
COMP60321 Laboratory Work  

Introduction  
The lab assignment in this course is worth 50% of the total marks for the module. You will work 
individually.  The assignment is broken down in to several tasks. The final submission date is 4pm Friday 
18th December 2009 (last day of semester).  Details of what to do and hand in are given in this document. 

The first day of teaching has two lab sessions in which you should do the Introductory Lab. This allows you 
to become familiar with the lab software and sort out which OS, compiler and editor you prefer. 

The assignment has four main tasks which are described later in this document. For each task you will need 
to do the following four parts in the lab: 

�  Development of C or Java programs that generate RIB (RenderMan Interface Bytestream) files 
�  Using BMRT (or other renderer) to render the RIB files to create TIF image files. 
�  Demonstration of the computer animation (use iv, or convert the frames into an mpeg) 
�  Report of above.  

Reports should be submitted in a suitable electronic format (a CD containing all work if possible). See 
What to Hand In later in this document. 

Introductory Lab Session (Week 1)  
This exercise is to make sure that you can develop a simple program that will generate a RenderMan 
Interface Bytestream (RIB) file which can then be rendered. 

The workflow is that you write a C (or Java) program which makes use of the RenderMan API. When 
executed, your program will output a RIB (.rib) file which contains the description of the scene to be 
rendered. One RIB file is written containing all the frames in your animation. You must then render the 
RIB file using a suitable RenderMan compliant renderer, such as BMRT. Rendering the RIB file may take 
some time, depending on the complexity of the scene, the number of lights, the number of textures and 
most significantly, the number of frames in your animation. Rendering will produce a separate TIF image 
file for each frame in your animation. Given that this can be a lengthy process it is useful to get a quick 
preview of the RIB file using rgl. This is an OpenGL previewer for RIB files which generates images 
quickly but at a much lower quality (it doesn’t do lighting and texturing for example). 

Step 1: Install Lab Software 
The lab may be carried out in Windows or Linux. If using Windows you will develop C (or C++) code to 
complete the lab. If using Linux you may use C/C++ or Java to complete the lab. It makes no difference to 
the marking which you use. 

Look at the course website at http://kato.mvc.mcc.ac.uk/COMP60321/  

Windows Users 

Download COMP60321.zip from the website 

Unpack the file in your account. The file contains a leading COMP60321 directory so take care that 
Windows doesn’t create an extra COMP60321 directory when unzipping the file (unzip in to P:\ rather than 
P:\COMP60321). The files contain the skeleton code needed to start the lab and also the BMRT renderer.  

In order to use the BMRT renderer Windows requires a few environment variables to be set. The above 
package contains an environment script. You must check that it contains the correct path for your 
installation: 

Edit the COMP60321\env.bat file and check that the COMP60321 environment variable (near top of file) 
matches the location where you installed the software. It currently specifies COMP60321=P:\COMP60321 -  
if you unpacked the COMP60321.zip file somewhere else from P:\ then change the variable.  

 



The env.bat file should be run every time you start a new shell from which to run the BMRT renderer or 
compile the lab code. Compilation should be done from a Visual Studio 2005 command shell, not an 
ordinary command shell. This is so that the Visual Studio environment is set up correctly. Simply run the 
.bat file in the shell using, for example, P:\COMP60321\env.bat 

To test that your environment is set up correctly we will test the BMRT commands: 

Start a Visual Studio 2005 command shell and run the env.bat  file. Then do: 

P: 
cd %BMRTHOME%\examples 

Test the rgl OpenGL RIB previewer 

rgl teapots.rib (note: not teapot.rib – it fails). Press ESC in the rgl window to close it. Use rgl –h for help. 
rgl limbo.rib 
rgl –sketch limbo.rib 

Test the rendrib high quality renderer  

rendrib –d shadtest.rib  Press ESC in the rendrib window to close it. 
rendrib –d 16 shadtest.rib  The –d switch displays the image rather than writing it to file 

If you receive error messages about intelnt.slc files (e.g., the funkyglass shader) then move all of the intelnt 
shaders out of the shaders directory: 

cd ..\shaders 
mkdir intel 
move *intel*slc intel 

Test iv, the .tif file image viewer 

rendrib shadtest.rib 
iv balls1.tif 

If you can do all of this then your environment is correct. Otherwise go back and check the env.bat file. 

