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Vocabulary

Renaissance Team n.

1. A cross-disciplinary group of experts in science, technology, and art, who
work together to build extremely effective science outreach projects.




Vocabulary

Cinematic Scientific Visualization n.

1. Production-quality, data-driven imagery created with movie-making tools with
good composition, camera direction, and artistic aesthetics suitable for
distribution in immersive giant screen theaters.

Scientific Visualization n.

1. Imagery created using data

with spatial 3D coordinates,

often calculated on large
computing clusters.

Scientific lllustration n.

1. Imagery created based on
expert input but using
predominantly artistic tools.

Information Visualization n.

1.  Imagery created using
relational data which often
has no direct mapping to
spatial coordinates.
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Demo Reel VideO

https://youtu.be/T 0ICXROM0OQ



https://youtu.be/T_0ICxROM0Q
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BIG DATA

Double Coronal Mass Ejection

SIMULATION
SIS

DATA SIZE
TIME STEPS
RESOLUTION
SPATIAL SCALE
TIME SCALE

SCIENTIST
INSTITUTION
SUPERCOMPUTER

2.8TB

1794

577R x 3846 x432¢

1x - 6.25x solar radius
100 minutes

Yuhong Fan

Nat. Center for Atmos. Research
Yellowstone, NWSC/NCAR and
Discover, NASA Center for
Climate Simulation




BIG DATA

El Reno Tornado - May 24, 2011

SIMULATION
STATS

DATA SIZE
TIME STEPS
RESOLUTION
SPATIAL SCALE
TIME SCALE

SCIENTIST
INSTITUTION
SUPERCOMPUTER

160 TB

4895

1500 x 1500 x 380 stretch grid
120km x 120km x 120km

2 hours

Leigh Orf
University of Wisconsin-Madison
Blue Waters, University of lllinois




BIG DATA

Photosynthetic Organelle

SIMULATION
STATS

DATA SIZE
TIME STEPS
RESOLUTION
SPATIAL SCALE
TIME SCALE

SCIENTIST
INSTITUTION
SUPERCOMPUTER

60 TB

~100,000

~100,000,000 atoms

1 Angstrom (1e-10 m)

1 femtosecond (1e-15 s)

Klaus Schulten
University of lllinois at U-C
Blue Waters and Titan
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Houdini

After Effects
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Houdini Demos



Demo: Derlvmg Geometry from Data

Goll Wity Uase  Swpm D i Mgeg G Owocw O tesiih Gt GedeBm  Temall Omdi wkes b - Coliies Pt G RgdBode  Mitideialy | Wamaflel Dew Mt | PanbwOn.  Getinal A (he Seld We Oweh Dol 4
P @ F o -~ [ FOXR P 8T @ % . * m g @ mg, LA ¢ =m £ 3§

o Gphen  Te  fawm Gl Ml lee  Oxle  Cow SowCuw  Peh SpayPee  Feed  Pleeskiul L Menkedl  fe Cammy Potd umn- dowa it e gt it Lgnet Sy Light mo: Tmanc i Pl Lghe bemtuant gt S Leners VB Lameny  Satih
SamViee W Anenstionfdtar W BeederView W ComposteView X Mction FiVew W Geosesy Sreidiberd N 4 w o [kl W dkalmt X Perfrmance Mostor W |.¢m\..—m =+ -
#e o R uby Mg tacking dots s Gl % hooh g mcking dots - e
5 Vivw £ @ | [ Lcircle circlel HHO®

Piotve Type NURBSCorve ¢

; ; Criensation | KiPlane ¢
\

1 Redun 1 1
- g Conter © ° e

k ® Uniform Seale .02

2 " onder 4

- (% Divisions 12

" 2 AcType | Closed

A Mehngles @ 360

L5 Lt o impertact

8,

I -

[ ohUrking. Bt M Treeview W MateialPaiite W AmetBrowser K+ =

0o, 4 -

~ .- * - Db] “ tracking dats . ?
a Add Edn Go View Tools Layoul el EW @B a@FFEe Q@
-

W R - gy W ot

Em mEn
1 o o

W
* g F A
i - wesn [T .

IS

O e
2 1

T "B % G G0 Mou oA 1 5 4 L

“"“"1n*'*“”'“i -_,“ C OO

- Aotipdate



Demo: Working with External Assets
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Demo: Volume and Geometry Manipulation
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Programming in Houdini



Ways to Get Your Data into Houdini

A) Custom C++ Plugins
B) Scripting
C) Ytini



Ways to Get Your Data into Houdini

A) Custom C++ Plugins



Custom C++ Plugins

Houdini Development Kit (HDK)

Main Page Related Pages Namespaces Classes Files Examples

Getting Data In and Out of Houdini

Table Of Contents

There are many different types of data which can be imported and exported from Houdini.

Geometry Data
Image Data
3D Texture Images
« Channel Data
* Lookup Tables
Data In and Out of Houdini
See Also
« SOHO: Scripted Output of Houdini Objects
= S0HO: Simple Examples

Geometry Data

The .geo and bgeo format are documented at length in SHH/public/GPDVgpd.txt which ships with Houdini.

