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Abstract

Java 3D Application Programming Interface (API) is a
powerful tool for extending the core Java language to
support 3D computer graphic. Together with applet,
Java 3D has the potential to revolutionize web-based
virtual reality (VR).

In this paper, we describe the development of a cus-
tomized API for providing a convenient and objective-
oriented programming framework for the establishment
of VR laboratory instrument, surrounding, and behav-
ior objects in the context of building Internet remote
experimentation systems. An application of the API
for creating a virtual 3D laboratory will also be dis-
cussed.

1 Introduction

The developments of 3D graphics standard and 3D
graphics acceleration hardware have greatly sped up
the evolution of interactive 3D graphics on desktop
PCs. Sun Microsystems provides a newly developed
API—Java 3D, which has become a natural choice for
writing an interactive 3D graphics program. However,
writing a VR program using Java3D from scratch re-
quires a substantial programming effort. Developers
have to write code to establish objects, react to be-
haviors from end users and navigate in a scene. The
motivation of this project is to custom the existing Java
3D API, provide a set of class library and make it easy
to be reused by later developers in particular fields,
such as, for this project, web-based virtual laboratory
(VLab).

A set of web-based remote experimentation has been
successfully launched for teaching and research pur-
poses [1-3, 5-8]. These applications permit the labo-
ratory experiment to be conducted via Internet. The
only tool a user needs is a web browser that runs Java,
such as Netscape’s Communicator and Microsoft’s In-
ternet Explorer. However, all these existing applica-
tions are 2D-based, which means all the instruments
implemented in the experiments have only one front

face appears on the user’s screen. This makes the ex-
periments less attractive and will only hold the users’
attention for a short time. If, however, the users could
simulate the whole activities in a 3D-based scene, in-
cluding opening the door of laboratory, walking around,
sitting down ahead of the table and adjusting the po-
sition of instruments etc, they are likely to be more
interested. Java 3D provides the opportunity to imple-
ment this kind of applications. After installing the Java
3D Plug in provided by Sun Microsystems, all the latest
browser can be used to surf these interactive and visual
experiments at any time from everywhere. The outline
of the paper is as follows: Section 2 introduces the key
properties of Java 3D API that makes it an ideal tool
to develop a 3D interactive remote laboratory. Section
3 describes the customized API for developing virtual
laboratory. In Section 4, an example was presented for
demonstrating how to use the customized API.

2 The Tool: Java 3D API

The Java 3D API [4, 9] is an application programming
interface used for writing 3D graphics applications and
applets. It provides developers high-level constructs for
creating and manipulating 3D geometry and for estab-
lishing the structures used in real time rendering that
geometry. Java 3D is only an optional extension which
has not been included in Java core platform and has to
be downloaded separately from the standard Java dis-
tribution. Fig. 1 depicts the architecture of the Java
platform with standard extension.

Several key properties make us choose Java 3D as the
main tools in this project, which includes:

e With the goal of carrying out a 3D web-based
experiment in this project, no low-level detail
need to be considered. Comparing to procedural
3D APIs like OpenGL, Java3D provides a
high-level, object-oriented view of 3D graphics
for programmers without much multimedia
programming experience.
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e Higher performance is another key point in this
real-time application. Users would not bear
to wait several seconds for response after they
click one button. Fortunately, Java 3D has been
optimized for speed where possible. Several
design decisions were made so that Java 3D
implementations can deliver the highest level of
performance to application users.

e An object-oriented program language is needed
in this project because we want to finally provide
a customized API for later users who want
to establish virtual laboratory with standard
instruments. As an extension of Java, Java 3D is
an ideal choice.

e Java 3D also integrates well with the Internet be-
cause applications and applets written using the
Java 3D API have access to the entire set of Java
classes. This property makes our implementation
of web-based experiment straightforward.

3 Customized API Developed for Virtual
Laboratory
Java 3D delivers Java’s “write once, run any where”
benefit to developers of 3D graphics applications. Java
3D is part of the JavaMedia suit of APIs, making it
available on a wide range of platforms. Our goal is to
design and develop, using Java 3D, a few customized
API libraries for implementing some basic 3D objects
for the remote laboratory interface. Using this inter-
face, people can establish their own standard experi-
ment instruments easily. After imported, all the classes

can be objectified, inherited or overridden catering to
the particular purpose from users.

Fig. 2 depicts the structure of customized API for es-
tablishing a 3D web-based virtual laboratory. The
APT is divided into four portions: basic instruments,
surroundings, behaviors and network communications.
For the convenience of reusing the class, several con-
structors has been provide for each class, which make
the usage of the class more flexible. The Button3D
class that extends the TransformGroup of standard
Java 3D API, for example, provides constructors as be-
low:
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Fig 2. Structure of the Custom API

e Public Button3D();

e Public Button3D (float length, float width, float
height);

e Public Button3D (float length, float width, float
height, Texture texture);

e Public Button3D (float length, float width, float
height, Appearance look);



e Public Button3D (float length, float width, float
height, Appearance look, Texture texture);

e Public Button3D (float length, float width,
float height, Appearance look, Texture texture,
Text2D text);

When using these classes, users can either use the sim-
pler ones for better speed performance, or use the more
complicate ones for more realistic scene . For example,
when using the second constructor, users only specify
the length, width and height of the button. Then the
Java Virtual Machine (JVM) will apply the default ap-
pearance to the button with grey color and without
any texture attached, which provides the best speed
performance. However, if user has a powerful PC with
3D graphics acceleration card, more complicate con-
structor can be chosen. By using the last constructor
we provided, user can specify not only the scale of three
dimension, but also lots of other priorities, such as the
ambient, emission, diffuse, specular of color, the tex-
ture map and even small label attached on the button.
This will provide a very realistic performance.

