




















































Chapter 3 Visualisation 

graphics systems. Computer graphics Application Programming Interfaces (API) have evolved 

along with computer hardware and user requirements. 

In the early eighties, 3D graphics applications were developed in a programming language called 

FORTRAN, which was run on state of the art raster terminals, plugged into mainframes and 

minicomputers. Developers were limited to primitives and wire frame surfaces. A primitive is an 

object from which higher-level, more complex objects and operations can be constructed. In 

graphics, primitives are elements such as lines, polygons and curves that can be combined to create 

more complex graphical images. The advent of workstations increased the capabilities of 3D 

graphics significantly. The C programming language, making calls to computer graphics libraries 

such as PHIGS and PEX, was used to create solid models. Object oriented programming languages 

such as C++ became more popular as workstations became more powerful. C++ and OpenGL 

became the standard for 3D graphics development. Their capabilities routinely included texture 

mapping, additional control over the rendering process and lighting models (see Figure 3.4). (Sun 

Microsystems, 1999b) 
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Figure 3.4 - The History onD Graphics 

Millennium ~ 

The current age is the network age where large amounts of data are shared across networks. Java is 

one of the major languages being used because it is platform independent. OpenGL is still utilised 

for 3D graphics and is used by Java3D as an interface to the computer hardware. The 3D models 

15 
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created with Java3D can be distributed over the network but a workstation with good performance, 

large amounts of memory and disk space and powerful graphics facilities in terms of available 

colours and display speed, is still needed. Modem day workstations are becoming faster and have 

greater abilities to perform real-time processing of data. (Sun Microsystems, 1999b) 

3.7 Choosing a Package 

As 3D computer graphics have become more popular, new tools have been created to generate and 

display 3D graphics objects. Three of the more common tools that can be used to create interactive 

3D graphics are the OpenGL API, the Java3D API and the Virtual Reality Modelling Language 

(VRML). 

3.7.1 VRML (Virtual Reality Modelling Language) 

VRML is not a programming language like C or Java, nor is it a "mark-up" language like HTML. It 

is a modelling language used to describe 3D graphics scenes. Most of the commonly used 3D 

graphics utilities such as hierarchical transformations, light sources, viewpoints, geometry, 

animation, fog, material properties and texture mapping are defined by it. VRML is a multi­

platform file format for publishing 3D web pages and is not a programming library for application 

developers nor is it an A.PI even though it includes scripting language. (Hartman and Wernecke, 

1996) 

Internet Browser 

3D graphics object viewed in 
VRML Browser 

VRML Browser embedded in 
Internet Browser 

Figure 3.5 - Example of how a VRML file is viewed 

Since VRML is a 3D graphics file format, a program is required to view the file. These programs 

are known as browsers and are created for various platforms. A common VRML browser on the 

Windows platform is Cosmo Worlds, which runs as a plug-in for Internet browsers such as Netscape 

or Microsoft Internet Explorer. The following figure (see Figure 3.5) shows a VRML file 

describing two spheres being viewed in a VRML browser that is embedded in an Internet browser. 

The VRML browser may include various tools, the most common being movement and viewpoint 
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tools, which allow a user to explore the objects described by the VRML file from vanous 

perspectives. 

Although VRML is not an API, it does have scripting capabilities that allow a user to perform 

simple interactions with the 3D objects created. In order to create more advanced user interactive 

tools an event-based model of interaction is used. In this model, events are used to send changes 

from an external language to the VRML browser and vice versa. The external language used is 

normally Java due to its portability over the Internet. 

3. 7.2 OpenGL 

OpenGL is "the most widely adopted graphics standard." (OpenGL Overview, 1999) It is an 

environment for developing portable, interactive 2D and 3D graphics applications and was 

introduced in 1992. All UNIX-based platforms, as well as Windows based platforms, support 2D 

and 3D graphics applications developed in the OpenGL API. Software developers have access to 

geometric and image primitives, display lists, modelling transformations, lighting and texturing, 

anti-aliasing, blending, and many other features. 

OpenGL is a graphics library and in order to use it, a programming language such as c++ has to be 

utilised to create a user interface whereby the user can interact with a 3D model created using the 

functions from OpenGL. By using C++, the program can no longer be run on all software 

platforms. Java can be used to write graphics applications using the graphics functions of OpenGL, 

which will be portable over various platforms. 

3.7.3 Java3D 
The Java3D API is a full-featured, high-performance 3D graphics architecture that integrates 

smoothly as an extension to the Java programming language. It is an API that yields a high degree 

of interactivity while preserving true platform independence and it provides the functions for 

creation of imagery, visualisations, animations, and interactive 3D graphics application programs 

(Sun Microsystems, 1999a). Java3D will be discussed in more detail in the next chapter. 

Examples of the code required to create a sphere with a light source using the above three methods 

are displayed in the Appendix. It can be seen that the VRML code is significantly shorter than that 

of the Java3D and OpenGL code. The reason for this is that, as mentioned before, VRML runs in a 

browser. Code for a user interface is therefore not required. 
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. Java3D 

Java3D 

This chapter will discuss the Java3D API and how to create 3D graphics using it. It will be 

assumed that the reader is familiar with the Java structure. 

4.1 The Java3D API 

The Java3D API is an interface for writing programs to display and interact with 3D graphics. It is 

a hierarchy of Java classes, which serve as the interface for 3D graphics rendering. A programmer 

works with high-level constructs to create 3D geometric objects. These geometric objects reside in 

a 'virtual universe', which is then rendered. A virtual universe is therefore a conceptual space in 

which visual objects 'exist' and may vary in size from the astronomic to the subatomic. The details 

of rendering are automatically handled by the API making it easier for a user to display 3D 

graphics on a computer screen. 