Binding Command Line Geomeatry Converters

Using the GEOio. json table to importiexport geometry by invoking an external command line program.

Writing GEQ_IOTranslators

By registering your own GEO_IOTranslator class you can write a converter that plugs directly into Houdini, avoiding any intermediate

igpdiibra
e library to read/write Houdini geometry (both ASCII and binary).
Complete scenes can be imporled and exported through the FBX file format: Importing and Exporting Data using FBX

Houdinl Development Kit n Oct 22 2017 16




Custom C++ Plugins

Houdini Development Kit (HDK)

e Built directly into Houdini, and works seamlessly just like any other feature,
without extra or external steps

e Great if you also need custom artistic controls, beyond just reading the data
o Resolution
o Interpolation
o Edge falloff
o Isovolumes

O



Custom C++ Plugins

Houdini Development Kit (HDK)

e Built directly into Houdini, and works seamlessly just like any other feature,
without extra or external steps

e Great if you also need custom artistic controls, beyond just reading the data
o Resolution
o Interpolation
o Edge falloff
o Isovolumes
@)

e Downsides:

o More programming-intensive than some other solutions
o Needs to be updated with every Houdini version



Ways to Get Your Data into Houdini

B) Scripting



Scripting

e One-time conversion of data into a Houdini-compatible format
o Have to re-run if you want to make changes

e You can write an external script, or code in Python directly in Houdini



Scripting

e \Write script snippets directly in the parameters
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.v Box boxl

4

Primitive Type Polygon
Connectivity Cuadrilaterals

" Consolidate Corner Points

See s 2

Center 0 i}

Uniform Scale 1

==

Axis Divisions
Axis Orders
Divisions
Enforcement Bars
Oriented Bounding Box
Add Vertex Normals



Scripting

e \Write script snippets directly in the parameters
e Create your own SOP
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Scripting

e \Write script snippets directly in the parameters
e Create your own SOP
e Code directly inside Houdini




Example .geo volume file

PGEOMETRY V2

NPoints 1 NPrims 1

NPointGroups 0 NPrimGroups 0

NPointAttrib 0 NVertexAttrib 0 NPrimAttrib 0 NAttrib 0

0O 0 01
Volume 0 1 0 0 0O 1 0 0 O 1 -2 2 2 2 constant 0O 0O smoke 0 1
01 01 0101

beginExtra
endExtra




Example .geo volume file

PGEOMETRY V2 «— Header

NPoints 1 NPrims 1

NPointGroups 0 NPrimGroups 0

NPointAttrib 0 NVertexAttrib 0 NPrimAttrib 0 NAttrib 0

0O 0 01
Volume 0 1 0 0 0O 1 0 0 O 1 -2 2 2 2 constant 0O 0O smoke 0 1
01 01 0101

beginExtra
endExtra




Example .geo volume file

PGEOMETRY V2
NPoints 1 NPrims 1 «— 1 point that defines the center, 1 primitive that is our data volume

NPointGroups 0 NPrimGroups 0

NPointAttrib 0 NVertexAttrib 0 NPrimAttrib 0 NAttrib O

0 001

Volume 0 1 0 0 01 00 01 -2 2 2 2 constant 0 O smoke 0 1
01 010101

beginExtra
endExtra




Example .geo volume file

PGEOMETRY V2
NPoints 1 NPrims 1

NPointGroups 0 NPrimGroups 0 «— 0 groups
NPointAttrib 0 NVertexAttrib 0 NPrimAttrib 0 NAttrib O «— 0 extra attributes
0O 0 0 1

Volume 0 1 0 0 0O 1 0 0 O 1 -2 2 2 2 constant 0O 0O smoke 0 1
01 01 0101

beginExtra
endExtra




Example .geo volume file

PGEOMETRY V2

NPoints 1 NPrims 1

NPointGroups 0 NPrimGroups 0

NPointAttrib 0 NVertexAttrib 0 NPrimAttrib 0 NAttrib O

0 001 «— Center point at (0,0,0) * 1

Volume 0 1 0 0 0O 1 0 0 O 1 -2 2 2 2 constant 0O 0O smoke 0 1
01 01 0101

beginExtra
endExtra




Example .geo volume file

PGEOMETRY V2

NPoints 1 NPrims 1

NPointGroups 0 NPrimGroups 0

NPointAttrib 0 NVertexAttrib 0 NPrimAttrib 0 NAttrib 0

0001

Volume 01 0 001 0001 -2 2 2 2 constant 0 0 smoke 0 1 «— Volume definition
01 01 01 01

beginExtra
endExtra




Example .geo volume file

PGEOMETRY V2

NPoints 1 NPrims 1

NPointGroups 0 NPrimGroups 0

NPointAttrib 0 NVertexAttrib 0 NPrimAttrib 0 NAttrib 0

0001

Volume 0 1 0 0 0O 1 0 0 O 1 -2 2 2 2 constant 0O 0O smoke 0 1

01010101 XYZ Resolution: 2x2x2

beginExtra
endExtra




Example .geo volume file

PGEOMETRY V2

NPoints 1 NPrims 1

NPointGroups 0 NPrimGroups 0

NPointAttrib 0 NVertexAttrib 0 NPrimAttrib 0 NAttrib 0

0001

Volume 0 1 0 0 0O 1 0 0 O 1 -2 2 2 2 constant 0O 0O smoke 0 1

Transformation matrix = | 1 0 0 | = identity matrix, which does nothing
010 (no scaling, translating, rotating)
001

