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Agenda

» Overview of the Java™ Platform
 Introduction to the Java Media APls
o Java 2D™ API

e Java Media Framework

» Java 3D API

* Resources

This tutorial focuses on released APIs. The tutorial

assumes that you will be deploying on the Java
1.1 or Java 2 platform E



Overview of the Java Platform

e Java programming language spec
(grammar, keywords)

* Virtual machine spec (including bytecode)

e Core APIs

— Specified for each Java 2 Platform edition:
J2EE™, J2SE™, J2ME"™

e Standard extension APIs
— Examples include JMF and Java 3D API

* Related tools
— Compiler, RMI registry, javadoc, etc. E



Differences Between
Core and Extension APIs

e All Java technology licensees must implement
the Core API for a given edition

— For the J2SE platform, this is java packages plus a few
related such as javax.swing. Includes Java 2D API

e Licensees may optionally implement an
Extension API

— If they do, must implement entire specification

— Provided in javax packages. Includes much of the
Java Media APIs

e Historically, Media APIs start out as Extensions
but may become Core E



Java  Platform Media Support

 Java 1.0 and 1.1 technology

— Primitive core support for AWT-based 2D graphics,
limited audio (applets only)

— Java 1.1 supports JMF and Java Speech extensions
e Java 2 version 1.2 technology

— Core now includes Java 2D, Java Sound Engine

— Java 3D, JMF, Java Speech extensions
e Java 2 version 1.3 technology

— Released early 2000
— New Java 2D features, Java Sound API

JavaOne
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Introglﬂuction to the
Java Media APlIs

e Java 2D

e Java Media Framework

e Java 3D

e Java Sound

« Java Speech

» Java Advanced Imaging
« Java Telephony

e Java Shared Data Toolkit

Note: “Java Media” properly refers to the entire set of Java Media APISs.
“JMF” refers to a specific API, the Java Media Framework. JavaOne




Introglﬂuction to the
Java Media APlIs

e Java 2D" API

— 2D graphics and image manipulation
— Graphics capabilities extended in Graphics2D

» Java Media Framework API
— Playback of synchronized media in 1.0 API

— 2.0 API supports capture, streaming of audio
and video

« Java 3D" API

— Object-based 3D graphics runtime

— VRML 97 reference browser written
with Java technology E
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Introglﬂuction to the
Java Media APlIs

e Java Sound API

— Software sound processor and MIDI
synthesizer

— Sound engine (Java 2 SDK 1.2) and sound
API (beginning in Java 2 SDK 1.3)

e Java Speech API
— Speech recognition and synthesis
« Java Advanced Imaging API

— Advanced 2D image processing

— Implements many Java 2D E
APl interfaces
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Introglﬂuction to the
Java Media APlIs

e Java Telephony API
— Computer and telephony integration
— Portion specified as part of JavaPhone™ API

and upcoming J2ME platform Mobile Information
Device Profile

e Java Shared Data Toolkit

— Development toolkit and API for adding collaborative
features to Java technology-based applications

— Objects share data via a Session object, JSDT URLSs,
and a JSDT registry

— Version 2.0 is freely available from Sun E _



Avallability of the
Java Media APIs

API Type Spec FAQ Reference Mailing
Impl. list
Java2D Core Yes (1.0 in Yes Yes Yes
Java 2 v1.2; updates (included in
in v1.3) Java 2)
JMF Extension Yes (2.0) Yes Yes (2.0) Yes
Java 3D Extension Yes (1.1.3 Yes Yes (1.1.3 Yes
released; 1.2 released)
in Beta 2)
Java Core Java Yes (Java?2 Yes Yes Yes
Sound 2 (Engine  v1.3 RC 3) (included in
vl1.2, API Java 2; also
v1.3) in JIMF 2.0)

JavaOne
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Avallability of the
Java Media APIs

API Type Spec FAQ Reference Mailing
Impl. list
Java Speech Extension Yes (APl, Yes No, butIBM, Yes
1.0; JSGF, Lernout &
1.0; JSML, Hauspie,
0.5Beta) other impls
Java Extension Yes (1.0 Yes Yes (1.0.2) Yes
Advanced released;
Imaging 1.1in JCP)
Java Extension Yes (1.3 Yes No, but Yes
Telephony released,; various
2.0in JCP) iImpls exist
Java Shared Extension Yes (2.0 Yes Yes Yes
Data Toolkit released)

JavaOne
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Potentially Competing
Technologies

e OpenGL

— Solaris™, Win32, Linux, IRIX Java 3D API
Implementations are built on top of OpenGL

— Java technology-to-OpenGL bindings widely available
— Primarily competes with Java 3D API

e Fahrenheit

— Microsoft initiative to extend and unify OpenGL
and DirectX technologies; lost momentum with
the withdrawal of SGI's support

— Unclear how/when any of this might be available,

If at all E



Potentially Competing
Technologies

* VRML

— Complementary to Java 3D API

— Sun joined the Web 3D (formerly VRML)
Consortium in mid-1998

— Sun co-founded the VRML-Java 3D Working
Group and contributed much of VRML97 Java
3D API browser codebase

* QuickTime for Java™

— Apple has released Java platform bindings
to QuickTime multimedia architecture

— Targets established QuickTime market
— Primarily competes with JIMF



Potentially Competing
Technologies

 RealSystem G2

— Includes an optional JMF binding for G2 players,
plus some proprietary interfaces for the Java platform

