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Terms

Visualization = Animations and/or pictures (in 2D and 3D)

analysis/analysis plots = images with axis that have
numbpers



Some Structural Problems Facing Astronomy

New high resolution/cadence
INnstruments = lots more data

... an example

New Instruments

more data

Things further away from us are
moving away from us more quickly
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How far away a specific galaxy is



Some Structural Problems Facing Astronomy

New Instruments

more data

How fast galaxy is
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How far away a specific galaxy IS This was 2 Big Discovery!

Hubble’'s Law

New high resolution/cadence
INnstruments = lots more data

... an example

Things further away from us are
moving away from us more quickly

The universe is expanding in
every direction

If you run time backwards
space Is smooshed together

The Big Bang



Some Structural Problems Facing Astronomy

New high resolution/cadence
INnstruments = lots more data

New Instruments

= ... dln exampie
more data Models that
require DE for
acceleration
3000000 Better telescopes
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Luminosity Distance [Gpc]

How far away a specific galaxy is



Some Structural Problems Facing Astronomy

New Instruments

more data

New high resolution/cadence
INnstruments = lots more data

... an example

Large Synoptic Survey Telescope (LSST):
searching for answers about Dark Energy
(and Dark Matter, and on and on!)

GIGANTIC camera with 3.2
gigapixels (3,200,000,000 pixels)



Some Structural Problems Facing Astronomy

New high resolution/cadence
INnstruments = lots more data

... an example

New Instruments

more data

Large Synoptic Survey Telescope (LSST):
searching for answers about Dark Energy
(and Dark Matter, and on and on!)

200PB/decade expected (200,000
Jill's laptop’s storage)

How are we possibly sift
through all this data for the

interesting bits?? GIGANTIC camera with 3.2
gigapixels (3,200,000,000 pixels)




Some Structural Problems Facing Astronomy

New high resolution/cadence
INnstruments = lots more data

... an example

New Instruments

more data

LSST: 200PB/decade expected (200,000 Jill's laptop’s storage)
Sloan Digital Sky Survey (SDSS): ~120TB

Dark Energy Survey (DES): ~200GB/night, ~PB in last decade.
Square Kilometre Array (SKA): 1000 PB per year expected



Some Structural Problems Facing Astronomy

AREPO - http://wwwmpa.mpa-garching.mpg.de/~volker/arepo/



Some Structural Problems Facing Astronomy
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AREPO - http://wwwmpa.mpa-garching.mpg.de/~volker/arepo/



Some Structural Problems Facing Astronomy

“Moore’s Law for Astronomy”

New Instruments

more data
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up our simulation into?

Faster Computers

2000 2005 2010
year

more (fake) data

How many little grids can we break

Again: How are we possibly sift
through all this (tfake) data for the
Interesting bits”?




Some Structural Problems Facing Astronomy

New Instruments

more data

Faster Computers

more (fake) data

Scientific illiteracy

~11in 4 think Sun goes around Earth

~71 1n 2 think antibiotics kill viruses as
well as bacteria

~1in 4 think all radioactivity is
human-made

Indicates a failure of scientific
education/communication.

NSF - http://www.nsf.gov/statistics/seind14/content/chapter-7/chapter-7.pdf


http://www.nsf.gov/statistics/seind14/content/chapter-7/chapter-7.pdf

Some Structural Problems Facing Astronomy

New Instruments
— Scientific illiteracy
more data

Faster Computers

more (fake) data




Some Structural Problems Facing Astronomy

Racial Breakdown

. of Top-40 Astronomy
7.1% Asian Institutions

(Data from

Donna Nelson)

US Population 2013

1.2% Latinx m White
1% Black m Black
0 ” Latino
0% Native e,
B Native

90.7% White

Scientific brain-drain

Other access issues:
socioeconomic status, gender, etc




Some Structural Problems Facing Astronomy

US Population 2013 Racial Breakdown

. of Top-40 Astronomy
7.1% Asian Institutions

(Data from
Donna Nelson)

1.2% Latinx m White
1% Black W Black

0% Native Latino

90.7% White

B Native

US Population 2060

Scientific brain-drain

How can we tap into the greater
pool of great scientific minds?



Some Structural Problems Facing Astronomy

I \ |




Some Structural Problems Facing Astronomy

Neural Networks
Reinforcement L@

New Instruments

Scientific illiteracy

Animations
(Visualizations) @

Scientific brain-drain

more data

Astrostatistics ‘on the fly”
analysis

Faster Computers

more (fake) data

ParalleD womputerseience Effective Community
t] lysi
computing/analysis Mentoring Building




Some Structural Problems Facing Astronomy

Neural Networks
Reinforcement @

Animations
(Visualizations) @

‘on the fly”
analysis

Astrostatistics

ParalleD S Effective Community
. vei
computing/analysis Mentoring Building




Some Structural Problems Facing Astronomy

Animations
(Visualizations)



... yet
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Other Scientific Animation Codes:




AstroBlend: An Astrophysical Animation Tool

|lsodensity
Contours
colored by
temperature

Isodensity Contours
colored by temperature,
glowing based on physics

Galaxy particle simulation
(colors = temperature)



AstroBlend:As A Frontend to YT

From the yt website:

‘vt is a python package for analyzing and visualizing volumetric, multi-
resolution data from astrophysical simulations, radio telescopes, and a
burgeoning interdisciplinary community.”