A Java3D program creates instances of Java3D objects and places them in a scene graph data 

structure. The scene graph is an arrangement of 3D objects in a tree structure. It specifies the 

content of the virtual universe and how it should be rendered. The Java3D API defines over 100 

classes, which are considered as the core classes. Other classes known as the utility classes are also 

available. These Java3D classes can be split into four major categories, namely (Bouvier, 1999): 

• Content loader - read 3D scene files from other 3D graphics packages and creates Java3D 

representations. 

• Scene graph construction aids - enable a user to add and remove objects from the scene graph. 

• Geometry classes - are used in the creation of geometric objects. 

• Convenience utilities - extend a core class to make them easier to use. 

4.2 The Construction of a Scene Graph 

A Java3D virtual universe is created from a scene graph. The scene graph is assembled from 

objects that define geometry, sound, lights, location, orientation and appearance of visual and audio 

objects. 

The scene graph is a data structure composed of nodes and arcs where the nodes are the data 

elements and arcs are the relationships between the data elements. In the scene graph the nodes are 

representative of Java3D classes. The arcs represent two kinds of relationships between the Java3D 

nodes. The most common relationship is the parent-child relationship. This means that a group 
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node on the scene graph may have many children but only one parent and a leaf node has one 

parent and no children (see Figure 4.1). The second type of relationship is the reference 

relationship. (Bouvier, 1999) 

Leaf Node 

Group Node 

Parent (Root) 

1.... Arcs 

I \ 
I \ 

I , 

~ 
I \ 

I \ 
I , 

Child 

Figure 4.1- A Tree Graph with Nodes and Leaves 

The scene graph is a tree structure constructed of Node objects in parent-child relationships. A 

scene graph has a root from which other nodes are accessible by following the arcs. The arcs 

cannot form cycles and only one path exists from the root of the tree to each of the leaf nodes. The 

path from the root to the leaf node is called the scene graph path of which there is only one for each 

leaf node in the scene graph. The scene graph path will completely specifY the attributes of the leaf 

node. The attributes, also known as the state information, include the location, orientation and size 

of the visual object. 

The root of the scene graph is a Locale object, which provides a reference point in the virtual 

universe. It can be thought of as a landmark used to determine the location of visual objects in the 

virtual universe. More than one Locale object can be specified for a lava3D program. This results 

in the definition of more than one virtual universe. A drawback is that there is no means of 

communicating among virtual universes. It is recommended that one virtual universe be used in 

each Java3D program. (Bouvier, 1999) 

Each Locale object may serve as the root of multiple sub-graphs of the scene graph. The roots of 

the sub-graphs are known as BranchGroup objects. The sub-graphs are also known as branch 

graphs. There are two different categories of branch graphs, namely (Bouvier, 1999): 

• View branch graph - This branch specifies the viewing parameters, which include location and 

direction. 

• Content branch graph - This branch specifies the contents of the virtual universe such as the 

geometry, appearance, behaviour, location, sound and lighting. 
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Java3D consists of classes that create the scene graph. The Virtual Universe, Locale, Group and 

Leafclasses create the hierarchy of the scene graph. All objects other than the Virtual Universe and 

Locale objects are scene graph objects, which are the superclass for almost all core and utility 

classes in Java3D. The SceneGraph object has two subclasses, namely: Node and NodeComponent. 

The following points describe these classes in more detail (Bouvier, 1999): 

• The Node class - This class defines important common methods for its subclasses. Subclasses 

of the Node class compose the scene graph. The Node class is never used directly as it is an 

abstract class and only methods defined in it can be used. The following classes are subclasses 

of the Node class: 

1. Group class - This class is used to specify location and orientation of visual objects in the 

virtual universe. The BranchGroup and TransformGroup classes are subclasses of the 

Group class. 

2. Leaf class - This class is used in the specification of shape, sound and behaviour of visual 

objects in the virtual universe. The Shape3D, Light, Behaviour and Sound classes are 

subclasses of the Leaf class. These classes do not have any children but they may reference 

NodeComponents. 

• NodeComponent class - This class is the superclass used in the specification of geometry, 

appearance, texture and material properties of a Shape3D (Leaf) node. It is not part of the scene 

graph but is referenced by it. A NodeComponent may be referenced by more than one Shape3D 

object. 

Figure 4.2 shows an example of a scene graph. The scene graph is rooted at the Locale object, 

which is attached to the virtual universe. From the Locale there are two branches, the left-hand side 

branch is the content branch graph and the right-hand side branch is the view branch graph. The 

Shape3D node, as described before, is a leaf node and it has no children. The Appearance and 

Geometry node components are referenced to the Shape3D node by reference arcs. In the same 

way, the other objects in the view branch graph are referenced to the View Platform leaf node. The 

one difference in this branch graph is that there is an extra node, namely the TransformGroup node. 

This node is a sub-class ofthe Group node (Bouvier, 1999). 
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Figure 4.2 - Example of a Scene Graph 

4.3 Creation of a Simple Java3D program 

The basic procedure for the creation of a Java3D program can be seen in Figure 4.3. This example 

ignores the detail but illustrates the concept of Java3D programming where branch graphs are 

created for the scene graph. Since the view branch graph of many Java3D programs will be similar, 

a utility class was provided that combined the second, third and fourth steps into one class. This 
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class is called Simple Universe. By simplifYing the creation of the view branch graph, a user can 

concentrate on the content ofthe program. 

