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                 Steve DiPaola

Modeling to Animation: Data Flow Perspective

Data Flow Perspective  - That is regardless of the multi-layered complexity of high end Computer Graphics (CG) the basic building blocks use the same data flow – I will describe this basic building blocks  of how models are created and animated – both from a conceptual ( user centric) point of view and from a logical (software/hardware) point of view.

3D Computer Graphics is historically broken down into 3 categories:
1. Modeling

2. Animation

3. Rendering

This lecture will discuss the “Data Flow” at the model or points level from modeling to animation.

The point
The atom of 3D Computer Graphics (CG) is the point. 

It is a 3d point in space defined by its x, y, z position.
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If the point is the atom of CG and defines a point in 3d space, t
hen the law it lives under is the 
coordinate system - a system of 3 axes which define not a point, but a space

 -  a space with an orientation.
Everything then at this basic level is mainly describing your models with points and transforming them into different coordinate systems.

-----------------

Everything in CG, no mater how complex is, with few exceptions, is made up of connected points. Points are connected into lines and polygons, which form to make models. No matter the simplicity or complexity of the object:
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A model at its simplest is list of points or a point cage (connected points). So points + bindings + smarts. The “smarts” can be anything like rules, parametric equations, and physical laws. All outside of the scope of this lecture. The main thing to understand is however complicated CG gets it basis or building block starts with 3d points (also called vertices).
A point cage is a cloud of points that are connected. All models no matter how smooth or complex – are trickery – they are really point cages that then use “smarts” to create the illusion of high order surfaces.
3D points (or vertices) are how we specify space and therefore define forms and volumes in virtual space, regardless of what complexity we add afterward to them. Down deep you always define a point cage as a way to define an object out of empty space. 
----

An coordinate system can be thought of as a point (it’s origin, 0,0,0) with orientation (and scale). 
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So a model of a cube or box is made out of a list of points. And in this case below another list of how those points are connected. For a 2x2x2 cube with its center in the middle, we can define it by:

Points


Polys

1. -1    1    1

1.   1, 2, 3, 4

2. -1   -1    1                   2.
…


3.  1    1     1                      and so on for all 6 sides or polygons.
4.  1   -1    1

5. -1    1   -1



6. -1  -1    -1



7.  1    1   -1

8.  1   -1   -1
Again, basically a point cage. Lets know talk about how we can transform these models made up of there basic point cages.

----------------

The basic operations of CG are transformations. There are three main ones

- Move
- Rotate
- Scale
Transformations act on points and therefore models. As you will see it is relative whether you think of these transforms as 1) transforming a model (the points) or 2) transforming the coordinate system the model lies in (the space). For now let’s think of them as transforms acting on a model.
----

Transforming points uses Linear Algebra – Matrix math
A Point then can be defined as a 4 by 1 or algebraically as [x, y, z, 1].
A transformation (and even a set of transforms) is then a 4 by 4 matrix.
Therefore most operations in CG are

For all points:

      New Point (4x1) = Old Point (4x1) * Transformation Matrix (4x4)

Besides calculating the material of a pixel, the above is the main mathematical operation is all of CG. And is a large part of graphics card is doing -- transforming points via a transformation matrix, as fast and as many as possible. Games are no longer boxy looking because the matrix math has been accelerated to the point where your computer (or game box) can transform 100,000s of points with ease.
Many transformations can be pushed onto one single transformation matrix (4x4) before it is applied to a list of points. Hence we typical refer to this one matrix the CTM (the Current Transformation Matrix). So when we want to move and rotate and object, we push the transforms on to the CTM. When all the transformations are pushed on, we can calculate the new points (transform\animate the models).

Here are examples of what an empty CTM looks like (the Unity Matrix) and how all the Move, Rotate and Scale operation can be applied to the CTM. Note the chart also shows the operation: new point (with prime) equals the old point multiplied by the CTM.
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---- 
Coordinate systems

Each object can exist in its local coordinate system – that is the arbitrary space you created it in. You can transform to any coordinate system simple by applying transforms like moves, rotates, and scales. While the points of the original model are the same, the model has been changed (larger or titled for instance) by the transforms. 

Individual objects are created in their (arbitrary) local coordinate systems and are all transformed to the world coordinate system. The world coordinate system is a pure 3d world of your scene, now the system must translate it to the camera coordinate system (a 2d view specified by a virtual camera) and then on to the screen or pixel or display dependent system to display on your monitor. I am greatly simplifying the process; the concept is the point here: by using simple matrix math using transforms pushed onto a CTM, you can transform models (which are made up of points - 4x1s) into different spaces including 2d spaces that can be displayed on your monitor. This same transformation or coordinate system approach does basically everything that has to do with transforming points which of course includes animation. But in the case of getting from model to you eyes its:
Local coordinate system -> World coordinate system -> camera (eye) -> screen (pixels)
or

Points (list) -> [transformations] -> models/scenes -> [transformations] -> camera …
PowerPoint demo of local to world to camera to screen Coord.ppt (not in the notes)
----

