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ABSTRACT
STAINED GLASS: FILMMAKING IN THE DIGITAL REVOLUTION
By

David Scott Rembiesa

A creative thesis project that examines the use of digital technology
in flmmaking. The body of this text gives an overview of the new digital
production landscape and discusses such aspects as high-definition
video, nonlinear editing, digital projection, e-cinema, surround sound,
digital film festivals and netcasting. To allow for hands-on research on the
methods and practices used in digital production and post-production, an

original independent movie short entitled Stained Glass was produced.

The finished movie was mastered to a digital videocassette and used for
public screenings. After audience members watched the movie they were
asked to voluntarily fill out a survey. The survey allowed the participants
to comment on their viewing of this digitally produced motion picture and
respond to its content, aesthetics and use of digital technology. The
audiences' feedback is incorporated into the evaluation portion of this

thesis.
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INTRODUCTION

Over the past few decades digital technology has changed the face
of media. From music recording to desktop publishing and the Internet,
the digital revolution has emerged as one of the most efficient ways to
transmit, display and record information. In spite of all these changes,
motion picture film is one area of entertainment media that has yet to
receive a complete digital makeover. Though digital technology has
advanced such areas as film development, special effects, shooting,
editing and sound production, the process of recording and projecting
movies on digital video has not yet curbed the dominance of celluloid film.
That dominance is about to end! As Ken C. Pohimann, a technical editor

for Sound And Vision Magazine, states: "After 100 years of unchallenged

supremacy, including countless unshakable predictions that the visual
beauty of film stock could never be achieved by mere data, celluloid
cinema has a bona fide challenger" (Pohimann 48). That "bona fide"
challenger” is high-definition digital video (HD video). By using traditional
film camera lenses, 24 frames per second, a progressive scan field and a
16:9 aspect ratio, high-definition video boosts images that outperform
16mm and even rival 35mm film.

Reaching far beyond its ability to record and display content, digital
is changing almost every aspect of the moviemaking landscape. From

pre-production on through to distribution, the industry is feeling the effects







of this modern day evolution. Screenwriters are being challenged to
create fresh styles and perspectives. Cinematographers are embracing
new technology and visual aesthetics. Directors and editors are gaining a
level of creative freedom that will continue to enhance their overall
storytelling abilities. Sound designers and special effects artists are
expanding into new avenues of aural and visual content. Even movie
theater owners and equipment manufacturers are reworking their current
business models.

The future of the film industry is digital video. The question is no
longer how or when will it arrive, but who will survive. Eventually, all
moviemakers will be able to digitally shoot, edit and distribute their movies
without ever using a roll of film stock. In turn, digital video has
tremendous potential for being a cost effective way of producing movies.
Though this financial shift will undoubtedly benefit the Hollywood studios,
it is the creative independent ones that have the most to gain. As John
Mcintosh of Res states: "Judging from the quality of work we are
beginning to see, the choice of digital video over film indicates not so
much a limitation of image quality or even costs as it indicates a
filmmaker's aesthetic. Ultimately, better tools are empowering talented
filmmakers to make more interesting films" (Macintosh 41).

Over the past few decades Hollywood has seen a sizable share of

the market fall into the pockets of independent film companies. Coupled




with the fact that digital video has the potential to accelerate areas of
distribution such as digital film festivals, digital video-on-demand and a
high-band theatrical Internet termed "e-cinema", there is now an even
greater chance for competition within the industry. As the playing field is
leveled, independent moviemakers who defy the odds and use guerrilla
tactics to bring their bodies of work into the mainstay of popular culture

can truly make digital production a filmmaking revolution.




1. DIGITAL MOVIEMAKING

Sifting through the rich history of creating movies, two players
emerged: the studios and the independents. During the past few years
both of these players have embraced the digital revolution. In 1999 the
independent side saw the release of Daniel Myrick and Eduardo
Sanchez's, The Blair Witch Project. This movie was shot almost entirely
on home video cameras, and has become one of the most profitable
movies in cinema history bringing in $180 million in box office revenues.
In addition, Mike Figg's TimeCode 2000, a feature length experimental
motion picture that was shot using four digital video cameras running on
synchronized timecode, was released in early 2000. This picture had a
limited run in select theaters throughout the United States and proved to
be one of the most profitable independent films of that year. Both of these
films were transferred from their digital formats to 35mm celluloid film for
release in theaters.

