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Abstract

Java has become an important language in computing.  The desire for more interactive programs and more natural user interfaces has been rising.  Now that desktop computers and laptops have the power to meet those demands, developers need an easy way to add 3D content to their applications and websites.  There are many programming API’s available to do this.  The Java 3D API will become the interactive 3D graphics API of the web and the desktop if it can fulfill the promises of Java to the developer, and meet the performance demands of the user.
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Introduction to Java

Java is the computer language of the future, or at least the foreseeable future.  It is forgiving in the hands of a novice, and powerful under the command of a guru.  There are several reasons for this:

· portable – Java runs on a wide variety of computers and computing devices.

· write once, run anywhere – Java Virtual Machines (JVM) that conform to the Java specification will run Java applications that were written on other platforms.  The same program that runs on one device’s JVM will run on another device’s JVM.

· object oriented – Java has an object oriented paradigm, one that is well suited to solving problems with computer systems.

· easy to learn and use – Java is similar to another object-oriented language, C++, but without the complicated and error prone parts.

· secure – Java applications and applets run in an environment that is easy to control in order to prevent accidental or malicious abuse of the system and its resources.

· network oriented – Java was originally designed to run on interactive appliances, connected together with other devices in a distributed environment.  It was later adapted as a way to run applications in a browser over the internet and the World Wide Web.

At the heart of Java is a standard set of API’s that implement the core functionality of the language.  These are sufficient for many programs, but additional API’s are available to increase the languages’ potential, enhance the application’s appearance, and make programming updated features easier.  One set of enhanced API’s is the Java Media and Communication API’s.

The Java Media and Communication API’s

There are several different Java Media API’s, but they are all geared toward the developer who wants to build device independent and cross-platform applications and applets.  They are the 2D, 3D, Advanced Imaging, Image I/O, JMF, Shared Data Toolkit, Sound, and the Speech API’s.  The Java 2D API provides a simple way for Java programmers to work with and display two dimensional text, shapes, and images.  The Java 3D API provides an easy way to work with and display three dimensional text, shapes, sounds, and behaviors in a 3D universe.  The Advanced Imaging API is useful for developing image processing applications for manipulating and displaying images.  The Image I/O API provides a powerful way to read and write images of various formats.  The JMF (Java Media Framework) API is a very powerful API, and developers can use it to incorporate time-synchronized audio, video, and other media in an applet or application.  The Shared Data Toolkit API provides a way to develop network-enabled programs for collaborative computing, working, and gaming.  The Sound API is a simple way to work with and play sounds, audio data, and MIDI data.  The Speech API is an easy way to add speech technology (recognition and synthesis) to a program.  We are going to focus on the Java 3D API in this paper.

Java 3D – Introduction/Overview

The Java 3D API is an extension to the standard Java Language.  Everybody does not need to use it, so it is downloaded and installed on a system only when required.  Java is often used to develop stand-alone applications and Web based applets that will run on a wide variety of machines, and it is a great way to make an interactive application for a Web page.  When an application or web page wants to have 3D graphics and 3D interactivity, then the Java 3D API is naturally the way to add those functions.  

Adding realistic 3D graphics to a program usually requires a great deal of knowledge about how the underlying hardware and software work to render images.  The programmer needs to know the details on how to model objects, how to put objects into a 3D world, how to draw objects on a screen, how to optimize the drawing, and so on.  They also need to know what type of hardware will be used to display the programs.  On the other hand, the Java 3D API gives a high level object-oriented interface to the programmer so they do not have to concentrate on all the low level details of how the drawing will be performed.  Java 3D has optimizing features built in that strike a balance between ease-of-use for the programmer, portability, and efficiency on the target machine.  There are many reasons to use a high-level language (C, Fortran, C++, Java) when writing programs instead of using assembly language.  Many of the same reasons would justify using Java 3D instead of a low-level 3D graphics API.  One reason is that a programmer can be more productive when given a diverse set of powerful tools and API’s.  Another reason is that it simplifies the programmers job to be able to work with higher level constructs.  Also, when there are fewer details for the programmer to keep track of, there are usually fewer opportunities for the programmer to forget important details and thereby make mistakes.