— Simultaneously competes with and leverages JMF

e Netshow Services

— Provides Microsoft Media Player development APIs
and tools

— Server supports only Windows

— Primary competition is JMF, though Media Player
can be exposed in Java via JMF wrapper



Java 2D API

e Part of the Java Foundation Classes (JFC)

 |ncluded in Java 2 Platform

— All J2SE and J2EE platform implementations, including

Java Plug-in technology, are required to support Java
2D API

e Treats all forms of 2D visual information

(text, primitive shapes, polygons, Bezier curves,
Images, etc.) alike

* Enables consistent compositing, color
manipulation, other 2D operations



Java 2D API
Package Summary

e Java 2D API is specified in the following packages:
— Java.awt
— Java.awt.color
— Java.awt.font
— Java.awt.geom
— Java.awt.image, java.awt.image.renderable
— Java.awt.print

e Sun implementations of the Java 2 platform
also provide support for JPEG In:

— com.sun.image.codec.jpeg E



Graphics2D:
A Better Graphics Class

» Graphics2D is the rendering engine
for Java 2D API

» Graphics2D extends abstract class
Graphics, maintaining backwards
compatibility

e Use Graphics2D by casting a Graphics
reference to a Graphics2D reference

JavaOne



Java 2D API: Graphics2D

 ExampleO1 illustrates getting a
reference to Graphics2D

 Note that all of the examples In this
presentation are available for download
under the GNU General Public License

 Download the code in billday.jar from:
www.billday.com/Work

JavaOne



Java 2D API: ExampleOl

001 /**

002 * The paint nethod provides the real magic. Here we

003 * cast the Graphics object to G aphics2D to illustrate
004 * that we may use the sane old graphics capabilities with

005 * (raphics2D that we are used to using wth G aphics.
006 *x
007 public void paint(Gaphics g) {

008 //Here is how we used to draw a square with width

009 /1 of 200, height of 200, and starting at x=50, y=50.

010 g. set Col or (Col or.red);

011 g. drawRect ( 50, 50, 200, 200) ;

012

013 //Let's set the Color to blue and then use the G aphics2D
014 //object to draw a rectangle, offset fromthe square.
015 /1So far, we've not done anything using G aphics2D t hat
016 //we could not also do using Graphics. (W are actually
017 [ lusing G aphi cs2D net hods inherited from G aphics.)

018 G aphi cs2D g2d = (G aphi cs2D) g;

019 g2d. set Col or ( Col or. bl ue);

020 g2d. dr awRect ( 75, 75, 300, 200);
021 }

JavaOne
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Java 2D API:
Example01 Output

w=3Java 2D Example0l

JavaOne



Java 2D API:
Shapes and GeneralPaths

« Shapes are used to create arbitrarily
shaped 2D graphics

» GeneralPaths are the most general
iImplementation of Shape

» GeneralPath interiors are specified
using winding rules

» All Shapes, including GeneralPaths,
are manipulated using matrices in
AffineTransforms

JavaOne



Java 2D API: Example02

« Example02 illustrates GeneralPath,
winding rules, and AffineTransform

021 /I Now, let's draw another rectangle, but this tine, let's
022 //use a CGeneral Path to specify it segnent by segnent.

023 /'l Furthernore, we're going to translate and rotate this
024 //rectangle relative to the Device Space (and thus, to
025 //the first two quadrilaterals) using an AffineTransform
026 /W also will change its color.

027 General Path path = new General Pat h( Gener al Pat h. WND_EVEN_QODD) ;
028 pat h. noveTo( 0. Of , 0. Of ) ;

029 pat h.1ineTo(0. 0f, 125. 0f ) ;

030 pat h. i neTo(225. 0f, 125. Of ) ;

031 pat h.1ineTo(225. 0f, 0. 0f);

032 pat h. cl osePat h() ;

JavaOne
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Java Java 2D API:
Example02 (Cont.)

034
035
036
037
038
039
040
041
042

AffineTransformat = new AffineTransform);
at.set ToRotati on(-Math. PI/8.0);
g2d.transforn(at);

at.set ToTransl ati on(50. Of, 200. Of ) ;
g2d.transforn(at);

g2d. set Col or (Col or. green);
g2d.fill (path);

JavaOne
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Java 2D API:
Example02 Output

gﬁ Java 2D Example02

JavaOne
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Java 2D API:
Curves, Text, and Antialiasing

 Example03 and Example04 introduce
GeneralPath'’s lineto(), quadto(), and
curveto() methods plus text support

* For more information on these topics,
please refer to the billday.jar Java 2D
examples and the Media Programming
Java 2D series (URLs in Resources)

 Example05 builds on these by
requesting antialiased rendering

JavaOne



Java 2D API. Example05

007 public void paint(Gaphics g) {

008 G aphi cs2D g2d = (G aphi cs2D) g;

009

010 [/ This time, we want to use anti-aliasing if possible

011 //to avoid the jagged edges that were so promnent in

012 /lour |ast exanple. W ask the Java 2D rendering

013 /l engi ne (G aphics2D) to do this using a "rendering hint".
014 g2d. set Render i ngHi nt (Renderi ngHi nts. KEY_ANTI ALI ASI NG,

015 Renderi ngH nts. VALUE_ANTI ALI AS_ON) ;

016

017 /W reuse our Ceneral Path filled shape. W translate
018 //and rotate this shape as we did before.