On the studio side, 1999 saw the Twentieth-Century Fox release of
George Lucas's Star Wars Episode |: The Phantom Menace. This movie
contained an entire live action scene shoot on a Sony prototype high-
definition video camera. Episode I: The Phantom Menace, as well as An_
Ideal Husband, and the independent movies of Dogma and Lock Stock

And Smoking Barrel were shown digitally, without film, in several United

States theaters.



On the theatrical side, digital high-definition television is another
movement that will directly affect moviemaking. The Federal
Communications Commission targets May 1, 2002 as the date when all
households in the United States will be capable of receiving at least one
high-definition television broadcast signal. Using video over film is not a
new option for television productions since broadcast quality video has
already been a successful alternative format for several decades. In the
1980's, introduction of the Cable News Network (CNN) broke the long
established standard of news footage being shot on film. Their
philosophy of using video footage in news stories was in complete
contrast to the film based network newscasts. As television moves to an
even higher resolution digital format, that trend is already making its way
into dramas, made-for-television movies, music videos and other
conventional film oriented programming.

In December of 1999, the Berlin Film Festival in Germany
showcased the world's first production made with a 24 frames per second
(fps), progressive-scan high-definition video camera. The production was
German director Wim Wender's music video for the group U2, who

appear on the sound track of his film, The Million Dollar Hotel. The high-

definition video footage of the band was intercut with 35mm film footage

from the actual movie.




In the fall of 2000, George Lucas used a similar camera to complete

principal photography for Star Wars: Episode ll. This camera was

outfitted by Panavision, and took advantage of their follow-focus controls,
iris rods and high-definition video lenses. Adam Wilt of RES states: "With
the dynamic range and tonal reproduction of film, high-definition imaging,
digital recording, and the all-important 24fps motion rendering, this may,
finally, be the camera to prove video can do the work of film" (Wilt 30).
These productions and technological advancements mark a new
trend in motion picture making. From image and sound orientation to
post-production and distribution, the recent advent of digital technology in
electronic field acquisition may ultimately give greater economic and

creative control to productions of all shapes and sizes.

Celluloid Film

Before one can gain a better understanding of the role that digital

video can play in a production, you must first understand the image and
sound origination that has dominated the industry for the past century.
Until recently the process of flmmaking has remained relatively the same.
Thomas A. Ohanian and Michael E. Phillips, inventors of the Avid Media
Composer and Film Composer nonlinear editing systems, state: "Up until
the late 1980's, the manner by which a filmmaker went about creating a

film was little different than the process used by another filmmaker half




way around the world" (Ohanian and Phillips 3). This process has been
completely dependent on using film. From loading the camera, to
physically editing each cut, celluloid film was the only option for high
quality motion pictures.

When shooting on celluloid, there are several different film formats
that can be used. For years, 8mm film was popular on a consumer level
before the widespread introduction of home video cameras. Film stock for
this format was relatively inexpensive and many consumer oriented
photography labs would develop the film. Despite its widespread
popularity, the image quality of 8mm and its upgraded counterpart Super
8mm pales in comparison to that of the 16mm, Super 16mm and 35mm
film formats.

For economic and portability reasons, many independent
filmmakers choose 16mm and Super 16mm as their shooting format. The
use of 16mm is cheaper than 35mm and has a more controlled shelf life.

Since 16mm cameras are lightweight, the format established its place in

documentary and independent filmmaking. The majority of theaters in the

United States show programming on 35mm film, meaning that an

eventual transfer, and costly blowup is necessary for theatrical
distribution.
For the major production studios and top end television

productions, 35mm is the most commonly used format. The physical size




of 35mm film is almost three times the size of 16mm. The larger width

heightens the horizontal and vertical image quality. For productions that
want to advance to the next level, the film formats of 65mm and 70mm
offer an image and aspect ratio that is twice that of 35mm. Unfortunately,
because of infrequent usage, this format can be cost prohibitive. The most
widely used applications for 65mm and 70mm film are amusement park
and museum attractions.

Since its introduction in the 1920's, sound has played a significant
roll in the evolution of motion pictures. For decades, audio recorders

using reel-to-reel analog tape have been running next to celluloid film

cameras. This method of using two devices to record image and sound is
known as double system recording. To make sure the audio recording
device is running at the same speed as the film camera, a crystal
synchronizing oscillator attaches a tone track to the tape. Furthermore,
some recorders use generated timecode for a more precise
synchronization.

