft are optically composited into real or model landscapes, the
two elements have no physical relationship and no corresponding
shadows. By using the rotoscope to plot the path of a flying object,
shadows can be drawn by hand that trace the shape of the aircraft
on the contours of the ground below. By adding the shadow of one
object on to another, the separate elements of a scene are effec-
tively ‘tied’ together, as if filmed at the same time. Fine examples of
this method can be seen in The Empire Strikes Back (1980). When
the Millennium Falcon is pursued across the surface of an asteroid
by Imperial TIE-fighters, the spaceship’s shadow can be seen rip-
pling over the rocky surface below.

Rotoscoped effects animation can also be used to create more
down-to-earth effects. ‘Over the years there has been one simple
effect that we have been asked to do probably more than any other,’

explains Gene Warren (<61). ‘Lots of films contain shooting, and



getting a gun to look as if it’s firing can be a hit-or-miss thing. Firstly,
the person using the gun has to remember to pull the trigger — in all
the excitement of an action scene, they sometimes forget to do this.
Secondly, even if the gun does go off, the flash of the gun lasts for
just a fraction of a second and
it is quite possible for it to
occur between frames when
the shutter of the camera is
closed. We often end up hav-
ing to rotoscope the muazzle
blast on guns into a scene;
we've done this hundreds of

times over the years.’

‘We do muzzle blasts just
like normal rotoscoped anima-
tion," explains Warren. ‘The
shot is projected down on to
paper and the position of the
necessary flash is traced and
then shaded in pencil. Pencil
shading is great because it
gives you a random, grainy
look that is perfect for muzzle
blast and it only takes about
five minutes to draw. The
drawing is then photographed
and printed into the shot in the optical printer. The last little touch is
to place a filter in front of the image during optical printing and put
a dab of petroleum jelly on to the filter. With a fine brush, we just
draw the grease out along the path of the bullet — this gives an almost
imperceptible blur as if a bullet really is coming out of the gun. One
of the biggest jobs we did this for was Point Break [1991]. We did
nearly all the gun blasts in the bank robbery scenes. A few of those
muzzle blasts are real and lots of them are fake, but it's totally impos-
sible to tell which is which — I'd have to go and check our records to

find out which ones we did because even | can’t see the difference!’

Slit scan
For the tunnel of light known as the ‘Stargate sequence’ in 2001: A
Space Odyssey (1968), director Stanley Kubrick simply told his
effects crew that the camera should appear to ‘go through
something'. Several options were considered, but it was a proposal
from Douglas Trumbull (<295) that caught Kubrick’s imagination.

Experiments in abstract streak photography had been made as
early as the 1940s by brothers James and John Whitney. In the
1950s John Whitney acquired an army-surplus analogue computer
and rebuilt it to photograph patterns of light for an abstract film
called Catalog 61 (1961; <119).

In the system Trumbull built for 2001 (fig. 2), an animation cam-
era (a) was placed on a 4.6m (15ft) track, on which it could be
moved slowly and smoothly backwards and forwards using worm

Part of the psychedelic light show from the Stargate sequence
of 2001: A Space Odyssey (1968).
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gearing (b). Two large sheets of glass were placed at the far end of
the track, each sheet about 1.5m (5ft) high and 3m (10ft) wide.
These sheets could be moved vertically and horizontally. The sheet
of glass farthest from the camera held transparent, back-lit artwork
(c). The sheet of glass nearest
to the camera was masked in
black material, apart from a
small vertical or horizontal slit
(d), from which the system
derived its name, slit scan. The
slit allowed only a small area
of the back-lit artwork to be
visible to the camera at any
one time.

To produce the streaking
effect seen in the film, the
camera began with its lens
close to the slit so that the art-
work behind it
edges of the frame,

reached the
either
vertically or horizontally. The
shutter on the camera was
then opened to expose a single
frame of film to the image. Still
exposing the same frame of
film, the camera was moved
away from the slit until it reached the end of the track. As the cam-
era moved backwards, gears ensured that its lens kept the shrink-
ing artwork in focus. At the same time, the artwork itself was moved
horizontally or vertically across the slit to provide distortion. When
the camera reached the point farthest from the artwork, the shutter

was closed after having exposed, on one frame of film, a distorted

Figure 2 SLIT SCAN
e) resulting ime

¢) backlit artwork

A

a) camel

b) worm gearing
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streak of coloured light. Douglas Trumbull has compared this
process to photographs of roads at night, where long exposures reg-
ister passing vehicles simply as the blurred streaks of headlights.

Next, the film was rewound and the process repeated with the
blur of light travelling from the opposite side of the frame towards
the centre. The process was carefully programmed so that for each
subsequent frame filmed, the movements of the camera and the art-
work were repeated with minute, sequential differences. The result
was the effect of travelling through a tunnel of light.

No hard-and-fast rules were followed when producing the
sequence. Each filming session was set up with different variations
of artwork, movement and exposure, and after many hours of labo-
rious work, the result might be, according to Kubrick, ‘like carpet
going by’ or one of the most dazzling, kaleidoscopic lightshows ever
to have been captured on film. After slit scan’s spectacular debut in
2001, it was used to create streaking title effects for films such as
Superman (1978) and the worm hole sequence in Star Trek (1979).

2-D COMPUTER ANIMATION
Everything about traditional hand-drawn animation is laborious and
painstakingly slow, so when computers began to affect other areas

of movie production, animation

In FernGully ... The Last studios wasted no time in looking

Rainforest (1992), hand-
drawn animated scenes were
complemented with computer-
generated animation.

for ways to streamline their own

production methods using digital

technology. An early innovator in
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computer-aided animation techniques was the biggest and oldes
animation studio of all, Disney. In 1986, Disney, in association witt
Pixar, began to develop CAPS (computer animation productior
system). CAPS was designed to perform many of the tasks of the
traditional animator within the computer. First, the black-and-white
artwork was drawn by hand and scanned into the computer. Eact
drawing was then coloured in on screen using a digital paint system
The rows of artists who had once worked amid pots of freshly mixec
paint were replaced by a few computer monitors. While one artis
could hand-paint perhaps twenty cels a day, a single compute
operator could now complete around 200. As well as painting
images, CAPS could also be used to generate certain special effect:
and to assemble multi-layer scenes without the use of a multiplans
camera (<137). The first feature film entirely painted and assemble
using CAPS was The Rescuers Down Under (1990).

2-D animators also wanted to take advantage of the computer”
ability to create 3-D images. While traditional animators could drav
images resulting from a complex camera move, the process wa:
complicated and not always successful. In the computer, however
objects created in 3-D (<125) could have any movement or changs
in camera angle accurately applied to them at the touch of a fev
buttons. Bill Kroyer, who first became involved in computer anima
tion when he supervised some of the effects for Disney’s TRO/
(1982), was among the first to seek a way of fusing traditiona
2-D animation style with the convenience of 3-D computer anima
tion methods. ‘| liked traditional cartoons, and | also really likec
working with computer anima
tion, so | began to look for i
way to combine the eleganc
and style of hand-drawn ani
mation with the dynamic
of 3-D computer animation,
remembers Kroyer, who nov
supervises computer anima
tion for Rhythm and Hue
Animation Studios.

‘l had this friend, Tin
Heidmann, who knew a lc
about software and compute
plotters, and together w
devised a special system tha
would print out a 3-D com
puter image as a 2-D pictur
on a piece of paper. Our soft
ware was quite sophisticatec
because 3-D objects don’
have black lines around thei
edges like cartoon drawing
do;

whose

they are solid object
boundaries chang

whichever angle you look &



them. So we wrote some special “edge-detection” software so that

the computer would draw a black line around the outside edge of
each object and its details, and then print out a perfect black-
and-white line drawing of it.” Using this software, Kroyer could ani-
mate a digital 3-D object and then print it out as a 2-D image, ready
for painting and combining with traditional 2-D backgrounds and
other elements.

‘It was a really amazing system,’ exclaims Kroyer. “‘The computer
was like an artist that could draw moving objects and get all the
angles perfectly correct. A traditional animator drawing a motorbike
coming towards the camera would spend weeks working out all the
angles. We could just build a digital model bike in a day or so and ani-
mate it in five minutes. Then we could print out a series of 2-D images
of the bike but leave the face of the rider blank. Animation artists
could then fill in intricate facial details and other subtleties by hand.’

After using the system for the title sequences in a number of fea-
ture films such as National Lampoon’s Christmas Vacation (1989)
and Honey, | Shrunk the Kids (1989), Kroyer put it to use in the pro-
The Last Rainforest (1992). ‘We used
40,000 frames of computer animation in FernGully,” claims Kroyer.

duction of FernGully ...

‘We used it to produce shots of flocking birds, running animals, all
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sorts of things that would have been 3-D computer-generate,
settings and chariots wer
combined with traditionc
backgrounds and characte
animation for the excitir
chariot race in The Princ
of Egypt (1998,

very time-consuming to produce
traditionally. We managed to finish
the entire movie in about half the
time that animated films normally
took to produce.’

Computers are now an essential part of the production proces:
of 2-D animated feature films. At the forefront of modern animates
feature production is DreamWorks Animation, whose ambitious firs
movie The Prince of Egypt (1998) was a landmark in feature ani
mation. ‘The Prince of Egypt was an epic story told on an epi
scale,” comments 3-D layout artist Harald Kraut. “We felt that tradi
tional 2-D multiplane camerawork - or at least today's computer
ized equivalent — wasn’t up to the scope of the story. We didn’t wan
all of the wonderful Egyptian architecture to look like pieces of fia
artwork sliding past each other; we wanted to create a real sense ¢
environment.’ To help create this environment, DreamWorks collab
orated with computer company Silicon Graphics to develop a ne\
animation system called ‘Exposure’.

‘Exposure helped us to integrate traditional and computer ani

mation, but in a totally new way,” explains Kraut. “‘We wanted t
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create a movie with all of the advantages of 3-D digital animation,
but what bothered me was the idea of using noticeably 3-D elements
in an otherwise 2-D movie. Whenever this had been done before, the
computer-generated elements always had a different look to the
painted effects around them, which was very unsatisfactory.’

The Exposure system is based on the principles of normal 3-D
animation production, in which a 3-D environment that has been
built, textured and lit in the computer has a virtual camera (177>)
placed within it. The camera is then animated to move around and
‘film" objects from any angle. Using Exposure, DreamWorks artists
construct digital 3-D buildings and objects in the usual way, but the
exterior of the objects is left flat and without details.

