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Abstract

One industry that has benefited from computers is the creative industry.  People involved in music, photography, video and film all use computers, compared to 10 or 20 years ago when most work was done manually.  This paper will attempt to describe how computers have changed the industry, what is now possible that wasn't previously, how the industry has helped drive aspects of technology development, and what developments, both in the creative industry and in computing, we are likely to see in the future.

Introduction

Computers were originally intended for performing repetitive calculations and solving equations, mainly for military and ballistics problems.  Big business, government and financial institutions were the next users of the developing computing technology.  Perhaps one of the more unexpected uses, at least initially, of computers was how it could be used in the creative industry.  Artists, designers, musicians, publishers have generally been late to apply computers to their field, but have now embraced the technology and has now transformed the creative industry.

Beginnings

One of the issues associated with technology in the creative industry is the perception of lower quality.  This is partly true, at least with the first uses of technology, which is not yet developed enough to compete with traditional processes.  Lower bit rates or resolution than is needed are a common problem when a technology is first introduced.  It takes a few generations for the technology to develop enough for it to be generally accepted as an alternative to traditional methods, and a further few generations for the technology to be more popular and even replace traditional methods.

An example of this is the publishing industry.  When computers were first introduced, and people realized that computers could be used to print documents, the quality of documents printed was very low compared to traditional printed documents.  Laser printer technology developed and typesetting technology became more advanced, and the quality of printed documents created using computers approached that of traditional printed material.  It is the early adopters of a technology who help push the technology forward, but at the same time they are using undeveloped technology, usually at a reduced quality than if the work was produced using traditional methods. Various improvements in software, including typesetting software such as TeX, demonstrated how computers could be used to produce quality documents.  Additional developments such as WYSIWYG (what you see is what you get), page layout and desktop publishing software like Adobe InDesign or word processing software like Microsoft Word have made producing professional quality documents more easy and offered clear advantages over traditional cut-and-paste publishing.  Hardware developments such as improvements in monitor resolution, size and quality, and improvements in printer technology have also helped the industry.

In the music industry, computers were first used to generate sounds and sample (capture) audio.  Digital audio technology also developed at this time, with CDs being introduced in the early 1980s.  At first, serious musicians were reluctant to use CDs or digital recording technology because it was thought that the sound quality was not as good as traditional analogue recording.  Once the technology had developed sufficiently, improving audio quality as well as seeing what benefits digital recording provided, more and more musicians used digital recording, A similar situation has occurred more recently with the advent of MP3 and lossy audio compression algorithms.  At first, professional musicians would not even consider using compressed audio, however now it is being seen as an alternative, since compression technology has improved, processing power has increased an capabilities of music software have expanded.  Mobile DJs are using MP3s whereas only five years ago they would be lugging crates of vinyl records.

In the photography industry, a similar story exists.  Digital cameras, when they first appeared, were slow, expensive, produced low-quality images, could only store a few images, had few features, and were generally not considered to be useful for serious work.  The software that existed to handle digital photos was similarly undeveloped.  However, as progress was made in flash memory storage and digital camera quality, and as the software improved, digital cameras and digital photos became more accepted in the professional photo industry, and became a realistic alternative to film photography.

An important aspect of creative people adopting modern technology is that most people in the creative industry are not technical, and therefore will not (or cannot) use technology that is either too difficult or requires too much technical knowledge to use.  Usability and design of computers is important in this aspect, to increase the adoption of technology.  A clear benefit is also required for people to switch from using traditional methods, which are usually mature, tried-and-tested and entrenched in the industry.

Photography

Computing technology has been used only recently in the photography field.  This is mostly likely due to the fact that up until recently, the visual difference between film photography and digital photography has been great.  This in turn is mostly due to the fact that images of a quality close to film photographs require a lot of memory to store and process.  Only recently has memory capacity increased to the point where professionals are using digital photography as an alternative to traditional film photography.

