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Multi-Platform Program Structure

Our own Tcl/Tk Code (or Python, Java)

Tcel/ Tk
(or Python/Tk
‘ or Java)

VTK

| ] i
Computational 3D

Graphical User
Interface (GUI)

Aspects Graphics

VTK Object Model

Describe which objects operate on the functional
model (visualization pipeline)

« Data Object: Represent /information and methods to
create, access, and delete the information.
example: the 3D point array F(X,y,z)

* Process Object: operates on (transforms) the data objects.
example: generating surfaces from F(x,y,z)

Typical Graphics Interface
Hierarchy

Your Program

Application Library - vtk

Graphies Library

Graphics Hardware ‘

Display Hardware

Figure 3—19 Typical graphics interface hierarchy.
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VTK Visualization Pipeline

* Pipeline has two phases

= Visualization phase

—Processes up to and including mapping of data
to geometry

= Graphics phase
— Creating the scene

Data Flow System: Pipeline execution

‘ Data source H VisualizationH Graphics ‘
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VTK Process Objects

vtkProcessObject (Source, filter, and mapper modules)
eSource
=Interface to external data sources (readers) or
generate data procedurally

e Filter
=Transform the data input

e Mapper
=Interface with the graphics model
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VTK Process Objects

* vtkProcessObject

= Filters that operate on data objects to produce
new data object

ProcessObjects (aka "modules") are connected via code:

aProcess SetInput [anotherProcess GetOutput]

VtkDataObject or a subclass of it
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Pipeline Execution

Transform data into pictures

Direction of ‘update’
Render

Visualization model Graphics model

Direction of data flow

VTK: Graphics Phase

vtkRenderwWindow
= used to manage the interface between the graphics engine and your computer's
windowing system
vtkRenderer
= coordinates the rendering process involving lights, cameras, and actors
vtkProp
= the stuff that appear in the scene "Props don't directly represent their geometry;
instead they refer to vtkMapper objects, which are responsible for representing data
= vikActor is a subclasses of vtkProp
— adds transformation matrix
— Adds position in world etc.
vtkProperty
= controls the appearance of a vtkProp
— color, lighting properties (diffuse, ambient, specular, etc.)
— rendering representation (wireframe/surface/etc.)
vtkCamera
= Controls how 3D geometry is projected into the 2D image
vikLight
= asource of light to illuminate a scene

VTK Mapper Objects

» Transform and render geometry

Interface between the visualization phase
and the graphics phase

Straddle the visualization and graphics
phases

 vtkMapper
= Geometric representation for an actor
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e

renWin Render

Pipeline Execution

 "Lazy Evaluation" -- execute only when data
is requested

« the Update() method must be called on a
process-object (module) to cause it to do its
job.

 generally in a pipeline, an Update() will be
generated by the renderer to all Actors, and
this will propagate back up to the source
modules.
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Visualization Process Example

Quadric function:

f(x,y,z) = a0 X aly2+ a2z’+a3 Xy + a4 yz + a5 xz
+abx+ary+a8z+a9

Visualization Pipeline process:
* Generate source data f(x,y,z)
« Sample the function f(x,y,z) -> a 3D array on
a regular grid:  F[x][yl[Z1 =f; (-1<=xyz<=1)
e Generate a 3D surface corresponding to f(x,y,z) = ¢

* Display the surface
MEMPHIS.




Visualization Process

==

f(x.y.2) sampl'e

Computational
representation Graphical
representation
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Mapping

VTK Functional Model

Sample F(x,y,z)

Point Array

Extract Surface

lllustrate the steps

to create visualization,
also called

Visualization Pjpeline
(visualization networks)

Polygon

Pipeline Connections

* Type means the form of data process object
accept as input or generate as output

) = O

VTK is strongly typed (C/C++)

E.g., A sphere source may generate polygonal output
A mapper may accept point geometric representation
Output/Input of a connection must be type compatible

Object-oriented viewpoint

VTK Visualization Model

. Representation:_

internal data structures

+ Transformation: [liclional model

the steps to create visualization (how data flow through the
visualization pipeline)
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Process Objects (cont’'d)

Sample F(x,y,z)

Source

Point Array

Extract Surface | — Filter

Polygon

Display — Mapper (and Graphics)
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Pipeline Connections

« Multiplicity refers to the number of inputs/outputs supported

No input =1 input L > 1 input
[ Source ] [ Falter ] [Mapper]
> 1 output =1 output No output
| |
[ Filter | [ Filter ] [ Filter |
e D
Single Output Fan Out Multiple Qutput



Network Loops

» Feedback loops allow us to direct the output
of a process object upstream to affect its

Input VTK: multiple loop executions occur
By updating the network multiple times
Velocity
P"obed ita Tntesrat
&ecto{ o Dizplay
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vtkShrinkFilter

« vtkShrinkFilter shrinks cells composing an
arbitrary data set towards their centroid. The
centroid of a cell is computed as the average
position of the cell points. Shrinking results in
disconnecting the cells from one another.

Pipeline Execution

* VTK is demand driven

= When output is requested by a mapper object,
the network is re-executed, starting with the
source object

4
4
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pactage require vik ( viksphereSource ) # ereate a rendering window and renderer
package require v d

renl
package require \lkleslmg vtkRenderWindow renWin

renWin AddRenderer renl
tkR iren
iren SetRenderWindow renWin
renl AddActor actor
ren! SetBackground 111
renWin SetSize 300 300

vikSphereSource sphere
sphere SetT
sphere SetPhiResolution 12

vikShrinkFilter shrink VikElevationFilter

shrink Setlnput [sphere GetOutpu(]
shrink SetShrinkFactor 0.95

vikElevationFilter colorlt
colorlt Setlnput [shrink GetOutput]

colorlt SetLowPoint 0 0 -.5
colorlt SetHighPoint 0 0 .5

iren AddObserver UserEvent {wm deiconify .vtkInteract
iren Initialize

wm withdraw .

# execute first time

renWin Render
vtkDataSetMapper mapper

mapper SetInput [colorlt GetOutput] # create the loop

shrink SetInput [colorlt GetOutput]
vtkActor actor

actor SetMapper mapper # begin looping

for {seti0} {Si<40} fincri} {
after 300
renWin Render }
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vtkElevationFilter

« vtkElevationFilter is a filter to generate scalar
values from a dataset. The scalar values lie
within a user specified range, and are
generated by computing a projection of each
dataset point onto a line. The line can be
oriented arbitrarily. A typical example is to
generate scalars based on elevation or
height above a plane.
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VTK is Demand-Driven

3 — ¢

Output requested

Mapper object E requests output

E
* Chain E-D-B-A back propagates
via Update () method

* Chain A-B-D-E execotes via
Execute () methad

MEMPHIS.



Memory/Computation Tradeoffs Static/Dynamic Memory
« Static Memory Model VTK default uses static model A executes
g B executes
= Keep results in memory A executes A releases memory
= Saves computation but memory intensive B executes C executes
i C executes B releases memory
* Dynamic Memory Model D executes A re-executes

= Release memory B re-executes
A releases memory

- May need to re-execute computation D executes

= Saves memory but may require more B releases memory
computation

Static Model Dynamic Model
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