‘The models built in the computer are basically dummy objects

that are simply the right shape and

The use of tens of thousands nothing else. Sometimes we only

of 3-D digitally animated
characters gave a huge sense
of scale to the Exodus sequence
in The Prince of Egypt.

need to see buildings from one
angle so they are built as flat
objects, rather like the scenery flats
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used in stage theatre,’ says Kraut. ‘We position the virtual camera tc
look at each object from an angle that shows the largest amount o
surface area on that model. We then print the shot out on a sheet o
paper, which artists use as a template to paint the detail of the
object. All of the exterior detail and definition on the object is addec
at the painting stage - all the cracks, weathering, water stains anc
so on. We didn’t want to use computer-generated lighting — whict
often looks too perfect - so all of the shadow and light informatior
was added as 2-D detail in these paintings. When finished, they were¢
scanned into the computer and then projected on to the model from
the position that they were originally filmed from. Two or more pro
jectors may have been used for each object to cover the detail of al
of its sides.’

‘What we ended up with was the computer equivalent of the
sound stage,” says Kraut. ‘To build a street within the computer, we
would position two rows of buildings, place another object under

neath for the road, position a background painting in the distance

and place a large dome with a sky painting mapped on it over the




whole thing. The buildings with their projected surfaces looked like
2-D pictures, but we could animate our virtual camera to move past
them, look around and do all the normal things that a live-action
camera could. We wrote lots of software that would do things like
blur the edges of the objects, so that they looked more than ever like
2-D paintings rather than hard-edged 3-D objects. For the first time
ever, animation directors could actually create dynamic cinematog-
raphy just like a live-action director, but their final images looked as
if a camera was moving through a traditionally painted scenic envi-
ronment. If they didn't like a camera angle, the directors could just
move the camera.’

Exposure was used to magnificent effect in an early sequence
of The Prince of Egypt in which Moses and his brother Rameses race
their chariots through the city. ‘In the chariot race, most of the
buildings and other objects were 3-D digital models,’ states Kraut.
‘The chariots themselves were also 3-D models, but the people
inside them were 2-D character animation. Rameses and Moses
were animated by hand and scanned into the computer. They were
then placed inside the chariots — a
bit like standing cardboard cut-
outs inside real-life models. We
then animated the chariot chase,
altering the movement of the char-
iots and the camera to produce the

most dynamic shots. Once the
movements of the camera and 3-D
chariots were decided, the 2-D
characters standing inside the
chariots were moved so that they
always faced the camera — other-
wise you would see that they were
“flat” 2-D objects. We found that
we had a surprising amount of lat-
itude to swivel the characters
before they looked as if they were
standing in their chariot at the
wrong angle.’

Though the main characters in
The Prince of Egypt were hand-
drawn and animated in the tradi-
tional way, much of the film’'s
additional cast of thousands was
generated by computer. ‘Descrip-
tions of the Exodus in the Bible actu-
ally mention 600,000 Hebrews. We
didn’t have quite as many as that,
but we still had scenes with many
thousands of people that could
never have been achieved using tra-

ditional techniques,’ says crowd ani-

mator Wendy Elwell.
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Elwell and her colleagues used two methods to create the crow
sequences in the film. ‘The first big crowd scenes are right at th
beginning of the film, when we see hundreds of male slaves buildin
a new temple complex,’ explains Elwell. ‘For these scenes we bui
a single 3-D digital character that matched the drawn characters. H
was then reshaped to create a total of twenty different character:
These were then dressed with different hair, beards and clothing s
that each person in the crowd looked more unique. We then an
mated walk cycles — sequences of movement that can be repeate
as required - so that characters could walk for as long as wa
needed in any scene. Four separate cycles were used to give mor
variety of movement. The characters were then placed into scene
as 3-D objects, but they were rendered [180>] with flat colours an
black outlines to make them look like hand-drawn 2-D character:
They were originally intended only to be in the background, but a
the directors got used to using them, they put them nearer an
nearer to the camera until their detail didn’t hold up any longe
When the 3-D digital characters got too near the camera, they wer
swapped with 2-D hand-drawn ones — though | defy anyone to spc
where they change.’

The second major use of computer-generated characters was i
the Exodus sequence itself. ‘For this sequence we made more 3-1
digital models of men, women and children, as well as oxen pullin
carts,’ says Elwell. “‘When we got the background artwork that thes
characters had to appear in, we matched our virtual camera to it s
that we could film the 3-D characters from the correct angle. W
then rendered the characters as 2-D animation moving “on the spot
in a walk cycle. Each of these 2-D animated characters was the
individually mapped on to an invisible card called a “sprite”.” Sprite
are a way of animating large numbers of objects. The object
themselves are pre-animated and then mapped on to a flat, invis
ble surface — rather like sticking a cut-out photo on to a piece ¢
glass. These sprites are then animated and programmed to behav
in certain ways.

‘We placed our sprites into a scene and animated them so the
they moved at the same rate as the walk cycle of the characters the
were mapped on to them,’ continues Elwell. ‘Using this method
was a simple case of moving the cards with the character that the
contained. We could program groups of cards to move at faster ¢
slower rates, or to avoid bumping into other groups if they wer
moving too slowly. To get a sense of movement in long-shots of th
crowd, they actually had to move really fast. In some cases we ha
people walking at 65kmph [40mph], but it looks right on the screer
The largest crowd scene in the film was in the epilogue where Mose
returns with the Ten Commandments. In this shot the crowd con
tains 146,392 characters — not including the oxen.’

By combining the finest traditions of classical animation wit
groundbreaking computer technology, The Prince of Eqypt was
visionary retelling of one of the greatest stories ever told, and wi
the that
created in the future.

influence way all animated feature films ar
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3-D ANIMATION

The principle behind the animation of models is broadly the same
as that of flat artwork, the only change being that it is objects rather
than pictures that are moved a fraction at a time and photographed
frame by frame to produce the illusion of movement.

Dimensional animation was explored long before the advent of
moving pictures. The popular zoetrope (<9) was not confined to giv-
ing displays of animated artwork. Rather than pictures, some
zoetropes contained a series of carved models in varying poses — a
spin of the wheel might send a wooden bird on a graceful flight
around the tin drum. When photographic moving pictures arrived on
the scene, the technology was quickly seized upon to breathe life
into otherwise inanimate objects.

The fantasies of Georges Méliés (<12) were built around the abil-
ity to stop the camera, make alterations to the scene and com-
mence filming again. Méliés used the ‘arrét’ method (literally
meaning the ‘stop’ method) to create many cinematic wonders.
Producing the impression of motion by stopping the camera, mov-
ing an object or model and then starting the camera again has since
become widely used and is known as ‘stop-motion’ animation.

As early as 1898, Méliés produced a short commercial in which
wooden alphabet blocks danced around the screen and arranged
themselves into the spelling of an advertiser’'s name. A year before,
the Vitagraph company’s founding partner, Albert E. Smith had
enlisted the services of his daughter's wooden toys and, with part-
ner J. Stuart Blackton, produced a short stop-motion film entitled
Humpty Dumpty Circus (1897) in which the toys moved about the
screen with a life of their own.

Perhaps due to the availability of ready-made subjects for
manipulation, the technique of stop-motion animation seems to
have been considered especially suit-
able for the production of children’s
films. Biograph produced the animated
Dolls in Dreamland (1907), featuring a
troupe of dancing dolls and a sprightly
teddy bear. The ever-inventive director
Edwin S. Porter (<15) spent a week of
twelve-hour days creating the march of
six teddy bears for the film The Teddy
Bears (1907).

There were also several early uses of
the stop-motion technique for films
aimed at a more adult audience.
English producer Arthur Melbourne-
Cooper animated a collection of match-
sticks in a Boer War propaganda film
called Matches Appeal (1899). Edwin S. Porter produced The
Dream of a Rarebit Fiend (1906), in which nightmares induced by a
late cheesy snack haunt a sleeper who envisages the contents of his
bedroom dancing around the room before the bed itself takes flight
into the night skies.

The toy bears brought to life in Edwin §. Porter’s short film
The Teddy Bears (1907).
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As the live-action feature film English producer Arthu
Melbourne Cooper animated «
collection of different toys t
create his children’s film Dream

of Toyland (71908)

and its narrative forms developed,
stop-motion was used for short,
usually humorous films and was
rarely considered for anything more
adventurous. However, around 1914 a young man obsessed by the
magic of bringing life to inanimate objects began to produce shor
animated films that would develop into the most spectacular filrr
fantasies ever seen. The early story of stop-motion in feature films
is the story of Willis O'Brien.

Willis O'Brien
Born in Oakland, California, the young Willis O'Brien (1886-1962
worked as a marble cutter, cowboy, prize fighter and cartoonist fo
the San Francisco Daily News before being hired to create
sculptures for the 1913 San Franciscc
World Fair. While preparing some smal
clay figures for an exhibit on boxing
O'Brien carried out an experiment tha
would change both his life and the
course of cinematic history. f
Using a borrowed newsreel camera
O’'Brien moved the clay pugilists a frac
tion at a time before exposing eact
frame of film. When the film was devel
oped, O'Brien saw a jerky, spasmodic
boxing match in miniature. The image:

Tt

were not perfect, but O'Brien had cre
ated life where there had been none.
For his second experiment with wha
he called ‘animation in depth’, O'Brier
produced a one-minute film featuring a caveman and a dinosaur
He spent the next two months filming in the basement of a Sar
Francisco theatre to produce The Dinosaur and the Missing Lin}
(1915), a five-minute comedy starring an apeman, cavemen an¢
various prehistoric creatures, crudely fashioned from wooder



skeletons with soft clay bodies. The film was so good that it was
bought by the Edison film company for distribution, and O’Brien
moved to the East coast to produce more films under the banner of
Mannikin Films Inc.

O’Brien’s company produced a number of animated shorts for
1915 and 1918, with titles such as Prehistoric
Poultry (1917) and Curious Pets of our Ancestors (1917). Most

important was a film called Nippy's Nightmare, in which O'Brien

Edison between

intercut his increasingly sophisticated dinosaur animation with sep-
arate shots of live actors in matching environments. This was per-
haps the first time that a real person had co-starred with
stop-motion animated creatures.

