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Introduction

Cross-platform 2D/3D visualization for scientists and
engineers

Most scientists not interested in details of visualization

Almost all 2D plotting: matplotlib and Chaco
More complex 2D/3D visualization

Unfortunately, not as easy as 2D (yet)
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Introduction

VTK: Powerful 3D visualization

MayaVi/TVTK: tools for easy visualization

TVTK: VTK + Traits + Numpy support == Pythonic VTK
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visual: bouncing ball

Example code

from enthought . t v t k . t o o l s import v i s u a l
l w a l l = v i s u a l . box ( pos=(−4.5 , 0 ,0 ) ,

s i ze = (0 .1 ,2 ,2 ) ,
co l o r = v i s u a l . co l o r . red )

r w a l l = v i s u a l . box ( pos =(4 .5 , 0 ,0 ) ,
s i ze = (0 .1 ,2 ,2 ) ,
co l o r = v i s u a l . co l o r . red )

b a l l = v i s u a l . sphere ( pos =(0 ,0 ,0 ) , rad ius =0.5 ,
t =0.0 , d t =0.5)

b a l l . v = v i s u a l . vec to r ( 1 . 0 , 0 .0 , 0 .0 )
def anim ( ) :

b a l l . t = b a l l . t + b a l l . d t
b a l l . pos = b a l l . pos + b a l l . v∗b a l l . d t
i f not ( 4 .0 > b a l l . x > −4.0):

b a l l . v . x = −b a l l . v . x

# I t e r a t e the f u n c t i o n w i thou t b lock ing the GUI
# f i r s t arg : t ime per iod to wa i t i n m i l l i s e c s
i t e r = v i s u a l . i t e r a t e (100 , anim )
# Stop , r e s t a r t
i t e r . s top_animat ion = True
i t e r . s ta r t _an ima t i on = True

Prabhu Ramachandran TVTK datasets using NumPy (SciPy07)



Introduction Creating TVTK Datasets from NumPy

Creating the datasets from Python

Outline

1 Introduction

2 Creating TVTK Datasets from NumPy
Creating the datasets from Python

Prabhu Ramachandran TVTK datasets using NumPy (SciPy07)



Introduction Creating TVTK Datasets from NumPy

Creating the datasets from Python

Datasets: Why the fuss?

Visualizing 3D data requires a little more information than 2D

Need to specify a topology (i.e. how are the points connected)

In 2D things are a lot easier to figure out
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Creating the datasets from Python

An example of the difficulty

Points

Wireframe

Surface
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Creating the datasets from Python

The general idea

Specify the points of the space
Specify the connectivity between the points (topology)
The connectivity lets you build “cells” that break the space into
pieces
Specify “attribute” data at the points or cells

Cell data

10 20

3040

Points Rectangular cell

Triangular cells Point data

20
10
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Creating the datasets from Python

Types of datasets

Implicit topology (structured):
Image data (structured points)
Rectilinear grids
Structured grids

Explicit topology (unstructured):
Polygonal data (surfaces)
Unstructured grids
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Creating the datasets from Python

Implicit versus explicit topology

Structured grids

Implicit topology associated with points:
The X co-ordinate increases first, Y next and Z last

Easiest example: a rectangular mesh

Non-rectangular mesh certainly possible
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Creating the datasets from Python

Implicit versus explicit topology

Unstructured grids

Explicit topology specification

Specified via connectivity lists

Different number of neighbors, different types of cells
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Creating the datasets from Python

Different types of cells
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Creating the datasets from Python

Dataset attributes

Associated with each point/cell one may specify an attribute
Scalars
Vectors
Tensors

Cell and point data attributes

Multiple attributes per dataset
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Creating the datasets from Python

Structured Points: 2D

# The sca la r values .
x = ( arange (50.0) −25) /2 .0
y = ( arange (50.0) −25) /2 .0
r = s q r t ( x [ : , None]∗∗2+y∗∗2)
z = 5.0∗ spec ia l . j 0 ( r ) # Bessel f u n c t i o n o f order 0

# −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

# Can ’ t spec i f y e x p l i c i t po in ts , the po in t s are i m p l i c i t .
# The volume i s s p e c i f i e d using an o r i g i n , spacing and dimensions
spo in ts = t v t k . S t ruc tu redPo in ts ( o r i g i n =( −12.5 , −12.5 ,0) ,

spacing = ( 0 . 5 , 0 . 5 , 1 ) ,
dimensions =(50 ,50 ,1) )

# Transpose the ar ray data due to VTK ’ s i m p l i c i t o rder ing .
# We f l a t t e n i t so the number o f components i s 1 .
spo in ts . po in t_data . sca la rs = z . T . f l a t t e n ( )
spo in ts . po in t_data . sca la rs . name = ’ sca la r ’
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Creating the datasets from Python

Structured Points: 3D

x , y , z = ogr id [ −5:5:128 j , −5:5:128 j ,
−5:5:128 j ]

x , y , z = [ t . astype ( ’ f ’ ) for t in ( x , y , z ) ]
sca la rs = s in ( x∗y∗z ) / ( x∗y∗z )

# −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

spo in ts = t v t k . S t ruc tu redPo in ts ( o r i g i n =(−5 ,−5 ,5) ,
spacing = (10 . /127 ,10 . /127 ,10 . /127 ) ,
dimensions =(128 ,128 ,128))

