Introduction to

the open graphics library for embedded systems



PRESENTATION TOPICS

* Introduction to OpenGL ES
» Spaces and Iransformations

* Drawing Geometry

@ elors

« Jextures

« Android Fragmentation
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REEERCI  (Open Graphics Libraryy) Is FaSScieEs
language, multi-platform application programming
MESHHeE (AR} Tor rendering 2D and " SEEEEiE
oraphics. The APl Is typically used to interact with a
oraphics processing unit (GPU), to achieve hardware-

tieeelerated rendering.

— Le Wikipedia



OPENGL ES
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A lot of material on the internet



OPENGL ES

* A lot of fragmentation on android (we will cover
't later)

« State Machine

. Open
Errors are hard to get Gl ES

Android
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SPACES (OR COORDINATES)

* Window Space
» Clip and Eye Space
» World Space

» Object Space



WORLD SPACE

The world coordinates are the most used by developers to build the scene.
They are also called Model Space.



OB|ECT SPACE
A

object coordinate system

Object coordinates have the origin (0,0,0) at the object's world location.



COORDINATES

'Y
Triangle’s position in object space :
’ (-5,0,0)

A SN x
Object Space

T

T e
X Triangle's position in world space :

Warld Space (-5,0,-10)

Z X

Eye Space

Triangle’'s position in eye space :

The triangle's position relative to the object, world and eye spaces




ELIP AND EYE SPACHE

- Clipped

Viewport ~ 4

Added Edges

;

slipped Frustum

Fye coordinates are related to the camera. Clipping
coordinates Is the matrix that originates the view frustum.



WINDOW SPACE

< -

These are relative to device's screen and its origin Is at the center of the device.

They can be normalized and range from -| to +| on every axis.



HOW [T FITS TOGETHER
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\IER»T ICES WERYWHERE

ieineyenerator.net




TRANSFORMATIONS

glLoadldentity();
glPushMatrix();




TRANSFORMATIONS

&

ol oadldentity();
olPushMatrix();

glTranslate(-4,3);
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TRANSFORMATIONS

Loadldentity();

PushMatrix();
Translate(-4,3);

rawMario();




TRANSFORMATIONS

ol oadldentity();
olPushMatrix();

ol Translate(-4,3);
drawMario();
glTranslate(7, 0);




TRANSFORMATIONS

olloadldentity();
olPushMatrix();
glTranslate(-4,3);
drawMario();
glTranslate(7, O);

glRotate(45, 0, 0, 1);




TRANSFORMATIONS

olLoadldentrty();
olPushMatrix();

ol Translate(-4,3);
drawMario();

ol Translate(/, 0);
SR eate (=, 0, 0, 0);
drawMario();




TRANSFORMATIONS

ol oadldentity();
olPushMatrix();

ol Translate(-4,3);
drawMario();

ol Translate(/, O);
o|[Rotate(45, 0, 0, 0);
drawMario();
glTranslate(0, -6);




TRANSFORMATIONS

olLoadldentity();
olPushMatrix();

ol Translate(-4,3);
drawMario();

ol Translate(/, O);
o|[Rotate(45, 0, 0, 0);
drawMario();

ol Translate(0, -6);
glScale(2,0);




TRANSFORMATIONS

ol oadldentity();
olPushMatrix();

ol Translate(-4,3);
drawMario();

ol Translate(/, O);

B eidieo, 0, 0, 0);
drawMario();

ol Translate(0, -6);
olScale(2,0);
drawMario();




TRANSFORMATIONS

ol oadldentity();
olPushMatrix();

ol Translate(-4,3);
drawMario();

ol Translate(/, O);
olRotate(45, 0, 0, 0);
drawMario();

ol Translate(O, -6);
olScale(2,0);
drawMario();
glPopMatrix();
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GEOMETRY

* In order to draw geometry, OpenGL receives a list
of vertices.

« But... what does it do with It ¢
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What can we draw with triangles!
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®bectiCoords H OW TO D RAW

// Our vertices |

float[] vertices = {
=1 Of 1.0f 0.0fi // 0, Top Left = 'O’ .0 | 'O’ .0
-1.0f, -1.0f, 0.0f, // 1, Bottom Left
1.0f, -1.0f, 0.0f, // 2, Bottom Right
1.0f, 1.0f, 0.0f, // 3, Top Right

i

// The order we like to connect them.
private short[] indices = {
O, 1, 2, // Red Triangle

0, 2, 3 // Gray Triangle SEo= e | QL O

Order matters! Always use counter-clockwise ordering.