Linux Users 

Download COMP60321.tgz from the website 

Unpack the file in your account. The file contains a leading COMP60321 directory hence you don’t need to 
create one and can unpack (tar xzf COMP60321.tgz) in your home directory. These files contain the 
skeleton code needed to start the lab and also the BMRT renderer. The Linux package also contains the 
3Delight renderer. 

Edit the COMP60321/env.sh file and check that the COMP60321 environment variable (near top of file) 
matches the location where you installed the software. It currently specifies 
COMP60321=$HOME/COMP60321 – if you unpacked the COMP60321.tgz file somewhere else from 
$HOME then change the variable. You should source the env.sh file in any shell that you will be compiling 
or running the BMRT renderer. The env.sh file assume either the sh or bash shell – if you use ksh you may 
need to edit the file. To source the file in a shell use the following (which does have a . at the start!) 

.  ~/COMP60321/env.sh 

 

To test that your environment is set up correctly we will test the BMRT commands: 

Start a shell and source the env.sh file. Then do: 

cd $BMRTHOME/examples 

Test the rgl Opengl RIB previewer 

rgl teapots.rib (note: not teapot.rib – it fails). Press ESC in the rgl window to close it. Use rgl –h for help. 
rgl limbo.rib 
rgl –sketch limbo.rib 

Test the rendrib high quality renderer 

rendrib –d shadtest.rib  Press ESC in the rendrib window to close it. 
rendrib –d 16 shadtest.rib  The –d switch displays the image rather than writing it to file 



Test iv, the .tif file image viewer 

rendrib shadtest.rib 
iv balls1.tif 

We mentioned that the linux COMP60321.tgz package contains the 3Delight renderer. This is an alternative 
renderer to BMRT. Unfortunately there is a problem running the 3Delight renderer. As such you should 
render your RIB files with the BMRT renderer. However, if you look at the Makefiles used to compile your 
C code you’ll notice that they link your code against the 3Delight library. This is because the BMRT 
libraries do not link properly with the current version of gcc available on the computers in the lab. Hence 
we have the odd situation of linking your program against the 3Delight library but rendering with BMRT. 
This demonstrates very well the usefulness of the RIB file format and the RenderMan standard. Even 
though it is 3Delight that is outputting the RIB file we can then render that RIB file with any RenderMan 
compliant renderer. In our case we use BMRT. 

Step 2: Write a simple RenderMan program 
Having installed the software and set up your environment you can now develop a RenderMan application.  

C users (Windows and linux) 

Go in to the COMP60321/c/simple/ directory and begin editing a new file named simple.c  

Enter the code given below (e.g., using notepad) and then compile and execute using  

Windows 

nmake –f simple.mak   (you must be in a Visual Studio command shell!) 
simple   (to generate a file named simple.rib) 
rendrib simple.rib   (to write image to ri.tif. Then use iv ri.tif) 
rendrib –d simple.rib  (to output image to a window) 

Linux 

make 
./simple    (to generate a file named simple.rib) 
dl2bmrt simple.rib | rendrib  (to write image to ri.tif. Then use iv ri.tif) 
dl2bmrt simple.rib | rendrib –d (to output image to a window) 

Linux Note: these last two lines convert the RIB file written using the 3Delight libraries to a format suitable 
for the BMRT renderer. In theory the RIB file should be correctly formatted but we have found there are 
extra double quote marks around a LightSource parameter in the RIB file that cause problems for the 
BMRT renderer. Hence we remove these from the RIB file using the dl2bmrt program and pipe the 
resulting nicely formatted RIB in to rendrib. 

This is the code to use for simple.c 

#include <stdlib.h> 
#include <ri.h> 
 
static RtPoint square[4] = {{.5, .5, 0}, {.5,-.5,0}, {-.5,-.5,0}, {-.5,.5,0}}; 
static RtColor purple = {.7,.0,.7}; 
 
int main( int argc, char *argv[] ) { 
  RiBegin( "simple.rib" ); 
    RiLightSource("distantlight",RI_NULL); 
    RiProjection("perspective",RI_NULL); 
    RiTranslate(0.0,0.0,1.0); 
    RiRotate(40.0,-1.0,1.0,0.0); 
    RiWorldBegin(); 
      RiSurface("matte", RI_NULL); 
      RiColor(purple); 
      RiPolygon(4, RI_P, (RtPointer)square, RI_NULL ); 
    RiWorldEnd(); 
  RiEnd(); 
  return 0; 
} 



To get help with the RenderMan API functions (RiBegin() etc) the RenderMan Specification is available at 
http://kato.mvc.mcc.ac.uk/COMP60321/RISpec3_2.pdf. Also ask the demonstrators for a look at the 
RenderMan Companion book. 