Given all these extravagant claims of Java 3D, one may think that it should be used in every program.  That would not be in line with the real purpose of Java 3D.  Some applications are well suited to take advantage of Java 3D, and others are not.  There already is enough senseless dribble wasting bandwidth, memory, and disk space on the planet, and we do not need to produce even more.  Applets for web pages and portable applications that will be run on a variety of platforms are well suited to being written in Java.  The Java programming language has proven to be easier to use than other more complex languages, and that helps make developers more productive in a shorter period of time.  Therefore, these types of programs that also have a user interface that requires 3D graphics, or that would be significantly enhanced by the use of 3D graphics, are well suited to being written with Java and the Java 3D API.

Strengths of Java 3D

There are several strengths of the Java 3D API that make it an effective choice for programming 3D graphics.  It has many high level features that are easier to write programs with than lower level API’s.  A Java 3D graphics programmer does not have to write the low level code that manipulates and draws lines, triangles, rectangles, and other shapes from the virtual universe to the display device.  The public (or standard) and private (or proprietary) Java 3D archives contain a great number of useful classes and methods to generate 3D objects, manage them in a 3D world, and view them.  Java 3D separates the details of how objects are rendered from the objects themselves.  This means that the programmer can create virtual entities in a virtual universe, and have them rendered without specifically telling the computer how the rendering process is to be performed.  As in other programming paradigms, a “layer of abstraction” or “separating from the details” enables the programmer to think more in terms of the problem domain.  This in turn makes them more productive than if they also had to understand how the problem is actually solved by the underlying software and hardware.  Having these “layers of abstraction” also increases the portability of the program.  The program can work on any underlying mechanism that conforms to the layer’s specification.  For example, if a particular platform has Java 3D installed, OpenGL support, and a hardware accelerator for OpenGL, then when it runs a program written with Java 3D it will be able to take full advantage of these things.  This is something that is a great benefit to Java 3D, because there is support for OpenGL on many different platforms, and there are many OpenGL hardware accelerators too.  There are Java 3D implementations for SUN Solaris, Windows, SGI IRIX, HP-UX, and Linux.  The “layers of abstraction” also mean that the display devices are not limited to just computer monitors.  Stereoscopic display devices, projection ‘rooms’, and multiple screens can be used as easily as a single computer screen to view the output of a program.

Weaknesses of Java 3D

There are many useful and powerful features of Java 3D.  There are also some weaknesses to be addressed too.  Currently, Java 3D components are ‘heavyweight’, similar to the ‘AWT’ GUI components in the core Java language.  There is a close tie between a heavyweight Java object and the underlying operating system.  Swing is a popular set of graphical user interface API’s made up of lightweight components.  The lightweight components are ‘further’ from the operating system and therefore are more platform independent.  Lightweight and heavyweight components do not always work well together, and sometimes they do not work together at all.  Until this issue is resolved (perhaps in a future release of Java 3D) one should be very careful if they decide to mix Java 3D and lightweight components such as Swing.  Another issue is that SUN provides a number a useful classes and methods in the private archives.  These private archives are subject to change though.  So a program that chooses to use some of the functions of the private archives may no longer work if the API changes.  This is not guaranteed to happen, but one should be aware of it.  Another weakness of 3D graphics in general is that they consume a lot of memory and processing power.  However, graphics hardware accelerators increase the speed at which 3D objects are rendered on the screen.  An animation that is smooth, with realistic textures and lighting, and immediate feedback to input, is much more appealing to a user than jumpy jittery animation and slow response times.  Platforms without graphics hardware accelerators may be able to run Java 3D programs, but delays and slow response times could have a negative effect and discourage the user from using the program.  In such cases it might be better for the program to have a non-3D interface.  Although these are serious considerations, an increasing number of users have access to platforms with faster processors, more memory, and graphics hardware accelerators, so these issues are becoming less common.

How Users Use Java 3D

A user will use Java 3D in one of two ways.  They will either use it as an applet, or use it as an application.  If, while surfing the web with their favorite browser, a user opens a page with a Java 3D applet embedded in it they will need to download the appropriate run time extensions to their computer.  It is similar to what happens when a user opens a web page that requires a special multimedia plug-in to view movies or play back a certain audio format.  This download will only happen the first time a user visits a web page with a Java 3D applet.  Once the Java 3D extensions have been downloaded and installed on a user’s computer, they will not have to do it again, the same way that other browser plug-ins work.  They will be able to open and view any web page with a Java 3D applet.  

The other way that a user will use Java 3D is as an application.  In this case, they are running a program on their local machine that happens to have been written in Java, and the program uses the Java 3D API.  In this case, the user should install the Java 3D run time on their machine before opening the application.  This will make it available to all programs that use the Java run time platform (JRE).  There is a summary of how a user would install the Java 3D runtime on their Windows machine with OpenGL in the Appendix.  There are ample resources on the web for installation on other platforms and hardware platforms.  When a Java program is run, if it uses the Java 3D API calls they will automatically be loaded as needed.