Hungry for better subjects and bigger films, O'Brien embarked on
the production of a fifteen-minute feature film, The Ghost of Slumber
Mountain (1919). The animator worked with staff from the American
Museum of Natural History to produce dinosaurs that were scientifi-
cally accurate in appearance and behaviour. O'Brien even made an
appearance in the film as a character called Mad Dick. The picture
was a great success and earned the attention of film producer

Watterson R. Rothacker, owner of

the photoplay rights to Sir Arthur
Stop-motion pioneer Willis
O’Brien during the filming of his
masterpiece King Kong (1933).

Conan Doyle's novel The Lost World
(published 1912).
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On the strength of his previous efforts, O'Brien was hired to bring
Conan Doyle’s dinosaurs to life. Conscious that his dinosaur pup-
pets — pliable clay bodies sculpted over jointed wooden skeletons —
would not be sophisticated enough for The Lost World (1925),
O'Brien hired a young sculptor called Marcel Delgado, whom he had
met at art classes.

Using the classic dinosaur paintings of Charles Knight for refer-
ence, Delgado spent two years coaxing fifty exquisitely detailed pre-
historic beasts back from extinction. Each 46cm (18in) creature
was given an anatomically correct steel armature, complete with
articulated spine and tiny ball-and-socket joints for every moving
limb and digit. Once complete, the skeletons were painstakingly
built up with cotton wadding and pieces of sponge to represent
bulging muscle and flesh. Some models were fitted with air bladders
so that they could be inflated and deflated during animation to
mimic the animal’s laboured breathing. The skeletons were supple-
mented with wire inserts where extra movement might be required,
such as in the lips, eyebrows and cheekbones. Each padded body
was then given an outer skin of liquid latex. Warts, scales and other
surface textures were cast in latex and individually stuck on to the
dinosaurs before the skin was painted.

While Delgado laboured over the models, O'Brien oversaw the
construction of the environments that they would inhabit. The Lost
World itself was a miniature land-
scape, 60 x 90m (200 x 300ft), built
at First National's Hollywood stu-
dios. The tabletop world featured
mountains, lakes and scaled-down
tropical foliage with leaves made
from sheet metal so that they
would not grow, die or move in
any way during the lengthy anima-
tion process.

By June 1922 O'Brien had com-
pleted a reel of animated dinosaur
footage and it was shown to Conan
Doyle, who was lecturing in the
United States at the time. The author
was delighted with the footage and
could not resist a joke at the
expense of his friend Harry Houdini.
Houdini, who was highly sceptical
about Doyle’s belief in spiritualism,
invited the author to the annual
meeting of the Society of American
Magicians in New York. At the meet-
ing, Doyle screened O’Brien’s dino-
saur footage without explaining its
origin. The audience was amazed
and, incredibly, took what it saw

as genuine. The front page of the
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following morning's New York Times announced that prehistoric
beasts had been discovered with the headline ‘Dinosaurs cavort in
film for Doyle’. Doyle immediately issued a statement revealing the

true source of the footage. It was

The matted-in figure of actress great publicity for the film and,
Bessie Love cowers before an
enormous brontosaurus in

The Lost World (1925). was producing extraordinary work.

above all, confirmed that O'Brien
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With the effectiveness of his animation confirmed, O'Brien con-
tinued work on the film. He wanted to show something that hac
never been seen before: real people sharing the same space as ani-
mated creatures. This was achieved by building sections of full-
scale set (usually trees or boulders) that matched the miniature

set. The dinosaurs were then animated with a small area of the

camera lens masked out (usually a lower corner), so that a portion



of the frame of film was left unexposed. When the animation was
complete, the film was rewound and a counter-matte placed over
the lens so that only the unexposed area of the film was left uncov-
ered. The film was then passed through the camera a second time
to expose the performers in the full-scale set, apparently reacting to
the prehistoric beasts in the rest of the frame. This statie split-screen
process was used throughout the film to combine not only actors

and dinosaurs, but also

v A : % dinosaurs and real

loca-
tions. In the scene in which
a ' tyrannosaurus fights a
triceratops, the matted-in
Les Angeles river flows past
in the foreground, helping to
lend a sense of scale.

Not content with putting
real people into miniature
scenes, O'Brien decided to
place an animated bron-
tosaurus into full-scale live-
action scenes. Around two
thousand extras were filmed
reacting  to. an invisible
dinosaur in a London street
set. The model creature was
then animated in front of
a plain, white .backdrop
using a camera perspective
matching that used for the
live-action footage. Using
the Williams process (<45),
a travelling matte was then
produced and combined
with the live-action plate.
The result was convincing
enough for contemporary
audiences, even though the
heavy matte lines around
the dinosaur seem obvious
now. A full-scale tail and
foot were also produced for
actors to interact with in
these scenes.

The Lost World was a
huge success on its release;
audiences flocked to see the
two-hour, ten-reel film with
its incredibly realistic scenes
of dinosaur life. O’'Brien’s
animation was a triumph,

not only for its technical
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achievement but also for
the subtlety with which
his creatures performed.

DINOSAURS CAVORT
INFILH FOR DOV

Spiritist Mystifies World-Famed
Magicians With Pictures of
Prehistoric Beasts.

O’Brien gave his crea-
tures personality and
filled their performances
with detailed character
nuances, in the way they
move, flail their tails or
prepare to pounce. It is
tragic that the film only
survives in fragmentary

KEEPS ORIGIN A SECRET

form, much of the foot-

age ‘having been lost or
Monsters of Other Ages Shown,

Some Fighting, Some at Play,
in Their Native Jungles.

destroyed in the decades
after the film's release.
An effort to restore The
Lost-. World has had
some success, and a

number of missing sequences have O'Brien’s work was considere:
so lifelike that when footag
from The Lost World was firs
shown in America, the Nev
York Times reported th

discovery of living dinosaurs

been rediscovered, restored and
reintroduced to the film.

Despite the success of The Lost
World, O’Brien did not work again
immediately — the film industry had
found a new gimmick in sound and studios were more interested ir
hearing the voices of Broadway stars than seeing stampedes o
dinesaurs. However, in 1930 O’Brien persuaded RKO to let him
begin work on a film called Creation, which he believed would be the

greatest dinosaur film of all (155>).

Ray Harryhausen

In: 1933 the thirteen-year-old Ray Harryhausen (1920-) watched the
newly released King Kong (1933; 154>) at Grauman's Chinest
Theater on Hollywood Boulevard: ‘This ape was so huge, and there
were so many awesome dinosaurs as well," he comments. Ty
never been the same since 'l walked out of that theatre!’

The young Harryhausen became obsessed with Kong and witt
discovering the ‘magic behind its creation. ‘There had been othe
ape: films before Kong, where the gorillas were played by men ir
suits: | knew for sure that Kong was different, but | didn’t know how
It took me over a year to figure out the glories of animation, anc
eventually | found.a magazine that had an article that explained al
about the stop-frame method.’

On  discovering the technique, Harryhausen began to experimén
with animation on his family’s porch and later in a small studio buil
by ‘his father in-the garage..One day, with the encouragement of :
school friend whose father had worked with: Kong's creator, Willi:
O'Brien («150), Harryhausen phoned his hero. ‘O'Bie [O'Brien’s nick
name] kindly invited- me over to MGM where he was preparing to shoo
War Eagles ~a film that never got made because of the war. | went
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During the Depression of the early 1930s, RKO hired
Paramount producer David O. Selznick (1902-65) to help
the company stave off bankruptcy. Selznick’s assistant in
this task was Merian C. Cooper (1893-1973), who, with
Ernest Schoedsack (1893-1979), had made a series of
successful adventure films including The Four Feathers
(1928). One of the first decisions made by Selznick and
Cooper was to cancel Willis O'Brien’s Creation project,
which had already cost the studio $100,000 and showed
no sign of nearing completion.

However, Cooper believed that O’Brien might be the
only person who could bring life to a story that had
been gestating in his mind for some time. After O'Brien
produced some successful test footage, the project was

green-lighted under the working title of Production 601, later
becoming known as The Beast and then as The Eighth Wonder.
Eventually, on its release, the film became known to the world as
King Kong (1933).

For The Lost World (1925), O’Brien had built a large set that
could be photographed from all angles. For King Kong, he created
another exotic world for the film’s star to inhabit. Before starting
the film, O’Brien had discovered the engravings of French artist
Gustave Doré (1832-83), whose illustrations of forest settings with
shadowy fringes and scattered pools of sunlight had a feeling of
impenetrable depth. O’Brien decided to re-create this distinctive

look in Kong by building a number of
A model dinosaur lumbers small sets, each designed to look like a

through O'Brien’s atmospheric  Doré engraving come to life.
forest settings. The bottom of

the image has been matted out
to receive a live-action element. filled with gnarled trees made from

The miniature jungle sets were

modelling clay and palm fronds made from sheet metal. Each
tabletop set was arranged in a number of planes one behind the
other to create, for instance, the foreground, middle distance and
background. Each plane was separated by a sheet of glass on which
Doré-style scenery had been painted by production artists Mario
Larringa and Bryon Crabbe. Once properly aligned and lit, each
forest scene had an impression of great depth. O’Brien’s multiplane
model system was in fact the precursor of the system used to bring
depth to the flat animation of Disney a few years later (<139).

Marcel Delgado was called upon to produce the marvellous
model creatures. The mighty Kong was portrayed by six 46cm
(18in) puppets made using the same build-up technique that had
given the creatures of The Lost World their convincing muscle and
flesh. For Kong, Delgado even stretched rubber tendons between
joints to give the ape a realistic sinewy appearance. Covering the
ape’s complex body was a patchwork of trimmed black rabbit fur.
The steel armatures in Kong and his prehistoric co-stars were built
with keyholes in the base of their feet, allowing them to be secured
firmly to the floor between moves using ‘tie-down’ pins screwed up
through a patchwork of holes in the tabletop set.

Again, O'Brien needed to mix real-life actors with his animated
wonders, but he wanted to avoid the process of double-exposed
split-screen mattes that he had used in The Lost World, which was
slow and carried with it the associated risk of losing the original
footage. The process of rear projection was being perfected in the
early 1930s and RKO was an early leader in the field, pioneering the
use of a new type of background screen invented by paint
department head Sidney Saunders. The first scenes to use the new
Saunders screen were those of Fay Wray perched in a treetop while
pre-animated footage of Kong fighting a tyrannosaurus is seen in

the background. The new process took some time to
perfect, due to the difficulties in preventing foreground
lighting spilling on to the background screen — one shot
of Wray in the tree was achieved only after an exhausting |
22-hour session.