1. Create a Canvas3D object 

2. Create a viiat Uni"", objeo' 

3. Create a Loc!e object and attach it 
to the Virtual Universe object 

~----------------------------------------------, a. Create a View object : , , 
b. Create a ViewPlatform object i 

4. Construct a View branch graph --JiIo. 

t 
5. Construct the content branch graph 

t 

c. Create a PhysicalBody object 

d. Create a PhysicalEnvironment object 

e. Attach View Platform, PhysicalBody, 

PhysicalEnvironment and Canvas3Dto View 

object 

, , , , , , , , , , , , , , , , 
6. Compile the branch graphs -----------------------------------------------, 

• 7. Insert sub-graphs into the Locale 

Figure 4.3 - Structure of a Simple lava3D Program 

The Canvas3D object, mentioned in the example above, provides an image in a window on the 

computer screen. It is the image plate of the virtual universe. The View object is required to allow 

the user to view objects in a virtual universe. It contains parameters needed to render a 3D scene 

from a viewpoint. The ViewPlatform object controls the position and orientation of the viewpoint 

and the PhysicalBody object contains specifications on the location of the user head. These 

specifications include the position of the left and right eyes of the user. The PhysicalBody object is 

used to set-up input sensors for head tracking devices. In step six the branch graphs are compiled. 

This is to done to allow the information specified in the branch graphs to be converted to a more 

efficient form for rendering. 

4.4 The Java3D Co-ordinate System 

The term 'virtual universe' commonly refers to a three dimensional space in which 3D objects can 

be inserted. Each Locale object specified in a Java3D program establishes a virtual world Cartesian 

co-ordinate system from which it references visual objects. When one Locale object is present, only 

one co-ordinate system is used. The co-ordinate system used in a Java3D virtual universe is a right­

handed system. The x-axis points to the right, the y-axis points upwards and the z-axis points out of 

the screen towards the viewer (see Figure 4.4). The distance units are in meters. 
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Figure 4.4 - The Java3D Co-ordinate System 

4.5 Creating 3D Geometry 

There are three ways to create geometry objects in Java3D. 

Java3D 

1. The first method is to use the utility classes to create objects such as rectangles, cylinders, 

cones and spheres. 

2. The second method allows a user to specify vertex co-ordinates for points, lines and polygon 

surfaces. 

3. The third method is the use of content loaders, which load geometric objects from other 3D 

specifications such as VRML. 

The Shape3D scene graph node is a leaf node and it defines visual objects in Java3D. It does not 

contain information about the shape or colour of an object. This information is stored in the 

NodeComponent objects that are referred to by the Shape3D object. The Shape3D node can refer to 

one Geometry node component and one Appearance node component. 

4.6 Interaction 

As mentioned before, the inclusion of interaction and animation in a Java3D program allows a 

virtual world to become more interesting and useful to a user. Interactive tools create changes in 

the virtual world in response to user actions. Animation is defined as changes in the virtual world 

caused without direct user action. Animations usually correspond to the passage of time and may 

be activated by a user making use of some form of switch. In Java3D, both interaction and 

animation are specified through the use of the Behaviour class. 
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The Behaviour class provides the mechanism to include code in a Java3D program that alters the 

scene graph. It is a link to code that provides changes to the graphics of the virtual universe. At 

some stimulus it changes the scene graph or objects in the scene graph. The stimulus can be the 

press of a key, a mouse movement or click, the collision of objects in the virtual world, the passage 

of time, some other event, or a combination of these. These changes include addition and removal 

of objects from the scene graph, the changing of attributes of the objects, the rearranging of objects 

in the scene graph, or a combination of these. (Bouvier, 1999) 

The Behaviour class is part of the scene graph. The Behaviour node is inserted in the scene graph 

and it references the object that is to be changed. The locations of the Behaviour nodes are 

normally dependent on the effect on the scheduling bounds and code maintenance. A scheduling 

bounds is a region that surrounds an object to which the Behaviour class is being applied. The 

activation volume of a view must intersect the scheduling bounds of a behaviour for the behaviour 

to be active. Behaviours will only be executed in response to a stimulus when they are active. An 

example of this is when an object in the virtual world has been translated to a point outside the 

viewpoint's field of view. In some cases, when an object is no longer visible, it is not necessary to 

continue translating it and the behaviour is deactivated. Figure 4.5 shows an example of the 

placement of a behaviour node in a scene graph. 

Branch Group Node 

Behaviour 

Trans form Group Node 

Reference Arc 

Figure 4.5 - Position of a Behaviour Node in a Scene Graph 

4.7 A Simple Example Program 

Figure 4.6 contains uncompiled Java and Java3D code that demonstrates the creation of an object 

in a virtual universe. In this program the SimpleUniverse class was used, thus the viewing 

parameters did not need to be set. Figure 4.7 shows the scene graph path for the program. As 

explained above, there is no view branch graph as it is specified in the SimpleUniverse class. The 

only branch graph that is present is the content branch graph, which is attached to the simple 

universe. The first node in the branch graph is the TransformGroup node (TG). This node specifies 
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the position and orientation of all objects below it in the scene graph path. The next node is the 

Shape3D node, which has reference arcs to the Geometry and Appearance node components. 

import java. et.Applet; 
import java.awt.BorderLayout; 
import java.awt.Frame; 
import java.awt.event.*; 
import com.sun.j3d.utils.applet.MainFrame; 
import com.sun.j3d.utils.geometrY.*i 
import com.sun.j3d.utils.universe.*; 
import javax.media.j3d.*; 
import javax.vecmath.*; 

public class Start extends Applet { 

public BranchGroup createSceneGraph() 
BranchGroup sceneRoot new BranchGroup(); 
TransformGroup sceneTG new TransformGroup(); 
sceneRoot.addChild(sceneTG); 
Appearance app new Appearance(); 

Cube cube = new Cube(); 

Shape3D shape = cube. getChild ( ) ; 