Using a wide variety of sound capturing techniques, a large portion
of independent and feature length productions have traditionally used
analog recording devices, such as the world famous Nagra audio
recorder. With the introduction of portable digital audio tape (DAT) and
hard disc recorders, analog devices have fallen out of popularity. Even

though this type of audio is recorded digitally, the tracks still have to be



transferred to magnetic film stock and then synched up to its image

counterpart.

Digital Production

Celluloid film has been and still is the most widely used format for
motion picture productions. However, in the later part of the twentieth
century the independent film and made-for-television movie industry saw
a larger amount of low-budget productions being shot and distributed on

video. Rick Schmidt, a filmmaker who has spent the last twenty-five years

producing highly acclaimed low-budget feature length movies, states:
"While the picture resolution approaches broadcast quality, video
continues to gain momentum as a viable option for producing low-budget
features" (Schmidt 239).

The momentum for video as an alternative for shooting motion
pictures heightened in the 1990's as the consumer and broadcast video
markets saw the release of digital video. Formats such as Digital
Betacam, Digital 8, MiniDV, Digital-S and DVCAM have created a high
quality option for low-budget independent motion pictures. Many of these
digital formats have been given a reference number that help to
distinguish their different specifications. One of the earliest formats that

reached widespread usage is the 8-bit uncompressed D1, which is the



Society of Motion Picture and Television Engineer's (SMPTE) digital

standard.

With the possible exception of high-definition video, many of these
digital video formats are not on the same image level as celluloid film.
Despite this fact, there are many economic advantages associated with

shooting digital. Scott Stewart, who directed What We Talk About When

We Talk About Love using Sony's MiniDV format, states:

There are enough nay-sayers out there who will try to
discourage you with warnings like "MiniDV pales in
comparison to High-Def." Of course it does, but is image
quality a good enough reason to increase your production
costs ten-fold? In many cases it might be, but if your goal is
to actually make films instead of raise money, you may have
to make a few compromises along the way (qtd. in Turk 16).
When a production considers digital video over celluloid film there
are several technical factors that can affect distribution compatibility and
over all quality. These factors are; resolution, frames per second (fps),

aspect ratio, scan format, film stock and sound.

Resolution
There are several options to be considered to increase resolution.

Presently, 35mm film is the most widely used format for studio produced

10




feature length movies. In addition, the 4,096 by 3,112 lines of resolution

per 35mm frame is two times the current high-definition video standard.
The drawbacks of using celluloid film become apparent when you take
costs, volatility and the vast limitations that are inherent in an analog
based format.

Digital resolution is measured in horizontal pixels multiplied by the
number of vertical lines. High-definition video offers image quality of 1920
pixels by 1080 lines. This rivals 16mm celluloid film and has the future
potential to outperform many 35mm based productions. The downside is
that many independent productions are cautious about cost and may not
be able to afford high-definition video even though it represents a savings
of six times that of celluloid film. This is where many of the lower quality
digital formats come into play.

In a National Television Standards Committee (NTSC) digital video
format other than Digital Betacam and high-definition video, image quality
is limited. NTSC has only 525 horizontal lines of resolution. The option
for many lower end productions is to move to the European standard of
phase alternate line (PAL), which offers 625 horizontal lines of resolution.
The biggest drawback for this option is compatibility with equipment used
in the United States. Many productions find that they need to invest in
other PAL compatible equipment, such as record decks and monitors,

which can ultimately raise costs.

11




Frames Per Second

Another major advantage for using PAL is its frames per second
(fps). PAL uses 25 fps, which is one frame off the celluloid film standard
of 24. This becomes important when an production uses film as a means
of distribution. If a production uses an NTSC format and then transfers it
to film, there would have to be some form of transposing, since NTSC is
set at 29.97 fps. If a production shoots in high-definition video, this
problem can be nullified since there are platforms that record at 24 fps.

