Wel come to a session a have chosen to ca
around 100 slides or three hours if listening to me talking about them. | have

tried to filter some topics that may be interesting from a flash-developers point
ofview.lfyou are a oonlined guest, | have tri
for you, but this was intended as a discussion base rather than a online guide,

so keywords is the main thing.

| also want to give credits for all of you that has contributed to this presentation
by publishing papers, tutorials and demos. There is some copy-n-paste going
on occasionally and | have lost track of all references and sources. Loads of
credits goes out to you all.

Lets start!
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Get familiar witht he basi cs. You dondét necessarily
behind the solutions, but by learning the basics you learn how to formulate the
solution and find it quickly.



Vector ! That 6s me, because |I'"''m committin
magnitude. OH YEAH!!!

Points and Vectors, essential gemometric objects when dealing with 3D. | will
shortly mention the most basic operations that you probable while working with
a 3D-framework. Also note that when dealing with 3D the vectors used to be
normalized, a value between 0-1.

Al so, dondét confuse the geometric object
Vector<int>. That is a typed Array. Vectors in flash is named Vector3D.

Some links:
http://www.nondot.org/sabre/graphpro/3d2.html
http://programmedlessons.org/VectorLessons/vectorindex.html



http://www.nondot.org/sabre/graphpro/3d2.html
http://programmedlessons.org/VectorLessons/vectorIndex.html

The length between two points, or in this case the length of a Vector if you travel
from the tail to the head.

A To calculate in 3D, just add an extra term.



Addition

To find out where the sum of some vector is located.

A To add it graphically, you put the tail of one vector at the head of the other.
A Just like scalar addition, the order that you add the vectors does not matter.
A To calculate in 3d, just add an extra term.



Subtraction
a-b

To find the magnitude and direction of the difference between two vectors

A Subtracting vectors is very much the same as adding them, except that you do it in
the opposite order.

A Negating a vector is a simple as rotating it 180 degrees.

A To calculate in 3d, just add an extra term.



Scalar Multiplication

This operation scales vectors, like stretching or shrinking a vector.

A Scalar = a single real number
A unit vector = normalized vector



Dot Product

TheDot Products a vector operation which will returnstalarvalue (single number),
which for unit vectors is equal to the cosine of the angle between the two input
vectors.

A Finding the angle between two vectors.

Artaz2 OFfftSR aLYYSNI LINRRdzOG ¢ @

A Backfaceculling

A Light surfaces

A Also with the dot product, you can find the length of a projection of one vector on
another.



Cross Product

CAYR (KS y2NXIf @SOG2NJ 2F | LXIFySe LiGQA&
Used to calculate thaormal vector The normal vector to a plane is the one that

sticks straight out of it. Useful for things like shading the surface and determining
visibility.
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Solutions
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Feel the space in your 3d world. When thinking on a point or a vector, or when
transforming and rotating objects, picturize the space to get an understanding
of the directions and how axis is pointing.
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Spaces

* Euclidean space using Cartesian
rdinates. (X, Y and Z)

/Model Space
1CH

We are using some different spaces depending on where we looking from.

A Object space: Local to an object, an object being a set of polygons. If you
want to have multiple instances of the same object, at different locations in
the world, you need object space.

A World space: This coordinate system is the most important one. This is
where all objects are positioned, where you do compute physics,

movements and collisions detection. It is also here that lighting is computed.

Think of the world space as your game world.
A View space: This coordinate system is relative to the camera. Objects in
world space are transformed to view space to know what is visible on the

screen. This space is also commonly called "eye space” or "camera space".

A Screen space (2D): Coordinates representation of the screen. Coordinates
are not pixels though. The viewport maps view space to screen space, and
the origin in screen space is in the middle of the screen (for perspective
projections anyway).
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eft- and right-handed syste

There is two kinds, the left- or the right-handed system. This can be a little

tricky when importing/exporting between softwares. 3DS Max has a leftanded

system (Z up Y into the screen and X right) while Maya and Unity for example, uses a
right handedThat is becaus®penGL and Direct3D vary in axis system.

The picture above representing the left handed one. To use the-hightled one,
rotate your right hand 180 degrees around your thumb (y), so that you are pointing at
yourself. (inverts axis).
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Matrices

latrix = Transformation placeholder

Model matrix

Lets repeat

local/model matrix: contains all the necessary translation, rotation, skewing, scaling,
etc. information. A model matrix represents the sum total of the data necessary to
orient the object correctly in local space.

world matrix: contains all the necessary information to orient the object in world
space.

view matrix:is used to push the world matrices into view space or camera space.