Cooper asked O’Brien if the process could be reversed
in order to place rear-projected actors in the miniature
tabletop scenery. After much experimentation, O’Brien
and his team perfected a method of miniature rear
projection (fig. 3). The model jungle settings were built
with small areas where images could be rear-projected on
to miniature screens made from stretched surgical rubber.
Before each shot was filmed, many tests were made in
order to match the lighting of the miniature set with the /™
exposure of the rear-projected images. During animation,
the model creatures were manipulated fractionally, the
rear-projected image was advanced by one frame, and a
frame of the composite image photographed before the
process was repeated.




The stop-motion puppet of One of the first scenes to

King Kong clings to a model

use the miniature rear-projection
cliff face. Pre)

process was that in which Bruce
Cabot (John Driscoll) hides from Kong in a cave. A miniature cliff
was built with a small cave in its wall, and a rear-projection screen
was set just inside the cave. Footage of the actor in a large-scale
cave set was projected on to the screen one frame at a time, while
the model of Kong was animated on the cliff above. This shot was
later cut together with a close-up of the performer interacting with
a giant mechanical arm that reached into the cave.

The animation of Kong took over a year to complete. Its key
actors were called back to the studio every few weeks to film scenes
in which they had to react to recently completed animation, or
provide the performances needed for the next miniature rear-
projection shots. Some animation sessions turned into marathon
events; the animation team quickly learned that shots begun one
working day and completed the next often took on awkward
changes of style or pace mid-scene; once started, the animation of
a shot therefore continued until it was finished.

There were other unexpected hitches in the animation process.
On one occasion an animator was halfway through a shot when he
noticed that a pair of pliers left on the set was just visible in the
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bottom of the frame. Not wanting to start the sequence
afresh, the animator slowly animated the out-of-focus
grey shape out of the shot, hoping that it would look like
a passing jungle creature. In another scene, a primrose
planted as part of the jungle foliage chose the day of
animation to come into bloom. No one noticed the

flower’s cautious emergence during animation, but

when the finished shot was viewed, the scene’s
prehistoric star was upstaged by the herbaceous border,
wasting hours of work.

While a team of animators achieved much of the
animation of Kong in long-shot, O’Brien animated
particularly emotional scenes and close-ups himself. As a
result, Kong remains perhaps the most emotive creature
to have been created for the screen. Even Kong's often criticized,
bristling fur coat — caused by disturbance of the stiff rabbit fur
during animation — seems to add to the great ape’s personality.

King Kong was a sensational hit on its release and again when re-
released in 1952. The public flocked to see the film, thrilled by both
the story and the wonders of a lifelike giant ape. Kong was
undoubtedly the most extraordinary technical achievement of its
time and a catalogue of modern special effects techniques,
including animation, rear projection, miniature rear projection,
travelling mattes and matte paintings, as well as clever optical work
by Linwood Dunn (<59).

For once, brilliant special effects achieved only reflected glory,
for it was Kong himself that the public responded to, taking to their
hearts the tragic performance of the character that Willis O’Brien
had delivered, one frame at a time, from a 46cm (18in) assemblage
of metal, rubber and fur.

Figure 3 MINIATURE REAR PROJECTION

Sheets of painted glass Rear

projector

Animation puppet

Miniature
projection screen
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Fathoms (1953). ‘Beast had a ridiculous budget considering its sub
ject matter,” remembers Harryhausen. ‘Doing things the O’Bie way
was out of the question. He used big, painted sheets of glass in sev
eral planes that created a wonderful atmosphere but took a team o
expensive artists to paint and restricted the camera to a single view
Also, the glass could crack in the heat of the lights. For Beas
| devised a way of combining live-action actors with animated crea
tures and miniature backgrounds. It was the basis of the system tha
| used for the rest of my working life.’

The system that Harryhausen devised, which became known a:
‘Dynamation’ for publicity purposes, was in many ways the oppositt
of that favoured by O’'Brien. Rather than placing rear-projectec
actors into a miniature environment, Harryhausen used rear projec
tion to place his animated characters into real environments con
taining real people. During live-action photography, performer:

reacted to the invisible creatures, sometimes looking at a cardboartc

head on a long stick as a guide. Harryhausen then studied the devel

Ray Harryhausen poses in front the studio and took along some of oped footage to figure out the move-

of his animation camera while the dinosaurs I'd been making. He ments that the animated creaturée Harryhausen was expert a

making Clash of the Titans achieving the apparen

(1981). Behind him is an looked at my stegosaurus, which should make in relation to the actors interaction of animatex

animation model and a rear- had won second prize in a competi- and their environment. creatures and live-actiot

projection screen. g ) : characters. Here a real lanc
tion at the local museum, and he In his studio, Harryhausen then appears to penetrate a dinosau
said: “lts legs lock like sausages. prepared an animation table (fig. 4) in Valley of Gwangi (1969)

You need to learn about anatomy and how muscles work.” So then
| began to study anatomy, life drawing, sculpture and photography.’

Harryhausen's animation skills quickly developed, and in 1940
he gained employment as an animator on George Pal’s Puppetoon
series (159>). After spending the war as an assistant cameraman
and animator in Frank Capra’s special-services division film unit,
Harryhausen began to make his own series of animated fairy tales.
Then, in 1947, having kept in touch with his mentor, Harryhausen
was offered a job as O'Brien’s assistant on Mighty Joe Young
(1949). ‘Working with O'Bie was a dream come true,’ says
Harryhausen. ‘1 helped during the whole pre-production phase, and
when we got the go-ahead from RKO, | began work on the anima-
tion. | eventually did about eighty per cent of the character anima-
tion on Joe Young. O'Bie spent much of his time supervising all the
other elements.’

The production of Mighty Joe Young used many of the tech-
niques developed for Kong. One small but significant advance was
the use of rubberized fur for the gorilla puppets. Kong had been cov-
ered with rabbit fur, but for Joe, unborn calf hide was considered
more to scale for the smaller, 30cm (12in) puppet. In a process
invented by taxidermist George Lofgren, the fur was embedded in
paraffin, leaving only the skin exposed. The skin was then removed
with acid and replaced with liquid latex. The finished fur, with its
roots in latex, sprang back into place when touched during anima-
tion. Kong's bristling fur, which had annoyed some but endeared

him to so many more, was not a feature of Joe's character.

After the release of Mighty Joe Young, Harryhausen was offered
a job as chief animator on the low-budget The Beast from 20,000
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with a floor contoured to match the one that the creature was to tra-
verse in the live action. A static split-screen matte (194>) that
matched this contour was fitted to the bolted-down animation cam-
era and used to mask out the bottom half of the frame of film, which
contained the animation table and other paraphernalia. The image
exposed to the camera showed the puppet down to foot level,
with the top portion of the rear-projected, live-action background
plate behind it.

Animation then proceeded as usual. Surface gauges were placed
at important points around the puppet's body to mark its last posi-
tion. The puppet’s new pose was then created, in relation to the action
in the rear-projected frame of film and the old position marked by the
gauges. When the new position was satisfactory, the gauges were
removed, the animation lights switched on and a frame exposed. The
surface gauges were then brought back in, the rear-projected footage
was advanced one frame and the next pose was created.

When the whole sequence had been animated, the puppet and
animation table were removed from in front of the rear-projection
screen. The camera negative and rear-projection footage were
rewound to the start frame, and a counter-matte was applied to the
camera to mask out the top section of the frame that had already
been exposed. The camera negative was then exposed to the lower

section of the background plate, so the two halves were married
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Flgure 4 DYNAMATION rear-projection screen

rear
projecto

foreground animation

camera

b/g rear
projection
plus
animated

puppet

- foreground projected imags

rear projection | final composite

along the matte line. The final developed negative was a pleasing
composite of live-action footage and animated creature.

Harryhausen also made changes to the type of puppet he used
for animation. ‘Delgado’s build-up method was terrific,” says
Harryhausen, ‘but it was time-consuming, and if a breakdown
occurred during filming, the whole puppet might have to be stripped
down and rebuilt.” Instead, Harryhausen sculpted his creatures in
clay. These clay shapes were covered in plaster to create a mould.
The creature’s ball-and-socket armature was placed inside the
mould, which was then filled with liquid foam rubber. When baked,
the rubber set. The rubber creature was then painted and dressed
with eyes, clothing and props. If a mishap occurred during filming,
the puppet could be stripped off and an identical rubber model
quickly made. Harryhausen did not rely on this method to produce
all of his creatures, however. For Mysterious Island (1961), a giant
crustacean was made by fitting an armature inside a real crab shell.

After a series of ‘monster on the rampage’ films in the 1950s,
Harryhausen turned to the subject matter for which he became best-
known. ‘Charles Schneer [Harryhausen’s long-term producer] and
| decided that we wanted to move on,” he explains.

The 7th Voyage of Sinbad (1958) became the first in a series of
films based on the Arabian Nights tales and Greek myths.
Harryhausen considers this work to be his best, partly because of
the suitability of stop-motion animation for the subject matter.
‘| think that mythological stories are best served by stop-motion
because the process produces a sort of dreamlike quality. It's true
that the animation is not very realistic, but we never tried to mimic
reality. We played on the melodramatic aspects of film, and Greek
mythology is very melodramatic.’

Harryhausen’s work in these mythological films was technically
and artistically stunning, with the animator paying more attention
than ever to the subtleties of characterization in his creations.
‘| always tried to give my characters little habits that made them
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seemn more believable,’ he explains. ‘It doesn’t take much, just small
habits such as taking a quick look at the ground before they step
forward. | would also consider a creature's physique when planning
their movement. In The Golden Voyage of Sinbad [1973], Kali
moves in an unwieldy way because she is so top-heavy, and Talos
in Jason and the Argonauts [1963] was actually criticized by one
journalist for being jerkily animated — he was designed to move that
way because he's a giant, rusting statue!’

In the early 1960s, Harryhausen and Schneer moved their head-
quarters to England, which was closer to the European locations that
they often used and allowed them access to the sodium vapour trav-
elling matte process (<50), which only Disney was licensed to use in
the United States. During this period Harryhausen developed many
techniques for combining live action and animation more realisti-
cally. ‘I tried all sorts of methods to make the two separately filmed
elements look as if they were filmed together,” he says. One of the
animator’s cleverest tricks involved using objects that appeared to
cross the boundaries between live action and animation.