So than coordinate systems are about orientation in space, these orientations are made by applying at least the basic transforms:

Move x, y, z

Scale x, y, x

Rotate x, y, z
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So if we took that 2x2x2 box model we specified earlier and wanted to make a small box lying on a bigger box, we can see what that would look like using the following notation forming a hierarchical model. This shows that you push some transformations on the CTM and apply them to the points (called “box” here).
{ label: Big box”

   Move …

   Scale …

   Rotate …

  “box”


{ label: Small box
  
 Move …

  
 Scale .5, .5, .5

   
 Rotate …

  
“box”

            }

}

So a technical way to read this is:

 { means get ready to push the follow transforms on the CTM

 “---“ means transform these points throught the CTM now.

} means pop off whatever transforms I put on the CTM in this block({}).

An another way to read this is

Here is a box and how I transform it, it is the parent, here is another box which is a child of the first (since I didn’t close -} it) and how I make it smaller. Giving this structure if I move the parent the child will move with it.

---- 

Here then is a more complicated hierarchical model (or tree structure) for a robot. I have simplified the move, rot and scale commands and the model affected by them to just the model name, but assume all that info is there.
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Hierarchy of Robot: 


4 boxes

{




   chest

           {

             head

            }

             { 

              left arm

              }

             { 

              right arm

              }

}

Note how we do not “pop” ( } ) or close the chest area till we finish the model. That is because everything else is connected to the chest and it if gets transformed everything below it or “a child of it” gets transform the same way.

Let’s look at a tree structure of a more complicated robot made out of two underling local models – a box and a cylinder. Note, now, we can either think that we are transforming the points or transforming the coordinate systems they exist in (represented here as 3 axis).
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So coordinate system is series of
        moves
        rots
        scales
pushed onto the CTM.
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We can use this tree structure to describe/create complex objects from simple ones. We can also animate the complex models based on their tree structure. Again in our simple model, moving the chest (trunk) moves all the parts below it. Hence in a more complicated human hierarchical model, rotating an upper arm will rotate all the parts that are children of it. This makes animation much easier. This hierarchical structure is both an easy way to work for the animator/modeler but also exactly how CG works mathematically/logically via popping and pushing transforms on the CTM, applying the CTM to points. This same technique works for modeling , for animation, for transforming to different coordinate systems to get the scene from world to camera to screen (pixel) space.
CTMs and tree structures of coordinate systems work for more than characters and robots – they are used for everything. Take a solar system animation and models – the earth must rotate around the sun, but it also rotates around itself, and of course there’s earths “child node” the moon as well. Tree structures would be used to create and animation this solar system as well
Dummy nodes are used extensively in this type of tree structure set-up. A dummy node is simply a coordinate system in the parent-child tree structure that does not specifically have a model associated with it – it is there simple to redefine the space. Dummy nodes would easily allow you to could both rotate the earth around the parent object (the sun) and around also itself. In this simplified example:
{ label: sun

   m,r,s

   “sun model”

          { label: dummy node to rotate the earth around itself

 rotate …

               ---              (no model)

            { label: the earth

   move 0 10 0 ( moves it out form the sun)


  rotate . .. (move it around the sun)

             “earth model”

          }

       }

}

-----

So you 
- Create model with hierarchy

- Animate model(s) with hierarchy or tree structure

From a technical sense, animation in 3d CG, is simply defining over time different parameters values in the hierarchy (different values for the move, rot and scale parameters with the tree structure). This is done by specifying or creating keyframes or extremes of the motion. The CG animation program than will use interpolation to create the “in-between” values.

You specify the key frames, extremes, key positions

Records tree and values, then can interpolate that value

Keys         0                 10                                      35                                          40 

Frames     |……………|…………………………|……………………………..|

How to interpolate those values that make up the inbetween frames?

Using different interpolation schemes that make sense for what your animation needs are, is at the heart of an animation system. Nothing in nature really can be approximated by straight forward or linear interpolation. If I were to move from one place to another it would look very un-realistic if by using linear interpolation I had instant acceleration and then stopped instantly. It breaks all the physical laws. So there are many animation interpolations – such as fast, slow , ease in, ease out, linear, and higher order curves. Again I am simplifying –the main point is regardless of how complex CG gets (and it now has many layers of complexity) – a realistic high end animation scene of many characters let say is still basically made up of CTM’s transforming points within a hierarchical organization where the program interpolates the values between specified key frames to create the finished animation.
Demo of all these concepts and the curve editor on 3ds MAX. (Not in notes)
Again I have described the basic building blocks of how models are created and animated – both from a conceptual (user centric) point of view and from a logical (software/hardware) point of view. All complexities (and there are many) are on top of this basic core low level structure.

The other main basic process is on the pixel level, what is the process to go from point to pixels - that is based on these transformed points we now have, how do we paint the final pixels as we calculate the lighting, materials, texture and other mapping and orientations. This is for next week.
End of Lecture.