Java users 

Go in to the COMP60321/java/simple/ directory and begin editing a new file named Simple.java 

Enter the code given below and then compile using 

export CLASSPATH=.:renderMan.jar 
make 

You should now be able to execute your program (java Simple) and it will output a file named simple.rib. 
Render the RIB file using both rgl and rendrib: 

java Simple  (note capital S) 
rgl simple.rib  (note lowercase s) 
rendrib –d simple.rib 

This is the code to use for Simple.java 

import com.PostHorizon.renderMan.*; 
import com.PostHorizon.renderMan.rib.*; 
import java.io.*; 
import java.util.*; 
 
public class Simple { 
 
    private RIBOut ribout; 
 
    Point square[] = { 
        new Point( .5, .5, 0.), 
        new Point( .5,-.5, 0.), 
        new Point(-.5,-.5, 0.), 
        new Point(-.5, .5, 0.) 
    }; 
 
    public Simple() { 
        try { ribout = new RIBOutASCII(new FileOutputStream("simple.rib")); } 
        catch (IOException e) { System.exit(1); } 
    } 
 
    public void render() throws RMException { 
        Color purple = new Color(0.7, 0.0, 0.7); 
 
        ribout.begin(); 
        ribout.lightSource("distantlight", null); 
        ribout.projection("perspective", null); 
        ribout.translate(0.0,0.0,1.0); 
        ribout.rotate(40.0,-1.0,1.0,0.0); 
 
        ribout.worldBegin(); 
        ribout.surface( "matte", null ); 
        ribout.color(purple); 
 
        HashMap polyParams = new HashMap(); 
        polyParams.put(RenderMan.P, square); 
        ribout.polygon(4, polyParams); 
        ribout.worldEnd(); 
        ribout.end(); 
    } 
 
    public static void main(String[] args) throws Exception { 
        Simple simple = new Simple(); 
        simple.render(); 
    } 
} 



To get help with the RenderMan API functions (RiBegin() etc) the RenderMan Specification is available at 
http://kato.mvc.mcc.ac.uk/COMP60321/RISpec3_2.pdf. Also ask the demonstrators for a look at the 
RenderMan Companion book. 

Step 3: RenderMan tutorial 
Once you’ve got the simple app up and running a tutorial is available that asks you to write a few more 
small RenderMan apps. Look through the tutorial at (instructions at top of web page). 

http://kato.mvc.mcc.ac.uk/COMP60321/tutorial 

If you finish the tutorial during the first week go on to the assignment work below. 

The Assignment Tasks (Weeks 2-5 +coursework week)  

Introduction 
One of the example RIB files included in the BMRT distribution is called limbo.rib . It generates an 
animation of a desk lamp limbo dancing under a pole.  This is a very basic scene but we’ll use it as 
inspiration for the lab.  

 
 

Go in to the COMP60321/c/lamp/ or COMP60321/java/lamp/ directory and open the lamp.c (or Lamp.java) 
file in an editor. This code, when compiled and executed, will generate the simple scene above. Compile 
the app, run it to generate a RIB file then render the RIB file to get the image shown above. 

Windows 

nmake –f lamp.mak 
lamp 
rendrib lamp.rib 

Linux (C) 

make 
./lamp 
dl2bmrt lamp.rib | rendrib 

Linux (Java) 

make 
java Lamp 
rendrib lamp.rib 

Examine the source code. You should read through the source code and work out what is going on. There 
are lots of comments in the code to help explain certain sections of the code. You will be developing this 
file further to add new features so it helps to understand the source code at this early stage. Note that the 
source code can be edited as much as you like. This is just a starting point and you’ll find you need to make 
many changes as you add the new features.  It might be helpful to create new directories for the various 
tasks. You can copy the source code from one to another. It is up to you how you organize these things but 
please try to make it clear which bits of code are used for the various tasks. 