How Developers Use Java 3D

A developer will use Java 3D in one of three ways.  They either will be developing applications to run as an applet in a web page, as a stand-alone application, or may develop it to run both ways.  Java 3D is the perfect way to add interactive 3D graphics to a web page.  The API is straight forward, and there are numerous examples and sample code available.  Enhancing a web site with a 3D interface and allowing a user to completely visualize a product are some of the possible ways to make a web site more appealing.  The developer writing 3D graphics applications will appreciate the “write once, view anywhere” aspects of Java 3D.  Java 3D uses a ‘Scene Graph’ which breaks a 3D application into a ‘content branch’ and a ‘view branch’.  These branches are further divided up into a tree structure which allow related items to be grouped together.  This, along with other object oriented constructs is much easier and faster to write than detailing how each line or set of points is to be drawn.

Setting up an environment in which to develop 3D graphics programs with Java 3D is not complicated.  First you need to have a working Java 1.2 (or higher) development environment, because Java 3D is built on top of Java 1.2.  There are Java 3D implementations for both OpenGL and Direct3D, but the OpenGL version is more mature.  There is a summary of how a developer would install Java 3D on their Windows machine with OpenGL in the Appendix.  Also, there are many resources on the web that contain instructions for installing Java 3D on other platforms.

Java 3D API

Herb Schildt summed it up when he said “Computer graphics ranks high on the list of exciting things that you can do with a computer.  However, what all graphics applications have in common is the ability to draw points, lines, and boxes.”  The Java 3D API makes it easier for the average programmer to do just that.  It consists of two standard Java extension packages: javax.vecmath and javax.media.j3d.  There are several additional private packages, which provide useful functions if you choose to use them.  Two of them are com.sun.j3d.audio, and com.sun.j3d.  Once again, it is important to note that the com.sun packages are non-standard, and therefore are subject to change.  The javax.vecmath package provides the vector and matrix classes and their related methods used to model Java 3D objects.  The javax.media.j3d package provides the rest of the core classes, interfaces, and exceptions for writing 3D graphics programs.  It contains a number of classes such as AmbientLight for ambient light sources, Background that defines either a background image or a colored background for the display window, Behavior that enables you to set up various behaviors of objects, Canvas3D which provides a place for rendering a 3D universe, Clip for defining a clipping viewspace, DirectionalLight for creating a light at infinity that is pointed in a particular direction, and many others too.  Many of these constructs are built directly on top of the low level OpenGL API constructs, so developers familiar with OpenGL will see the similarities.

The Scene Graph is a fundamental concept to Java 3D, and its purpose is to get the developer to think about the geometry of the objects in the virtual universe and how the universe is composed.  It is a tree-like structure, which goes along with the languages’ object-oriented paradigm.  A typical Scene Graph has two major branches, the view branch and the content branch.  The view branch specifies how a ViewingPlatform is set up so that the virtual universe can be seen on the user’s desired display device.  The view branch enables Java 3D to render a single or multiple screens from a single universe, so the user can view this universe through a single screen, multiple screens, or other immersive display devices.  The content branch describes the virtual objects and the parameters that specify how they look, behave, interact, and how they are arranged in the virtual universe.  The content branch can contain thousands of nodes that describe elaborate and complex 3D universes.

Objects in the Scene Graph can be tied together through TransformGroups, which have a Transform3D object.  A Transform3D object encapsulates the typical 4x4 matrix that specifies a scaling, rotation, translation, and sheer to be performed.  All the items in the subgraph of a TransformGroup object are modified on the screen when the TransformGroup is modified.  This makes it easy to modify entire groups of objects independently from the rest of the universe.

Lighting in 3D graphics is not trivial, but the Java 3D API makes creating good lighting much simpler.  Java 3D provides classes such as Light, AmbientLight, DirectionalLight, PointLight, and SpotLight.  There are many ways to set up the lights too.  Parameters include attenuation, direction, concentration, influencing bounds, intensity, scoping, and of course position.  Objects have a transparency attribute, which allows light to pass through or not.  Lighting is important to the realism of a 3D scene, and the Java 3D API provides all the necessary means to light up a virtual universe.