The theatrical native rate of celluloid film is 24 fps and allows for

universal functionality as the world standard for film. Also, 24 fps has a

greater ability to perform slow motion and time-lapse photography. For
these reasons, most digital video and analog video productions strive for
a rate of 24 fps. Jim Danault, cinematographer for the independent
feature The Book Of Life, states: "One of the things that makes video look
so distinctively like video is the frame rate. In video the screen never goes
dark, as it does with film" (qtd. in Willis "Cinematographer's Perspective"

40). In order to compensate for this, The Book Of Life was shot at a

shutter speed of 15 fps. This gave the footage a smoother look that is
inherent in using celluloid film. Danault states that this method "[. . .]
masked the motion artifacts that occur when transferring 30 fps video to

24 fps film" (gtd. in Willis "Cinematographer's Perspective" 40).
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The use of 24 fps is an important physiological element associated

with film. The phenomenon, known as persistence of vision, allows our
eyes to retain consecutive images long enough for our brain to process
them into full motion. By using 24 fps, as opposed to the 29.97 fps in
NTSC video, the motion is softer. The year 2000 saw the debut of Sony's
HDW-F900 digital camcorder, the world's first electronic image device to
record at 24 fps digital. This is a major step for electronic imaging, as Wilt
who has reported on the acceptance of this camera in Hollywood states:
"Video folks point to their medium's superior temporal resolution, while the

celluloid folks insist that video is "too real" and that film's 24 fps provides

that slight mental separation needed for dramatic storytelling" (Wilt 28).

Aspect Ratio

The third hurdle that must be addressed by an independent
production choosing a digital video format is aspect ratio. In order to
compete with celluloid, most of the recent high-definition video formats
have a widescreen 16:9 viewing aspect ratio. This is on a par with 16mm
and 35mm film. High-definition video was designed to allow for easy
transfer compatibility between formats. It was not until recently that the
broadcast and consumer digital video cameras have offered a widescreen
function. For productions that are without this function, there is an option

outside of footage repositioning. By using the 4:3 aspect ratio that is




inherent in a NTSC or PAL format, a 16:9 screen can be blocked out. In

production, most shots would need to be shot at a wider angle. Then in
post-production, a standard letterbox would have to be applied in post-

production.

Scan Format

The fourth hurdle is scan format. There are two major formats that
are used in displaying images: progressive and interlaced scan. Celluloid
film adheres to a progressive format, meaning that each frame is shown
complete without any scanning. Traditionally, computer monitors have
adopted an electronic progressive scan format. This means that the
image is developed sequentially until its entire frame is displayed. Unlike
film, computer monitors use an electronic refreshing rate of 72 Hz or three
times the frame rate of 24. The refresh rate accommodates high quality,
full motion images and enables computer screens to be used in nonlinear
editing. Broadcasters and equipment manufacturers have started to
adopt progressive scan format for their forthcoming digital television
broadcasts.

In contrast to progressive scan, most electronic image systems use
an interlaced scan format. Interlaced images display the odd horizontal
lines first, followed by the even ones. Once these lines are combined,

they form a complete image frame and never allow the screen to go dark.
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Interlaced scan formats are dependent on the standard that is being used.

The NTSC format divides the 525 lines and displays the 29.97 fps image
at the frequency of 60 Hz, where the PAL format divides the 625 lines of
25 fps image at 50 Hz.

Progressive scan images seem to be the desired format. The
major reason for this is the advantage that progressive scan has in terms
of vertical lines of resolution. An interlaced phenomena known as
"flicker", which is caused by the separation of even and odd lines, is not
present in a progressive system. The absence of "flicker" heightens
progressive scans vertical resolution. In addition, using a progressive
scan image allows for a less complicated transfer to film. This is why
many high-definition video based productions are choosing a progressive

format over their interlaced counterparts.

Film Stock

The fifth hurdle is film stock. Celluloid film is currently the dominant
format in terms of image origination. One major reason for this is the vast
array of film stocks and processing that are available. When choosing a
film stock, directors and cinematographers have a high degree of flexibility
in creating a certain look for their film. There are many categories of film
stock that produce different tones, hues, highlights, shades and colors.

Combined with the vast scale of lighting, filters and iris settings, an infinite

15




amount of image possibilities can be realized. Digital video on the other

hand is more static. Cinematographers who work on digital video
productions, use the format as if it were a single film stock. Results stay
relatively consistent among brands and are manipulated more by lighting,
filters, white balance and iris settings.

In some instances digital video can even outweigh using film stock.
One example is the ability to capture images in low light situations. When
shot with film and even analog video, images are usually very grainy and
lack depth. In the right circumstances, digital video can produce quality
images using candlelight.