01 010101

beginExtra
endExtra




Example .geo volume file

PGEOMETRY V2

NPoints 1 NPrims 1

NPointGroups 0 NPrimGroups 0

NPointAttrib 0 NVertexAttrib 0 NPrimAttrib 0 NAttrib 0

0001

Volume 0 1 0 0 0O 1 0 0 O 1 -2 2 2 2 constant 0O 0O smoke 0 1

Other fancy settings include:

sl e Lud e Whether to taper the volume and how much

: e \What values to set past the border of the volume
beginkExtra ..
cndExtra e How much lossy compression is allowed
e And more... Described in “GPD.txt” file that comes with Houdini




Example .geo volume file

PGEOMETRY V2

NPoints 1 NPrims 1

NPointGroups 0 NPrimGroups 0

NPointAttrib 0 NVertexAttrib 0 NPrimAttrib 0 NAttrib 0

0001

Volume 0 1 0 0 0O 1 0 0 O 1 -2 2 2 2 constant 0O 0O smoke 0 1
01 0101001 «— The data

beginExtra
endExtra




Example .geo volume file

PGEOMETRY V2

NPoints 1 NPrims 1

NPointGroups 0 NPrimGroups 0

NPointAttrib 0 NVertexAttrib 0 NPrimAttrib 0 NAttrib 0

0O 0 01
Volume 0 1 0 0 0O 1 0 0 O 1 -2 2 2 2 constant 0 0O smoke 0 1

01 010101 «— The data. 8 numbers, as defined by the 2*2*2 resolution

beginExtra
endExtra




Example .geo volume file

PGEOMETRY V2

NPoints 1 NPrims 1

NPointGroups 0 NPrimGroups 0

NPointAttrib 0 NVertexAttrib 0 NPrimAttrib 0 NAttrib 0

0O 0 01
Volume 0 1 0 0 0O 1 0 0 O 1 -2 2 2 2 constant 0O 0O smoke 0 1
01 01 0101

beginExtra «— End / extras
endExtra
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. -
Let's Play with Real Data:
Hands-on Demo
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Ways to Get Your Data in Houdini

C) VYitini






( yt + Houdini=)



[kalina@gtheviz Documents]$ python
Pythion 2.7511
[GCC 4.4.7 20120313 (Red Hat 4.4.7-1)] on linux2

Type "help",

"copyright",

"credits"

|Continuum Analytics, Inc.| (default, Dec 6 2015, 18:08:32)

or "license" fTor more information.

Anaconda is brought to you by Continuum Analytics.

Please check out:

=== 1mport yt

] 2017-05-89
2017-05-89
2017-05-09
2017-05-09
2017-05-89
2017-05-09
2017-05-09
2017-05-09

(R VT iy PR S S I S VA

15
157
15
152
15
15
15:

54
54:
54
54
54:
54
54
154

35

35

35

http://continuum.io/thanks and https://anaconda.org

=»»= ds = yt load('/fhomefkalina/Downloads/sedov_hdf5_chk_g0@el1')
: 873 Particle file found: sedov hdf5 chk @001
35,

885 integer runtime parameter checkpointfilenumber overwrites a simulation

, 885 integer runtime parameter pleoetfilenumber overwrites a simulation scalar
35,
5 L
35,
35,

914 Parameters: current_time 0.0100075530657

yt [INFD
yt [INFO
vt [INFD
vt [INFD
vt [INFD
vt [INFD
yt [INFD
yt : [INFD
=== ds.print_stats|}
level # grids
o E
1 8
2 G4
3 256
329

t = 1.00075931e-02 = 1.00075931e-02 s = 3.17121488e-10 years

smallest -Cell>

e I

Width:
Width:
Width:
Width:

168448

5.064e-27 Mpc
5.064e-21 pc
1.844e-15 Al
1.562e-02 cm

914 Parameters: domain_dimensions = [B B B8]
915 Parameters: domain_left_edge =1 8. 0. a.]
915 Parameters: domain_right_edge =l F, =LL 1. ]
;916 Parameters: cosmological simulation = 0.0
# cells™3

8

16

2

hl
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Ytini.com

Houdini for Astronomy Resources~ About FAQ Contact Blog

1.1 The Data

Begin by downloading the Enzo Tiny Cosmology sample dataset from here. Take note of the directory where this is
being saved. Go there, and unzip the folder.

1.2 The Code

 dhicaestid o Download the write AMRVDB.py Python script from our Bitbucket repository. Take note of the directory where this
is being saved.
Open the file in a text editor. Search for the line that starts with datafilename = . Write in the path to the data file
you downloaded.
Search for the line that starts with outfilepath = . Write in the path to the directory where you want to write the
output VDB files.




Rendering in Houdini



Demo: Camera, Lighting, and Render Setup