Behaviors are a way for users to interact with objects, and for objects to interact with each other.  Like a call back function, Behaviors allow the programmer to specify what actions should be taken when certain events or combinations of events take place.  Behaviors can be made to trigger on time-related functions, mouse and keyboard events, changes in other objects, and a variety of other occurrences.  A behavior is made up of a wakeup criterion and a set of one or more actions.  The wakeup criterion determine what set of events will trigger the behavior, and the actions determine what will be performed when the behavior is triggered.  Behaviors can be used for collision detection, reacting to the proximity of the user’s view platform, handling mouse events, and other useful things.  

An Interpolator is a special type of Behavior.  It is used to modify objects as time progresses.  The starting and ending values for a transform (texture, light, etc.) and how the value will change over time is specified.  The transition can be done only once, or the Interpolator can cycle through the change repeatedly.

Fog has long been used in theater, movies, and discotheques for special effects and to enhance appearances.  So it is only natural that Java 3D provides the developer with fog to enhance the appearance of their virtual universe.  The LinearFog class and the ExponentialFog class can be used for depth-cueing, which is decreasing the intensity of light as objects move further away from the viewer.  LinearFog has a linear attenuation effect on light, and ExponentialFog has a blending factor to produce a decreasing light intensity effect.  These are two very simple classes, each with a minimal number of parameters, but they can greatly increase the realism of a Java 3D scene.

The Java 3D API also provides classes for Texture Mapping – which wraps a 2 dimensional texture around a 3D object, 3D Sound – where sounds can be placed and heard in the virtual universe just like objects can be placed and seen, and Loaders – which can read in various 3D file formats such as VRML and Lightwave.  There are many other useful classes, too many to list here, but they are all described in detail in the “The Java 3D API Specification”.

Coding Examples Using the Java 3D API


(See the Appendix)

Conclusion

It only stands to reason that as computing power grows, and becomes more affordable that the performance of Java 3D graphics programs will continue to be acceptable and get even better.  When Java 3D first came out there were only two platforms supported – Windows and Sun.  Now, there are Java 3D implementations for SUN Solaris, various versions of Windows, SGI IRIX, HP-UX, and Linux.  Once the Macintosh is supported there will be Java 3D for most of the major desktop and workstation platforms.  Although there are many great classes in the public packages, there are many very useful classes in the private packages.  Standardizing more of the private classes into the public classes would help Java 3D gain wider acceptance and greater use.  In conclusion, it is faster and easier to develop 3D graphics programs with a high level API like Java 3D than a low level API like OpenGL.  However, it is very beneficial for a developer to know about the low level API and the basics of 3D graphics in order to use the high level API to its fullest.
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Appendix

This is a summary of how a user would install the Java 3D runtime on their Windows machine with OpenGL support:

1. Make sure that the Java 1.2 JRE is already installed.  You should already be able to run regular Java programs on your machine.  If this is not the case, then Sun’s Java site has instructions on how to set up the JRE on various machines.

2. Download the file “java3d1_2-win-opengl-rt.exe” from the download page on the java.sun.com web site.  

3. Install the Java 3D runtime environment by running the “java3d1_2-win-opengl-rt.exe” program you downloaded in step 2.

4. Make sure that the Java 3D extensions are installed in the same place as the JRE.  The default path is “c:\Program Files\JavaSoft\jre\1.2".  This will enable Java 3D applications to run without making additional changes to the machine’s environment variables such as ‘CLASSPATH’ and ‘PATH’.

This is a summary of how a developer would install Java 3D on their Windows machine with OpenGL support:

1. Make sure that the Java 1.2.2 SDK (or newer) is already installed.  You should already be able to compile regular Java programs on your machine.  If this is not the case, then Sun’s Java site (http://java.sun.com/products/jdk/1.2/download-windows.html) has instructions on how to download and set up the SDK on various machines.

2. Download the file “java3d1_2-win-opengl-sdk.exe” from the download page on the java.sun.com web site.  

3. Install the Java 3D runtime environment by running the “java3d1_2-win-opengl_sdk.exe” program you downloaded in step 2.

4. During installation make sure that the Java 3D extensions are installed in the same place as the SDK.  The default path is c:\jdk1.2.2", but it may be different on your machine.  This will install Java 3D to the SDK for developing programs, and to the JRE for running programs.

5. It would be a good idea to download the documentation for Java 3D from the java.sun.com site too.

That is all that is required to develop Java 3D programs.  If you have an OpenGL accelerator you may want check out the OpenGL website at http://www.opengl.org for drivers that will fully utilize the abilities of your graphics card.
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