Originally, when digital cameras first came out, the quality was too low to be used for anything other than amateur use, and the technology was considered a toy.  Over the years, improvements occurred in quality, the cost of hardware reduced, as well as increases in computational power and memory of PCs, resulting in digital cameras becoming standard home technology.  Professional digital SLR cameras soon followed, originally prohibitively expensive but now comparable in cost to standard SLR cameras.

Because of the growing digital camera industry, advancements were made in technologies such as flash memory and graphics processors including vector engines.

Advancements in photo printing technology and in the online distribution of photos such as through the many photo-sharing Internet websites have also occurred.

Another development that has occurred is in software and graphics algorithms.  Much work has occurred in the areas of image processing, image compression, special effects, image editing, etc.  Adobe Photoshop is an example of how these image processing algorithms have come together in a professional software package.

The desire for higher resolution images will drive storage density, storage capacity, and the speed of digital cameras.  There is still some perception of lower quality when compared to traditional film photography, which will probably gradually decrease as the number of features of digital cameras increases and image resolution increases.  The cost of digital photography will reduce, also increasing digital adoption in the industry.  Increases in processing power will allow for better, faster and smoother handling of large images and more images.

Some of the issues that will need to be considered in future include distribution and copyrighting.  Distributing images is still an issue in the professional industry due to the large image file size.  Lower quality images often used to distribute photos for home users and amateurs.  This industry is still slow to use some aspects of digital photography, but I expect that eventually all photography will be done digitally.
Music

Computing technology has vastly improved the music industry, from being used to produce music, mix music, record music, and in live performances.  Initial use of computers to create music was done in the 1950s.

The world's first computer music was generated in Australia in 1951 by programmer Geoff Hill on the CSIRAC computer, which was designed and built by Trevor Pearcey and Maston Beard. American composer Lejaren Hiller used a computer in the 1950s to compose works that were then played by conventional musicians. Later developments included the work of Max Mathews at Bell Laboratories, who developed the influential MUSIC I program in 1957.  This was the first widely-used program for sound generation.

Vocoder (a contraction of “voice encoder”) technology was also a major development in this early era, but it was in 1970 when Wendy Carlos and Robert Moog developed one of the first truly musical vocoders.

One of the most important developments is MIDI technology, which has allowed personal computers to interact with synthesizers through a standardized interface, which has widened the use of computer technology. The MIDI standard was first proposed by Dave Smith in 1981 in a paper to the Audio Engineering Society (AES) and the MIDI Specification 1.0 was published in August 1983.

MIDI technology has pushed music forward immensely.  It allows musical notes to be encoded as signals, including intensity of the note, and effects associated with that note.  The actual audio is stored separately from this information.  This means that MIDI devices can be made to produce any audio signal.  Not only have MIDI keyboards been developed, but also MIDI flutes, drums, guitars, and other audio equipment.  MIDI has also been used to control lighting and visual effects, in sync with music.

In the mid-1990s MP3 became a popular lossy audio compression format.  MP3 was invented by a team of German engineers who worked in the framework of the EUREKA 147 DAB digital radio research program, and it became an ISO/IEC standard in 1991.  MP3 stands for MPEG-1 Audio Layer 3.  Without concentrating too much on the technical aspects of the algorithm, it uses a transformation from a time-domain signal into a frequency-domain signal, performs various filters on the signal to remove components of the audio less audible to human hearing, and then post-processes the signal to reduce aliasing.

MP3 files offer roughly 10:1 compression with little detectable reduction in sound quality for most purposes.  This, together with the growth of the internet, has created a culture of downloading music among people worldwide.  The music industry has responded in various ways, by shutting down services such as Napster that were enabling people to exchange music files, or by suing people in high profile cases.  Apple created the iTunes Music Store (now called the iTunes Store) in 2002 which was the first general online service to allow users to buy and downloaded music legally online.  The iTunes Store has changed the way many people purchase music, and is a new and growing distribution method for record companies.