Your first three tasks are to extend this C program to generate three different RIB files as detailed below. 
The PIXAR film Luxo Jr. might provide you with some inspiration when performing these tasks! 



Task 1: Procedural Animation and Lighting – 15% of lab mark 
Overview: Animate the shade of the lamp so that it rotates to and fro – giving the appearance that the lamp 
is shaking its head. The shade should rotate through an arc of 120 degrees, centred about the default 
position. The centre of rotation is the joint between the shade collar and the forward angled pole.  

1. A function should be defined which generates the motion for the lamp shade. Can you design the 
function to provide slow in/slow out motion?  The rest of the lamp should initially remain fixed. For this 
exercise, assume that the shade collar creates a simple revolute joint with the forward angled pole. 

2. Once you have the lamp shaking its head, add in some more motion which makes the entire lamp jump 
up and down on the spot. 

3. Add a light source within the lamp shade, and include some extra geometry to represent the bulb. 
Note that according to the RenderMan specification, a light will only illuminate the geometry that is 
defined after the light has been defined. This affects how and where you define your light in your C or Java 
code. More marks will be awarded if you can make the lamp self-illuminating – is it able to light up its own 
body geometry? There are two main solutions to this problem. Implement one of them. 

4. Turn on shadows. 

You should use RiFrameBegin() / RiFrameEnd() to generate all frames in single RIB file. Create a total of 
60 frames (the number of frames mentioned in each task is just a guideline – you may want to render 
more). 

Task 2: Motion Graphs and Path Animation – 40% 
Overview: Add a ball to the scene using RiSphere(). Firstly animate the ball so that it follows a path around 
the floor. Then animate the lamp so that it “hops” on top of the ball. Use the storyboard below as a 
guideline. 

 

The lamp has three joints that need to be managed: 

�  Hinge joint between the short pole and the back angled pole 
�  Hinge joint between the back angled pole and the forward angled pole 
�  Ball and socket joint between the forward angled pole and the shade collar. 

1. This task requires the implementation of motion graphs and path animation, as discussed in the lectures. 
A graph and path editor named BezierTool3D is provided so that you can create the various paths and 
graphs – see the appendix on the BezierTool3D program. Skeleton C and Java code is provided in your 
COMP60321/c/BezierCurve_v5/ or COMP60321/java/BezierCurve_v5/ directory. The code already 
implements the function (or method) to read in the curves from the BezierTool3D application and to print 
out details about the curves to confirm that they have been read in correctly. However, you need to 
complete the sections that evaluate the curves so that your animation code can read the graphs at any time 
in your animation. Your animation code can then control an object (such as the ball or lamp) using the 
values read from the graphs and paths. 

   

  

 



You should read the source code in the BezierCurve_v5.c, .h, .java files and complete the missing functions 
and methods. Only then will you be able to use the motion graphs and paths you design in the 
BezierTool3D program. You have to demonstrate that your code can read in and use motion graphs and 
paths. 

Once you have completed the BezierCurve_v5.c or Curve.java and Segment.java files you should use a 3D 
path to make the ball move around the floor. Then use motion graphs / paths to make the lamp hop on to 
the ball. 

2. Apply some of the principles of traditional animation – anticipation, exaggeration, etc. to the lamp and 
ball.  

3. Optional advanced solution: Apply an advanced technique from the lectures. These can include 

·  A hierarchical kinematics model to the lamp. You will find it helpful to draw the corresponding 
tree structure. Think about how you can update the position and orientation of the lamp in each 
frame by applying the necessary transformations in the correct order. 

·  Quaternion rotations and interpolation 

·  Dynamics 

This is an optional component but is worth 25% of the marks available for task 2. 

Save the frames from this animation sequence and generate a movie file. 

Task 3: Textures, Particles – 25% 
1. Make the scene in step 2 appear more realistic by adding the following features: 

�  Use texture maps in your scene (1 or more). 
�  Use a motion graph to make the lamp light flash on and off. 
�  Any other feature of your choice (discuss in report). For example, add extra scene geometry. 

2. Assume that there is a bad electrical contact between the bulb and the lamp, and electrical sparks are 
produced. Implement and use a particle system to generate this special effect. Note that BMRT cannot 
render lines generated with the RiCurve() function.  Can you control aspects of your particle system with 
motion graphs (e.g., particle colour)? 

