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Introduction.

Generating realistic images of virtual environments is one of the most ambitious goals of computer graphics. There are numerous areas where viewing synthetically created images of virtual objects or scenes is of considerable interest and importance. Computer aided design, scientific visualization, training, medical imaging, entertainment, advertising, all these, rely today upon computer graphics to transfer vital information to human viewers.

In many cases, 3-D graphics provides a cost effective alternative to expensive, dangerous or impossible real life situations. Bright examples are flight simulators and medical imaging. Introduction of both considerably changed their respective industries.

Until not so long ago computer graphics was largely confined to a small number of very specialized fields. Appearance of inexpensive microcomputers has rapidly changed this situation. Today, the number of applications for 3-D computer graphics has grown tremendously. A good example, is usage of 3-D graphics in the entertainment industry and computer games in particular. The same consideration of efficiency still applies in the case of the games in a sense that 3-D graphics is the only cost effective solution allowing to experience something a lot of us wish to, but hardly can in the real life: from flying a fighter jet to chainsawing virtual unnatural creatures (especially since seeking out real unnatural creatures to chainsaw in the entertainment purposes proved to be unfruitful and was mostly abandoned in the middle ages).

Implementing algorithms of 3-D computer graphics contains its share of complications. The main reason: constant quest for higher speed and visual realism with basically limited resources. As faster processors become available it triggers interest to more and more complex areas in graphics, and so, the game of priorities and trade-offs never stops. Yet, a lot of fundamentals remain. Knowing the fundamentals is very often the key to well organized and optimized programs.

The discussions of fundamental topics presented in the following chapters are placed in the order in which someone who doesn’t know the area well enough will most likely encounter the problems discussed while trying to implement a 3-D graphics application. The topics in the text are separated among mostly independent chapters. Multiple code examples are given. These are presented to illustrate a point, thus they may lack details that were considered to be confusing the discussed issue. Yet these examples completely correspond to enclosed 3Dgpl library source, and that is the one which should be considered and used for all practical purposes and not the examples given in the text.

Thus, we will start in the first chapter with examining computer hardware and design implications of interactive graphics applications on how to interface with different computer platforms. Particularly, we are interested how computers display images and how computer programs interact with the user. Several popular architectures will be considered. They are MS-DOS, MS-Windows, X-Windows, NeXTStep and MacOS. The first chapter also touches the issue of software portability allowing the remaining chapters to continue the discussion in a generic way whenever possible.

The transformations, including projection transformations, are discussed in chapter two. This gives the apparatus how to manipulate with sets of points in space. We will consider some basic transformations such as rotations, translations and projections and will discuss methods for their efficient computation.

Further, in chapter three, we will talk about drawing primitives (such as line segments and polygons) on a computer screen. We will also consider some implications of the inherently discrete nature of raster graphics which cause aliasing problems and we will look at some techniques to combat these.

Due to the fact that the computer screen has a limited size, in chapter four, we examine the techniques how to clip the primitives to the dimensions of the screen. Similarly, only some points from the virtual scene can be seen on the screen. In this respect, we will consider techniques for volume clipping.

The transformations, drawing of the primitives and clipping are very fundamental techniques which are part of the viewing process. In chapter five we consider two different approaches to viewing: the world to screen and the screen to world methods.

The objects which we usually want to show in the virtual world are often complex and consist of many primitives. In chapter six we discuss possible ways of modelling various entities using such primitives as polygons or simple curved patches.

Viewing sophisticated objects is also complicated by the fact that different primitives composing the objects may obscure one another. In chapter seven we discuss the algorithms which allow to picture the objects with correct visibility.

Geometric visibility to the viewer is not enough, however, to draw a scene realistically. Color and illumination are fundamental to our perception of reality. In chapter eight we examine approaches how to introduce illumination into the virtual scenes. Presence of multiple objects in the virtual world gives rise to such global illumination effects as shadows and environmental reflections. We are going to discuss how to compute these in the world to screen and the screen to world viewing processes.

Finally, all the algorithms must combine together in a precise way inside a computer program. In the last chapter we discuss how this can be done depending on the properties of the virtual scenes we want to model, available tools or hardware assistance, and the requirements of the applications. We will also consider how programming paradigms, notably object oriented programming, can benefit the structure of 3-D graphics applications.

Throughout this text we will consider many algorithms allowing us to perform particular operations. Very often, almost always, the constraints of the computational resources that we have, will make us to trade off among various factors such as, most notably, quality of the image verses the speed at which it is possible to render it. We are also often forced to resort to approximate or even completely heuristical solutions to compute results in reasonable time. 

It is important to recognize that computer graphics is a very practical subject whose main purpose is to enable producing recognisable images using computer hardware. As such, it draws upon many other fields from geometry and linear algebra to optics and psychology and adapts their techniques for computation using currently available hardware. As the latter is bound to change in the future so will computer graphics readapt to its changing environment.
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