Many of the distribution and legal issues surrounding music have been solved already, but there is the continuing problem of piracy which the industry is trying to solve.  Social networking websites like Myspace have also been used to promote musicians, and this will probably expand in the future.  Improvements in audio quality (we are already seeing 88 kHz audio, double that of audio CDs) and audio compression will continue, as will audio composition software.  The music industry has already adopted computing technology and I can only expect the trend of growing adoption to continue.

Television/Film

The television/film production industries employ a lot of different kinds of people, such as cinematographers, graphic artists, actors, writers, pre-production, post-production editors and colorists, audio engineers, directors, casters, etc.  Most of the change that the computing industry has had on this industry has occurred in the video capturing and post-production of video and film.

While the television and film industries are separate, they are close enough to treat them as one industry, which we will call the video industry.

The first use of computers was, as is usual, when adopting new technology, fairly basic. 2D CGI was first used in movies in 1973's Westworld, though the first use of 3D imagery was in its sequel, Futureworld (1976), which featured a computer-generated hand and face created by then University of Utah graduate students Edwin Catmull and Fred Parke. The second movie to use this technology was Star Wars (1977) for the scenes with the Death Star plans.  Edwin Catmull is now President of the Pixar animation studio.
Traditionally, films have been captured (“acquired”) on photographic film or (for television) videotape.  This is changing with the advent of digital cinema technologies. Digital acquisition, particularly high-end digital acquisition, which is very new to the market, has not had the time to become widely accepted. The overwhelming majority of commercial movies are still shot on film, as are most television programs and commercials. As of mid-2006 only a small percentage of high-end movie productions have used digital cinema cameras.  The practice of digital movie capture is called digital cinematography.  Acceptance is limited, and there is significant resistance in Hollywood for converting to digital cinematography.  Issues include image quality (perceived and actual) which mainly come down to image resolution, the dynamic range of colors that can be captured, mainly in very bright or low-light conditions, and the desirability of film grain and noise in the image.  Many directors desire their films to have the classic film grain look.  Film has a characteristic grain structure, which many people view positively, either for aesthetic reasons or because it has become associated with the look of 'real' movies. Different film stocks have different looking grain, and cinematographers may use this for artistic purposes.

Digitally acquired footage lacks this grain structure. Electronic noise is sometimes visible in digitally acquired footage, particularly in dark areas of an image or when footage was shot in low lighting conditions and gain was used. Some people believe such noise is a workable aesthetic substitute for film grain, while others believe it has a harsher look that detracts from the image.

Well-shot, well-lit images from high-end digital cinematography cameras can look almost eerily clean. Some people believe this makes them look “plasticy” or computer generated, while others find it to be an interesting new look, and argue that film grain can be emulated in post-production.

Another disadvantage of digital film cameras is that they are currently more bulky in general than 35mm film cameras.  Recently released cameras from companies such as Red One and Silicon Imaging in smaller form-factors are making this disadvantage less of an issue than it once was.  In fact, size may turn out to be an advantage of digital film cameras in the near future, as less bulky and heavy lenses can be used.

In TV production, digital technology is more widely accepted.  This is partly due to the fact that television images have a fixed resolution.  The two most popular formats, NTSC used mainly in North America, is 720x480 pixels, and PAL, used mainly in Europe and Asia, is 720x576 pixels.

These formats were originally analog formats, but with the advent of digital (computer) technology, digital versions of these formats appeared.  A further outcome of this is the development of high definition television formats.  These are purely digital formats and offer much higher resolution images than original NTSC and PAL video formats.  There are three formats of high-definition video called 720p, 1080p and 1080i.  The 720p format’s resolution is 1280x720 pixels, and both 1080p and 1080i are 1920x1080 pixels.
Developments that have come out of the computer industry include video capture and playback cards – originally low quality and designed for multimedia projects on PCs, such as games.  Improvements in hard drive speeds and RAID technology allowed capture at higher data rates, and improvements in CPU speeds allowed the data to be processed on PCs.