Save 120 frames from this sequence and generate a movie file. 

You should aim to have completed the lab up to this point by the end of week 4. 

Task 4: Animating a Walk Cycle – 20% 
Examine and compile the code in your COMP60321/c/man/ or COMP60321/java/man/ directory. Compile 
the man.c or Man_Animation.java file and execute the program. Now look at the RIB file using rgl: 

rgl man.rib 

It should produce a short animated sequence containing a mannequin as shown below. 

 



1. Animate the mannequin performing a walking action. Several techniques may be used including path 
animation, motion graphs or procedural animation. You may turn off or modify the camera animation if 
you prefer. It will be necessary to examine the source code and determine the hierarchical tree structure of 
the mannequin. This will affect how you apply animation to each section of the mannequin’s limbs.  It is 
not necessary to produce a perfectly realistic walking motion. However, it might be helpful to think about 
the sequence of motion in your own walk (how the arms sway in relation to the leg motion for example). 
There is also a walk cycle reference at  

http://www.siggraph.org/education/materials/HyperGraph/animation/character_animation/walking/learning_to
_walk.htm 

2. In your report on this section, discuss the advantages and disadvantages of the animation techniques 
applied in terms of being able to easily modify the animation. For example, is it easy to adjust the stride 
length or the amount of arm sway using the techniques you have chosen? 

What to Hand In  
 A report should be submitted by 4pm on Friday 18th December 2009, containing: 

�  Description of your programs (animation techniques used and algorithm implementations) 

�  Any necessary program listings  

�  The individual movie frames, or an mpeg / avi of the animation sequences 

�  A critical appraisal of what you have done  

If possible, please burn the entire lab work on to CD. Feel free to make longer movies (more frames) if 
doing so. Please also ensure that the source code you submit compiles. The RIB files you generate must be 
reproducible when source code is compiled and executed. There is a penalty of -10 marks for code that 
doesn’t compile or RIB files that don’t display correctly. 

Organise your work in to suitably named folders and sub folders. Do not simply put all code, images, 
reports etc in to one large folder. It may help to create .bat/script files or Makefiles (highly recommended) 
that compile each section of work. Remember, you will have worked on the projects for several weeks and 
so will have no trouble navigating through your work and compiling what is required. However, when the 
work is marked we will be seeing it for the first time. If we cannot easily find what to look at or recompile 
your work to ensure it produces the results as described then we cannot evaluate it very well! 



Appendix: Lab Utilities  
 

BezierTool3D  
 

Creating Bezier curves suitable for guiding motion in computer animation is a difficult task, and trying to 
do so without an interactive spline editor is more complicated still. 

To address this, RCS has provided a curve editor: BezierTool3D. This is available in your 
COMP60321/BezierTool3D/linux or COMP60321/BezierTool3D/win32/ directory. See the Usage section 
later on for how to run the application. Note that these directories are in your PATH once the env.bat or 
env.sh files have been run. Hence you can run BezierTool3D from any directory. 

 

 
 

BezierTool3D will read and write ASCII descriptions of a motion graph or path curve, allowing the user to 
interactively edit the spline to create the desired shape.  

The editor allows two types of curves to be designed: Motion Graphs and 3D Path. Motion graphs are 2D 
curves that represent some attribute of an object such as the X, Y or Z position of the object or even the red, 
green and blue components of its surface colour. A single curve could be used to represent the object’s z 
rotation, if you happen to want to rotate the object on the z axis say. When used in this manner, the curves 
you design are edited in the MotionGraph window inside the BezierTool3D. The X axis in the editor 
represents time and the Y axis represents the value of the object’s attribute (such as red colour or z rotation 
or x position) at that time. Each attribute you wish to animate must have a separate graph. Hence if you 
wish to move the object in x, y and z then you will need three motion graphs. 

The other way to view the curves is as 3D paths for an object to follow. In this case the X axis of the editor 
represents the object’s X position and the Y axis in the editor represents the object’s Y position, if looking 



at the path through the Front window. The Top and Right windows give views of different axes and the 
Perspective window shows the 3D path in 3D space. 

 

Usage 

BezierTool3D is run from the command line using one of: 

  BezierTool3D 
  BezierTool3D input.bez 
  BezierTool3D input.bez output.bez 

where 

input.bez is the text file containing the description of the curves to be edited 

output.bez is the name of the output text file when saving curves (will default to ‘output.bez’ if not 
specified on the command line). BezierCurve3D will not overwrite the input file if only one name is 
specified. It will create a file named output.bez.  