# The copy makes the data cont iguous and the transpose
# makes i t s u i t a b l e f o r d i sp lay v ia t v t k .
s = sca la rs . t ranspose ( ) . copy ( )
spo in ts . po in t_data . sca la rs = rave l ( s )
spo in ts . po in t_data . sca la rs . name = ’ sca la rs ’
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Creating the datasets from Python

Structured Grid
r = numpy . l i nspace (1 , 10 , 25)
the ta = numpy . l i nspace (0 , 2∗numpy . pi , 51)
z = numpy . l i nspace (0 , 5 , 25)
# Create an annulus .
x_plane = ( cos ( the ta )∗ r [ : , None ] ) . r ave l ( )
y_plane = ( s in ( the ta )∗ r [ : , None ] ) . r ave l ( )
p ts = empty ( [ len ( x_plane )∗ len ( he igh t ) , 3 ] )
for i , z_val in enumerate ( z ) :

s t a r t = i ∗ l en ( x_plane )
p lane_po in ts = pts [ s t a r t : s t a r t + len ( x_plane ) ]
p lane_po in ts [ : , 0 ] = x_plane
p lane_po in ts [ : , 1 ] = y_plane
p lane_po in ts [ : , 2 ] = z_val

sg r i d = t v t k . S t ruc tu redGr id ( dimensions =(51 , 25 , 25) )
sg r i d . po in t s = pts
s = numpy . s q r t ( p ts [ : , 0 ]∗∗2 + pts [ : , 1 ]∗∗2 + pts [ : , 2 ]∗∗2 )
sg r i d . po in t_data . sca la rs = numpy . rave l ( s . copy ( ) )
sg r i d . po in t_data . sca la rs . name = ’ sca la rs ’
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Creating the datasets from Python
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Creating the datasets from Python

PolyData

from enthought . t v t k . ap i import t v t k
# The po in t s i n 3D.
po in t s = ar ray ( [ [ 0 , 0 , 0 ] , [ 1 , 0 , 0 ] , [ 0 , 1 , 0 ] , [ 0 , 0 , 1 ] ] , ’ f ’ )
# Connec t i v i t y v ia i nd i ces to the po in t s .
t r i a n g l e s = ar ray ( [ [ 0 , 1 , 3 ] , [ 0 , 3 , 2 ] , [ 1 , 2 , 3 ] , [ 0 , 2 , 1 ] ] )
# Creat ing the data ob jec t .

mesh = t v t k . PolyData ( )
mesh . po in t s = po in t s # the po in t s
mesh . polys = t r i a n g l e s # t r i a n g l e s f o r c o n n e c t i v i t y .
# For l i n e s / ve r t s use : mesh . l i n e s = l i n e s ; mesh . ve r t s = v e r t i c e s
# Now create some po in t data .
temperature = ar ray ( [ 1 0 , 20 ,20 , 30 ] , ’ f ’ )
mesh . po in t_data . sca la rs = temperature
mesh . po in t_data . sca la rs . name = ’ temperature ’
# Some vec to rs .
v e l o c i t y = ar ray ( [ [ 0 , 0 , 0 ] , [ 1 , 0 , 0 ] , [ 0 , 1 , 0 ] , [ 0 , 0 , 1 ] ] , ’ f ’ )
mesh . po in t_data . vec to rs = v e l o c i t y
mesh . po in t_data . vec to rs . name = ’ v e l o c i t y ’
# Thats i t ! Prabhu Ramachandran TVTK datasets using NumPy (SciPy07)
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Creating the datasets from Python

Unstructured Grid

from numpy import ar ray
po in t s = ar ray ( [ [ 0 , 0 , 0 ] , [ 1 , 0 , 0 ] , [ 0 , 1 , 0 ] , [ 0 , 0 , 1 ] ] , ’ f ’ )
t e t s = ar ray ( [ [ 0 , 1 , 2 , 3 ] ] )
t e t _ t ype = t v t k . Tet ra ( ) . c e l l _ t y p e # VTK_TETRA == 10
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

ug = t v t k . Unst ruc turedGr id ( po in t s = po in t s )
# This sets up the c e l l s .
ug . s e t _ c e l l s ( te t_ type , t e t s )
# A t t r i b u t e data .
temperature = ar ray ( [ 1 0 , 20 ,20 , 30 ] , ’ f ’ )
ug . po in t_data . sca la rs = temperature
ug . po in t_data . sca la rs . name = ’ temperature ’
# Some vec to rs .
v e l o c i t y = ar ray ( [ [ 0 , 0 , 0 ] , [ 1 , 0 , 0 ] , [ 0 , 1 , 0 ] , [ 0 , 0 , 1 ] ] , ’ f ’ )
ug . po in t_data . vec to rs = v e l o c i t y
ug . po in t_data . vec to rs . name = ’ v e l o c i t y ’
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Creating the datasets from Python

More information

Examples are all in the mayavi2 examples

More elaborate information available at the MayaVi2 wiki:
https:
//svn.enthought.com/enthought/wiki/MayaVi
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Creating the datasets from Python

The future: MayaVi a reusable library

MayaVi was (till yesterday) not usable outside Envisage app

No longer true

Makes mayavi a truly reusable library for easy visualization
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