An excellent in depth explanation can be found héxtp://db-
in.com/blog/2011/04/cameras-on-opengl-es-2-x/

WVP matrix: world * view * projection. Worth mentioning because you will probably
stumble upon this and other preoncatenated matrices in verteshaders
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Classes/Utils

Just some classes to use when dealing with matrices.
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Transformation = A geometric operation applied to all the points of an object.
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Linear transformation

An other word for moving an object.
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Ehh... Scale...

Linear transformation
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Linear transformation

WTF, why did | render these illustrations? Everybody knows what scale and
skew is right? Anyway, graphics is a little funnier to look at. Teapots FTW.
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Linear transformation

A E

Rotation

e Eulers

* Quaternions
— Avoids gimbal lock
— Slerp (Smooth interpolated rotation)

+ Matrix - memory intensive

There is some different techniques to rotate an object in 3d space. Each of these
could have their own section in this document, but we have a lot to talk about so feel
free to go wild on Wikipedia later on.

A Euler anglesare rotation angles relative to the space above the selected object ( x,
y and z axis).
A Not alleulervalues are a unique rotation. It's valid to have a rotation of
10000degress Can cause weird animations.
A Be careful in the order you apply them, because you can end up in a_
dAldzt GA2y OFftSR 2F b3IAYolLft 2014
A Gimbal lock Brings one of the axis to match with another and the result of
the rotation isn't what you meant to obtain. (Rotate "X" by 90 degrees and
you get "Y." Specify a afiegree rotation of "X'andsome rotation of "Y")
A Quaternions Define an vector and rotate around that axis. Simple to use. Great for
animations from one direction to another.
A Matrix: The problem with matrices is that they are memory hogs and matrix math
is fairly memory intensive.

http://db-in.com/blog/2011/04/cameras-on-opengl-es-2-x/
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Multi linear transformation

of matrices
Il at once to an object

A ordverAed stack of matrices sums up to a single matrix. Initial transformation is called
GARSYIHNANRE:éD _ 2dz Oy | fa2 AYOSNABAS YI i§NRO!

Once again, a good read: http://elh.com/blog/2011/04/camerasn-opengtes2-
x/#matrices
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Nonlinear transformations
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Sin/Cos curve to displace vertices between camera and screen transformation
matrix. e.g Water effect in Quake 1.
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PROJECTIONS

Converting a three-dimensional graphics object
or scene into two dimensions

26



Most common projections

You have the choice of looking at your amazing 3d world in two different ways.
Its basically a matrix that transforms the data from 3D space to 2D space,
projecting the vertices to a 2D plane. In this step we also want to transform the
data into normalized coordinates [-1, 1] for further process to screen coordinates
By doing that it is easier to scale the values to the right output size. Note

though that the original data is still in the same place, see the transformation

as a filter infront of our world.

http://www.songho.ca/opengl/gl_projectionmatrix.html
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GRAPHICS PIPELINE

Letds have a
makes you wanna tweak it.
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Programmable pipeline

Primitive
Assembly

—
a.
<<
—
(L}
[
@
o
o

EGL API

// rteractivel

An overview of the pipeline just to get you familiarized with som key words. |
will step you trough the process on next slide.

A Buffer Objects: A temporary storage that can hold information about the 3D
objects in an optimized format. Structures (vertices) or indices
(combinations ofsiweroti ces) . Aserve

A Shaders: We will look into that in a minute.

A Primitives:

A 3D Points (x,y,z): Particles
A 3D Line (two points)
A 3D triangle (three points)

A Rasterization:il nt er pol ati on" refers to t
across the pixels.

A Render Buffers: Atemporary storage of one single image.

A Frame Buffers: Collection of temporary images in a binary array. Color,
Depth, Stencil.

r
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Stages overview

* Transformations
* Provide vertices and indicies
eration as arrays and
variables/constants to
pipeline input.

B primitive gen
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Transformation

Stages overview

* Calculate lighting on each vertex.

» Emissive + ambient + diffuse +
B o imitive generation specular > output vertex color
% * Vertex shader
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Stages overview

Viewing
transformation
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Transformation

Stages overview

Primitive Assembling.

If geometry shader is
available, new primitives can
be generated.
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Stages overview

* From Camera Space to Clip Space
* Orthographic or Perspective
* Use frustum box
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Stages overview

* Don’t render what we can't see

* Clipping:
Remove primitives outside of
the camera’s view frustum

» Back-face culling:
Remove triangles facing
away from camera

c\\pp‘“q'cu >
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Stages overview

* From Clip Space to Window
Space.

- e.g. [-1,11>[0,640]

Projection :
\ransforma\\on .

;(‘u\\mf)

Clipping/™

Viewp©

» Z-value retained for testing.
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Whenever a pixel is drawn, it updates the z buffer with its depth value. Any new pixel
must check its depth value against the z buffer value before it is drawn. Closer pixels
are drawn and farther pixels are disregardés,ty) stands for texture coords.
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