CO

Turk et al 2009

Simulation gas

apsing and

formi

Ng two dense

cores that will
become some of
the first stars In

our Universe.



AstroBlend:As A Frontend to YT

From the yt website:

‘vt is a python package for analyzing and visualizing volumetric, multi-
resolution data from astrophysical simulations, radio telescopes, and a
burgeoning interdisciplinary community.”

Used for both
analysis and
visualization

Turk et al 2009



AstroBlend:As A Frontend to YT
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Image Credit: Erik Rosolowsky & ALMA



AstroBlend:As A Frontend to YT




AstroBlend:As A Frontend to YT

NeuroDome




AstroBlend:As A Frontend to YT

Pretty pictures but... what about 3D interactions with the data?
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AstroBlend:As A Frontend to YT

Pretty pictures but... what about 3D interactions with the data”

Blender Window : [ 89 » FriOct 23 10:16:54 PM
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AstroBlend:As A Frontend to YT

With this library Blender can now “read” astrophysical data




AstroBlend:As A Frontend to YT

v2.74 | Verts:504,749 | Faces:168,284 | Tns:336,568 | Objects:OV6 | Lamps:OV1 | Memc182.21M | MySlice
Frame:1 | Last:00:05.33 Time:00:05.55 | Ve:504789 Fo:168284 La:1 | Men:193.86M (0.00M, Peak 270. U1 ] view Search

- Soae
Link Oby.. . .\.O'K‘
~ | Renderli
World

Fig Oby ..

4 Camera
7/ Domaing -
JL Emptym,
Variable, QxS - ptyMy
Lamp
7/ MyConto °

Variable: density

Color M...
offaxis 4

Axis: S Of Scene

Locatiol © S ¥ Render

Normal . .
nejRend ‘Eﬁl'l m W Audio

Generate Slice Display m

Delete Sice
¥ Dimensions

:]
» Phase Plots

Resolution Frame Ra

1920 p Start: 1

En: 250

Fram
Aspect Ra... Frame Ra..
PYTHON INTERACTIVE CONSOLE 3.4.2 (default, Nov 25 2014 1.00¢
12:01:44 GCC 4.2.1 Compatible Apple W 6.0 (cl 1 1

a8 6 €4 1.000 Time Rem. ..

v £ Anti-Aliasing

5 11 36 ) mirchein?

e Full Sa 1.000 p

» @ sampled Motion Blur
» Shading

» Performance

» Post Processing

» 0 Stamp

¥ Output

tmp

3D data objects and analysis plots are put in physical
context with each other




AstroBlend:As A Frontend to YT
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AstroBlend:As A Frontend to YT
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AstroBlend: Gratuitous Movies!

~4 .6 billion particles



AstroBlend: Gratuitous Movies!

Test Run of AstroBlend

3D Galaxy Model + FLASH Dwarf Galaxy Model
www.astroblend.com

Made (nearly) entirely with Python in Blender



AstroBlend: Gratuitous Movies!
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Can combine artistic
Sexaans models with observed
astrophysical data

Can place simulated . : .
data in context with ( b
observations and
artistic models . .




The Future...

video from Glue team: http://www.glueviz.org/en/stable/



The Future... bonus




Other Astrophysicists working in Blender:

Muguel Aragon

W
v

http://skysrv.pha.jhu.edu/~miguel/
visualization.html
A e —
a 3r|an Kent : =
3D Scientfic
i ;'%:} S “’ Visualization
AT 1 with
& Blender
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Rhysy Taylor

.

’Q'é,‘!‘z | 3¢

FRELLED - volume rendering
http://www.rhysy.net/frelled.html

hitp://www.cv.nrao.edu/~bkent/blender/index.html|




Beginning to work in Houdini

NCSA'S

A\DATZAN\ (131D
VISUALIZATION
LABORATORY




Beginning to work in Houdini: The Issues

Grid is not uniform:

. . . some areas are finer meshed
Our data sometimes looks like this:

......

..............

............

g §3
Lars

data rendered into image with yt same data rendered with Houdini



Beginning to work in Houdini: Some Fixes

More efficient data storage (VDB)

Messing with how edges of volume rendering boxes are
treated (box filter width)

Data loading based on camera position (on the tly data
processing)



Beginning to work in Houdini: Some Fixes

simulated star formation sites ,
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ata: Bran O'Shea, Michigan State
Image by AVLNCSA, Universty of Ilinoss

From upcoming documentary on DESALSST cbservations

Can load & process high resolution data more efticiently...
but there Is still so much data not shown!