019 General Path path = new General Pat h( Gener al Pat h. WND_EVEN_QODD) ;
020 pat h. noveTo(0. Of, 0. Of ) ;

021 pat h. i neTo(0. 0f, 125. 0f ) ;

022 pat h. quadTo( 100. Of, 100. Of , 225. Of , 125. 0f ) ;

023 pat h. curveTo(260. Of , 100. 0f , 130. Of , 50. 0f , 225. 0f , 0. Of ) ;

024 pat h. cl osePat h() ;

JavaOne
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Java 2D API:
Example05 (Cont.)

026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044

AffineTransformat = new AffineTransform();
at.set ToRotati on(-Math. PI/8.0);
g2d.transfornm(at);

at.set ToTransl ati on(0. Of, 150. 0f ) ;

g2d. transforn(at);

g2d. set Col or (Col or. green);
g2d.fill (path);

/I Now, let's use sone of the Java font and text support.
// Note that you need to be sure you have the sane fonts |
//use in the exanple (Tines New Ronman True Type) if you
/| execute this exanple code.

Font exFont = new Font (" Ti mesRonman", Font. PLAI N, 40) ;

g2d. set Font (exFont) ;
g2d. set Col or ( Col or . bl ack) ;
g2d. drawsStri ng("Javawrl d", 0. Of , 0. Of ) ;

JavaOne
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Java 2D API:
Example05 Output

| E%J-EI'H‘-EI 2D Examplel5

JavaOne
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Java 2D API: Clipping,
Images, and Compositing

 Please refer to my JavaWorld™ columns
(see Resources) to learn more about:

— Clipping paths in Example06

— Basics of loading and manipulating
Images, Example07

— Example08 demonstrates how to
alpha composite, or blend, 2D
graphics objects together

JavaOne




Java 2D API.
Image Processing

« Java 2D API presents a new model

for image processing, the buffered
iImage model

* ImageDicer example makes use of the
buffered image model to blur, sharpen,
and otherwise manipulate user
specified images

JavaOne



ImageDicer Source Image

t \'Y *i‘*ﬂ?" .'

Lady Aghew ik

of Locknaw, e

by John Singer Sy .3:‘

Sargent \ i
) .
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Java 2D API: Color
Inversion With ImageDicer

 Java 2D API provides lookup table
support for use in color-related image
manipulations

» Perform color inversion by inverting
each of the red, blue, and green (RGB)
color values for each pixel In an Image

001 short[] invert = new short][ 256];

002 for (int i =0; i < 256; i++)

003 invert[i] = (short) (255 - i);

004 Bufferedl nageQ invertOp = new LookupOp(
005 new Short LookupTabl e(0, invert), null);




ImageDicer Inverted Image

Inverting all
three RGB
channels gives
a negative
Image

JavaOne
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Java 2D API:
Snapshot Your Components

 Use Sun’s JPEG support classes
to save snapshots of Components

e The basic steps are:

— Create a Bufferedlmage with the same
dimensions as your Component

— Draw the Component into the Bufferedlmage

— Save the Bufferedimage into a file using the
JPEG package and FileOutputStream

Note: Requires the use of com.sun.image.codec.jpeg, which may
not be available in all Java 2 runtimes

JavaOne



Java 2D API:
SaveComponentAsJPEG

001 public void saveConponent AsJPEQ Conponent nyConponent,

002 String filenanme) {
003 Di nensi on size = nmyConponent. getSi ze();

004 Buf f er edl mage nyl nage =

005 new Buf f er edl mage(si ze. w dt h, si ze. hei ght,

006 Buf f er edl mage. TYPE | NT_RGB) ;

007 G aphi cs2D g2 = nyl nage. cr eat eG aphi cs();

008 myConponent . pai nt (g2);

009 try {

010 Qut put Stream out = new Fil eQut put Strean(fil enane);
011 JPEA mageEncoder encoder = JPEGCodec. creat eJPECGENncoder (out);
012 encoder . encode( nyl nage) ;

013 out. cl ose();

014 }

015 catch (Exception e) { Systemout.printin(e); }

016 }

JavaOne
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Java 2D API: New
Features in Java 2 SDK 1.3

o Support for PNG image format
e Support for use of multiple monitors
« Various minor features and fixes

JavaOne



Java Media
Framework API (JMF)

 JMF delivers and renders
synchronized multimedia

« Specified and implemented in phases:

— JMF 1.0 supports Java Media Players
to play audio and video from both push
and pull sources

— JMF 2.0 adds Java Media Capture, support
for capture from input devices, on-the-fly
manipulations of media data, plugable codecs

— Java Media Conference has been
discussed for future work

JavaOne



JMF: Implementers

e Sun Microsystems

— Java platform (all Java) version including
Web server tools

— Win32 and Solaris™ performance packs
 |IBM

— Co-developed JMF 2.0 with Sun
 RealNetworks

— Built Win32 G2 player JMF 1.0 bindings

— Previously promised support for all G2
player platforms E

JavaOne



JMF: Previously Involved

e |ntel

— Implemented a JMF 1.0 ActiveMovie/
DirectShow-based Win32 player for
standalone JDK™, Netscape and
Microsoft browsers

— Discontinued support and withdrew
from JMF working group, late 1998

o SGI

— Discontinued JMF 1.0Beta version
of IRIX player in 1997 E

JavaOne




JMF: Supported Content Types

e Supported JMF 1.0 or 1.1 content types:

— QuickTime, AVI video (Sun, Intel, SGI);
MPEG-1, all but Sun Java version

— WAV, AU audio (Sun, Intel, SGI);
MIDI, all but Sun Java version

— Sun supports MPEG-1 Layer 3 (MP3) audio
In its IMF 2.0 implementation

— RealAudio and RealVideo formats supported
In G2 (Real)