File Format 

BezierTool3D reads curves in from a text file e.g.: 

# Autogenerated by BezierTool3D v5 
# UI parameters 
H 0 
 
# New curve marker, type and id (type1 = 3D Path, type0 = Motion Graph) 
C 1 1 
# New segment slope and interp types then four control points (Interp2 = Bezier) 
0 2 
-1.872 0.000 -0.561 
-4.539 0.000 -0.511 
-5.401 0.840 -0.213 
-5.116 1.421 0.041 
# New segment slope and interp types then four control points (Interp1=Linear) 
0 1 
-5.116 1.421 0.041 
-4.868 1.930 0.262 
0.061 5.103 -0.587 
0.792 3.435 0.600 
 
# New curve marker, type and id (2D points since type is Motion Graph) 
C 0 2 
# New segment slope and interp types then four control points 
0 2 
0.000 0.000 
4.555 0.000 
3.190 0.908 
5.358 1.988 

NOTE – comments are not preserved in BezierTool3D output 

Using BezierTool3D to Edit Curves 

After successfully running BezierTool3D with your input curve(s), you will be presented with a window 
containing the curve(s) and their control points. You can interactively move control points around by 
clicking and dragging with the left mouse button. Doing so will change the shape of the spline. 

A curve with more than one Bezier segment is assumed to be one single continuous curve, and so the final 
control point of one segment should match the first control point of the next. Dragging this control point 
will have the effect of moving the associated control point in the adjoining segment, should one exist. Such 
segment end points, (or exterior control points) are coloured red. Interior control points are coloured blue. 



Menu 

Clicking and holding the right mouse button brings up a menu: 

 

 
 

Main Menu 

Item  Key Description 
Save curves s Saves all curves (graphs and paths) to the output text file (.bez format) 
New curve n Create a new curve (has default control points) 

Will create a 3D path if used in the Top, Front, Right or Perspective.  
Will create a Motion Graph if used in the MotionGraph window. 

Activate curve a Click on another curve to make it active 
Move curve c Drag the entire curve in the window 
Scale curve C  Scale curve about origin according to mouse x and y motion 
Scale curve horiz , Scale the curve about the origin horizontally only 
Scale curve vert . Scale the curve about the origin vertically only 
Delete curve d Delete the active curve (you must click on it to actually delete it) 
   
Insert point i Click at location on active curve where new point it to be inserted 
Delete point x Click on a point to delete the point 
Move point m Click and drag the point to reshape the curve 
Toggle joined/broken j Click on the point of a Bezier Curve to break its joined handle 
   
Const-ize segment - Click on segment  to use constant interpolation (Motion Graphs only) 
Linear-ize segment l Click on segment to use linear interpolation 
Bezier-ize segment b Click on segment to use Bezier interpolation 
   
Camera Menu  Expands the secondary menu (see below) 
Toggle ghosted handles H Show in grey the handles from previous Bezier segments 
   
Exit Bezier Tool Esc Exits the program 

 



Camera Menu 

Item  Key Description 
Pan p Drag the camera in the current plane of view 
Dolly(fwd/bkwd) P Move the camera in/out of the perspective window 
Dolly camera+interest i Move the camera and orbit point in/out of persp. 
Zoom z/Z Drag mouse up/down to zoom in/out 
Zoom graph horiz X Zoom the graph editor horizontally in/out 
Zoom graph vert A Zoom the graph editor vertically in/out 
Orbit o Orbit the perspective camera about the interest point 
Reset r Reset camera in current window to default setting 
Reset all R Reset camera in all windows to default settings 
   
Toggle ruler u Toggle ruler in current window on/off 
Toggle all rulers U Toggle rulers in all windows on/off 
Toggle grid g Toggle grid in current window on/off 
Toggle all grids G Toggle grid in all windows on/off 
   
Toggle full width h Toggle the current window full/half width 
Toggle full height v Toggle the current window full/half height 
Toggle screen f Toggle the current window full width and height 
   
Perspective 1 Change current window to have a Perspective camera 
Top 2 Change current window to have a Top 2D camera 
Front 3 Change current window to  have a Front 2D camera 
Right 4 Change current window to have a Right 2D camera 
Graph Editor 5 Activate the Motion Graph Editor in current window 

When using the camera actions they usually apply to the current window in which the mouse cursor was 
located when either the shortcut key was pressed or the menu was activated.  