When choosing a digital tape format and recording process, a
production must look at the compression ratio of the digital signal.
Compression is a natural element in any form of digital electronic field
production. Even a lossless digital ratio of 1:1 will still introduce some
form of compression to the images and sounds. Celluloid film on the
other hand does not have any form of compression unless it is transferred
to a digital medium. In recent years, 2:1 has been accepted by many
broadcasting and high-end post-production facilities as an adequate
compression ratio for final program delivery. Recent technological
advances and the current wide spread usage of digital video, has brought
an array of affordable products using quality compression ratios to

independent productions.

16




Audio

The final area is audio. A key advantage to using an electronic
video camera to shoot a motion picture is the elimination of the dual
system approach. In most professional digital formats, the audio is locked
to the image by an internal timecode clock. There are some formats that
are unlocked but they have a slight frame sync slippage. Manufacturers
believe there are no noticeable deviations and they generally stay
synchronized over a recorded period of time.

Even before the advancement of digital video, vast improvements in
the frequency response of recording sound on video tape have given
many productions a suitable alternative. With introduction of digital video,
productions can now match the sound capabilities of digital audio tape
(DAT) and compact discs (CD) inside the camera. This promotes mobility
since a separate sound recording device is not needed. In-camera
recording allows for a significant financial break, since post-production
costs of synching the audio with the image are avoided. Independent
filmmaker Rick Schmidt states: "The affordability of digital equipment
means that even the no-budget feature filmmaker will soon be able to
purchase his or her own sound gear, saving thousands of dollars on the
shoot by bypassing normal sync sound costs" (Schmidt 255). Productions
that still want to use the dual system approach can benefit from

connecting a digital line between the two pieces of equipment.
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Since the introduction of digital audio recording, there have been
several critics who believe that audio and music should be recorded with
the more forgiving and genuine analog methods. Essentially, digital is a
sampled reproduction of the actual analog signal. Despite this fact, there
are many advantages to using a digital reproduction. Most recording
systems use very light compression on the audio signals because of their
relatively small file size. The high signal-to-noise ratio of digital helps
deliver a clean recording because the floor is much lower and can pick up
faint sounds. In contrast many digital tape formats have narrow
headroom. Distorted or over modulated peaks and sounds are not
overblown, but lost. As improved sampling rates are introduced, these
problems can be nullified and digital audio can take the final steps
towards matching the range of analog recordings.

After examining the image and sound aspects of digital video, a
production must take into account the costs of shooting on a particular
format. Currently, most studio-based movies are shot on very expensive
film stocks. In contrast, high-definition video and digital video tape can be
considerably less expensive than celluloid film. This is primarily due to
the fact that film developing for the daily negatives, work and final prints
are all taken out of the equation. Developing can cost millions of dollars
for many studio projects. Even if you could exclude these prints, 16mm

and 35mm negative film stock still costs anywhere from $7 to $25 a
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minute. With digital tape what you see is what you get, there is no
developing or processing needed. The images and sounds on the
cassettes can be played back instantaneously. High-definition video tape
cost about $2 a minute with digital NTCS video tape costing even less.

In addition to processing, productions need to take into account the
post-production phase. Celluloid film is normally developed and then
transferred into a digital nonlinear editing system. Many studio movies
also use a large number of computer driven visual and audio special
effects. This is found by many productions to be impractical, since they
shoot on film, transfer into a digital platform and then transfer back to film.
In fact, the use of celluloid film is such an expensive undertaking that
some studios would rather have complete digital throughput from shooting

to post-production and distribution.

Digital Post-Production

Before the introduction of digital nonlinear editing systems (DNLE),
traditional film editing stayed very consistent. Depending on the budget
and size of a motion picture, once a roll of celluloid film was shot and
approved, the negative was then developed into a larger sized work print.
All related audio reels were transferred to magnetic stock and then

synched up with each appropriate take. Each film frame on a roll has a




corresponding number, in turn, this allows an editor to use the numbers

for an edit decision list (EDL) of in and out points.

When performing the actual edits, film editors have traditionally
used grease pencils, razor blades and tape to cut and splice the actual
work print together. Each edit was manipulated through the use of an
editing machine with a monitor size projection screen, such as a
Steenbeck reel-to-reel flatbed or Moviola. Completed scenes and takes
physically hang above large open bins until a chronology of the correct
sequencing could be established. Once all edits were finished, the EDL
was sent out to an optical lab where complicated optical effects were
performed such as fades and dissolves.

Many of the styles and techniques used in celluloid film editing were
transferred over to analog video tape editing. As video came into use in
the 1950's so did a more electronic approach to editing. Originally a
method similar to film, analog video editing started to use mechanical
systems to cut images. These systems consist of at least two tape decks
electronically tied together through an edit controller. The tape in the

record deck is "blacked" with continuous timecode and used as a master.