Imports the base classes 0 

which the program runs 

Method to create the Content 
Branch Graph 

Creation ofthe Geometry 

.setAppearance(apP)i 

~ Adding of Geometry to 
Shape3D node 

'---------' 
sceneTG.addChild(shape)i 

return sceneRoot; Adding of Appearance to 
Shape3D node 

public Start () ( 
setLayout(new BorderLayout()); 
Canvas 3D canvas3D = new Canvas3D(null)i 
add("Center", canvas3D); 
BranchGroup scene createSceneGraph()i 
SimpleUniverse simpleU = new SimpleUniverse(canvas3D)i 
simpleU. ewingPlatform() .setNominalViewingTransform()i 
simpleU.addBranchGraph(scene); 

} 

public static void main(String[) args) ( 

} 

} 

Frame frame = new MainFrame (new Start(), 256, 256); 

Figure 4.6 - The Code for a Simple Java3D Program 

Creation of the 
Simple Universe 

In the program a cube was created that had different colour faces. The first image of the cube 

created by the Java3D program in Figure 4.7 shows the cube from the top. The second image 

shows the cube, which has been rotated. The TransjormGroup object handles the rotation of the 

cube. 
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Figure 4.7 - The Scene Graph of the Simple Java Program as well as the Output 

4.8 The Java3D Structure Used 

Java3D 

At the beginning of the project involving the Laetoli footprints, a scene graph was created. As the 

project progressed, changes to the scene graph were made when visualisation tools were added. 

Figure 4.8 shows the scene graph used in the project. The basic structure is the same as in the 

example of Figure 4.2, where there are two branches off the Locale object, namely the view branch 

graph and the content branch graph. The structure of the view branch graph is the same as it is in 

Figure 4.2 and was therefore not drawn. 

The first node in the branch graph has two branches. The right hand branch goes to a Switch object. 

A switch is an object that determines which child below it in the scene graph is rendered. In the 

case of the light switch, either the Directional Light or the TransformGroup (TG) node can be 

activated. The lights are discussed in section 5.4. The branch to the left of the BranchGraph (BG) 

node goes to a TransformGroup node, which is used to change the position and orientation of the 

objects below it. The three branches from this point will be described from left to right: 

• The first branch contains the measurement spheres (see section 6.3). These spheres also have 

their own TransformGroup node. Although they do not belong to the Shape3D class, as they 

are provided as a Java3D utility class, they do have an Appearance node component. 

• The second branch contains the main geometry of the program. There are three separate 

Shape3D nodes, each with their own TransformGroup node. The three Shape3D nodes are as 
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follows (left to right): flood plane (see section 6.1), contours (see section 5.7) and object (see 

section 5.1). Each of these nodes has Geometry and Appearance node components. 

• The third branch contains the tools for the movement (see section 5.2), measuring (see section 

6.3) and fly-through tools (see section 5.8). These tools allow a user to interact with the objects 

in the virtual universe and are therefore extensions of the Behaviour class. There is a switch 

function for these behaviours as only one of them can be active at anyone time. The reference 

links have not been shown. The reference links of the movement and fly-through behaviours 

refer to the viewpoint parameters in the view branch graph. The measurement behaviour 

references the measurement spheres discussed previously. 
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Figure 4.8 - Scene Graph for this Project 
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Chapter 5 and Chapter 6 discuss the creation of 3D surfaces and their properties as well as the 

construction of user interactive tools. 
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Chapter 5 

3D Graphics with Java3D 

This chapter discusses the creation of 3D graphics using Java3D. 

5.1 The surface 

This section describes the different types of surfaces that can be created, the data that was used to 

create the 3D surfaces and the algorithms used. 

5.1.1 3D Surface Types 
A 3D surface can be displayed in four different ways (Stynes, 1996): 

• Rendering a surface of points. Not much can be detennined from this except to see where 

individual points are and to get a vague understanding of the nature of the surface. 

• Wire frame rendering. Points in a grid are connected to adjacent points by lines. This reveals a 

little more about the nature of the surface but it may still be unclear especially as the viewpoint 

is moved further away from the surface. 

• Filled polygon rendering. A solid appearance is created by filling the polygons of the wire 

frame and shading them according to the direction in which they reflect light. The polygons are 

nonnally triangles. 

• Gouraud shaded rendering. The most realistic representation of a surface, it blends the shading 

in each polygon to create a less angular surface. This method is usually the most infonnative 

method of displaying a surface. 

Even though the most realistic way of rendering a surface is preferable, a simple wire frame may 

sometimes be favoured in tenns of speed of rendering when interaction is required as there are 

fewer surface calculations required by the computer. 

5.1.2 The 3D Data 
The Digital Terrain Models (DTM), obtained from the photogrammetric data processing stage of 

the Laetoli project, specify the geometry of the footprints and are fundamental to the creation of the 

3D surfaces. The DTM files consist of columns of x, y and z values (see Table 5.1). The co­

ordinates are arranged in a grid fonnat with the spacing between the points being 2.5 mm in both 

the x and y directions. In the DTM files used, the x values are kept constant for the first row while 

the y values are incremented by 2.5 mm. At the end of the first row, the x value is incremented by 

2.5 mm and the y values begin from the original value and are incremented by 2.5 mm as before. 

The files consist of between ten and twenty thousand points. 

29 



Chapter 5 3D Graphics with Java3D 

In Java3D the foremost step to rendering the co-ordinates in 3D is to determine methods of reading 

the data so that it could be rendered in the various ways described in section 5.1.1. Three arrays are 

created for the input of the x, y and z co-ordinates respectively. These arrays are used to store the 

co-ordinates for use in the creation of the 3D surface and other tools. 

Table 5.1 - Example of a DTM file 

102235 98465 

102235 98467.5 

102235 98470 

102237.5 98465 

102237.5 98467.5 

1008 . 599 

1009.628 

1010.66 

1009.633 

1010.575 

5.1.3 Rendering a Surface of Po ints 

The first method of displaying the points described in section 5.1.1 is described in this section. 