— H.261, H.263 video and G.723 audio low
bitrate ITU protocols (Sun perf packs,
Sun Java version supports audio-only)
JavaOne




JMF: Supported Protocols

e Supported JMF 1.0 or 1.1 protocols:
— HTTP, FILE (Sun, Intel, SGI)
— FTP (Sun, Intel)
— RTP receive-only (Sun)

— RealNetworks protocols supported
In G2 (Real)

 JMF 2.0 adds support for RTP send

— RTP broadcasting plus the new JMF 2.0
capture support enable JMF-based
audio and video servers

JavaOne



JMF: Player Basics

* Players extend MediaHandler and serve as an
adapter for time-based media

 Media itself is encapsulated by a DataSource object

Player as an Adapter for Media
7

External Objects Interacting
with Media via Player Adapter

Datasource




JMF: Player Basics

 In many implementations, the player
IS Implemented in native (not Java
technology) code

» Sun’s entirely Java technology version
Implements the player using Java
programming language code
(no native methods)

e Sun’s entirely Java technology player
supports a subset of the content and
protocol types supported by Sun
performance packs

JavaOne



JMF 1.0 API. javax.media

* Players, content handling, and core
synchronization are in javax.media package

— Clock, Controller, Player interfaces

— MediaHandler, MediaProxy interfaces
— various Control and Listener interfaces
— Manager, PackageManager classes

— All events, errors, and exceptions to support state

machine model

* Note: JMF events extend java.util.EventObject,

consistent with standard Java 1.1 event
mechanisms



JMF 1.0 API:
Jjavax.media.protocol

e DataSource and protocol resolution are
specified in the javax.media.protocol package

— Interfaces for source stream configuration and
source controls

— Classes to support push and pull DataSources

 Most JMF developers will not need to use
this package (implement DataSources)

— Manager automatically creates Player and
DataSource and hooks the two together

— Player methods indirectly use DataSource
JavaOne
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JMF 1.0 API: Player States

* Players behave as state machines

- JMF specification details both legal
and illegal state transitions and the
corresponding Events and Exceptions

JavaOne



JMF 1.0 API: State Model

Player State Diagram

Unrealized Realized Started

JMF 2.0
supports Realizing Prefetching
access to
Internals
of IMF
state
model
Prefetched

“Unrealized” “Stopped” “Started”  javaOne
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JMF: IMF11Applet Example

 JMF11Applet illustrates several key
JMF concepts

— Use Manager to request a Player instance
— Register ControllerListener for JMF callbacks

— Catch RealizeCompleteEvent In
controllerUpdate() method to finish
setting up Player

— Stop and properly deallocate Player
to free up any exclusive resources

JavaOne




IJMF11Applet

039 public class JMF11Appl et extends Appl et inplenents

040 Control |l erLi stener {

041 private URL nyURL = null;

042 private Player nyPlayer = null;

043 private Conponent nyVisual = null;

044 private Conponent nyControls = null;

045 private Panel visual Panel = null;

046

047 [ **

048 * Initialize JMF11Applet. We lay out the interface and

049 * create our player in the init().

050 *x

051 public void init() {

052 super.init();

053

054 /'l Specify AW Layout Manager.

055 set Layout (new BorderLayout());

056

057 /1 Load URL fromthe web page JMF11Applet is enbedd I
058 String asset = getParaneter ("ASSET"); E

JavaOne
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JMF11Applet (Cont.)

/'l Check the URL and create a URL object to hold it.
I f (asset.equals("")) {
//we haven't entered an asset in the applet.
} else {
try {
myURL = new URL( get Docunent Base(), asset);
} catch (Mal fornmedURLException e) {
/W entered an inconplete asset or built incorrect URL.
/I More robust applet should handle this gracefully.

JavaOne
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JMF11Applet (Cont.)

070 try {

071 //Here's an interesting bit. Manager is used to

072 //create the actual player for this URL. W then

073 /ladd JMF11Applet as a ControllerListener for nyPl ayer.
074 /1 This lets us respond to RealizeConpl et eEvents.

075 nmyPl ayer = Manager. creat ePl ayer (nyURL) ;

076 nyPl ayer . addControl | erLi stener(this);

077 } catch (I OException e) {

078 /'l Encountered sone problemwith I/Q exit.

079 Systemout.printin("l1/O problemw th player...exiting");
080 Systemexit(l);

081 } catch (NoPl ayer Exception e) {

082 /1 Unable to return a usable Player; exit.

083 Systemout.println("No usable Player returned...exiting");

084 Systemexit(l);

085 }
086 }
JavaOne




JMF11Applet (Cont.)

088
089
090
091
092
093
094
095
096
097
098
099
100
101
102
103
104
105
106
107
108
109

~~
*

b I T T

~~

Override the default applet start nethod to call Player's
realize(). This wll first do the realization, which in turn
triggers the bits of QU building in the controll erUpdate()
met hod. We do not automatically start playback: User needs
to click on "play" button in our applet to start playing the
medi a sanpl e.

*

public void start() {
myPl ayer.realize();
}

/**

* Override default applet stop nethod to call nyPlayer. stop()
* and nyPl ayer. deal | ocate() so we properly free up resources
* i f sonmeone exits this page in their browser.

**/

public void stop() {

nyPl ayer. st op() ;
myPl ayer. deal | ocat e();
}

JavaOne
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JMF11Applet (Cont.)