The player deck rolls the actual footage, which allows insert or assemble
cuts onto the master tape. In order to perform fades or color correction,
an effects device was put between the two decks. Dissolves and

transitions required an additional play deck, allowing two separate tapes
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of footage to "A-B roll". These effects could not be changed without
recording over the master tape.

Despite their recent loss in popularity, film cutting and analog video
editing methods have their advantages. When cutting film, there is a level
of nonlinear control, since pieces can be physically cut and repositioned.
Analog video editing negates the optical lab and allows for real time
effects. Both of these advantages are incorporated into many of today's
DNLE systems. Likewise, the advent of digital compression, the ability to
access footage randomly and easy-to-use software interfaces have
helped develop DNLE as a powerful post-production tool.

In recent years, DNLE image and sound manipulation has entered
both sides of the film industry with great force. Systems that edit film
based footage are usually outfitted with a film scanner. The scanners use
lasers, which turn the analog oriented footage into digital images. Once

these images are manipulated in a DNLE, the results are transferred back

to film. These systems are known as digital film workstations (DFW). All
DNLE systems outfitted for video use the same basic principle. However,
instead of using a film scanner, digitization and exportation is channeled
through an image matrix card inside the computer. These systems are

sometimes known as digital video workstations (DVW). No matter what

system or format is used, the process of digital manipulation and editing is

usually referred to as DNLE.
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As DNLE continues to push the envelope, a higher level of editing
control can be achieved by both independents and studio based motion
pictures. DNLE allows an editor to test, explore and arrange an entire
motion picture with the click of a button. As a result, editors and directors
are not locked to one story line or set sequencing.

A key factor for a DNLE system is the way it stores images and
sounds in the computers hard drives. In a typical setup, digitizing one
second of uncompressed stereo audio at 16 bits per sample, takes about
17 MB of space. A second of NTSC video overshadows this
uncompressed rate at 92 MB, while high-definition video, 16mm and
35mm film can use between 100 and 960 MB per second. One
advantage of these lower fps formats is the fact that there is less frame
information to digitize and store. Consequently, the higher resolution
adds to the vertical and horizontal pixel matrix. In comparison, NTSC
video has 307,200 pixels per frame and requires 3 bytes per pixel, where
as 35mm film has 9,739,584 pixels and requires 10 bytes per pixel.

Over the past decade, the hard drive space and chip processing
that was required to run a DNLE system kept prices very high and out of
the hands of independent moviemakers. Fortunately, the computer
industry is not technologically and economically stagnant. As the famous
theory, "Moore's Law", explains, one years computer technology will be

outdated within two years by technology that has over twice the
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performance power and half the cost. Recent marketing trends have
seen the consumer market and lower end independents as profitable
arenas for selling DNLE systems. As these types of systems keep falling
in price, independent moviemakers will have a greater amount of access

and choice. Bob Parks of Wired states: "With today's advances in speed

and memory, it's possible to do online editing on your desktop, bringing
the entire film into the computer in its highest quality before editing"
(Parks 224).

There are two different layout specifications for DNLE systems,
online and offline. In online editing each clip of video or film footage is
scanned or digitized into a hard drive. This process is normally done in
real time, meaning that a minute of footage takes at least a minute to
digitize. From here each clip can be randomly accessed, adjusted and
manipulated within a timeline. This setup is referred to as "online" since
the final product is ready for distribution. In offline editing, each clip is
usually digitized or scanned at a lower resolution. Once the timeline is
complete, the original footage is then put together in a linear fashion using
the EDL. This method helps to lessen pixel matrix size and negates using
high amounts of storage space. This trend is drastically changing as
digital compression ratios increase and storage space becomes

affordable.
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Many of the benefits of using a DNLE can be enhanced when a
production uses a digital camera to shoot the footage. This can mean a
sizable time advantage for editors and the production crew. Since there is

no need to develop celluloid film, a director can view and approve the

footage instantaneously on the set. Gavin Bocquet, production director

for Star Wars Episode |l, states:

Because we're shooting with a digital camera, there's no real
need for rushes. Everybody's seeing the final reproduction
precisely on a very sophisticated monitor. On the day of
shooting they're seeing actually what you see, rather than
having to wait until the next day to see the rushes or the
transfer from the film to tapes three days later. You get
clearance on the set almost the day you finish it (qtd. in
"Episode |l: Keeping Pace").