All the classes we provided are in JAR format. To
use this class, user need to install the JAR files into
the lib/ext directory of the Java Runtime Environment
(JRE). In the Java 1.2 platform, the JRE is a strict
subset of the JDK software. The JDK 1.2 software
directory tree looks like Fig. 3
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Fig 3. JDK software directory tree

All the JAR files need to be put in to the lib/ext di-
rectory. Then all the JAR file is automatically treated
by the runtime environment as an extension.

4 3D Web-based Interactive Experiments

On behalf of designing and developing a 3D interac-
tive experiment, 3D graphics programming is based
on several existing experiments that have successfully
launched in NUS. The hardware and software struc-
tures are discussed in [1-3, 5-8]. A virtual signal gen-
erator will be used to demonstrate the construction of
the usage of customized API.

The whole scene graph is created using instances of
Java 3D classes. the scene graph is constructed of
node objects in parent-child relationships forming a
tree structure. The Behavior Class specifies the in-
teraction between users and the virtual instruments.
After decoding the users’ action such as clicking a but-
ton, rotating the knob, the applet will send commands
to the server known as the instrument controller which
implements the local control of the real instruments.

4.1 Architecture of Virtual Signal Generator
Creating a Java 3D application or applet involves
constructing a virtual universe and inserting one or
more scene graphs in to that universe. Fig. 3 is the
abstract Scene Graph of the virtual signal generator.

mainbox

Fig 4. Java 3D Scene Graph of the virtual signal
generator



As shown all the locale objects are attached to a
VirtualUniverse. Although there are two different
categories of scene subgraph; the content branch
graph and the view branch graph, only the content
branch graph is drawn in Fig. 4. By using a standard
class SimpleUniverse provided by Sun Microsystems,
users can create the view branch graph easily. The
typical recipe to create a Java 3D scene is shown below:

1. Create a Canvas3D Object

2. Create a SimpleUniverse object which refer-
ences the earlier Canvas3D object
a. Customize the SimpleUniverse object

3. Construct content branch

4. Compile content branch graph

5. Insert content branch graph into the Local of
the SimpleUniverse

As shown, step 1, 2, 4 and 5 are easily to be pro-
grammed and not that time consuming. So we focused
on the construction of the content branch graph in our
programming practices. All the nodes appear as rect-
angles are programmed and assumed as standard class
which are reusable. They include all the typical com-
ponents for standard laboratory instruments, such as
cases, buttons, knobs etc. To use these customized
API, users need to install the JAR files like we have
discussed in section 3. To interact with the virtual in-
strument behavior classes must also be programmed.

4.2 Typical Session

To conduct this 3D virtual experiment, the user needs
to have a web browser with Java 3D plug-in which will
be downloaded automatically from the Sum Microsys-
tems. When users login, client sends a Request com-
mand to the server, after authorizing server sends all
the classes out After receiving these classes, client com-
piles them, constructs a virtual universe for all objects
and renders the whole scene. Then the virtual labora-
tory appears on the screen, as shown on Fig. 5. After
opening the door, user can walk around in the labora-
tory by using narrow keys on the keyboard. Movement
includes move forward, move backward, turn left and
turn right. To conduct experiment user should walk
near to the virtual instruments placed on the table as
shown in Fig. 6.

There is no communication between server and client
in these steps. The client machine renders the whole

scene in real time. So a powerful graphic card is need
for a better performance.

Fig 5. Virtual laboratory

User conducts the experiment through some standard
actions such as rotate knobs, push buttons and so on.
Each action will make the client send a command to
the server. After decoding, sever will control the real
instrument and get the feedback correspondingly. The
detail about the communication of server and real in-
struments is discussed in [1-3]. Than server sends data
to the client. Client calculates the feedback and ren-
ders the whole scene on the screen to make user be
aware the change maked on the real instrument. Only
command and data transmitted on the network in this
step.

Fig 6. Snapshot of the virtual signal generator

When users finish conducting the experiment and clos-
ing the widow. All the classes registered in the Java
Virtual Machine will be destroyed. And the session on
the server will also be closed.

5 Conclusions and Future Research

Java 3D API is well suited to design and develop
3D web-based experiment. It provides a powerful 3D
graphics program environment that one can easily use.



Several properties of Java 3D make it an ideal tool
for programming interactive 3D virtual laboratory. As
an extension of Java which is a strict object-oriented
programming language, Java 3D takes the advantages
of “write once, run any where” benefit. This means
reusing some standard Java class will make the tedious
programming much easier. It is our goal to provide
those who also want to establish standard 3D virtual
laboratory with this classes.

In a very preliminary test, the rendering speed of the
3D scene may be too slow for the currently use, es-
pecially for those PCs without 3D graphics hardware
acceleration card to cater to the need of real-time ren-
dering. This may be result of improper geometry mod-
eling. Further work should be done to investigate the
use of alternative approach to overcome this problem.
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