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Engine

By Trevor M<Cauley

(aka senocular)
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Easy Peasy:
“3D” Through Scaling


Presenter
Presentation Notes
Simplest form of giving the appearance of a flat object spinning in 3D space is done through 1-dimensional scaling
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see coin timeline.fla


Presenter
Presentation Notes
To make it appear this coin is spinning in 3D, simply scale it down in the X axis (making it appear that it’s rotating along the Y axis)
FLA: coin timeline.fla
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Presenter
Presentation Notes
Trigonometry will help create more accurate proportions when “spinning” an object this way with ActionScript


e
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scaleX = Math.cos(angle)

see coin scripted.fla


Presenter
Presentation Notes
Since sine/cosine both work within the ranges of -1 to 1, they are perfect for the scale APIs allowing for this simple assignment of scale where angle is the amount of rotation given to the object along the Y axis
FLA: coin scripted.fla
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Orthogonal Projection


Presenter
Presentation Notes
Without perspective scaling, you have an orthogonal projection


e
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Orthogonal Projection

Isometric


Presenter
Presentation Notes
Isometric views are one of the most common types of orthogonal projections
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see isobox timeline.fla


Presenter
Presentation Notes
Sample of an isometric view. Notice there are x, y, and z axis (these may change in direction depending on implementation)
FLA: isobox timeline.fla
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Presenter
Presentation Notes
Isometric x, y, and z translate to different values in the “real” x and y
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X = Isometric X - isometric z
&
y = -isometric x/2 - isometric z/2 - isometric y

see isobox scripted.fla


Presenter
Presentation Notes
Going backwards, given any conceptual x, y, and z in isometric space, you can determine their actual screen positions with the following calculations
FLA: isobox scripted.fla
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\

No perspective in
Isometric views

\

see Creatures/CreatureApp.swf


Presenter
Presentation Notes
Despite there being no perspective, you can still create some pretty cool things
SWF: CreatureApp.swf
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Now you have to think:
Scaling with Perspective


Presenter
Presentation Notes
Scaling with perspective adds another level of complexity


e
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Near Far

see perspective timeline.fla


Presenter
Presentation Notes
Near things are big; far things are small. Easy, right? 
FLA: perspective timeline.fla
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user \ 3D object



Presenter
Presentation Notes
Classic interpretation of how an object in 3D space relates to the screen and how a user (camera) is able to view it through a 2D screen
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Perceived Reality Imaginary 3D Space

= |0 O



Presenter
Presentation Notes
The computer can’t tell where the user really is in relation to the screen, so it has to make something up in order to be able to portray the 3D content in 2D for the user looking at the screen
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Presenter
Presentation Notes
Different values in the system (focal length and z are the most important, though some APIs use field of view instead of focal length)
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Presenter
Presentation Notes
As the focal length decreases, the field of view increases (and vise versa) thereby allowing more of the 3D space to be seen. Consider looking at a window from a distance and walking up to that window.  As you get closer, you see more objects outside that window
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Presenter
Presentation Notes
Compare how two objects with different z values will appear to the user on the screen.  The object further away should look smaller.
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proportion = focal length/(focal length + z)


Presenter
Presentation Notes
The most important formula in 3D – how to determine the proportion of any object (or point) in 3D space as it relates to the 2D screen
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Presenter
Presentation Notes
Example: 0 z is 1:1 proportion for object on screen
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Presenter
Presentation Notes
Example: z = focal length is 1:2 proportion for object on screen; on screen the object will appear at ½ it’s actual size.  The further it goes back in z the smaller it will get
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Presenter
Presentation Notes
Example: changing the focal length to infinity will give you an orthogonal projection (1:1 at any z)
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proportion = focal length/(focal length + z)
scaleX = proportion
scaleY = proportion

see perspective scripted.fla


Presenter
Presentation Notes
Proportion is directly related to the scaleX and scaleY properties of display objects in ActionScript 3
FLA: perspective scripted.fla
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Presenter
Presentation Notes
As z increases, the valid ranges of x and y also change; i..e position is also affected by z (position is affected by proportion)
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proportion = focal length/(focal length + z)
scaleX = proportion

scaleY = proportion
X (2D) = proportion * x (3D)
v (2D) = proportion * y (3D)

see perspective position.fla


Presenter
Presentation Notes
x and y in 2D space are determined by x and y in 3D space multiplied by the perspective
FLA: perspective position.fla
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When thinking starts to hurt:

Proportional Bitmap Scaling
(Textures)


Presenter
Presentation Notes
Now it will get complicated…


F 3D Without an Engine



Presenter
Presentation Notes
Kramer, a horse (He’s for sale, but you’ll have to travel to the east coast to pick him up if you want him)
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Presenter
Presentation Notes
Flash can scale and skew images…
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Presenter
Presentation Notes
… but Flash cannot distort an image directly through conventional transformations
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Presenter
Presentation Notes
To workaround the inability to distort an image to make it work with perspective, divide it into triangles
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Presenter
Presentation Notes
The individual image triangles can be fit to different parts of an distorted frame through scale and skew
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Presenter
Presentation Notes
Together, they can fit the image to the frame, though proportions are not exactly correct
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More triangles = greater precision


