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First part of this course:

¥ Is about writing a mobile 3D application
that works on your (modern) mobile phone
today

¥ Programming assignment 1: simple game

¥ To pull that off, we need graphics APIs



© 2007 Tomas Akenine-Mšller 4

Important features of graphics 
APIs (for mobiles)?

¥ Open for everyone
¥ Cross-platform API
¥ Should work everywhere

ÐWrite application only once

¥ Should be ÒneatÓ
ÐÒLean & meanÓ Ð no unnecessary fat
ÐPowerful
ÐExpressive
ÐEtc
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(there are other APIs as well Ð more about that later today)
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Ð Low-level API: focus on rendering triangles
¥ Under the hood: either software implementation or dedicated 
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Ð Built upon OpenGL for desktop computers
¥ Highly successful real-time graphics API

Ð There is Java API for this (JSR239)
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Mobile APIs
(there are other APIs as well Ð more about that later today)

Ð Low-level API: focus on rendering triangles
¥ Under the hood: either software implementation or dedicated 

graphics hardware 

Ð Built upon OpenGL for desktop computers
¥ Highly successful real-time graphics API

Ð There is Java API for this (JSR239)

¥ M3G
Ð High-level API: focus on content, and high-level 

operations (load objects, hierarchical animation,etc)
Ð M3G can be implemented on top of OpenGL ES
Ð A Java-based API
Ð Could be used on most modern phones
Ð Will be used in Programming Assignment #1

ES=Embedded systems
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Different layers

C/C++
Applications

Scenegraph APIs
M3G

Middleware
Libraries

Game
Engines

Java
Applications

Hardware
OpenGL ES

 Engines

Software
OpenGL ES 

Engines

[Slide courtesy of Tom Olsen, Texas Instruments]
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...involves many companies....
[i.e., not only one, or a few]
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Over 100 companies creating 
media authoring and acceleration 

standards
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PlayStation III

9

OpenGL ES
¥ Is for everyone!

Ð Example:
¥ PS3 uses it
¥ IPhone uses it

¥ Many mobile phones use 
it today:

Sony Ericsson P990
OpenGL ES 1.1 through PowerVR 
MBX Lite

Samsung P910
GoForce 5500

Sony Ericsson W900i
GoForce 4800

IPhone

NOKIA N95
PowerVR MBX
with VGP
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OpenGL ES differences



© 2007 Tomas Akenine-Mšller 10

OpenGL ES differences

¥ OpenGL 1.0 released in 1992 for desktops



© 2007 Tomas Akenine-Mšller 10

OpenGL ES differences

¥ OpenGL 1.0 released in 1992 for desktops
¥ OpenGL too big for mobiles

ÐMobile has limited resources (e.g., memory,
floating-point hw, etc)



© 2007 Tomas Akenine-Mšller 10

OpenGL ES differences

¥ OpenGL 1.0 released in 1992 for desktops
¥ OpenGL too big for mobiles

ÐMobile has limited resources (e.g., memory,
floating-point hw, etc)

¥ ES is mostly a subset of full OpenGL
ÐEliminated redundant/unneeded/expensive 

functionality
ÐCompact and efficient

¥ <=50 kB footprint possible



© 2007 Tomas Akenine-Mšller 10

OpenGL ES differences

¥ OpenGL 1.0 released in 1992 for desktops
¥ OpenGL too big for mobiles

ÐMobile has limited resources (e.g., memory,
floating-point hw, etc)

¥ ES is mostly a subset of full OpenGL
ÐEliminated redundant/unneeded/expensive 

functionality
ÐCompact and efficient

¥ <=50 kB footprint possible



© 2007 Tomas Akenine-Mšller 10

OpenGL ES differences

¥ OpenGL 1.0 released in 1992 for desktops
¥ OpenGL too big for mobiles

ÐMobile has limited resources (e.g., memory,
floating-point hw, etc)

¥ ES is mostly a subset of full OpenGL
ÐEliminated redundant/unneeded/expensive 

functionality
ÐCompact and efficient

¥ <=50 kB footprint possible

¥ LetÕs look at some design decisions...
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Example OpenGL / OpenGL ES differences

Slide courtesy of
Kari Pulli, Nokia
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Slide courtesy of
Kari Pulli, Nokia
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Slide courtesy of
Kari Pulli, Nokia

The rendering atom
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More differences...

