GLREX

Introduction

I first taught computer graphics programming on PCs in the late 1980s.  We produced images with a few platonic solids in 256 colors.  Real-time animation was out of the question.  I remember writing programs for my classes to do ray-tracing and hidden surface removal that ran at glacial speed.  Despite all the shortcomings, the students enjoyed the classes and the images they could create, even though they were relatively simple.  Computer graphics was still something of a novelty, and producing any image for the computer to display was exciting.

By the mid-1990s things had changed quite a bit.  High-end graphics libraries like OpenGL had become available for the PC.  Combining them with improvements in hardware (more memory, faster processors, better video cards), it was now possible to do relatively sophisticated graphics even on low-end PCs.  At the same time students’ expectations were rising as computer graphics became more pervasive in our culture.  They are accustomed to seeing very sophisticated computer imagery in the games they play and the movies they watch.  Students expect to be able to create visually exciting projects.  But beginning students often find their creativity limited by the tedium of building scenes directly in code.  GLRex is an attempt to address this problem.

GLRex is a simple modeler that provides the user with interactive assistance in creating code for complex images.  The user can create scenes with spheres, boxes, cylinders, and cones, as well as NURB surfaces of revolution and extrusion.  These scenes may then be exported as OpenGL-based C programs (or RenderMan RIB files) to be used as a basis for more complex projects.

Users

GLRex is designed for beginning graphics programmers, working with an OpenGL- based introduction to computer graphics (see, for example [1], [2], [4],or [7]).  Both the GLRex executable and the programs it exports require the well-known API glut ([5], [7]).  At present, the user must be working in some MS Windows operating system using VisualC++.  To work with the RIB files, a RenderMan-compliant renderer is needed.  I have successfully tested GLRex RIB files using the freeware renderers bmrt (now difficult to obtain) and 3Delight.

Goals

I had multiple goals in mind as I developed GLRex.  Even novice computer users can create interesting pictures with GLRex and export them as BMP files for later viewing.  But of course my primary goals were pedagogical.  I describe them below.

The first goal was to provide a simple interactive environment for users to express their visual imagination and then capture the results in code.  My primary design objective was simplicity; I resisted the temptation to add every feature I could think of.  The interface must be welcoming and self-explanatory.  The student should be able to sit down and produce images immediately and be able to understand all its features in less than an hour.  I wanted students’ imaginations to be challenged to produce interesting images with only basic interactive resources.

The second goal for GLRex was to serve as a tutorial for writing basic OpenGL code illustrating the use of geometry, color, and light in that environment.  If students want to see how one creates three point lights, two red and one white, they can compose a scene in GLRex, turn on the lights, suitably adjust each light’s color, and export the code.  This is a feature I take advantage of as an instructor: during class I can create scenes in GLRex and then talk about the resulting code.

The next goal was to introduce NURB surfaces, in particular showing how to implement them in OpenGL.  Although there are many good introductions to the mathematics of NURBs (e.g., [4], and on a more advanced level [6]), it is hard to find documentation specific to OpenGL and its own functions.  The exported programs use my file nurb.h.  The code in this file shows how to use OpenGL to create surfaces of revolution and extrusion.

Working with NURBs is difficult, stemming in part from their immense generality.  As is often the case with topics like this, learning to work with specific cases is advisable before attempting the general case.  With this in mind I have restricted GLRex to one specific type: quadratic NURBs with uniform knot vector.  The beginner will not notice the loss of generality visually and will be spared the mass of details involved with the general case, both theoretically and practically.  Once the user is comfortable with this particular case, they can learn how to incorporate other types of NURBs in their own projects.

My fourth goal was similar to the second: GLRex should provide the user with a self-made source of sample RIB files.  Until recently there have been no elementary texts on RenderMan.  Both [3] and [8] are good introductions but are not elementary.  Although [8] has a lot of information about rib files, it has few examples.  GLRex should be a very useful supplement to it.

Uses

We learn to program by programming.  How does GLRex assist students in doing so?  First of all, it is important that they understand that the code GLRex exports is the beginning, not the end, of a process.  GLRex creates a static image.  There is no interaction, no animation (other than by changing the eye position).  This is where the students begin to program.  I answer the question “What do I do with the code?” by saying “Modify it, augment it.  Add mouse and menu functions.  Add tool bars and mouse targets.  Take the static environment and make it dynamic and interactive.  Add other callback functions, textures, alpha blending….” Here are some suggested projects I have used successfully in my courses.  The first is very simple:

1.
GLRex generated code uses perspective projection.  Allow the user to interactively toggle between perspective and orthogonal projection.  Design a scene that illustrates the visual differences between the two projections.

The next project is a little more complicated:

2.
Create a house with a monster’s head on the ground next to it.  Create a program that allows the user to interactively move the head up and down.  The whites of the monster’s eyes should become redder and redder as the head moves higher.  (Color as well as position can be dynamic.)

The student may also add two-dimensional targets or backgrounds to the display function:

3.
Create a cross-section of a building with an elevator.  The elevator contains people (or snowmen or aliens).  Create a program allowing the user to click on a panel on the screen and cause the elevator to go to the selected floor and open its doors, with the occupants leaving on arrival.

Another use of the exported code is to strip it down the display function itself, also cutting away the parts of that function that refer to eye position, lighting, and perhaps color.  What is left of  display( )  can be used as a component in other programs.  For example, to create a model of a horse for use in other programs, we would model it in GLRex, export the C code, and extract  display( )  as just described, and rename it  
horse( ).  To create several different horses, we would model them separately, save the display functions and rename them  horse1( ),  horse2( ),  and so on.  All of the functions could then be combined in a single file for inclusion in other projects.

Conclusion

I have used preliminary versions of GLRex over the past two years in three introductory classes at both the graduate and undergraduate level, and for two graphics contests.  My students have served as enthusiastic beta testers.  Comments they have made to me directly or in course evaluations indicate that they find the software easy to learn and fun to use.  Their suggestions have led to several changes in GLRex.

The most significant of these was the introduction of clusters, which allow the user to group objects in a scene temporarily.  In line with my interest in keeping things simple enough, GLRex does not support hierarchical models.  We may create a candle as a base (cylinder), body (cylinder), and flame (surface of revolution).  When trying to move the candle or make multiple copies of it, my students found it inconvenient that the components could not be treated as a group (at least temporarily).  To meet my students need without sacrificing simplicity I introduced the clustering to GLRex, which allows the user to group objects temporarily.  There is only one cluster, the current cluster, which functions as a sort of transient hierarchical object.  Individual objects can be added to or removed from the current cluster.  The current cluster can be copied and translated and in general treated as a single object. 

I haven’t had a chance to use the RenderMan component in class, but two students have worked with RIB files outside classroom with good results.  One used GLRex in combination with shareware products to make some short animations.

         I cover surfaces only in an informal way in my introductory courses.  Without getting into the mathematics of NURBs, students can still use GLRex to create surfaces for their projects.  As an instructor I can use it to illustrate the differences between, for example, open and closed surfaces, or simply connected and non simply connected surfaces.

GLRex can be a useful tool for both students and teachers in introductory computer graphics courses.  I invite the reader to try it.
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