Typically, a live-action character might throw a spear through
the air and it would appear to stick in the side of an animated crea-
ture. Such shots were achieved by animating the creature in front of
rear-projected live action in the usual manner. As the rear-projected
actor threw the spear, the weapon did, of course, disappear behind
the model creature rather than stick into it. As the rear-projected,
behind

Harryhausen placed a miniature spear inside the miniature set so

live-action spear began to disappear the model,
that, from the camera’s viewpoint, the miniature spear covered the
image of the rear-projected spear. As the live-action spear disap-
peared behind the creature, Harryhausen animated its miniature
replacement so that it impaled the rubber model, producing the illu-
sion that both live-action and animated elements were actually

sharing the same space.

A clever composite of stop-
motion animation and live
action from Ray Harryhausen'’s
Clash of the Titans (19817).

Harryhausen used a different
method to create the illusion that

live-action characters with swords
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were animated The edge of the animation table
is visible in this production shoi
from Harryhausen’s masterpiece

Jason and the Argonauts (7963).

interacting with

creatures. He mounted a sheet of
glass in front of the puppet so that,
as a character thrust a sword at the
creature, the tip (which in reality disappeared behind the model)
could be painted on to the foreground glass frame by frame.

One of Harryhausen's most memorable and technically exacting
achievements is the famous skeleton fight in Jason and the
Argonauts. ‘For that sequence | had to plan the movements in every
single frame meticulously in order to animate seven skeletons
simultaneously. Each skeleton had five appendages, so this meant
| had to animate thirty-five separate movements for each frame, and
each movement had to synchronize perfectly with the movements
of the three live-action men.’ It is hardly surprising that Harryhausen
averaged just thirteen frames a day during the four and a hall
months that the sequence took to complete. Such dedication could
be physically and mentally punishing, especially since, with the
exception of Clash of the Titans (1981), Harryhausen was person-
ally responsible for every frame of animation in all of his films.

To this day, the methods used to create some of Harryhausen's
best shots remain a secret. ‘| never give everything away,” he muses,
‘When a magician gives away all of his secrets, no one is interested
any more!" Whether the technique behind his art remains a secret o1
not, the films of Ray Harryhausen continue to beguile.

Replacement animation

The majority of stop-motion animation is produced using a method
called displacement animation, in which flexible models of the
animated characters are moved fractionally between exposures. Ar
alternative method involves substituting the entire model, or jusl
parts of it, between exposures. This rarely used technique is callec
replacement animation.



George Pal is often
credited with pioneering
replacement animation.
Whenever the Puppetoon
characters that he ani-
mated were required to
walk, the entire bottom
half of the puppet was

replaced with one of a

sequential set of carved

George Pal sits among some of
the many replacement figures
used for his Puppetoon series
in the 1940s.

wooden legs. Each step of a
Puppetoon character was made
using about thirteen leg models.
One of Pal’s first employees was
the young Ray Harryhausen (<153). *‘Working for George Pal was my
first professional job,” recalls the animator. ‘The Puppetoons were
basically just animated wooden puppets. Each one was minutely dif-
ferent from the last, which took many hours of construction and
necessitated that they be very stylized, almost cubist in design. The
job taught me patience and discipline, but also that it wasn't the

type of animation | wanted to do. For every move we referred to a

© Touchstone Pictures. All Rights Reserved
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pre-prepared cue sheet that dictated the movement of the figures. It

didn’t allow for much creativity during filming.’

The replacement method has also been used in various television
commercials. Before computer morphing (<86) made it possible to
make objects appear to transform seamlessly into one another,
objects could be shape-shifted using a sequence of replacement
models. To produce a commercial for a brand of menthol vapour rub,
British special effects supervisor George Gibbs (271>) created a
sequence of forty-eight model pots of the product. Each pot, includ-
ing the label and its writing, was a little more distorted than the last.
When the pots were filmed, replacing each model with the next in the
sequence in successive frames, the pot appeared to breathe in and
out with a life of its own.

One of the most groundbreaking modern uses of the replace-
ment technique was in the 1993 stop-motion animated feature,
Tim Burton's The Nightmare Before Christmas, which was directed
by Henry Selick. The film used
traditional ball-and-socket dis- Computer-aided replacement

animation was used fot
the characters in Tim Burton's

The Nightmare Before
Christmas (71993)

placement armatures for the bodies
of its main characters, which neces-

sitated some 230 puppets in all.
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However, because the characters were required to talk, sing and
express emotions beyond the range normally expected of stop-
motion puppets, each of the major characters was given a supply of
replacement heads. A dialogue animator was employed to draw
every conceivable combination of mouth and facial expression. The
resulting four hundred designs were then sculpted in modelling clay,
moulded in rubber and cast in polyurethane plastic resin. Each head
was then airbrushed to give it the correct colouring. One character,
Jack Skellington, eventually had a collection of around eight hun-
dred heads, allowing the expression of every possible emotion.

Each of Jack's heads was photographed, digitized and placed in
a computer database. The dialogue of each character was then
studied and broken down into frame-by-frame increments. The
database was used to select which face was needed for each frame
of animation. Once selected, a rough test sequence was assembled
to show what the speaking characters would look like when finally
animated. When the test was approved, the computer performance
was output on a breakdown sheet, telling the animators which heads
to use in which order. During photography, animators had to
manipulate the ball-and-socket puppet body to produce the perfor-
mance they wanted before fixing the necessary replacement head

on for each shot.

Motion blur
Successful stop-motion animation can breathe the illusion of life
into inanimate objects, but the method has a serious flaw that can
prevent even the greatest animators from producing completely
lifelike images.

When a real moving object is filmed at the standard speed of
twenty-four frames per second, the shutter of the movie camera is
actually open during the movement of the object. Since the object
being filmed is in motion while its image
is being exposed on to photographic
film, the result is a photograph that con-
tains ‘motion blur’ — a visible blur that
follows the most extreme movements of
the object. Motion blur helps to impart
the illusion of smooth, realistic move-
ment when the still images are later pro-
jected on to a screen at rapid speed.

However, stop-motion animation
creates the illusion of movement by
projecting images of still objects in
rapid succession. An animated object is
moved before it is photographed, so its
movements have no motion blur. The
object’s incremental yet distinct move-
ments appear to jump from one posi-
tion to the next during projection
instead of flowing like real live-action

photography. This jerky movement,

called ‘strobing’, is most pronounced in fast-moving animatec
objects that change position substantially from frame to frame. It is
also particularly noticeable when animated objects without motion
blur are combined with live-action actors with motion blur.

Many people believe that it is the very absence of motion blur
that gives stop-motion animation its unique, almost magical quality.
Without motion blur, the mythical monsters animated by Ray
Harryhausen certainly possess an ethereal presence that makes
them particularly effective in the fantasy films in which they
appear. However, for many productions realism is the goal, and
without motion blur, stop-motion animation can rarely be mistaken
for live action.

Master animator Jim Danforth used a time-consuming method
to create artificial motion blur when animating a number of dinosaur
sequences for When Dinosaurs Ruled the Earth (1970). The method
he used involves exposing each frame of stop-motion animation
three times. The puppet is moved into position and photographed at
one third of the exposure normally needed to capture a good image.
After moving the subject again, the animator exposes a second
image on to the same frame of film, again at one third of the correct
exposure. After repeating this operation a third time, the result is a
single correctly exposed frame of film in which the animated object
appears in three positions. The fast-moving parts of the subject -
such as its legs — look partially transparent, because in these areas
the three exposures record images of background scenery either
before or after the object was moved in front of it.

Though effective, this method requires the artist to animate three
poses per frame of film, each pose

Phil Tippett admires ‘fie
complex Go-Motion device built
by ILM for the production ol
Dragonslayer (1981).

covering one third of the movement
normally needed for each frame of

animation. Rather than twenty-four




separate movements per second of finished film, the process
requires seventy-two moves and is therefore extremely time-con-
suming and impractical.

Another method of creating an artificial area of blur around an
object is to smear petroleum jelly on to a sheet of glass placed
between the camera and the animation subject. This process is also
fairly time-consuming, because the grease has to be cleaned from
the glass and reapplied for each new movement of the subject.
Though not true motion blur, the unfocused edge around objects
that this method produces can be quite convincing. The technique
was used to bring life to the Terminator robot in the animated
sequences of The Terminator (1984).

Motion blur can also be produced in stop-motion animation by
physically moving a puppet during exposure. This method was used
by Phil Tippett (see panel) while animating the ED209 robot for
RoboCop (1987). After moving the robot puppet to each new posi-
tion, a single frame was filmed in the usual manner. However, while
the camera shutter was open and the film exposed, the model was
physically ‘wobbled’ very slightly. Moving the model during expo-
sure added a small amount of motion blur to the image, resulting in
a very convincing animation.

3efore Phil Tippett worked on RoboCop, he had already been
part of an experiment that had culminated in some of the most
effective model animation ever produced. During the making of Star
Wars (1977), Industrial Light and Magic had pioneered the use of
computer-operated motion-control cameras (<120) to film space-
ship models one frame at a time while the camera moved past them.
Since the camera moved while its shutter was open, the result was
fast-moving spacecraft with realistic motion blur.

For The Empire Strikes Back (1980), the ILM team tried to apply
this technology to the stop-motion animation of the woolly ice-
lizards called ‘tauntauns’. The tauntaun puppets were fixed to a
motion-control mechanism that could move them backwards and
forwards and up and down. The finer actions of the running
tauntaun, such as its head and leg movements, were animated by
Tippett in the usual fashion, but during photography, a motion-
control mechanism moved the model vertically and/or horizontally
while the shutter of the camera was open. The result was a form of
selective motion blur that helped to eliminate some of the problems
of traditional stop-motion.

Soon after working on The Empire Strikes Back, the ILM team
were given a chance to develop their animation techniques for the
production of Dragonslayer (1981). The motion-control technique
that had been used with the puppet tauntauns was developed into a
system that could control every joint of the film'’s flying dragon. This
system involved computer-controlled gears and motors that moved
six rods. These rods were attached to the key joints on the puppet
dragon. The rods themselves were attached to a motion-control unit
that could travel backwards and forwards on a 2.4m (8ft) track. The
whole contraption was connected to a computer that could record

and play back nineteen channels of movement.
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After seeing The 7th Voyage of Sinbad (1958) as a
child, Phil Tippett (1951-) became obsessed with
animation. At the age of thirteen, he bought an 8mm
cine camera with the money he had earned from
mowing lawns, and began to teach himself the art of
stop-motion animation.