Beginning to work in Houdini: Some Fixes

simulated star formation sites y
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Brian O'Shea, Michigan State
Image by AVUNCSA, Universty of Ilnoss

From upcoming documentary on DESALSST cbservations

Can load & process high resolution data more efticiently...
but there Is still so much data not shown!




Some final thoughts on increasing access to science

How to provide animation/visualization tools to
young astronomers so that they can tell their own
stories with their data”?




Some final thoughts on increasing access to science

? HARVARD UNIVERSITY HARVARD.EDU

BANNEKER INSTITUTE
AZTLAN INSTITUTE

- Program People Events Community Contact

What are the Institutes? AbOUt Banneker & AZtlan Download Our One-Pager

The Banneker Institute Why Banneker?

—aestablished ty Dr. John Johnson®  The program and its name draw on the pioneering inspiration of
Harvard University—anad tne Aztlan Benjamin Banneker, a surveyor best known for accompanying
mstitute—established by Dr._Jorge Andrew Ellicott in his original land survey of what would become
Morgno of California State Washington, D.C. Banneker was also an accomplished

Polytechnic University, astronomer, which drove the success of his series of almanacs. As
Pomona—form a partnership. Both a forefather to Black American contributions to science, his
institutes offer a summer program eminence has earned him the distinction of being the first

hosted at the Harvard-Smithsonian profeSSlonal astronomer In Amerlca
Center for Astrophysics (CfA)

Why Aztlan?

Aztlan is the legendary ancestral home of the Aztec peoples. The
historical and cultural significance of the name led to its adoption
by indigenous and Chicano civil rights movements in the United
States. The Aztlan Institute honors this tradition as the partner

program to Banneker by promoting the advancement of
AZTronomy among LAtinx and Native students.

http://bannekerinstitute.fas.harvard.edu/about



Some final thoughts on increasing access to science

Computational Astrophysics and Visualization Home Days-

Day Pages: Astrophysical Visualization

Day 1

Start to think about how to use visualization in your research, make some movies

Day 2 Second week - make 2D and 3D
ke 1OVIES Of the planetary systems
and galaxies

g statically in 3D and start making some movies

Day 4

A few thoughts to finish up, and resources to look into for more computational astronomy and visualization stuff,

Day Pages: Computational Astrophysics

Day 1

Analytical and Numerical Solution of 2-Body Problem

Day 2

More on the 2-Body problem.

First week - calculate orbits of
planetary systems and motion of
stars in merging galaxies

www.astroblend.com/ba2016




Some final thoughts on increasing access to science




Some final thoughts on increasing access to science

Moved on to:

3D Planets https://skfb.ly/RyZo

3D Galaxies https://skfb.ly/QHwx



Some final thoughts on increasing access to science

— | 71
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L
" Used Hololense & Google Cardboard
+ Sketchfab to view 3D models

t :’m..-_ “




Some final thoughts on increasing access to science

‘| can't walit to take this home and show my little sister.”

‘I'd like to figure out a way to use thissstuft with my own
research.”



Some final thoughts on increasing access to science

l? HARVARD UNIVERSITY HARVARD.EDU
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What are the Institutes? About Banneker & Aztlan

The Banneker Institite Why Banneker?

—established . w Dr. John Johnsono  The program and its name draw on the pioneering inspiration of
Harvard University—ana tne Aztlan Benjamin Banneker, a surveyor best known for accompanying
nstitute—established by Dr. Jorge Andrew Ellicott in his original land survey of what would become
AVIOIEIATe 11ISIS 1T 10)0)1S 10) 121

Pldytechnic Univers.y. astronomer, which drove the success of his series of almanacs. As
Pomona—form a partnership. Both - TTIhANAlry N\\A/’N \A/AAN7
institutes offer a summer program eminence has earned him wne distinction of wein g the first

hosted at the Harvard-Smithsonian professional astronomer in America.
Center for Astrophysics (CfA).

Why Aztlan?

Aztlan is the legendary ancestral home of the Aztec peoples. The
historical and cultural significance of the name led to its adoption
by indigenous and Chicano civil rights movements in the United
States. The Aztlan Institute honors this tradition as the partner
program to Banneker by promoting the advancement of
AZTronomy among LAtinx and Native students.

http://bannekerinstitute.fas.harvard.edu/about



Thank you!

jillLnaiman@cfa.harvard.edu

www.astroblend.com

http://yt-project.org/

http://bannekerinstitute.fas.harvard.edu/about

http://www.ncsa.illinois.edu/

www.sketchfab.com/jnaiman







What do artists gain from scientific
visualization!

+ Easier access to scientists! (Either a good thing... or a bad thing...)

+ Easier access to scientific data: http://yt-project.org/data/
- also: National Data Service -
www.nationaldataservice.org/about/vision.html

+ Cool things to print!
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