COLORING



COLORING

// The colors mapped to the vertices.
float[] colors = {
1f, Of, Of, 1f, // point O red
Of, 1f, Of, 1f, // point 1 green
Of, Of, 1f, 1f, // point 2 blue
1f, Of, 1f, 1f, // point 3 pink (red + blue)




TP TURES



UV MAPPING

float[] texCoords = new float[] {

BROTR0.0f,
O)0h-F15{0) ¢
0] i E0)
[EOFOOf

);

Secai fine textire coerdinates

Texture

Plane vertices

‘or each

vertex of the geometry you

efined



TOOLS TO HELP WITH UV MAPPING

R sl recr 2 O
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| OADING TEXTURES

int[] textures = new Iint[4]; s
T

E mBrtmap W
RAM

O0x5423 | Ox5424 | Ox54255 e i@




| OADING TEXTURES

Nt ] textures = new Int[ | |;
ol.glGen Textures(4, textures, 0);

Ox5423 | Ox5424 | Oxoa26 e e ie

E mBrtmap W
RAM

Ox5423 | Ox5424 " | Ox5425F EEiEEPIE




| OADING TEXTURES

Int[ ] textures = new Iint[ | ];

ol.elGen Textures(4, textures, 0);
Ox5423 | Ox5424° 1 OxoaZ0 SISEIcEn s

| Textureld
int m lextureld = textures[0]; S

ol.glBindTexture(GL | 0.GL_TEXTURE_2D, E
mTextureld); ' N

e ilpConiigs */ RAM
e

0x5423 | 0x5424 | Ox5425 | 0x5426




| OADING TEXTURES

Int[ ] textures = new Iint[ | ];

ol.elGen Textures(4, textures, 0);
Ox5423 | Ox5424° 1 OxoaZ0 SISEIcEn s

| Textureld
int m lextureld = textures[0]; S

ol.glBindTexture(GL | 0.GL_TEXTURE_2D, E
mTextureld); ' N

e ilpConiigs */ RAM
e

GLUtils teximage2D( O3 | 0x5424 | 0x5425 | 0x5426

ERIEESTEXTIURE 2D, 0,
mBrtmap, 0);




FEX | URE PARAME N'ERS

// Scale up if the texture if smaller.

gl.glTexParameterf(GL10.GL_TEXTURE_2D,
GLT1O.GL_TEXTURE_MAG_FILTER,
GLTO.GL_LINEAR);

// scale linearly when image smalled than texture

gl.glTexParameterf(GL10.GL_TEXTURE_2D,
GL10.GL_TEXTURE_MIN_FILTER,
GL10.GL_NEAREST);

These parameters specify what
algorithm OpenGL should use when
the texture gets bigger or smaller

GL_NEAREST

GL_LINEAR




FEX | URE PARAME N'ERS

gl.glTexParameterf(GL10.GL_TEXTURE_2D,
GL10.GL_TEXTURE_WRAP_S,
GL10.GL_REPEAT);

WRAP_S: GL_REPEAT
gl.glTexParameterf(GL10.GL_TEXTURE_2D, WRAP T-GL_CLAMP TO EDGE
GL10O.GL_TEXTURE_WRAP_T,
GL10.GL_CLAMP_TO_EDGE);

These parameters specity what OpenGL WRAP S: GL REPEAT
should do If the user specifies a texture WRAP_T: GL_REPEAT
coord outside image original dimensions




TEX | URE PARAME NERS

Texture Plane vertices




ANDROID FRAGMEN TATION

let the headache begin



ANDROID FRAGMENTATION

The developer of "Angry Birds," a top-selling iIPhone
csame, reported that bringing the title to Android
devices ended up more difficult than anticipated due
to fragmentation within the open platform.

http://appleinsider.com/articles/10/1 | /19/angry_birds_maker._apologizes_for_android_fragmentation_issues



http://appleinsider.com/articles/10/11/19/angry_birds_maker_apologizes_for_android_fragmentation_issues

| HAVE FOUND 50 FAR

 Galaxy S4: Only support textures that have sizes

with power of 2.

* Motorola XOOM: GL_REPEAT only works until

some point, then 1t uses GL_CLAMP_TO_E

DJGE

* Nexus 4: Had some problems with additive

blending (worked different than other phones)

more!



OPENGL ES 2.0



DIFFERENCES WITH VERSION 2.0+

OPENGL ES 2.0
« GLSL (openGL Shading Language)

* Program (Shader+Fragment)

* Programmable Pipeline Concept

Y UMAKE ME WRITE EVERYTHING? _



BiSL VERTEX COE

uniform mat4 u_MVPMatrix; // A constant representing the combined

/I model/view/projection matrix.
attribute vec4 a_ Position: /I Per-vertex position information we will pass in.
attribute vec4 a_ Color: /I Per-vertex color information we will pass In.

varying vec4 v_Color; // This will be passed into the fragment shader.

void main() // The entry point for our vertex shader.
{
v_Color = a_Color; // Pass the color through to the fragment shader.
/I It will be interpolated across the triangle.
ol_Position = u_MVPMatrix // gl_Position Is a variable used to store the final position.
*a_Position;  // Multiply the vertex by the matrix to get the final point in
3 /I normalized screen coordinates.




BEADER EFFECHS

Bloom



BEALER EFFECHS
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Do you!?



QUESTIONS




REFERENCES

Great Tutorial for Beginners:
http://www.jayway.com/2009/12/03/opengl-es-tutorial-for-android-part-i/

Android Dev:

http://developerandroid.com/

OpenGL ES Documentation:

http://www.khronos.org/opengles/sdk/ |. | /docs/man/
Stanford Presentation:

https://www.youtube.com/watchiv=_WcMe4Y|ONM



http://www.jayway.com/2009/12/03/opengl-es-tutorial-for-android-part-i/
http://developer.android.com/
http://www.khronos.org/opengles/sdk/1.1/docs/man/
https://www.youtube.com/watch?v=_WcMe4Yj0NM