Each co-ordinate is displayed as an individual point. As points do not have surface qualities they do 

not reflect light and are not visible. In order for the points to be visible, they must be given an 

ambient lighting quality (discussed in section 5.6.1). 

Oblique View 

Top View 

Figure 5.1- Surface Rendered as Points 
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From a top view little can be seen other that a rectangular scatter of points. The choice of the 

projection used to display the points on the computer screen will affect the perceived shape of the 

surface (see Section 5.3). In Figure 5.1, a perspective projection has been used to display the points 

in the virtual universe. 

From an oblique view (see Figure 5.1) a vague representation of the surface can be seen. The 

effectiveness of the view of the points will be dependent on the nature of the surface in terms of 

height variations. The points render quickly in the virtual universe, as there are few operations or 

calculations that need to be performed by the computer. 

5.1.4 Wire Frame Rendering 

The next method of display is the wire frame. The wire frame is essentially displayed as a 

collection of lines that define a surface. A co-ordinate index informs the API between which points 

to render lines. The co-ordinate index is an array of integer values where each integer value 

represents the position of a co-ordinate in the array of co-ordinates. A line is rendered between the 

co-ordinates represented by the first and second integer values in the co-ordinate index. The third 

and fourth points in the co-ordinate index reference the next line and so on (see Figure 5.2). The 

co-ordinate index therefore contains an even number of entries. Due to the fact that a co-ordinate 

index must be created to render the surface in the form of a grid, more calculations are required and 

the process of creating this model is more difficult. 

Co-ordinate 
Index 

Co-ordinate 
Array 

Linel 
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L" 2 2 c 

me ~ 
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.... d--___ ,..-e----a f 

g h 

Figure 5.2 - A Co-ordinate Index for a Grid 

In the case of small surfaces, the co-ordinate index can be manually created but as the surface 

becomes larger an algorithm is needed to index the co-ordinates. In the case of the Laetoli 

footprints there are thousands of co-ordinates in the DTMs that need to be indexed. Figure 5.3 

shows the flowchart used to create the co-ordinate index. 

The first step of the flowchart consists of creating three arrays containing the x, y and z values of 

the co-ordinates. In the second step the number of columns and rows are calculated. Since the co-
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ordinates are in the form described in Table 5.1, where the x values remain constant while the y 

values are incremented by a constant value, it becomes easy to determine the number of columns. 

All the x co-ordinates with the same vaiue are in the same row. A simple counter can be created to 

count all the x co-ordinates of the same value. Once the number of columns has been calculated the 

number of rows can be calculated by dividing the number of co-ordinates in the DTM by the 

number of columns. 

1. Read coordinates from DTM file into three arrays, namely: X, Yand Z 

2. Calculate the amount of columns and rows in the DTM 

3. Determine the size of the co-ordinate index 

4. Join all co-ordinates in the y direction line by line 

5. Join all co-ordinates in the x direction line by line 

Figure 5.3 - Steps to Creating a Co-ordinate Index 

The next step is to determine the size of the co-ordinate index. The following equation was used: 

Where: 
Size is the size ofthe co-ordinate index 
C is the number of columns 
R is the number of rows 

Equation 5.1 

Determining values of the co-ordinate index is done in two parts. Firstly, the indices joining the 

DTM co-ordinates in the y direction are calculated (fourth step) followed by the indices in the x 

direction (fifth step). Calculation of the indices in the y direction, which correspond to the vertical 

lines in Figure 5.5, is simple as the first co-ordinate in the DTM is connected to the second and so 

on. At the end of the row the x co-ordinate changes and the indices required to draw the line are not 

be added to the co-ordinate index. Instead, the point at the end of the row is skipped and the next 

row is started. The algorithm for this can be seen in step 4 of Figure 5.4. 

Calculating the indices in the x direction, which correspond to the horizontal lines in Figure 5.5, is 

more complicated as the first point in the DTM has to be connected to the first point in the next 
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row. In order to detennine the index position in the DTM of the first point in the next row the 

number of columns is added to the index of the first point. For example, the index for the first line 

of a DTM with 100 columns would be [0, 100] (Note that the index of the first point is 0 and not 1). 

The next lines index would be [100, 200]. An index value for the last point in the row and the first 

point in the next row is not required and is left out. The algorithm for this can be seen in step 5 of 

Figure 5.4. 

Step4: 

i=O 

Step5: 

j=O,m=O,q 0 

For n 0 to n < 2R*(C-I) in steps of2 For m = n to m <n + 2C*(R-I) in step of2 

Ifj = R-I thenj =Oand q q + 1 

I[m] * C+q 

Where: 

If X! X!+I then i = i+ I 

I[n] 

I[n+l] = i 

i=i+ 1 

10 is the co-ordinate index array 

xis the x component ofthe co-ordinates 

i,j, m, nand q are variable integer values 

C is the number of columns 

R is the number of rows 

I[m+l]=j * C+C+q 

+1 

Figure 5.4 - Algorithms for vertical and horizontal lines 

Oblique View 

Top View 

Figure 5.5 - Surface Rendered as a Grid 
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As in the case of describing the model by points, the lines of this model do not have reflective 

attributes and require an ambient lighting quality. The grid model is useful for large DTMs (ten 

thousand points or more) as it renders at acceptable speeds on lower end computers and the shape 

of the surface may be easily recognised. (Figure 5.5) 

5.1.5 Filled Polygon and Gouraud Shaded Rendering 
The third and fourth methods of rendering a surface (described in section 5.1.1) are similar as they 

are constructed in the same way and use the same co-ordinate index. The co-ordinate index used in 

these methods is slightly different from the co-ordinate index used in the previous method 

involving grids. In order to create a surface, a series of planes need to be created and joined 

together. By indexing three points together, triangular planes are created (see Figure 5.6). The 

direction in which the triangular planes are indexed is important. Graphics systems often only draw 

the one side of a surface to increase rendering speeds. The back of the surface will therefore be 

invisible. In Java3D, all the triangles must be indexed in an anti-clockwise direction to ensure that 

the whole surface will be visible from the same direction. If the back face of the surface were 

required to be visible instead of the front face, the triangular planes would have to be indexed in a 

clockwise direction. 