Digital throughput also means an editor can create a rough cut of a scene

on location. In turn, directors and editors have greater control over
developing the sequencing, cutting and flow of the piece with the
production setting at their disposal. Ben Burt, visual editor for Star Wars
Episode Il, states:
Once the footage has been logged it comes to me, which can
happen the same day. | try to put together one scene each

day, so I'm not quite keeping up. This part of the work is fun
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because the big pieces come together and we start to have a
movie before production has even wrapped (qtd. in "Episode
II: Production Update").

One drawback of using a DNLE system with analog oriented
footage is the "real time" digitization and scanning process. With digital
throughput, this process can be negated since many systems allow
digitally oriented footage to be moved as easily as copying a computer
file. By connecting a digital wire between the digital tape deck and the
DNLE system, signals can travel by means of high-speed fiber optics.
This process comes close to lossless compression and can be up to
seventy percent faster then a real time digitization process.

There are many DNLE platforms available to independent and
studio based productions. Like any product, DNLE systems
manufacturers achieve financial success by drawing in customers. The
key to differentiating their product from competitors is through interface
design. The majority of interfaces fall back on the key principle of using a
visual timeline to maneuver randomly accessible clips. DNLE interfaces
can be judged on several factors including the amount of image and audio
tracks that are available. Typically, because of their focus on image
quality, DNLE systems accommodate only a limited number of audio
tracks. This can hurt a production's sound versatility and overall mix,

since most feature length motion pictures use hundreds of different audio
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tracks. Furthermore, the audio tools that are included with the software
are typically limited in their functionality. This is why many productions
choose to use an entirely separate post-production system built only for
sound editing. These systems are referred to as digital audio
workstations (DAWS).

DAWs were introduced in the early 1980's, and are credited for
being the forerunners to DNLE editing systems. Earlier versions
facilitated nonlinear audio editing through the use of slow read optical
discs. Since images were not digitized into these systems, DAWSs were
linked to a master tape deck for visual reference. This hindered the audio
sweating process, because editors were dependent on the speed of the
shuttle based decks. Today, DAWs use high speed magnetic drives and
can digitize images into an attached drive. By having the images digitally
linked to the system, pinpoint sound to image accuracy can be achieved.
Many units are also equipped with multi-track mixing boards and digital
surround applications that accommodate large scale sound design.

Since their introduction, DAWs have become a key component for
producing motion picture sound tracks. DAWs allow film productions to
negate the use of expensive magnetic tape stock. Magnetic tape stock
has traditionally been the most common method for transferring sound
tracks to the theatrical release prints. When tabulating cost, it should be

noted that the average feature length film can use, store and dispose of
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up to 30,000 pounds of magnetic stock. By using a DAW, sound editors

only need to use magnetic tape stock for the final mix.

In terms of overall sound quality, DAWs using digital mixers have
virtually eliminated the electronic phase distortion that is prevalent in most
analog equalization systems. The advantage of digital signal processing
allows the use of complicated sonic effects that can be altered almost
instantaneously. Larry Blake, sound editor for the independently produced

Sex, Lies, and Videotape, states: "The big advantages of digital, on a

pure sonic basis, are that you don't have to work as hard to achieve a
given level of quality” (qtd. in Ohanian and Phillips 172). For this reason,
the relatively small file size of a digital audio signal has established DAWs
as an efficient and affordable option in terms of hard drive storage space.
Another advantage for using both a DNLE system and a DAW is file
exportation. Most audio mixes done with a DNLE system are temporary.
The use of this audio is important to the final mix and creates a structure
for the overall sound design. One way of transporting these tracks into
the DAW is to lay the tracks off to digital magnetic tape. The tape can
then be redigitized into the audio system. Since these clips are digital,
sound designers may prefer to have the audio files exported directly into
the DAW. Many systems use a file transfer format that can maintain clip
information and allow access to the original length of the piece.

Presently, there is no industry wide standard fro this type of exportation.
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This can cause compatibility problems when a production contracts a

separate company for sound editing. For this reason, The Audio
Engineers Society is developing a standard audio platform to
accommodate a wider range of systems. Gart Eskow, who reports on
new audio developments for the magazine Video Systems, states: "The
audio-for-picture community is moving rapidly toward a set of standards
that will make it easier to use equipment from different manufacturers on
a single project" (Eskow 80).