111 [ **

112 * Since we nust know when realize conpletes, we use
113 * controll erUpdate() to handl e Real i zeConpl et eEvent s.
114 * When we receive the RealizeConpl eteEvent, we | ayout
115 * and display the video conponent and controls in our
116 * applet GJ.

117 **x

118 public void control |l erUpdate(Controll erEvent event) {
119 I f (event instanceof RealizeConpl eteEvent) {

120 /1 Systemout.println("Received RCE...");

121 /1 Now that we have a Realized player, we can get the
122 /'l Vi sual Conponent and Contr ol Panel Conponent and pack
123 /1 theminto our applet.

124 myVi sual = nyPl ayer. get Vi sual Conponent () ;

125 I f (nyVisual !'= null) {

126 /1l In order to ensure that the Visual Conponent
127 /1l is not resized by BorderlLayout, | nest it
128 /1 within visual Panel using Fl owLayout.

129 vi sual Panel = new Panel ();

130 vi sual Panel . set Layout (new Fl owLayout ());

131 vi sual Panel . add( nyVi sual ) ;

JavaOne
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JMF11Applet (Cont.)

132 add( vi sual Panel , Bor der Layout . CENTER) ;

133 /] System out. println("Added Vi sual Conponent...");
134 }

135 myControls = nyPl ayer. get Cont r ol Panel Conponent () ;
136 i f (nyControls !'= null) {

137 add(nmyControl s, Bor der Layout . SOUTH) ;

138 /1 Systemout.println("Added controls...");

139 }

140 /linvalidate();

141 val i dat e();

142 }

143 /'l Else we sinply consune the event.

144 }

145 }

JavaOne
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JMF11Applet Output

|—| Netscape: JMFI1 1Applet Example — welcome.way | - ]
File Edt View Go  Comrmunicator

Help

e 2 3 D e W 3 & N
Back.  Forvard  Reload Home  Search  Metscape Print  ‘securty

> 4 i L

= | oo | i U0 3P B N2

» Sun JMF, Java platform-based player

running on Solaris™ 7 software within
Netscape Communicator™ 4.51

JavaOne
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JMF11Applet Output

a JMF11Applet Example -- welcome.way - Microzoft Internet Explorer  [ll[=] B4

J File  Edit “ew LGo Fawvontes  Help i
‘ N i @ ﬁ @ @ ‘Links

H Ak EamAET Stop Refresh Home Search  Favorte

> e I

| | | | | by Computer

wo B

 The same Sun JMF, Java platform-based
player, this time running on Win32 within
Microsoft Internet Explorer 4.01

JavaOne
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JMF11Applet Output

...aWorld/1999-06-jw/media/welcome. way Ed

®N: Java Media Player
| | | |

LIH.L: | IIll'.'|||I [} rl Ij I|I 1 IEI EI IEI- |:| E|- I IIII'III'I|I e |j | | I|I'|I|'|I|'E! | COme w3y
Dwration: 3 sec
Bitrate: 1846 kbps

Video:
Encoding: - MNIA
Size  MIA
Rate:  MIA
Audio:
Encoding: Linear
zuality: - 44 1 KHz 16-bit stereo

Cloze |

» Media information, loaded by clicking
on “I” button in Sun player interface , %6

e L e T




JMF 1.0 API:
Other Player Capabilities

« JMF allows the programmer to

— Control multiple Players with a single Controller
object, perhaps a Player itself

— Integrate Players with other Java technology-
based software. Same language, same tools, etc.

— Integrate Players with JavaBeans™ architecture-
based components for reusable streaming media
components that can be quickly connected
together using visual builder tools, allowing
higher level programmers to take advantage
of IMF and its flexibility

JavaOne
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Java 3D " API

e Java 3D API is an Extension API specifying a
scene graph based 3D graphics runtime

e Java 3D API is optimized for display speed

(interactive

graphics and games) rather than

Image guality (render farms)

e Sun provides Win32 and Solaris™ operating
environment implementations

e SGlhas IR
HP-UX imp

e |Free-D on

X version; HP promises
ementation

_inux and IRIX, others



Java 3D API: Requirements
for Sun Implementation

e Use of Sun’s implementation of Java 3D API
requires Win32 or Solaris software and

— Java 3D API itself, available from Sun’s web site

— OpenGL 1.1, bundled with WINNT 4.0, Win98,
and Win95 OSR 2 (download from Microsoft
for Win95 OSR 1)

— Java 2 platform, available from Sun

e Sun’s implementation of Java 3D API
requires the Java 2 platform E



Java 3D API.
Requirements for jFree-D

e |Free-D will run on a variety of platforms,
provided that they have

— Java 1.1 platform (JDK™ 1.1.x)
— OpenGL implementation (may use Mesa)
— C compiler

— GNU make (available for all Unix flavors
as well as Win32)

* JFree-D uses the GL4Java Java platform-
to-OpenGL binding In its implementation

e |Free-D is still in early availability and does
not support all of Java 3D spec




Java 3D API: Strengths

* High level, object oriented view
of 3D graphics

» Java 3D APl Is optimized for speed
where possible using compiled branch
groups, capabillity bits, etc.

 Large number of 3D loaders are available
to Import content into Java 3D runtime

— Currently 20 loaders available, for formats
varying from VRML to DXF to Protein
DataBank
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Java 3D API: Strengths

 Java 3D API supports exotic input
and control devices

— Data gloves
— Wands
— Heads-up displays (HUDSs)

— Virtual environments such as the
NCSA C.A.V.E.