Triang Ie I 

Triang Ie 2 

Co-ordinate 
Index 

Co-ordinate 
Array 

~1 
----+11 a 

2' 

2~ 
4 

5 

c e----;e---__ 

~V-d-.....e_e---af 
a b 

g h 

Figure 5.6 - A Co-ordinate Index for a Triangle 

The first difference in the creation of a solid surface, as opposed to a grid surface, is the number of 

indices in the co-ordinate index. The following equation is used to calculate the size of the co­

ordinate index: 

Size = 6 * (R -lXC -1) 

Where: 
Size is the size of the co-ordinate index 
C is the number of columns 
R is the number afrows 

Equation 5.2 

The algorithm for the creation of the triangles can be seen in Figure 5.7. In the indexing of the 

triangles, it is easier to index two triangles at a time for every loop in the algorithm. For the first 
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triangle the first two vertices are in the same row. The third vertex is in the next row and is 

referenced by adding the number of columns to the index value of the second vertex. The second 

triangle is created in a similar fashion except that the second and third vertices are in the next row. 

When the last point in the current row is reached it is ignored and the next row is started. 

k=O Where: 

For i = 0 to i < R 

For j = 0 to j < C 

TO is the array of texture co-ordinates 

i,j, k are variable integer values 

T[k] = (ilR, jlC) 

k= k+l 

C is the number of colullU1s 

R is the number of rows 

Figure 5.7 - Algorithm for Triangles 

The filled polygon rendering consists of all the triangles rendered together to form a surface. This 

surface is very faceted due to creases between the triangles forming the 3D surface (see Figure 5.8). 

In order to get a more realistic appearance these creases need to be smoothed. 

Oblique View 

Top View 

Figure 5.8 - Polygon Filled Rendered Surface 

By specifying a crease angle in Java3D, a smooth surface can be achieved. Each triangular plane 

has a normal vector associated with it. This normal vector is used in lighting calculations to 

determine the direction of reflected light. The crease angle is the angle between the normal vectors 

of adjacent planes. If the angle between the normal vectors of any two adjacent planes is less than 
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the specified crease angle, the crease between the two polygons will be 'smooth shaded'. Figure 5.9 

demonstrates how the crease angle is measured. In the figure, it is assumed that the crease angle 

has been set to 45 degrees. In the left figure, the angle between the normals is less than the 

stipulated crease angle value and the crease will be 'smooth shaded'. In the right hand figure, the 

angle between the normals is greater than 45 degrees. The edges between the two triangles will not 

be smooth shaded and will appear faceted. 

~ ex ~ '....---........ ( I.. ~I 
'. , 

ex 

ex < 45° - Edges appear smooth ex> 45° - Edges appear faceted 

Figure 5.9 - Filled Polygon Rendering and Gouraud Shaded Rendering 

In JavaJD the Gouraud shading technique is used to 'smooth shade' the creases by eliminating 

intensity discontinuities. This shading process consists of four steps (Foley and van Dam, 1982). 

Firstly, the surface normals need to be calculated. The second step is to calculate vertex normals by 

averaging the surface normals of all triangles that share the vertex (see Figure 5.10). Thirdly, the 

vertex intensities are calculated by using the vertex normals and a shading model. A shading model 

is used to specify how the vertex intensities should be calculated. In the fourth step, each polygon 

is shaded by linear interpolation of vertex intensities along each edge and then between edges along 

each scan line (see Figure 5.11). The Java3D API takes care of the shading and the result can be 

seen in Figure 5.12. This form of rendering provides most realistic reconstruction of the footprint 

surface. It is also the slowest method, as the computer must perform many calculations. 

Figure 5.10 - Calculation of Vertex Normals 
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Where I is the intensity value . 
Ia is interpolated from I, and 12, Ii, from I, 
and hand Ip from la and Ib 

Figure 5.11 - Intensity Interpolation 

Oblique View 

Top View 

Figure 5.12 - Gouraud Rendered Surface 

5.1.6 Example of a Co-ordinate Index for a Surface 

A simple example of crP.ating a co-ordinate index for a surface will be looked at here and will be 

revisited when necessary. For this example, a square surface created by two triangles will be 

considered (see Figure 5.13). 

For simplicity, the heights of the four co-ordinates are set as zero. Due to the fact that the surface is 

created by means of triangles, the co-ordinate index size must be a factor of three. It can be seen in 

the example that the size of the co-ordinate index is six and therefore fulfils this requirement. The 
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first three values in the co-ordinate index refer to the first triangle and the next three refer to the 

second triangle. Before continuing it is important to note that in Java the first element in an array is 

referenced as zero and the second element as one and so on. Thus, the first triangle is created by 

joining the second, first and third co-ordinates found in the array of co-ordinates. The second 

triangle is created by joining the second, third and fourth co-ordinates in the array of co-ordinates. 

Another point to note is that both the triangles are referenced in an anti-clockwise manner, which 

will mean that both the triangular surfaces will be visible from the same direction. Once the co­

ordinate index has been completed, a function in Java3D that requires both the array of co­

ordinates and the co-ordinate index is used to render the surface. 

(0,1,0) .. (1, 1,0) 

Co-ordinates Co-ordinate 
Index 

1 ~ r 
(0,0,0) 

1 
(0,1,0) 

° y (1,0,0) 
2 

(1,1,0) -- -
0 1 

(0,0,0) • 2 

3 

X 

Figure 5.13 - Example of a Surface Created by Triangles 

5.2 The Viewpoint and Movement Tools 

The viewpoint is one of the most important features of 3D graphics. The amount of visual 

information that may be extracted from a visualisation depends on a users view of the object. 