Slide courtesy of
Kari Pulli, Nokia
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The result...
¥ Compact API
¥ Support for ÓeverythingÓ needed for mobile

graphics
¥ Versions:

ÐOpenGL ES 1.x is for fixed-function hardware
¥ 1.0 in 2003, and 1.1 in 2004

ÐOpenGL ES 2.0 is for programmable shader 
hardware

¥ Specification has been released

ÐNext-generation: OpenGL ÒHaltiÓ
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1.x vs 2.x
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1.x vs 2.x
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OpenGL ES 2.0: Shaders Go Mobile
¥ Graphics industry is in the middle of a programmable revolution

Ð Shader programs running on the GPU enable amazing new visual effects

¥ Graphics APIs will need to support shading languages
Ð  Enabling new visual effects to be created by developers

Doom 3Õs Zombies

Far CryÕs Water

UnrealÕs Rocks

HaloÕs Ice

Slide courtesy of
Tom Olson, 
Texas Instruments Inc.
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Done with OpenGL ES...
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The Mobile Platform
¥ Platforms are

Ð Different
Ð Unprotected
Ð Are not allowed to execute generic code

¥ To facilitate software development
Ð We need a common software platform

¥ In order to allow user code to execute
Ð We need a protected environment

¥ The industryÕs response have been:
Ð BREW (USA)
Ð JAVE J2ME (Europe)
Ð Symbian Open Platform (Europe,...)
Ð DoJa (DoCoMo, Japan)
Ð ...
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JAVA J2ME

CLDC
Basic types and IO

VM
Java byte code processor

MIDP
lcdui, canvas...

M3G Mascot
Capsule v3

Packages...
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JAVA J2ME
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VM
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MIDP
lcdui, canvas...

M3G Mascot
Capsule v3

Packages...

OUR
FOCUS
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MIDlet is a Java program (class) 
for mobile devices

¥ For graphics, the most important function: 
Ðpublic void paint(Graphics g)
ÐSo, this is where you add your code that 

should be executed each frame
¥ For example, animation, collision handling, score 

update, etc.

¥ MIDlet also implements the Canvas class
ÐCanvas receives paint-requests from the Java

system when it is invalidated (needs repaint)
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M3G code snippet
[simplified a lot]

void paint(Graphics g)

{

   myEntireWorld.animate(getCurrentWorldTime());

   myGraphics3D.bind(g);

   myGraphics3D.render( myEntireWorld );

   myGraphics3D.render(myFXMesh, null); // Render bilboards

   myGraphics3D.release();

}

void MyClass()

{

myEntireWorld  = (World) Loader.load(Óworld.m3gÓ)[0];

   myCharacter = (SkinnedMesh) myEntireWorld.find(index);

}
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M3G is scene-graph based...
(very powerful thing)



© 2007 Tomas Akenine-Mšller 22

M3G is scene-graph based...
(very powerful thing)

¥ Organizes geometry and other things in a
hierarchy (usually a tree-like structure) 
called the scene graph



© 2007 Tomas Akenine-Mšller 22

M3G is scene-graph based...
(very powerful thing)

¥ Organizes geometry and other things in a
hierarchy (usually a tree-like structure) 
called the scene graph



© 2007 Tomas Akenine-Mšller 22

M3G is scene-graph based...
(very powerful thing)

¥ Organizes geometry and other things in a
hierarchy (usually a tree-like structure) 
called the scene graph

In 2D space



© 2007 Tomas Akenine-Mšller 22

M3G is scene-graph based...
(very powerful thing)

¥ Organizes geometry and other things in a
hierarchy (usually a tree-like structure) 
called the scene graph

In 2D space



© 2007 Tomas Akenine-Mšller 22

M3G is scene-graph based...
(very powerful thing)

¥ Organizes geometry and other things in a
hierarchy (usually a tree-like structure) 
called the scene graph

In 2D space



© 2007 Tomas Akenine-Mšller 22

M3G is scene-graph based...
(very powerful thing)

¥ Organizes geometry and other things in a
hierarchy (usually a tree-like structure) 
called the scene graph

In 2D space



© 2007 Tomas Akenine-Mšller 22

M3G is scene-graph based...
(very powerful thing)

¥ Organizes geometry and other things in a
hierarchy (usually a tree-like structure) 
called the scene graph

In 2D space



© 2007 Tomas Akenine-Mšller 22

M3G is scene-graph based...
(very powerful thing)

¥ Organizes geometry and other things in a
hierarchy (usually a tree-like structure) 
called the scene graph

In 2D space

Scene graph



© 2007 Tomas Akenine-Mšller 22

M3G is scene-graph based...
(very powerful thing)

¥ Organizes geometry and other things in a
hierarchy (usually a tree-like structure) 
called the scene graph

In 2D space

Scene graph



© 2007 Tomas Akenine-Mšller 22

M3G is scene-graph based...
(very powerful thing)

¥ Organizes geometry and other things in a
hierarchy (usually a tree-like structure) 
called the scene graph

In 2D space

Scene graph



© 2007 Tomas Akenine-Mšller 22

M3G is scene-graph based...
(very powerful thing)

¥ Organizes geometry and other things in a
hierarchy (usually a tree-like structure) 
called the scene graph

In 2D space

Scene graph



© 2007 Tomas Akenine-Mšller 22

M3G is scene-graph based...
(very powerful thing)

¥ Organizes geometry and other things in a
hierarchy (usually a tree-like structure) 
called the scene graph