Presenter
Presentation Notes
More divisions (more triangles) can make the image fit much better
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Presenter
Presentation Notes
Watch how precision improves as triangles are added
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Presenter
Presentation Notes
Here is a clearer view of the divisions
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Matrix = ... something complicated...
(3D engines like Papervision3D make it easier)

see SpinGallery_FP9/SpinGallery.swf


Presenter
Presentation Notes
The matrix math involved in dividing and transforming pieces of images to make them fit an arbitrary plane in 3D is complicated and beyond what this slide is capable of containing.  Take my word for it, it works
SWF: SpinGallery.swf (FP9)
AS: ImageMesh3D.as (FP9)
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Helping you to think less:
Flash Player 10 and
drawTriangles()


Presenter
Presentation Notes
Flash Player 10 makes it easier
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Graphics.drawTriangles(
e VVector of 2D coordinates (vertices),

* (Optional) Vector of indices for those
vertices,

e (Optional) UV coordinates to map vertices
to a bitmap with optional T for proportion,

e (Optional) culling);


Presenter
Presentation Notes
The Graphics.drawTriangles API (culling is not discussed here; it determines whether or not a triangle is one sided, and if so, what side. The default is no culling for double-sided triangles)
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(29. 9)  \Vertices:

25,5,
125,70,
10, 95,
125, 70,
100,100,
10,95

(125, 70)

(10, 33) (100, 100)


Presenter
Presentation Notes
vertices are used to describe the points of each triangle
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(29. 9)  \Vertices:

25,5,
125,70,
10:-95;
+25-70;
100,100,
10,95

(125, 70)

(10, 95) (100, 100) e Indices:
0,1,3,
1,2,3


Presenter
Presentation Notes
indices let you reuse the same points for multiple triangles. As you get into using more complicated meshes, this can greatly reduce the amount of data in your vertices list by reducing redundant locations
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Presenter
Presentation Notes
UV coordinates are used to map triangles on to a bitmap. They are based on % within a bitmap (0 – 1) along x (U) and y (V)
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e uvtData (UV):
0,0,
1,0,
1,1,
0,1



Presenter
Presentation Notes
For 2 triangles to encompass a full image, the UV coordinates go directly between 0 and 1
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drawTriangles(vertices, indices, uvtData)


Presenter
Presentation Notes
Can you guess how it will draw?
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drawTriangles(vertices, indices, uvtData)



Presenter
Presentation Notes
…The same image is seen as with matrix transforms.  No perspective correction has been made
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UV = bitmap fit
T = perspective correction


Presenter
Presentation Notes
The optional T in UVT is for perspective
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UV = bitmap fit

T = perspective correction

UVT = bitmap fit with perspective


Presenter
Presentation Notes
Using T with UVT you can distort an the bitmap within the UV area of a triangle with perspective
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T = focal length/(focal length + z)


Presenter
Presentation Notes
T uses the same formula to calculate proportion


e
F 3D Without an Engine

T = focal length/(focal length + z)
T = proportion


Presenter
Presentation Notes
by setting T you’re defining the proportion for individual vertices
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(25, 5, 5) e uvtData (UVT):

0,0, .9,

1,0, .3,

1,1, .25,

0,1,.8
(125, 70, 90)

(per vertex)

(10, 93, 15) (100, 100, 100)


Presenter
Presentation Notes
Here’s what UVT data could look like.  Notice that there are 3 values per vertex now instead of 2 (UVT vs. just UV)
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drawTriangles(vertices, indices, uvtData)

see SpinGallery_FP10/SpinGallery.swf


Presenter
Presentation Notes
Including the T gives us a correct perspective distortion, still using only 2 triangles for the image
SWF: SpinGallery.swf (FP10)
AS: ImageMesh3D.as (FP10)
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drawTriangles:

* Perspective rendering is slower than
matrix transforms

* You can get cleaner results with far less
geometry


Presenter
Presentation Notes
The difference in geometry usually means better performance.  At minimal you should be using less memory
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Hardly thinking:
Flash Player 10 and
z, rotationX/Y/Z


Presenter
Presentation Notes
Flash Player 10’s “2.5D” APIs make it easy to manipulate a flat surface (movie clip) in 3D space
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Presenter
Presentation Notes
The coin example is the best example since it shows how easy it is to make something spin on the Y axis
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rotationY += speed

see FP10 coin.swf


Presenter
Presentation Notes
…Just change the rotationY property
SWF: FP10 coin.swf


3D Without an
Engine

By Trevor M<Cauley

(aka senocular)


Presenter
Presentation Notes
And that concludes the presentation
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