Changing direction, position, height and angle of the viewpoint alters the view of an object. The 

various angles that the 3D object is viewed at give different impressions of the surface. Oblique 

vertical angles provide a user with strong impressions of the relief of the surface, although 

horizontal distances become difficult to gauge. Certain areas also become hidden or obscured. 

Overhead views provide the viewer with a better perception of horizontal distances, but heights 

become more difficult to judge. In order to visualise 3D objects displayed on a computer screen the 

user must be allowed to view the objects from various positions. (Stynes, 1996) 

Movement tools were created to enable a user to alter their position in the virtual universe in order 

to see the 3D objects from various perspectives. Either the viewpoint or the 3D object can be 
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moved to alter the viewer's perspective of the scene. Moving the viewpoint is the preferred option 

in many cases since objects rendered in the same scene and not visible in a particular field of view 

will not need to be rendered. This will lead to fewer calculations performed and rendering will be 

quicker. Moving all the objects simultaneously will result in the co-ordinates of every object 

having to be recalculated even if they fall outside the field of view of the viewpoint. Referencing 

the co-ordinates of objects in the virtual universe is also easier iftheir positions remain constant. 

In this project the initial viewpoint is positioned above the 3D surface facing downwards. Thus, the 

maximum x and y values of the DTM are positioned on the right and top of the screen respectively. 

The height of the viewpoint above the surface of the footprint has to be calculated to allow the 

whole footprint to be visible in the viewpoint's field of view. Since the surface areas of the 

individual footprints are of different sizes, a unique value has to be calculated for each footprint. 

The default field of view angle in Java3D is 45°. Due to the structure of the DTM, the maximum 

extent ofthe surface will be in either the x or the y direction. The maximum extent of the surface in 

the horizontal direction will be the larger of the two values determined by the following 

differences: Xmax - Xmin and Ymax - Ymin' Equation 5.3 is used to calculate the height of the viewpoint 

above the surface. 

height 
S max ,- S min 

= 
2 * tan 45

2
' 

Equation 5.3 

Where: 
Smax- Sroin is the maximum extent of the surface in the horizontal plane. 

Three tools were created for the movement of the object, namely: 

• Rotate tool Rotating the viewpoint causes it to move along the surface of an imaginary 

sphere. Initially the centre of the sphere coincides with the centre of the footprint. The 

viewpoint always points towards the centre of the sphere. The initial radius of the sphere is the 

height of the viewpoint above the centre of the footprint calculated in Equation 5.3. 

• Zoom tool The zoom tool will translate the viewpoint along the z-axis of the virtual world co­

ordinate system, thus changing the radius ofthe imaginary sphere. 

• Pan tool - The pan tool translates the viewpoint in the horizontal plane. Translation of the 

viewpoint will affect the rotation of the footprint by translating the imaginary sphere. 

The creation of these tools was an intricate process and required knowledge of 3D transformations. 

Java3D provides utility tools for rotating, translating and zooming of objects. These tools did not 

perform the movement of the viewpoint in a manner that suited the specific case. For example, the 

rotation tool provided translated the viewpoint to the origin, rotated it by the desired amount and 
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then translated it back to its original position. This caused the surface to become hidden, as it did 

not lie within the viewpoint's field of view. Custom tools had to be written to avoid this problem. 

In order to move the viewpoint the user must click and drag their mouse on the window containing 

the 3D object. The x and y components of the distance are calculated from the start and end points 

of the mouse drag. The distance and direction that the mouse is dragged will determine the 

movement of the viewpoint. The x and y values measured are modified slightly for use in the 

transformation equations (mentioned below) as the unmodified measurements result in movements 

that are either too large or too small. 

In 3D graphics, 4x4 matrices represent 3D transformations. 4x4 matrices are used instead of 3x3 

matrices to enable a consistent means of representing 3D transformations. It also becomes easier to 

build up combinations of transformations using 4x4 matrices. The 3D point (x, y, z) is represented 

in homogenous co-ordinates as (W.x, W.y, W.z, W) where W is not equal to zero. IfW is not equal 

to one then W is divided into the first three homogenous co-ordinates to obtain the 3D Cartesian 

co-ordinate point. Translations in 3D are a simple extension of 2D translations (see Equation 5.4). 

The Dx, Dy and Dz values in the matrix represent translations in the x, y and z directions 

respectively. Modified x and y values obtained from a mouse drag when the pan tool is active will 

be substituted into the Dx and Dy values of Equation 5.4 respectively. In the case of the zoom tool, 

only the modified y value is required and it will be substituted into the Dz value. 

[x y z 1] . T (Dx, Dy, Dz) = [x + Dx y + Dy z + Dz 1] = [x y z 1] 

Equation 5.4 
Where: 

0 0 0 

0 1 0 0 Is the translation matrix T(Dx,Dy,Dz) = 
0 0 1 0 

Dx Dy Dz 1 

and 

(x y z) Are the co-ordinates ofthe new point 

The rotations are slightly more complicated. For a rotation of a point about the x-axis the modified 

y value will be substituted into (J of Rx( fJ) in Equation 5.5. A rotation of a point about the y-axis is 

done by substituting the modified x value into (J of Rx(fJ) in Equation 5.5. Rotations about the z­

axis are not required for the movement tool and are not calculated. 
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[x y z 1]. R(O) = [x' y' z' 1] Equation 5.5 

Where: 

1 0 0 0 

0 cosO sinO 0 
R(O) = Rx(O) 

0 - sinB cosO 0 

For rotations about the x-axis 

0 0 0 1 

cosO 0 -sinO 0 

0 1 0 0 
R(O) = Ry(O) 

sinO 0 cosB 0 

For rotations about the y-axis 

0 0 0 1 

and 
(x' y' z') are the co-ordinates of the rotated point 

Since not all computers have the same screen resolutions, certain settings to control the sensitivity 

of the mouse are provided. If a user with an 800x600 screen resolution drags the mouse from the 

top of the screen to the bottom of the screen the measured y value would be 600. Performing the 

same mouse drag on a screen with a resolution of l024x768 would result in a y measurement of 

768 (see Figure 5.14). The same physical measurement at the two different screen resolutions 

results in different measured values. Higher screen resolutions result in movements of the mouse 

being more sensitive and the movement tools are difficult to control. 