While studying art at the University of California,
Tippett began to work on commercial animation
projects, gaining experience at a number of studios

animating popular characters such as the Pillsbury

Doughboy and the Jolly Green Giant. Tippett's big
break came when he joined the production team of
Star Wars (1977), where he contributed to the design
of the aliens in the famous cantina sequence and
animated the miniature holographic chess game
between Chewbacca and R2-D2.

Tippett became a regular contributor to Industrial
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Light and Magic projects, and was part of the team that

animated the Imperial snow walkers for The Empire Strikes

Back (1980). Tippett also animated the renowned tauntaun
sequences for the film and
developed a new method of
producing stop-motion ani-
mation with motion blur (see
main text). Tippett helped to
refine the process, named
Go-Motion, with breathtaking
effect for Dragonslayer (1981).
By 1983 Tippett was the head
of ILM’s creature shop, where
he designed and built models
for Return of the Jedi (1983).
Tippett won an Oscar for his
work on the film.

In 1983 the animator
established his own company, Tippett Studio, to provide
sophisticated stop-motion animation for films such as Robocop
(1987) and Honey, | Shrunk the Kids (1989). Tippett has
continued to work in association with ILM on a number of
productions, and it was his association with Jurassic Park (1993)
that forced the animator to enter the fledgling world of
computer character animation.

Despite the burden of running a large studio, Tippett has still
managed to oversee work that combines the traditional
performance skills of the stop-motion animator with digital
technology. His studio has produced some of the most stunning
examples of computer-generated character animation yet seen,
for films such as Starship Troopers (1997), Virus (1998) and The
Haunting of Hill House (1999).
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To produce the animated dragon sequences, the puppet dragon
was animated in the normal fashion. Rather than photographing the
dragon when the animator was happy with its pose, the exact posi-
tion of each rod was recorded by the computer. Once the whole
sequence was programmed to the satisfaction of the animator, it
was played back, the dragon repeating the movements given to it
by the animator. During playback, the dragon puppet’s performance
was photographed - its movements actually occurring while the
shutter of the camera was open. The result was a dragon that moved
with an astonishing fluidity and realism, thanks to the presence of
real motion blur. This computer age refinement of stop-motion was
named ‘Go-Motion’.

Though incredibly effective, Go-Motion is a time-consuming and
expensive method and has only been used occasionally, perhaps
most memorably to create the flying bicycles in Steven Spielberg’s
E.T. - the Extraterrestrial (1982).

3-D COMPUTER ANIMATION

3-D animation is now commonly created with the computer. Like
conventional stop-motion animation, 3-D computer animation
requires the construction of basic models that can be manipulated
to create the impression of movement. Digital models of objects,
such as spaceships and cities, are usually created using a selection
of simple geometric shapes such as cubes and spheres that are
combined and altered using a variety of modelling processes
(<125). Creating computer models of human beings and creatures,
however, requires the use of organic shapes that are not easily
derived from cubes and spheres.

A digital model of a character will normally start life as a physi-
cal sculpted model. ‘A digital character is usually based on a model
made in a traditional material like clay,” explains Nancy Klimley, a
digital modeller at Rhythm and Hues Animation Studios, who won
an Oscar for character animation in Babe (1995) and were nomi-
nated for their work on Babe: Pig in the City (1998). ‘When the client
has agreed on the design of a character based on the clay model, it
is usually re-sculpted in a material like “sculpy”, a modelling clay
that can be baked solid to create a more permanent reference
model. This model is usually made in a pose with all of its limbs fully
extended, so that we have access to every area of the body.
Particularly complicated models are sometimes sculpted in several
pieces and then joined together after the model has been built in the
computer,’” explains Klimley.

‘Before we convert a physical sculpture into a digital model, we
talk to the animators about what the model will be required to do.
The animators will know how they plan to manipulate the model and
which areas will therefore need the most detail,’ says Klimley. ‘Once
we know where the detail is needed, we plan the topology of the
model by drawing a grid on the surface of the sculpture. The grid is
a map that divides the surface of the model into various sizes of
square, according to where detail is needed. Sparsely detailed areas
are covered by large squares, while delicate areas are covered by
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many smaller squares. On a
human face, a cheek or fore-
head doesn’t need to be very
detailed because these areas
don't flex all that much, but
the areas around the mouth
need to be very detailed so
that they can be manipulated
in more subtle ways during
the actual animation.’

Once the map has been
drawn on to its surface, the
physical model is converted
into a computer model in a

process called ‘digitizing’.

‘We place the model on top of a Nancy Klimley digitises a clay

special surface that emits a strong sculpture one point at a time
magnetic field,” explains Klimley.

‘Connected to this surface is a digitizing pen. The device can mea-
sure the exact position of the pen’s nib wherever it is placed within
the magnetic field. Using the digitizing pen, we systematically work
our way over the sculpture, recording every intersection on its sur-
face grid. The result is a digital “cloud” of points. These points are
called vertices [<125], and when they are connected together they
form polygons. The result is a polygonal computer copy of our clay
sculpture.’

‘Digitizing can be a pretty quick process,’ explains Klimley. ‘A
complicated model might take an hour to go over with the digitizing
pen. Once we have the model, we might spend a couple of weeks
“cleaning” it up. Cleaning up a model involves addressing the char-
acteristics of every polygon and making sure that we have enough
polygons to produce the detail that we need, but not so many that
the model is too complicated to be used efficiently. We also pay
attention to details like the points at

Models to be digitized first have
a grid drawn on their surface.

which ears intersect with a head o1
a tail joins a body.’ f
For complicated models,
another method of convert-
ing physical objects into dig-
ital data can be used. The
cyberscan process employs
laser technology to measure
the surface of an objeci
optically and convert it irtc
digital information. ‘Cybe:.
scans are particularly good
for scanning human faces,’
says Guy Hauldren of Cyber-
Site Europe, a bureau ser-
vice that scans objects for
special effects companies.



‘The normal digitizing process is completely impractical for captur-

ing human features,’ continues Hauldren. ‘Most actors wouldn’t be
very happy about having a grid drawn on their face before being
poked with a digitizing pen for an hour. An actor would also have to
sit absolutely still within the magnetic field during the whole
process, which is obviously impractical. A cyberscan, on the other
hand, takes about twenty seconds.’

Cyberscanners come in various shapes and sizes, depending on
their capabilities. Scanners used for capturing the data from small
objects, such as models and sculptures, have a fixed scanning head
that shines its laser on to a small platform, where the object is
rotated and moved so that every part of it can be read by the laser.
Scanners used to digitize human faces and bodies are much larger
and are mounted on a rotary arm that swings the laser head in a
complete circle around the subject.

‘We can scan an entire human body,’” says Hauldren, ‘but most
of the time it is just the face of an actor that is needed. The subject
to be scanned is seated on the scanner platform and posed so that
the top of the head is directly at the centre of the scanner’s circular
path. Before a scan, we have to cover any hair on the head or face
with cornflour. Hair can cause problems because the device works
by firing laser light at an object and measuring what comes back.
Hair works like thousands of prisms that refract the laser light in all
directions. By giving hair a dusting of flour, more of the laser light is
reflected back into the scanner to produce a more accurate model.
Once the hair is covered, the subject sits absolutely still for about
twenty seconds as the scanner swings around the head. The scan-
ner shines a vertical beam of harmless laser light on to the face,
which is reflected back into two CCDs [charge coupled devices] that
convert the light into digital information. The scan records the phys-
ical contours of the face but also its colour information.’

The result of a cyberscan is a digital ‘cloud’ of points that map
the surface of the scanned object. By treating these points as ver-
tices, a polygonal wire-mesh model can be constructed by the
computer. ‘The scan collects a vast amount of information about
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the subject being scanned,’ says (Left) During a cyberscan, ¢
laser beam scans the object o
person to be digitized. (Middle
The resulting ‘cloud” of point
can be greatly reduced withou
losing key detail, (Right) Thi
final model, once surfaced, ha
the scanned colour informatiot
mapped back on to it t
produce a digital head

Hauldren. ‘In fact, the technique
produces so much data that it can’t
be processed efficiently by most
computers, so we edit the data
according to how the model is going
to be used. Automatic decimation
software studies all the vertices and
works out how to produce a highly detailed model with fewer points
and then we finish it off by manually removing vertices or adding
them back in where they are needed. A human head for use in a fea-
ture film usually starts life as a “mesh” of around 400,000 polygons
that can be edited down to about 10,000 polygons and still look
very good. This produces a model with fewer polygons where they
aren’t needed, and more around areas that need to be flexible wher
animated - such as the corners of the mouth and eyes. Once the
polygonal model has been finalized, the colour information that it
also collected during the scan is mapped back on to the model tc
create a convincing replica of a human head.’

According to Hauldren, cyberscans are becoming an increas
ingly popular ‘safety’ tool for large-budget special effects produc:
tions. ‘These days films are altered so much during the
post-production process that film makers are finding it useful tc
have a scan of all of their lead actors. If it is decided that an impor:
tant new shot is needed after filming has finished, it is possible tc
graft the scan of an actor’s head on to the body of a double
Increasingly, we are asked to scan the whole cast of a film," say:
Hauldren. ‘For a film like Star Wars Episode One: The Phanten
Menace [1999], we can take our equipment to the studio and tis
cast can have their scan done whenever they have a spare half houl
in their schedule.’

Many performers are worried by the potential implications o
cyberscan technology, fearing that once their image has been cap:
tured, they might eventually be ‘replaced’ by computer-generatec
performers. ‘Some performers are quite paranoid about being
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replaced by computers,’ admits Hauldren. ‘l don’t think this is a seri-
ous threat. At the moment a cyberscan is only useful for putting a
star’s face on to the body of a stunt performer in fairly distant shots.
It will be a while before technology is advanced enough to take that
information and create a convincing artificial performance. In fact,
performers now have a chance to earn more money from their
image because cyberscans can be used to create the characters in
computer games. When you buy a game based on a film, you will
actually be able to have a little Sylvester Stallone or Harrison Ford
running around on your screen. The information can also be used
by toy manufacturers to create action figures that actually look like

the people they are meant to be. A
Top: Event Horizon (1997).
Original plate showing a
burning stunt man wearing a
protective mask. Bottom: Final
image with replacement head,
additional flame elements and
reconstructed background detail,

well-known star now has the poten-
tial to continue earning from their
image long after they have retired.’