» Java 3D API specifies spatialized
vector math support not available
elsewhere In the Java platform E
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Java 3D APIl: Weaknesses

 Java 3D API hides rendering pipeline
details from the developer, a “feature”
with sometimes negative consequences

— Java platform-to-OpenGL bindings may be
a better choice for developers needing direct
access to the rendering pipeline

o Java 3D API documentation iIs somewhat
limited compared to OpenGL

e Java 3D APl components are
heavyweight, which complicates
JFC/Swing-based GUI development




Java 3D APl Package Summary

e Java 3D API Is specified In:
— Javax.media.}3d
— Javax.vecmath

» Sun provides some very useful
supporting classes and utilities under:

— com.sun.|3d
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Java 3D API:
Scene Graph Basics

e Java 3D API programs create a tree-like
structure of Nodes to represent the world
to be rendered and rendering instructions

e Java 3D API scene graphs contain
two major branches

— Content branch describes the objects to render
(how to draw them, color them, arrange them
In 3D space, how they should behave)

— View branch contains everything else (placement
of user’s view in 3D space, ablility to move this
view Iinteractively, manipulations for stereo
viewing, HUDs, etc.)

JavaOne
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Java 3D API:
Scene Graph Basics

 Java 3D API view branches are typically
guite small compared to content branches

* View branches will often contain only a
few nodes, while content branches may
contain thousands for complicated
3D worlds

» Consequently, many Java 3D API
optimizations focus on the content branch
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Java 3D API:
View Branch Example

 ExampleO1l creates a very simple Java
technology-based 3D world

e This wor

— Using t

di

ne

lustrates

neavyweight Canvas3D

component within a Frame container

— Creating the view branch of the scene graph

— Attaching a View to the view branch
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Java 3D API: Example01,
Creating Canvas3D

026 [/ Title our frame and set its size.

027 super ("Java 3D Exanpl e01");

028 set Si ze( 400, 300);

029

030 //Here is our first Java 3D-specific code. W add a
031 / /| Canvas3D to our Frane so that we can render our 3D
032 /I graphics. Java 3D requires a heavywei ght conponent
033 /I Canvas3D into which to render.

034 Canvas3D nyCanvas3D = new Canvas3D(null);

035 add(" Center", nyCanvas3D);

036

037 [/ Turn on the visibility of our frane.

038 set Vi si bl e(true);

JavaOne
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Java 3D API: Example01,
Constructing the View

059 /**

060 * constructView) takes a Canvas3D reference and constructs
061 *a Viewto display in that Canvas3D. It uses the default
062 * Physi cal Body and Physi cal Envi ronnent (both required to be
063 * set or else the 3D runtinme wll throw exceptions). The
064 * returned Viewis used by constructViewBranch() to attach
065 * the scene graph's ViewPlatformto a Canvas3D for rendering.
066 *

067 * @ee construct Vi ewBranch(Vi ew)

068  **/

069 private View constructVi ew Canvas3D nyCanvas3D) {

070 View nyView = new View);

071 nmyVi ew. addCanvas3D( nyCanvas3D) ;

072 myVi ew. set Physi cal Body( new Physi cal Body()) ;

073 myVi ew. set Physi cal Envi ronnent ( new Physi cal Environnent () ) ;
074 return(nmyVi ew ;

075 }
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Java 3D API: Example01,
Finishing the View

079 * construct Vi ewBranch() takes as input a View which we

080 * attached to our Canvas3D in constructView(). It constructs
081 * a default view branch for the scene graph, attaches

082 * the Viewto the ViewPlatform and returns a reference to
083 * our Locale for use by construct ContentBranch()

084 * in creating content for our scene graph.

085 *

086 * @ee construct Vi ewm( Canvas3D)

087 * @ee construct Cont ent Branch(Local e)

088  **/

089 private Local e construct Vi ewBranch(View nyVi ew) ({

090

091 //First, we create the necessary coordi nate systens

092 [ (Virtual Uni verse, Local e), contai ner nodes

093 /1 (BranchG oup, TransfornG oup), and pl atform which

094 //determ nes our viewing position and direction (ViewPlatform.
095 Vi rtual Uni verse nmyUni verse = new Virtual Uni verse();

096 Local e nyLocal e = new Local e(nyUni verse);

097 BranchG oup nyBranchG oup = new BranchG oup();

098 Transf orm&a oup nyTransform& oup = new Transfor na oup() ;

099 Vi ewPl at form nyVi ewPl at f orm = new Vi ewPl atforn();




Java 3D API: Example01,
Finishing the View (Cont.)

101 /I Next, we insert the platforminto the transform group,
102 //the transformgroup into the branch group, and the branch
103 //group into the |ocale's branch graph portion of the

104 /| scene graph.

105 my Tr ansf or g oup. addChi | d( nyVi ewPl at f orm ;

106 myBr anchG oup. addChi | d( ny Tr ansf or nar oup) ;

107 nmyLocal e. addBr anchG aph( nyBr anchG oup) ;

108

109 /lFinally, we attach our viewto the view platformand we
110 //return a reference to our new universe. W are ready to
111 /I render 3D content!