In 2D space

Scene graph



© 2007 Tomas Akenine-Mšller 22

M3G is scene-graph based...
(very powerful thing)

¥ Organizes geometry and other things in a
hierarchy (usually a tree-like structure) 
called the scene graph

In 2D space

Scene graph



© 2007 Tomas Akenine-Mšller 22

M3G is scene-graph based...
(very powerful thing)

¥ Organizes geometry and other things in a
hierarchy (usually a tree-like structure) 
called the scene graph

In 2D space

Scene graph



© 2007 Tomas Akenine-Mšller 22

M3G is scene-graph based...
(very powerful thing)

¥ Organizes geometry and other things in a
hierarchy (usually a tree-like structure) 
called the scene graph

In 2D space

Scene graph



© 2007 Tomas Akenine-Mšller 23

Scene graph: what for?
¥ Example: at each node, we can set a transform

Ð Gives us hierarchical animation
¥ E.g., the planets rotate around the sun, but moons rotate 

around planets (which rotate around the sun)
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Scene graph: what for?
¥ Example: at each node, we can set a transform

Ð Gives us hierarchical animation
¥ E.g., the planets rotate around the sun, but moons rotate 

around planets (which rotate around the sun)

Original positions of 
objects:

myGroup

myLeftGroup myRightGroup

LetÕs try this: 
myRightGroup.setTranslation(2,1,0);

x

y
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Scene graph example (contÕd)

myRightGroup.setTranslation(2,1,0);

x

y

myGroup

myLeftGroup myRightGroup
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Scene graph example (contÕd)

myRightGroup.setTranslation(2,1,0);

x

y

myGroup

myLeftGroup myRightGroup



© 2007 Tomas Akenine-Mšller 25

Scene graph example (contÕd)
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Scene graph example (contÕd)
¥ What else can you do with a Group  node?
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Scene graph example (contÕd)
¥ What else can you do with a Group  node?

Ð On the Assignment #1 webpage, check out the M3G 
specification in javadoc format
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Scene graph example (contÕd)
¥ What else can you do with a Group  node?

Ð On the Assignment #1 webpage, check out the M3G 
specification in javadoc format

Group g;
g.addChild(Node child);
g.getChild(int idx);
g.removeChild(Node child);
Etc
Example: myGroup.addChild
(myLeftGroup);
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Scene graph example (contÕd)
¥ What else can you do with a Group  node?

Ð On the Assignment #1 webpage, check out the M3G 
specification in javadoc format

Group g;
g.addChild(Node child);
g.getChild(int idx);
g.removeChild(Node child);
Etc
Example: myGroup.addChild
(myLeftGroup);

Node n;
n.setAlphaFactor(...);
n.setRenderingEnable(...);
n.getParent();
...and more.
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Scene graph example (contÕd)
¥ What else can you do with a Group  node?

Ð On the Assignment #1 webpage, check out the M3G 
specification in javadoc format

Group g;
g.addChild(Node child);
g.getChild(int idx);
g.removeChild(Node child);
Etc
Example: myGroup.addChild
(myLeftGroup);

Node n;
n.setAlphaFactor(...);
n.setRenderingEnable(...);
n.getParent();
...and more.

Transformable t;
t.setScale(...);
t.setTranslation(...);
t.setOrientation(...);
t.setTransform(...);
t.postRotate(...);
t.preRotate(...)
etc
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Some M3G Features

¥ Morphing meshes
¥ Skinning
¥ Generic animation system
¥ Ray intersection
¥ Advanced Texturing
¥ Floating point
¥ Fits on top OpenGL ES
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KToolbar

¥ What youÕll use when 
developing your mobile 
M3G application

¥ NOTE! You need to place 
your code in h:\m3gapps
Ð(thatÕs on your home drive) 
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There are other APIs as well (1/3)
¥ Mascot Capsule V3

ÐProprietary japanese API
ÐExists in several millions of phones already
ÐDesigned to run well on very limited platforms
ÐLittle support in Europe (SEMC, Motorola)
ÐFeatures:

¥ Triangle rasterization
¥ Texture mapping (no perspective correction)
¥ Limited light support
¥ Skinning
¥ Animations
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There are other APIs as well (2/3)
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There are other APIs as well (2/3)
¥ Mascot Capsule V3

Ð Why fast?
¥ Fixed point implementation
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¥ V4
Ð Can use underlying hardware, and...
Ð ...therefore uses Z-buffer, more lights, 

better texturing, blending, etc
Ð Seems to be OpenGL ES/M3G clone
Ð Still, proprietary, so not for everyone !
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There are other APIs as well (3/3)

¥ Mobile Direct3D and DirectX
ÐFrom Microsoft...



© 2007 Tomas Akenine-Mšller 31

How to test the performance of your 
mobile phone?
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How to test the performance of your 
mobile phone?

¥ JBenchmark 3D for (M3G)
¥ JBenchmark HD for HW-accelerated

Mobile 3D 
¥ http://www.jbenchmark.com


