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ABSTRACT
Computer graphics have evolved very rapidly in the 20th century and continues to grow strongly in the 21st.  It has strong applications in a number of industries such as military, motion picture, and video gaming.  As hardware advanced and algorithmic inventions came along, the realism and quality of computer graphics achieved a level where audiences would forget that a computer rendered them.  The industry still has room to grow in terms of attaining realism in real time for military and video gaming applications.
Section 1: Computer graphics up to the turn of the 20th century

Computer graphics have come a long way since it began in the middle of the 20th century.  The earliest foundations of computer graphics can be credited to various mathematical advances.  People like Euclid who developed of geometry, Rene Descartés who developed coordinate systems, and James Joseph Sylvester who invented matrix notation created advanced that form the basis for how computer graphics works (Shoaff, 2000).  The earliest computer graphics related projects were Whirlwind and SAGE.  Whirlwind was designed to be a general purpose flight simulator for the military and led to the development of SAGE.  SAGE was a workstation built to aid in the defense against nuclear attacks (“Project Whirlwind and SAGE”, 1999).  It used light pens and had a vector display.  Most of the early work done in computer graphics were purely demand based and related to the military.  Even today, many military simulation developers come from computer graphics programmers at gaming companies or vice versa.  Some games are so realistic that they are modified to run as a military simulations because they accurately display and model real battle situations.

As time moved on computer graphics were sought after for more than just military problems.  The entertainment industry started to demand some of the limited resources of the computer graphics community.  The movie Tron was released in 1982 and was a large milestone in computer graphics (“The Story of Computer Graphics”, 1999).  Though the film was not of the highest caliber in terms of quality, it had some of the most labor intensive graphics of its time and many technological feats.  During the 1980s, many other films were released that took advantage of computer graphics technology for special effects.  Computer Graphics made possible, certain effects that were otherwise impossible or too expensive to create in films.  Steven Spielberg’s Jurassic Park used a number of computer generated visual effects and won the 1994 Oscar for Best Visual Effects.  A year later, Pixar released Toy Story (figure 1).  Unlike Tron, Toy Story was talked about more as a general movie and not just a technical show.  It was also the first fully computer generated full-length feature film.  Many other films followed in Toy Story’s footsteps and those films are still being produced today.
Figure 1:
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Computer graphics has always been a field about overcoming barriers.  Computing power was the major issue limiting the early pioneers of computer graphics.  It was time consuming, expensive, and the machines took a lot of room (“Computer Graphics”, 1999).  Visual effects, images, and movies take a lot of memory to process and store and both were and still are limitations for computer graphics.  Many algorithms and techniques led to advances in the field of computer graphics such as ray tracing, frame buffers, depth sorting, anti aliasing, bump mapping, and particle systems.  These techniques general increased the realism of computer graphics or the speed at which they could be processed.  Bump mapping is a process which makes a 2D texture appear as if it were 3D (Dreijer, 2006).  Below is a comparison of a flat image of wall, and the bump mapped version:
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Section 2:  Computer graphics from 1999-present

Since the summer of 1999, the largest advances in computer graphics have been in real time rendering.  Video games are making the visual difference between real time rendered graphics, and pre-rendered graphics very hard to distinguish.  PC graphics cards have become much more powerful, and next generation consoles have taken huge leaps in 3D gaming to deliver realistic and real time visuals.  These advances in computer gaming taking advantage of cutting edge visuals are apparent when one looks at the growth of the computer games industry and the budget of top selling games.  These top selling games started rivaling the cost of Hollywood movies early 2000 and are still growing today.  This is situation is caused by the sharp increase in the power of graphics cards (display adapters) in the past six to seven years.  Major companies such as Sony and Microsoft are boosting the power of their “next generation” consoles to render visual effects are top speeds.  The graphics for these games are become extremely sharp and realistic, and it shows because games are less likely to use a pre-rendered cinematic scenes or artwork to narrate the story.  Many games are now using their real time rendering engines and scripting for this task.

Another large movement of computer graphics since 1999, has been in Hollywood films.  After Pixar’s hits with Toy Story 1 and Toy Story 2, many more full-length computer animation films were released, almost replacing hand drawn and stop-animation films in the US box office completely.  This was probably largely due to popular demand and the financial success of the films.  Some of the films that hopped the computer graphics bandwagon ignored some of the more important aspects of movies in general and either focused entirely on the graphics, or created a movie not best displayed through computer graphics.  This idea was reinforced recently when The Academy of Motion Picture Arts and Sciences did not award any computer animated films an Oscar.  Animated films are chosen for its art and extension of the medium from the animation (Crabtree, 2006).  
Section 3: The future for computer graphics

In the next five to ten years, computer graphics will make the largest advances in the area of real time rendering.  The reason for this is because the video games industry is still growing (Steel, 2005).  Video games are still rapidly advancing keeping up with new graphics cards, and new waves of consoles are coming out every 4-5 years.  Keeping up with this technology will probably pull a vast majority of computer graphics industry resources and most of the remainder will go to the still relatively strong world of computer graphics in motion pictures.  The advances in computer graphics will be largely driven by hardware speed increase.  Due to pure hardware advances, movies like Final Fantasy: The Spirits Within will probably be rendered in real time in 7 years, and real time ray-tracing rendering techniques will be possible.

In previous years, computer graphics were strongly limited due to computing resources.  Recently, hardware has caught up to our imaginations and virtually every visual effect can be accurately rendered with computer graphics.  Time will eventually lift this limitation as more powerful hardware is created and what is pre-rendered now, will be real time in the future.
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