Pressing the Escape key will end the current mode. Pressing it again will then exit from BezierTool3D. 
Ensure that curves are saved to file before exiting as no prompt is given asking if you want to exit. 

Support Code  
To make best use of the curves edited by BezierTool3D, a set of  Curve datatypes and functions is provided 
to read curves from a text file. These should be used in your lab programs that output RIB files. By reading 
the curves and evaluating them at each frame of your animation, you will have implemented one of the core 
techniques in any computer animation software. 

The following files are provided in your COMP60321/c/BezierCurve_v5/ or 
COMP60321/java/BezierCurve_v5/ directory: 

·  BezierCurve_v5.h 
·  BezierCurve_v5.c 
·  CurveList.java, Curve.java, Segment.java, Point3D.java, PrintCurves.java 

BezierCurve_v5.h 

Contains the basic datatypes required to represent a Curve in your animation program. It also contains 
function prototypes for various utility functions. Examine the data structures to see how a curve is 
represented.  

BezierCurve_v5.c 

Contains the implementation of the function to read in the .bez files and print information about the curves 
read in. You will need to complete the curve evaluation functions so that your animation code can read off 
a value from the graphs and paths at any time in your animation.  

The first task is to complete the low level segment evaluation routines that evaluate a constant, linear or 
Bezier segment at a given ‘time’ (between 0 and 1). These are then used by the main MotionGraph and 



Path evaluation routines that evaluate a multi-segment curve at any real time value. It is these two top level 
routines (EvalMotionGraph() and Eval3DPath()) that your animation code should use. Read the source code 
because they have extensive comments (and a few hints) on how to do this. 

Curve.java, Segment.java 

Curve.java contains the top level EvalMotionGraph() and Eval3DPath() methods that your animation code 
should call. They allow a motion graph or path to be read at any time in your animation. You should 
complete these methods. To do so you will need to complete the low level segment evaluation routines in 
Segment.java. These allow constant, linear or Bezier curve segments to be evaluated at any ‘time’ between 
0 and 1. 

The .bez curve reading code is already implemented in CurveList.java. This  will create the various classes 
to represent the curves read in from the .bez file. The Point3D file contains a basic 3D point geometry class 
which is used to represent the control points of a curve. 

Sample Curve Reading Apps (C and Java) – Read this!  

Each directory contains a Makefile (linux) or curve.mak (win32) so that the skeleton code can be compiled. 
A simple printcurves application will then use the code to print out information about the curve. Note that 
the reported lengths of the curves will be wrong until you have complete the evaluation routines above. 
This is because the curve reading code uses your evaluation routines to measure the length of the curves. 
The length is not saved in the .bez file. Look at the main.c or Printcurve.java file to see how the curves are 
stored once they have been read in. You generally get a list of curves which you can then use in some way 
(print out their details or use in your animation).  

Left and Right Handed Coordinate Systems 

BezierTool3D uses a right handed coordinate system This means that while looking in the Front view or 
default Perspective camera (so that +x goes to the right, +y goes up) the Z axis extends out of the window 
towards you. If you increase the Z value from 0 through positive values, the object comes closer to you. 
BezierTool3D uses this coordinate system to match OpenGL. 

RenderMan uses a left handed coordinate system. In this case the Z axis extends positively in to the scene, 
away from you. If you look at the rendered image generated by the lamp.c or Lamp.java example code you 
will see a glyph representing the world coordinate system axes at the world origin. This is there to help you 
decide in which direction to translate an object. You can see that the blue Z axis points away from you in to 
the scene. 

The different use of right and left handed coordinate systems means that a 3D path read in from 
BezierTool3D and used in your RenderMan world would actually be reversed in the Z direction. For 
example, if a path appears to move an object nearer to you in BezierTool3D then it would actually move 
the object away from you in RenderMan. To correct this situation, the .bez reading functions in 
BezierCurve_v5.c and CurveList.java will negate the z component of any control points read in from 3D 
Paths. Hence when you use a curve in RenderMan it will move an object in the expected direction. 