Because of the versatility of PCs, in particular the ability to run a variety of software, computers allow a much wider range of features and capabilities than traditional video editing consoles.  Companies such as Avid have been producing video-editing consoles costing hundreds of thousands of dollars, which are used in video post production for color correction, special effects and non-linear editing.  Recent developments by companies such as Blackmagic Design have allowed professional uncompressed video to be captured to QuickTime format, where it can be edited by software such as Adobe Premier and Final Cut Pro, before being exported back to tape.  This solution costs on the order of $10000, which is much less than using proprietary closed systems.

Another recent development is MiniDV cameras.  These are so-called “prosumer” devices (professional consumer), which capture digital video at fairly high quality, but not as high quality as the de facto Digital BetaCam standard used in professional broadcast-quality video cameras.  However, the quality is good enough for low-medium-budget movies.

This opens up the ability to edit video to many more people for which the price of professional equipment was once out of reach.  The main outcome of this is that it reduces the cost of making films, enabling small firms to get into an otherwise expensive industry.  By reducing the cost of film and video making, this “democratises” the industry, and we have seen this encourage independent film making as witnessed by the rise of independent films.

In addition, the quality of productions made by home, amateur and small-time video photographers, such as wedding photographers, has increased.  DVD technology and DVD burners allow people to distribute their own movies, further democratising the industry.  The Internet has also helped in this regard, as demonstrated by websites like YouTube.  People have distributed movies online using YouTube, who would otherwise not have their work seen at all.

Many developments have occurred in software as well: video editing, special effects, computer animation, video compositing, video capture and playback software are all now mature software products.  Hardware developments in capture and playback cards have also taken place, eliminating the need to costly proprietary editing consoles.
Continued reduction in the cost of hardware and increasing computational power will enable more people to make professional quality movies, as well as reducing the cost of making Hollywood movies.  Advances in special effect algorithms as well as increased graphics processing power will result in more realistic and interesting special effects.  Computer animation quality will increase.  One of the main issues that will need to be tacked in the future is distribution of movies.  We have already seen how music can be distributed online, and we are witnessing the early stages of online movie distribution (for example the iTunes store).  Many of the problems that will need to be overcome in order for this to be realistic center around copyright and legal issues.  Another problem is the large file size of movies, and whether multiple formats will be available for handheld devices as well as for viewing on computers or television.

The main issue with the film industry is that the technology is still in early stages or development, and there is significant resistance to moving to a completely digital workflow.  Increasing the adoption and acceptance of digital cinematography is something that will happen over the next few years.
Conclusion
As we have seen in the creative industries outlined above, uptake of computing has been slow initially but unstoppable.  As advantages over traditional methods become obvious, computers make their way into each industry and take over from the conventional techniques.

However, it takes a certain level of quality for computers to become accepted into the industry, as well as clear advantages over existing methods.  For example, in the professional photo industry, image resolution coupled with the ability to digitally edit images; in the music industry, audio quality coupled with the ability to compose and sequence music; and in the video industry, video quality coupled with ease and cost of digital video editing and production.

Common themes across the entire creative industry appear to be resolution (as the creative industry deals with highly analog data such as images, audio and video), cost (when the cost of incorporating digital technology is low enough for people to consider replacing existing technology) and features (what benefit does moving to digital technology provide over what currently exists).

Some industries make the move to digital technology earlier than others.  The music industry, for example, has almost completely converted to digital technology (in composition, recording or editing), while the film industry is resisting change.  This is partly due to the nature of film – having a much higher data rate compared to audio, and therefore requiring more computing power, which is only now approaching which is required to adequately process that quantity of information.

In the future, we expect to see further advances in technology aimed at the creative industry resulting in greater adoption and replacement of traditional methods and reduction in cost of technology, allowing more people to get involved in creative production.  This is great for the industry, and will push the industry forward.
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