Computer Screens 

A~--------------- r----------

t--------------- ~---------- --------------- t 

800 pixels 1024 pixels 

Figure 5.14 - Screen Resolutions 
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In the visualisation program for the Laetoli footprints, three settings are available to allow the user 

to alter the sensitivity of the mouse namely, 'tortoise', 'hare' and 'cheetah'. The tortoise setting is 

the default setting and it multiplies the measured x and y values by a factor of 0.01. The hare and 

cheetah settings multiply the measured x and y values by 0.1 and 1.0 respectively. Since the 

rotation tool accepts an angle in radians, mUltiplying the measured x and y values by the various 

movement speed factors cause excessive rotation of the viewpoint. Multiplying the measured x and 

y values by 0.1 and 1.0 is only useful for the pan and zoom tools. 

Custom viewpoint positions are available to allow the user to view the footprints from various 

positions without having to be familiar with the movement tools. Five viewpoint positions are 

available namely 'top', 'north', 'south', 'east' and 'west'. The viewpoint for the top view is the 

original viewpoint and has been discussed previously. A command was added that allows a user to 

return to that position if they have become 'lost' or disorientated after using the movement tools. 

North, south, east and west correspond to directions along the y, -y, x, and -x axes of the virtual 

world respectively. 

y 
South view 

r 

... .. 
iew 

.... ... 
Wes East v tview 

.4~ 

North view 

x 

Figure 5.15 - Directions of Pre-defined Views 

The north viewpoint position is placed south ofthe footprint and looks north. In order to do this the 

viewpoint has been rotated by 450 about the x-axis giving an oblique view of the surface. The 

rotation is calculated in the same way as rotations for the rotation tool. The south, east and west 

viewpoint positions require two rotations namely, a rotation about the z-axis and a rotation about 

either the x-axis or y-axis (see Figure 5.16). 

As a user moves further away from an object in the real world, less visual detail can be perceived. 

The same concept applies in 3D graphics. In some cases, a technique that varies the amount of 

detail in a visual object based on its distance away from the viewpoint is required. The general term 
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for this technique is Level of Detail (LOD). Reducing the complexity of the visual object as it is 

moved further away will not affect the visual result depending on the distance away from the 

viewpoint Decreasing the amount of detail will affect the amount of rendering computation 

required. If it is done well, significant computational savings can be made without visual loss of 

content. (Hartman and Wernecke, 1996) 

East View 

North View 

Figure 5.16 - Customised Views 

If an LOD function were required for a 3D object, two or more objects would have to be created. 

The first object would be the nonnal object that contained all the DTM data. The second object 

would be created from fewer points of the same DTM. This would result in fewer triangles needing 

to be rendered. A simple method of reducing the complexity of the object would be to remove 

points from the DTM. Random removal of points from the DTM would result in new indexing 

methods being required to create the triangles, and information such as break lines and edges would 

be lost. A simple method to remove points in a systematic way would be to remove every second 

row and column. This would cause the DTM to be four times smaller and fewer triangles would be 

necessary to create the surface of the object. After the two objects have been created, they can be 

used by the LOD function in the following way. As the viewpoint is moved further away from the 

object of greater detail a point is reached where its visual appearance will be the same as that of the 

object of lower detail. At that point a switch is activated and the second object replaces the first 

object. 

In the case of the Laetoli footprints, it was deemed unnecessary to add LOD functions. In the case 

where more than one footprint is displayed at a time, LOD functions would be useful. They would 

enable the user to view .ill the footprints in their proper positions without having to render all the 

DTM data. 
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So far, only the 3D positions of the viewpoint have been discussed. Other variables may also be 

altered to change the way 3D objects in the virtual universe are displayed on a computer screen. 

These variables include changing the projection (discussed in section 5.3) and changing the width 

of the viewing angle (know, in lava3D, as the field of view). 

The field of view (FOY) of the viewpoint may be altered to fall between zero and 180 degrees. The 

default FOY in lava3D is 45°. As the angle is increased or decreased, it appears as if the object 

moves further away or closer to the viewpoint respectively . This is not true, as the geometrical 

positions of both the viewpoint and the object remain the same. In Figure 5.17 the different areas 

covered by the various FOY angles can be seen. If the angle is 90° the whole area covered will be 

displayed on the screen making the surface of the object appear smaller. Conversely, only the area 

covered by the viewpoint with an FOY of IS° will be displayed on the screen making the surface of 

the object appear closer. 

Figure 5.18 shows a footprint that has been viewed using two different FOY settings from the 

'north' viewpoint position. The first setting of 15° required that the viewpoint be moved further 

away from the footprint to allow it to be displayed on the screen. In the image of the footprint with 

the FOY setting of 90° the viewpoint had to be moved closer to the surface. By examining the 

differences between the two images, it can be seen that the convergence of parallel lines in the 

second image is much more rapid than in the first. This is due to the fact that the smaller the FOY 

angle, the more the view tends towards an orthographic view. 

Viewpoint 

Surface of Object 

Figure 5.17 - Area of Surface seen with different FOY Angles 
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