112 myVi ew. attachVi ewPl at f or n{ nyVi ewPl at f orn ;

113 return(nyLocal e);

114  }

JavaOne
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Java 3D API.
Example01 Output

E"{:';f-_,% Java 3D Example01

e Calling no-op constructContentBranch() turns the
Java 3D renderer on (sets the scene graph
to be live), which renders empty universe
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Java 3D API:
Content Branch Example

 Example02 adds a more interesting body
to the constructContentBranch() method
of our previous example

— Uses the heavyweight Canvas3D component
within a Frame container

— Creates the view branch of the scene graph
— Attaches a View to the view branch
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Java 3D API: Example02

014 private void construct Cont ent Branch(Local e nyLocal e) {

015 //We first create a regular 2D font, then fromthat a

016 /13D font, 3D text, and 3D shape, in succession. W use

017 //the default constructors for Font Extrusi on and Appearance.
018 Font nyFont = new Font (" Ti mesRoman", Font. PLAI N, 10);

019 Font 3D nyFont 3D = new Font 3D( nyFont , new Font Extrusi on());
020 Text 3D nyText 3D = new Text 3D( nyFont 3D, "Javawrl d");

021 Shape3D nyShape3D = new Shape3D( nmyText 3D, new Appear ance());
022

023 /W created a new branch group and transform group to hold
024 //our content. This time when we create the transform group,
025 [/ however, we pass in a TransfornBD to the transform group's
026 //constructor. This 3D transform has been mani pul at ed

027 //to performthe transformati ons we desire, which results
028 /1in those mani pul ati ons being carried out on all children
029 //of the given transformgroup, in this case, our content.
030 BranchG oup cont ent BranchG oup = new BranchG oup();
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Java 3D API: Example02 (Cont.)

031 Transf or nBD nyTransfornB8D = new TransfornB8D() ;

032 myTr ansf or nBD. set Transl ati on(new Vector 3f (-1.0f,0.0f,-4.0f));
033 my Tr ansf or nBD. set Scal e( 0. 1) ;

034 TransfornBD tenpTransfornBD = new Transf ornB8D() ;

035 tenpTransfornBD. rot Y(Mat h. Pl / 4. 0d) ;

036 my Tr ansf or n8D. mul (t enpTr ansf or nBD) ;

037 Transf or naoup content TransfornG oup = new

038 Transf or na oup( nyTr ansf or nB8D) ;

039

040 //We add our child nodes and insert the branch group into
041 //the live scene graph. This results in Java 3D renderi ng
042 //the content.

043 cont ent Tr ansf or NG oup. addChi | d( nyShape3D) ;

044 cont ent BranchG oup. addChi | d( cont ent Tr ansf or G oup) ;

045 nmyLocal e. addBr anchG aph( cont ent BranchG oup) ;

046 }
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Java 3D API.
Example02 Output

JavaWorls

« Our universe Is empty no more!
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Java 3D API: Utilities From
Sun Can Make Code Simpler

* You may have looked at the set-up
code In the first two examples ana
wondered “Why do we have to make
so many redundant calls each time
we use Java 3D API?”

- We do not, Iif we are willing to use
Sun utility classes (or write our own)

 Example03 makes use of Sun’s
SimpleUniverse and ColorCube
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Java 3D API: Example03,
Using SimpleUniverse

001 // Now t hat we have our Franme and Canvas3D, we are ready
002 //to start building our scene graph. W need to construct
003 /I both a view branch and a content branch. Using Sun's
004 /1 Si nmpl eUni verse utility, we can conbi ne the View and

005 /I view branch construction into one sinple step.

006 Si npl eUni verse nyUni verse = new Si npl eUni ver se( nyCanvas3D) ;
007 BranchG oup cont ent BranchG oup = construct Cont ent Branch();
008 myUni ver se. addBr anchG aph( cont ent BranchG oup) ;

009 }

JavaOne
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Java 3D API: Example03,
ColorCube

012 * construct ContentBranch() is where we specify the 3D graphics
013 * content to be rendered. W return the content branch group
014 * for use with our SinpleUniverse. W also denonstrate the
015 * use of comsun.j3d.utils.geonetry. Col orCube to build nore
016 * conplicated 3D shapes.

017 *

018  **/

019 private BranchG oup construct Content Branch() {

020 Font nyFont = new Font (" Ti nesRoman", Font. PLAI N, 10);

021 Font 3D nyFont 3D = new Font 3D( nyFont , new Font Ext rusi on());
022 Text 3D nyText 3D = new Text 3D nyFont 3D, "Gamasutra");

023 Shape3D nyShape3D = new Shape3D( nyText 3D, new Appear ance());
024 Shape3D nyCube = new Col or Cube();

025

026 BranchG oup cont ent BranchG oup = new BranchG oup();

027 Transf or 8D nyTransf ornBD = new Transf or n8D() ;

028 nmyTr ansf or nBD. set Transl ati on( new Vector 3f(-1.0f, 0. 0f,-4.0f));
029 nmyTr ansf or nBD. set Scal e(0. 1) ;

030 TransfornB8D tenpTransfornBD = new TransfornBIX) ;

031 t enpTransf ornBD. rot Y(Mat h. Pl / 4. 0d) ;

032 my Tr ansf or n8D. mul (t enpTr ansf or nBD) ;
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Java 3D API: Example03,
ColorCube (Cont.)