Like many areas of information

technology, laws that directly cover
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the use of an actor’s electronic likeness have yet to be established,
but some stars have already registered their cyberscans under
copyright laws. Despite the ethical and legal questions that it would
raise, it now seems a distinct possibility that a popular star could
eventually appear in films long after death.

Digital face replacement

To show a film star in perilous situations, film makers once relied on
the traditional technique of cutting away to a lookalike stunt
performer for the dangerous parts of a scene. However, the ability
to create a convincing digital model of an actor’s face now means
that stars can be shown apparently enduring the entire stunt.

For Event Horizon (1997), the Computer Film Company (CFC)
used a cyberscan to graft the face of actor Lawrence Fishburne on
to the body of a burning stunt performer. ‘We had a shot of a stunt-
man on fire with a fireproof sock over his face,’ explains Tom
Debenham, a digital artist at CFC. ‘We also had a cyberscanned
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model of Fishburne’s head. Using the live-action footage as refer-
ence, we moved the 3-D model head so that it matched the size and
position of the stuntman’s head in each frame. Once the movement
of Fishburne’s digital head was satisfactory, it was animated to look
as if it were screaming.’

‘The head image was then rendered [182>], so that the cyber-
scanned detail of Fishburne’s face was mapped on to the wire-frame
model. The resulting image showed a realistic shot of a dismem-
bered head rolling about. The stuntman’s head was removed from
the original plate using replacement background detail from adja-
cent frames to create a shot of a headless body. The model head
was then composited into the plate so that it took the place of the
stuntman’'s head. Special attention was paid to the point at which
the head joined the body, so that the neck always disappeared
behind the collar of the shirt. Flames were then sampled from other
parts of the sequence and composited on to the digital Fishburne
head.” The result was a realistic shot in which the actor appears to

writhe in pain as his body and face are engulfed in flames.

Skeletons
When the digital model of a character has been constructed, the
result is a complicated mesh of polygons or nurbs patches (<128)
that form the character’s outer shape — basically, an empty skin. To
make this skin suitable for animation, it must be filled with the
digital equivalent of flesh and bones.

Taking into account the physique of the model and the subtlety
of the performance that it is required to give, the computer modeller
constructs a skeleton to fit inside the skin. This skeleton, usually built

from simple primitive shapes, is rather like the ball-and-socket
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To create the character of Blawp for
Lost in Space (1998), Henson's
Creature Shop built a basic digital
skeleton (a). This was then ‘padded’
with flesh and muscle (b) before being
surrounded by a cyberscanned outer
skin (c). Additional features such as
eyes were added (d) before a range
of texture maps (e) were applied

to the surface of the model.

armature that forms the frame-
work of a traditional stop-motion
puppet. The bones in the skele-
ton are linked by joints or pivot
points. These points can be pro-
grammed to rotate, twist or sim-
ply ‘translate’ (that is, move in
any direction to another posi-
tion). The skeleton can also have
a number of constraints applied
to it, which determine the way in
which the model is animated and
the way it reacts when moved.
Skeletal models can be pro-
grammed to act in a hierarchical
fashion, whereby each object in
the skeleton forms part of a
chain that is linked in a one-way
relationship. A hierarchy begins with a parent object. Branchir
from a parent can be any number of child objects. Each of thes

‘children’ can also act as ‘parents’ to further child objects. When
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parent object is moved, it influences each of the child objects below
it in the hierarchy, but moving a child object does not necessarily
affect the movement of its parent. Hierarchies are useful in many
modelling and animation situations, but are particularly appropriate
when modelling characters, since the skeletons of most creatures
work in a hierarchical fashion — when a human being moves an
upper arm, the forearm, wrist, hand and fingers all move in response
to a certain extent.

A sophisticated hierarchical system called ‘inverse kinematics’ can
be applied to a skeleton to make many of the movements of a model
‘automatic’ during animation. Inverse kinematics uses a hierarchy that
can work backwards - that is, the movement of child objects can
affect the parents. An inverse kinematics model is set up by the mod-
elmaker so that the way in which the movement of a child object
affects its parent becomes an automatic function during animation.
Once such characteristics have been programmed, an animator need
only place the feet of a walking character where they should fall and
the computer animates the body to follow in an appropriate fashion.

Inverse kinematics is a useful tool that can save animators a
great deal of time. However, many animators avoid this form of
automation because they believe it can make character actions
appear artificial and predetermined. The system is therefore
deemed particularly useful for characters such as robots, whose
movements benefit from this type of automation.

Once the basic skeleton of a character has been built, it is used
as the framework for more internal construction. Some character
modellers go to the extent of building detailed digital bone models
that they attach to the animation skeleton. These models, with their
ball-and-socket joints and distinctive hips, ribs and collarbones,
help to give the viewer a sense of there being a genuine bone struc-
ture within the model.

When Marcel Delgado built stop-motion puppets for Willis
O'Brien (<148), he padded the armature with wads of cotton to rep-
resent the flesh and muscle beneath the skin. Digital character mod-
els are usually constructed in the same way. The model is packed
with interlinking muscles underneath layers of flesh, then each mus-
cle and area of flesh is attached to the bones, so that they will deform
in the appropriate manner when a bone is moved during animation.
Flesh and muscle are programmed to be flexible in certain ways, so
that they stretch and contract in the desired manner as the skeleton
is moved. Some models even have rubber-like sinews stretched
between bones that can be seen under the skin during extreme
poses. The character may also be given the equivalent of lungs. An
object, rather like a balloon, is placed within the body and inflated
and deflated so that the character appears to breathe. All of these
body elements are linked in a hierarchical manner to the underlying
animation skeleton. When the skeleton is animated, much of the
model’s physiological performance is an automatic reaction.

The last element to be added to the digital model is the skin,
derived from the original mesh obtained by cyberscanning or digi-

tally encoding (<162) a sculpted clay model. This mesh is assigned
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certain properties that make it flex or wobble in the appropriate way.
The skin is then attached to the muscle and flesh at certain points,
so that some parts of it move directly in line with its underlying
structure, while other parts slip over bones and joints in the way that
the skin of real creatures moves over the body beneath. Finally, the
skin is assigned texture maps and shaders (<129) that describe its

colour, pattern, translucency and texture.

Animating digital characters

A single second of film consists of twenty-four individual frames. A
stop-motion animator must therefore painstakingly move and
photograph a puppet twenty-four times in order to produce just one
second of movement. At best, traditional animators might work ‘on
twos’, which means that they expose two frames of film at once,
thereby cutting their workload in half. If the animators make a
mistake, they may have to discard hours of work and start again.

Computer animators have a distinct advantage over traditional
stop-motion animators. Computers can mathematically interpolate
any form of measurement, so computer animators can animate a
minimum number of frames per second and instruct the computer
to ‘calculate’ the rest for them. Furthermore, a computer animator
can refine the work endlessly, only finishing a piece of animation
when it is completely satisfactory.

The computer animator's primary tool is the ‘key-frame’. Each
key-frame is the point at which an animator manually changes one
or more aspects of the position of the object or character that they
are bringing to life. One second of animation can consist of any-
where between two and twenty-four key-frames. To animate a
sequence, an animator begins by instructing the computer how
many frames there should be in the sequence. This creates a time-
line with each frame in the sequence marked along its length. The
time-line is used to key-frame the changes of all of the objects in the
scene, including lights and cameras.

The animator begins by arranging the object in its first pose.
Computer animators generally use a normal computer mouse o

position the joints, or ‘control points’, of a digital model. Objects are

Figure 5 KEY-FRAME ANIMATION

As a result of setting two key-frames, the computer calculates each
in-between movement




moved in much the same way that icons are
dragged around the screen when using a word-
processing package, but an animator can move
the object in three dimensions, not just two.
When the first position of the object is satisfac-
tory, the animator sets the first key-frame. The
animator then moves the object to its second
position. When happy with the second pose, the
animator sets the second key-frame.

The animator continues working through the
sequence, setting key-frames whenever the
object needs to significantly change position. If
the object being animated is moving in a linear
fashion, a key-frame may be set perhaps once
every twelve frames. With the start and end
positions of a move identified, the computer
interpolates the two poses and automatically
‘in-betweens’ — that is, calculates each of the
incremental movements that need to take place
in the intervening frames (fig. 5). Objects or
characters with erratic movements that alter greatly from one frame
to the next may be key-framed for each frame of a sequence.

Every part of an object that is being animated can be key-
framed at different points along the time-line. A spacecraft travelling
in a straight line may have its linear movement set with just two key-
frames — one for its starting position and one for its end position.
However, the craft may have a number of other characteristics dur-
ing its flight, perhaps moving wings or swivelling gun turrets. The
movements of these details may be animated after the gross move-
ment of the craft has been perfected, using separate key-frames. To
do this, the animator works through the scene, changing the posi-
tion of one object or element at a time and slowly building up the
detail and complexity of the overall action.

The fact that computer animators are able to repeatedly alter
and refine the movement of a character does not mean that creat-
ing a performance within the computer is any easier than when
using traditional techniques. ‘Many people think that computer ani-
mation is pretty simple,” says Tom Schelesny of Tippett Studio, ‘but
it’s still all about creating a performance. Animators still have the
dilemma of deciding how, when and why they will create certain
movements. The only thing that has changed is the tool used to
translate those decisions.’

‘In some ways animating a convincing performance is harder
with the computer,” claims Schelesny. ‘For a start, using a device
like a mouse — which only moves in two dimensions - to move an
object that exists in three dimensions is hardly as intuitive as manip-
ulating a stop-motion puppet with your hands. Computer models
also have no size or weight when we animate them. They don't even
have any skin — all we have to look at is an abstract wire model. We
find it useful to have a full-scale cardboard cut-out of whatever we
are animating pinned to a nearby wall for reference.’
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Facial animation is a particu- Sophisticated facial animation
methods produced subtle
performances from the insect

stars of Antz (1998).

larly challenging process, and vari-
ous methods of automation have
been developed to help the anima-
tor achieve a performance. The most commonly used method of
facial animation is ‘shape interpolation’, which is a variation of mor-
phing (<86). If a character is required to talk, an animator could
key-frame the movement of each vertex of the face and lips until the
character does so in a lifelike fashion. Shape interpolation is a less
time-consuming method that involves constructing a number of
ready-made facial expressions and substituting one for another to
create a performance - the computer equivalent of replacement ani-
mation (<158).