In addition to their editing capabilities, DNLE and DAW systems
incorporate several special effects options. Co-designer of the Avid
DNLE interface, Thomas A. Ohanian, states: "One of the major reasons
why DNLE and DAW systems have been embraced by the film editing
community is the ability to see and hear many different types of effects
during the editing process instead of waiting for the effect to be created by
a film lab and then returned to the editor (Ohanian 15). In order to use the
advantages of digital effects, one must convert from analog to digital and
then back to analog. Even though these digital effects have changed the
face of cinema, it is the redundancy of scanning and digitizing and then
outputting back to analog that has propelled the motion picture industry
into the realm of end-to-end digital production.

In the late 1970's, George Lucas pushed the envelope of what was

to be expected in analog based special effects. Today, digital effects are
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now common in a vast majority of studio and independent releases. What

was once thought of as storytelling tools for action and science fiction
movies, special effects have found their way into genres such as dramas,

thrillers and period pieces. Rob Legato, effects designer for Titanic and

What Lies Beneath, states: "The challenge is to enable the camera to go
places where anyone familiar with the territory of a film set or a camera
system knows that a camera could not go" (qtd. in Rogers 60).

Many digital effects applications and software can be used in
connection with a DNLE or DAW system. Some programs are "plug ins",
which launch directly in the systems software, while others use
designated effects workstations that can digitally transfer files between
systems. These designated effects stations are normally used to process
certain scenes or portions of a motion picture. The results are then
digitally married into the rest of the movie.

Powerful systems and software that were traditionally used on big
budget productions are slowly being implemented into affordable
packages. Adobe's After Effects, Boris Red and LightWave offer some of
the tools that expensive digital workstations such as Flint, Smoke and
Maya use. These tools are making the traditional methods of movie
production obsolete. No longer do titles and graphics have to be
transposed and printed onto film because they can be layered and

rendered on the desktop. Two and three dimensional graphics and
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animations can now be incorporated into live action images without the
use of an optical printer. Cloning can make a sparsely attended sporting
event look crowded. Image and pixel manipulation no longer has to be
processed by a lab or routed through a time base corrector. Transitions
and superimpositions can be adjusted almost instantaneously. Matte
backgrounds can now be rendered inside the image. Motion photography
can use digital effects processing to change framing, cut between angles
and enhance the speed of an image while unwanted portions of the
images can now be digitally removed. When a production combines the
power of all these tools, they are in essence using a digital backlot. By
incorporating digital effects, images, sounds and environments can be
made without ever having to build a set or prop.

Contrary to what one might think, the use of the digital backlot is not
dominated by big budget features. The cost effectiveness of using this
type of post-production technique is based upon the idea that funds,
which were once used for shooting on celluloid film, can then be
transferred into the effects budget. When asked about the digital backlot,
George Lucas stated:

Any director who wants to, will be doing it this way. | think
that there are already a lot of independent film directors

working digitally. It's coming from the bottom up, and there
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are a few of us on the topside that are using it. | assume it'll

start moving into the middle (qgtd. in Migid 32).
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Il. DISTRIBUTING A DIGITAL MOVIE

As the quality of digitally stored images and sounds reach new
levels, many distribution sources may drastically change. As Holly Willis
of RES states: "There are plans for the opening of all-digital theaters;
several have inaugurated online distribution arms; several major film
festivals, including Sundance, are planning to implement digital projection
systems and there are a startling array of advances in terms of digital
technology, from projection to highly effective encryption processes"
(Willis "Electronic Hollywood" 14).

Since many of the traditional means of distribution have become non-
inclusive for independents, new digital mediums such as digital film
festivals, the Internet and electronic cinema (e-cinema) have opened new
avenues for independent moviemakers who wish to get their movies
viewed by an audience. Even Hollywood has taken advantage of these

new distribution methods and the changing digital landscape.

E-Cinema

E-cinema or digital cinema has the potential to completely
revolutionize the motion picture theatrical system. The idea behind e-
cinema is to digitally transmit movies to a central computer server, which
can then be digitally projected onto a theatrical screen. Once the movies

or programs are downloaded, the server can provide switching, routing
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and event scheduling. By establishing a network of high-band fiber optic

cables and satellites, e-cinema boasts a new way of distributing and
viewing motion pictures that is both resourceful and responsive to the
viewer's needs.
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