033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049

Transf orma oup content TransfornGroup = new
Transf or Mg oup( nyTransf or n8D) ;

cont ent Tr ansf or NG oup. addChi | d( nyShape3D) ;
cont ent BranchG oup. addChi | d( cont ent Tr ansf or iz oup) ;

nyTransforn8D. setldentity();

nmyTr ansf or n8D. set Transl| ati on( new Vector 3f (-0.5f,-0.5f,-2.3f));

nmy Tr ansf or n8D. set Scal e(0. 1) ;
Transf orma oup cubeTransfornroup = new
Tr ansf or MG oup( myTr ansf or n8D) ;

cubeTr ansf or N3 oup. addChi | d( myCube) ;
cont ent BranchG oup. addChi | d( cubeTr ansf or nG oup) ;

ret urn(cont ent BranchG oup) ;
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Java 3D APIl: Example03
Output

E’j‘ Java 3D Exampled3

JavaWor

 Note the multi-colored ColorCube,
and that it is offset in space from the text
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Java 3D API: Behaviors

* |n Java 3D API, behaviors are scheduled
when the view platform crosses the stimulus

bounds, a region of space defined by the
programmer

 Bounds are used by the Java 3D runtime

to avoid computations for non-visible
or inaudible Nodes

e Both sounds and behaviors have bounds

 Example04 illustrates basic behavior,
adding rotation to previous examples
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Java 3D API: Example04

002 * construct ContentBranch() is where we specify the 3D graphics
003 * content to be rendered. W return the content branch group
004 * for use with our SinpleUniverse. W have added a Rotati onlnterpolator
005 * to Exanpl e03 so that in this case, our "JavaWwrld" text rotates
006 * about the origin. W have also renoved the scaling and static
007 * rotation fromthe text, and the scaling from our Col or Cube.

008  **/

009 private BranchG oup construct Content Branch() {

010 Font nyFont = new Font (" Ti mesRoman", Font. PLAI N, 10);

011 Font 3D nyFont 3D = new Font 3D( nyFont , new Font Extrusion());

012 Text 3D nyText 3D = new Text 3D( myFont 3D, "JavawWwrl d");

013 Shape3D nyShape3D = new Shape3D( nyText 3D, new Appear ance());

014 Shape3D nyCube = new Col or Cube() ;

015

016 BranchG oup content BranchG oup = new BranchG oup();

017 TransfornmBD nyTransfornB8D = new TransfornB8D() ;

018 Transfor m&a oup content Transf or na oup = new Transfor na oup( nyTr ansf or n8D) ;
019 cont ent Tr ansf or m& oup. addChi | d( myShape3D) ;

020

021 Al pha myAl pha = new Al pha();

022 nyAl pha. set | ncreasi ngAl phaDur ati on(10000) ;
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Java 3D API:
Example04 (Cont.)

023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042

nmyAl pha. set LoopCount (-1);
Rot ati onl nt er pol at or nyRotater =
new Rot ati onl nt er pol at or (myAl pha, cont ent Tr ansf or m& oup) ;
nmyRot at er . set Axi sOF Rot at i on( myTr ansf or n8D) ;
nmyRot at er. set M ni nrumAngl e( 0. Of ) ;
nmyRot at er . set Maxi numAngl e((fl oat) (Math. Pl *2.0));
Boundi ngSpher e nyBounds = new Boundi ngSphere();
nmyRot at er . set Schedul i ngBounds( nyBounds) ;
cont ent Tr ansf or ma oup. set Capabi l'i ty(Transf or MG oup. ALLON TRANSFORM WRI TE) ;
cont ent Tr ansf or e oup. addChi | d( myRot at er) ;

cont ent BranchG oup. addChi | d( cont ent Tr ansf or m& oup) ;

myTr ansf or nBD. set Tr ansl ati on(new Vect or 3f (- 0. 5f,-0.5f,-2.3f));

Transf or mM&a oup cubeTransf or nar oup = new Transfor na oup( nyTr ansf or n8D) ;
cubeTr ansf or m& oup. addChi | d( myCube) ;

cont ent BranchG oup. addChi | d( cubeTr ansf or nzr oup) ;

ret urn(cont ent BranchG oup) ;
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Java 3D API.
Example04 Output

dVk

Egj.lava 3D Example04

e The text rotates around in 3D space
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Java 3D API:
VRML97 Browser

e In addition to the various Java 3D API
fille loaders, Sun and the VRML-Java 3D
Working Group have made a VRML97
browser available

* The browser is written in all Java
technology, and so should run
anywhere that the Java 3D API runs
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Java 3D APIl: VRML Browser

File Siews  Mode Options  Info

WWRL: |ﬂIe:C:deI-:*I.Eljava3dlexampIeswrmIElTlvieweripartsisimple.wrl

« VRML97 Viewer, with the included
sample.wrl VRML file loaded JavaOne




Resources

e Sun’s Java Media APIs page links to
individual pages for each API:
Jjava.sun.com/products/java-media

* Media Programming resources,
iIncluding all example code in this
presentation, are available from:
www.billday.com/Work

« Java 3D Loader Archive:
www.billday.com/Java3DArchive
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Copyright Statement

Copyright © 2000 by Bill M. Day Jr. Permission to make digital
or hard copies of part or all of this presentation for personal or
classroom use is granted without fee provided that copies are not
made or distributed for profit or commercial advantage and notice
IS given that copying is by permission of Bill M. Day, Jr.

Copyrights for components of this work owned by others than
Bill M. Day Jr. must be honored.
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Software License

All software provided for download herein is free software; you can
redistribute it and/or modify it under the terms of the GNU General
Public License as published by the Free Software Foundation; either
version 2 of the License, or (at your option) any later version.

The software is distributed in the hope that it will be useful, but
WITHOUT ANY WARRANTY:; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.

See the GNU General Public License for more details:
www.fsf.org/copyleft/gpl.html
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