After a master model of the head has been built in the computer,
modellers make a number of copies and re-sculpt them so that each
one has a different expression. It is important that each of the mod-
els has the same number of vertices - all that changes is their over-
all shape. The facial variations will include a set of lips that express
the complete set of phonemes - the ‘oohs’ and ‘ahhs’ that make up
human speech patterns. The different expression models are called
‘morph targets’. During animation, the animator key-frames a series
of morph target heads whose fixed expressions match a pre-
recorded dialogue track. The computer then morphs between mod-
els to produce a performance in which the character appears to talk,
smile, scowl and so on. Such 3-D morphing methods can also be
used to animate the entire body movements of characters, for
instance the shape-shifting T-1000 character in Terminator 2:
Judgment Day (1991).

More flexible and subtle systems are now being used to pro-
duce increasingly complex facial performances. For Antz (1998),
Pacific Data Images developed a new facial animation system that
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sequence. Similarly, an animator
may not wish to animate every
swing of a clock’s pendulum
manually, but by describing the
movement of a pendulum as a
mathematical formula, the com-
puter can automatically apply
the appropriate swing whenever
the clock appears in a scene.
Procedural animation is gen-
erally used for forms of move-
ment that are more complicated
than the swing of a clock’s pen-
dulum. The technique is particu-
larly appropriate when dealing
with large numbers of objects
that cannot be animated practi-
cally on an individual basis. Tens
of thousands of ants appeared in
some of the crowd scenes in
Antz. Animating each ant would

have been a mammoth task, so

Animation supervisor Ramon Hui mimicked the layering of bone, the insects were assigned procedural behavioural characteristics

works on facial animation for muscle and skin in the human face. that governed the way they walked, how they moved their arms, to

Antz. Artwork next to the ) wila .

keyboard shows some of the ‘Our system involved building each whom they talked, and how they were to avoid other ants that were

character’s pre-set expressions. layer of bone and facial tissue into moving at a slower pace. By providing the computer with enough
our digital model ants,’ explains the variables, a convincing performance that would have taken a team

film's supervising animator Rex Grignon. ‘Each face had over 300
separate controls for moving these elements, and each element was
inter-connected. If a mouth moved, the cheeks and lower eyelids
moved as well, just like on a real face. With over 300 separate con-
trols, animating the face could have been a real task, so we devel-
oped an interface that combined the 300 commands into
approximately 100 distinct control groupings, such as right eye
close, lip sneer, right eyebrow raise and so on. The animators could
select these pre-set expressions, alter their extremity and combine
them with other expressions. Each expression was interdependent,
so the face would stretch and move realistically just like a single
mass of muscle and flesh working to create an expression.’

Many aspects of computer animation and computer modelmak-
ing can be automated; these automatic functions are called ‘proce-
dural tasks’. Since computers are efficient at mathematics, certain
actions or patterns can be programmed as algorithms (mathemati-
cal descriptions), which the computer can then use to calculate
the desired effect. For example, if a computer modeller wishes to
make a model of a black-and-white chequerboard, they could
build a flat shape and manually paint a black-and-white checked
pattern on to its surface, one square at a time. However, because
a pattern of alternating black and white squares is easily converted
into a simple algorithm, the computer can be instructed to apply

the pattern whenever it sees the plain chequerboard during a
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of traditional animators months to create
by hand was produced ‘automatically’.
Designing sequences with behavioural
rules is not limited to character animation.
For Independence Day (1996), some of the
sequences of dog-fighting spaceships and
F-18 aircraft contained many hundreds
of individual ships. To animate these
sequences by hand would have been
impossibly time-consuming. Instead, soft-
ware engineers programmed the computer
model ships so that they knew how to fly -
spacecraft and aircraft each being able to
achieve different speeds and manoeuvres.
The craft were then given a range of objec-
tives and priorities; spacecraft were
instructed to attack the nearest aircraft

unless another aircraft entered their own

defensive zone. Each type of craft was

given different types of weapon and
instructed which other craft it could fire at
and what range was needed to do so. When
a craft was hit by a missile, the computer

was programmed to swap the model

Mathematical behavioural rules
determined the animation of
complicated air battles in
Independence Day (1996).

of the flying craft for a model of
a disintegrating craft. The luck

of aliens and humans was also
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Don't breathe. Don’t look

The Dark Side of Narture,

affected by a simple control. At the Particle systems were uset

to generate the stunning

start of the fight, the aliens were ;
tornadoes in Twister (1996)

programmed to be more successful,
but by the end, the US air force was given the upper hand.

Procedural animation can also be used to animate materials
such as cloth, whose characteristics are difficult to replicate using
normal animation techniques. By altering the parameters of a math
ematical cloth algorithm, the fabric can be made to flap like silk o
undulate like the canvas on a ship’s mast.

A variation of this type of animation can be used to create large
volumes of moving material, such as dust, snow, smoke or ever
plagues of locusts. ‘Particle systems' deal with huge numbers o
objects whose movement would be impossible to control in any othe
way. To use a particle system, a computer animator typically define:
one or a number of ‘emitters’ — that is, the points from which particle:
will emerge on screen. It is then possible to define virtually any char
acteristic for the particles. The animator can select how many parti
cles to have, how fast they are emitted, how far and fast they travel
how quickly they disperse, how they are affected by wind and grav
ity, whether or not they bump into one another and what happen:
when they do, and so on. Once the flow of the particles is satisfac
tory, the particles are replaced with the objects required - perhag:

computer-generated fish that already have their own movements.

Performance capture

Since the dawn of motion picture photography and animation
artists have sought ways to capture and reproduce naturalistic
movement. Eadweard Muybridge (<9) developed a photographit
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system that could capture the individual poses of moving creatures,
and Max Fleischer designed the rotoscope (<54) so that animators
could copy human motion accurately for use in cartoons. Today,
most computer animation is achieved using a mouse to manipulate
digital models and set key-frames within the digital environment.
However, the idea of harnessing real movement is still attractive to
film makers, and a number of methods of channelling externally
driven movement into the computer have been developed.

Initial plans for creating the dinosaurs in Jurassic Park (1993)
involved building full-scale robotic dinosaurs and traditional stop-
motion puppets that would be animated by Phil Tippett. Tippett's
hand-animated dinosaurs were to be digitally composited (<78) into
real landscapes by Industrial Light and Magic (ILM), who planned to
give them added realism by applying digital motion blur (183>) to
their movements.

Digital technology was not initially considered capable of creat-
ing convincing close-up dinosaurs, but early tests by ILM convinced
Steven Spielberg of the potential of the computer. As a result, the
task of creating fifty dinosaur shots was moved away from the tra-
ditional method of stop-motion and into the relatively unexplored
territory of the computer.

Tippett was devastated that the computer had made its first seri-
ous incursion into the world of the stop-motion animator. Like many
other artists, Tippett feared that his skills would soon become
redundant. However, while [LM’'s computer wizardry was capable of
manufacturing convincing dinosaurs, the technology was not yet
capable of producing a good performance.

‘We realized that there had to be a way to tap the experience and
art of stop-motion animators and feed that into the computer,’ says
Tippett. ‘By combining the two disciplines, we thought pretty amaz-
ing things ought to be possible.’ In conjunction with I[LM, Tippett and
his team built an interface between computer and traditional ani-
mator that they called the DID (dinosaur input device, later refined
to direct input device).

‘The DID was basically a traditional stop-motion armature,’
states Tippett, ‘but the DID was different in that instead of being
covered with foam latex and painted to look like a dinosaur, it
remained just a skeleton. Each joint of the skeleton had a number
of encoders that could measure the degree and direction of move-
ment at that pivot point.” The DID device was electronically linked
to the computer, where a wire-frame digital model of the dinosaur
had been built with corresponding joints. Using the DID, stop-
motion artists animated a dinosaur’s performance in the traditional
way, then saw that movement translated to the digital model within
the computer environment.

The process combined the best of both traditional and cutting-
edge techniques. Animators were able to manipulate the armature
to produce a sensitive performance but, unlike the old method of
capturing movement on film, the new method captured digital
movement instructions and allowed the animator to go back and

subtly change any moves which they were unhappy with. After
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Like many prominent contemporary American ani-
mators, John Lasseter (1957-) was a graduate of the
Disney Character Animation programme run by the
California Institute of the Arts in the 1970s.

While working on Disney features such as The

NHOT

Fox and the Hound (1981), Lasseter saw the early
computer animation being created for another Disney
production, TRON (1982), and became fascinated by
the potential of the computer. Lasseter then produced
his own short film based on Maurice Sendak’s book
Where The Wild Things Are, showing how traditional
hand-drawn animation could be combined with
computerized camera movements and environments.

In 1984 Lasseter left Disney to join the computer
graphics unit of Lucasfilm, run by Dr Edwin Catmull.
There he worked on a number of 3-D computer-
animated projects including the short film The
Adventures of Andre and Wally B (1984). He also
animated the CG stained-glass knight for Young
Sherlock Holmes (1985).

In 1986 Catmull and
Lasseter formed an inde-

idliansl

pendent animation studio
called Pixar and began
production of a number
of ground-breaking short
films including Luxo |nr
(1986) and Tin Toy (1988),
which became the first
computer-animated film to
win an Oscar.
Lasseter became widely
praised for his extra-
ordinary skill in creating
strong characters from
expressionless and inani-
mate objects. In the pop-
ular Luxo Jnr, he created a
believable father and son
relationship between a pair
of animated desk lamps in the space of just 90 seconds.
In 1991 Pixar signed a three-picture deal with Disney. The
result was Toy Story (1995) — the world’s first entirely computer-

animated feature film. Toy Story was a huge commercial and

critical success. A number of other fully computer-animated
films have been produced in the years since Toy Story's release,
but with the production of A Bug’s Life (1998) and Toy Story 2
(2000), John Lasseter has continued to pioneer the medium he
helped to create.




A digital input device built by
Tippett Studio for Starship
Troopers (1997).

basic animation was approved, ILM
added the digital muscle and skin
to create lifelike animals. The DID
device was used to create the terrifying tyrannosaurus attack on the
Jurassic Park jeeps, and the sequence in which two children are
stalked by velociraptors in the kitchen.

Despite the advances in computer animation techniques, and
the growing experience and skill of computer animators, the Tippett
Studio continues to use DID technology to fuse computer graphics
with traditional animation. The 