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Today“iabout “Linked Views”- a New Project
that adds Chris Beaumont, Michelle Borkin & Hanspeter Pfister



Contextual, -

High-Dimensional



We've seen Linked Views at least twice at ADASS 2010...

Aladin (Thomas Boch’s demo)

And options are many, re:SAMP..
(see Boch & Cambrésy IVOA Victoria 2010) SAMP4IDL


http://www.ivoa.net/internal/IVOA/InterOpMay2010Applications/SAMP4IDL-ThomasBoch.pdf
http://www.ivoa.net/internal/IVOA/InterOpMay2010Applications/SAMP4IDL-ThomasBoch.pdf
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DataDesk (est. |1986)

‘ ® QuickTime Player File
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Tukey’s “Four Essentials™ (c.1972)

Selection

Results...
|. for immediate insight
2. as visual source of ideas for statistical algorithms (.refation to svm)

Warning
“details of control can make or break such a system”

Watch the PRIM-9 video at: http://stat-graphics.org/movies/prim9.html



http://stat-graphics.org/movies/prim9.html
http://stat-graphics.org/movies/prim9.html

TOPCAT &
first “DataDesk” of Astronomy

Search Browse Upload astronomy999

Post Bulletin Settings Themes and Colors Modules Videos and Playlists

io"mwwm Al Uploads  Favorites [[al Amange Payiss WM D

« Back to Playlists Edit My F
Catalog Viewing and Manipulation

Tools that deal with ASCI| and VOTables
Mo

TOPCAT Overview
Screencast
astrobetter - 257 views

Virtual Observatory |
i Case Video, 2006
[ astronomy999 - 69 views

Learn more on YouTube “Online Astronomy” channel
www.youtube.com/user/astronomy999



http://www.youtube.com/user/astronomy999%23p/c/8E8733ED49CDDB77/0/XMFxVpP_F1o
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SAMP +VO offers Linked Views

Simple Application Messaging Protocol
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www.ivoa.net/Documents/latest/SAMPhtml



http://www.ivoa.net/Documents/latest/SAMP.html
http://www.ivoa.net/Documents/latest/SAMP.html

Great, but what
about >2D?

- (AG “AstroMed” @ ADASS 2007;
cf. Borkin ADASS 2006,7)
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The “arraytional” future...

“Complex analytics will be simplified with SciDB

. because arrays and vectors are first-class objects
www.scidb.org with built-in optimized operations. Spatial operators
and time-series analysis will be easy to express.

7] Interfaces to common scientific tools like R and
11 eventualy MATLAB and IDL, as well as
dBP% : : .
///// programming languages like C++ and Python, will
1 |41 be provided”
dBP%s
dBP%
//
pd ///
//////
//

Thanks to Tim Clark for coining the phrase “arraytional” during early discussions of the SciDB concept at IIC with Mike Stonebraker.


http://www.scidb.org
http://www.scidb.org

ATMOSPHERIC AND OCEANIC TEMPERATURE CHANGE



http://www.pnas.org/content/99/1/455/F1.expansion.html
http://www.pnas.org/content/99/1/455/F1.expansion.html
https://www-pls.llnl.gov/?url=science_and_technology-earth_sciences-ocean_temperatures
https://www-pls.llnl.gov/?url=science_and_technology-earth_sciences-ocean_temperatures
http://visiblecement.nist.gov/
http://visiblecement.nist.gov/
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GENERALLY
I D: Columns ="“Spectra”,“SEDs” or “Time Series”

2D: Faces or Slices = “Images”
3D: Volumes ="“3D Renderings”
4D: Time Series of Volumes ="“3D Movies”



;gg—e:C & jV\P L ETE Perseus X () mm peak (Enoch et al. 2006)

iew size; 1305 x 733 ® sub-mm peak (Hatchell
VL: 63 WW: 127

et al. 2005, Kirk et al. 2006)
= 7 () BCO (Ridge et al. 2006)

..+ p@ mid-IR IRAC composite
S R RO '_°': from c2d data (Foster,
B A R Laakso, Ridge, et al.)

4. Optical image (Barnard 1927)



“Astronomical Medicine”

“KEITH” “PERSEVS”

mage skbe S0 x 274 thiteen{0 2551

View size: 1305 x 733 thiteenCO_249 tf
WL 63 WW: 127 thiteenCO_249 1
thne«vCO_i"ﬁ?tl"
L |
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11:0453 A
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“z" is depth into head “Z" is line-of-sight velocity

http.//am.iic.harvard.edu/


http://am.iic.harvard.edu
http://am.iic.harvard.edu
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THE UNIVERSITY OF
<=2 SYDNEY SCHOOL OF PHYSICS

SCHOOL OF PHYSICS UNIVERSITY HOME CONTACTS Search Physics site Jels]

You are here: Home / Astromed08 / Astromed08 / AstroMed08 Home e to be Contin u ed, I th in k!
ASTROMEDO09 WELCOME TO ASTROMEDO9

> AstroMed09 Home View full size

» Accommodation

> Registration Form Q St r M E d Ve .

The Inaugural Sydney International Workshop
on Synergies in Astronomy and Medicing

Download talks and photos here!

The final Scientific Program is now available.

The Conference Dinner is now fully booked!

DOWNLOAD THE
ASTROMEDO09
FLYER

Abstract submissions have now closed.

The Inaugural Sydney International Workshop on Synergies in

Astronomy and Medicine AstroMed

Sydney, Australia, 14-16 December 2009

Astronomy and Medicine share many similar demands for increasingly sophisticated and diverse
imaging techniques as well as associated cutting-edge instrumentation technologies and advanced
software tools for multi-dimensional data storage, manipulation and processing. This workshop will
provide an international forum for exploring and consolidating these synergies, exchanging ideas
and identifying opportunities for knowledge and technology transfer across the two research
disciplines, and on to industry and academia.

SPONSORSHIP AND



http://www.physics.usyd.edu.au/astromed09/
http://www.physics.usyd.edu.au/astromed09/
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Extraction of
Area of Interest

C®NPLEIE

COMPLETE Data Available
[ Center on Persout L Conter on Ophichus I Conter o Sarpent J
Full-Cloud Data (Phase |, All Data Available)
Dataset Show Perseus Ophiuchus Serpens Link
GBT: Hl Data Cube o v v o Data
IRAS: Av/Temp Maps ® v v v Data
FCRAO: 12C0 oy v v Data
FCRAO: 13CO v v v Data
JCMT: 850 microns o vy vy (%] Data
- Spitzer c2d:IRAC1,3 (36,58 um) © v v v Data
Spitzer 2d:IRAC2,4 (458um) © v v v Data
CSO/Bolocam: 1.2-mm o v ("] (%] Data
Spitzer MIPS: Derived DustMap © v e [ Data
Targeted Regions (Phase ll, Some Data Not Yet Available)
O/Calar Alto: NIR (J,HXs o v v o Data
&\ — /‘ IRAM 30-m: N2H+ and C180 o v o o Data
~T ‘ IRAM 30-m: 1.1-mm continuum © 2 e Data
Megacam/MMT: r 1,z images o v (%) (") Data
Catalogs & Pointed Surveys
NH3 Pointed Survey . v o 2 Data
YSO Candidate list (c2d) - v v v Data



http://www.worldwidetelescope.org/COMPLETE/WWTCoverageTool.htm
http://www.worldwidetelescope.org/COMPLETE/WWTCoverageTool.htm
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The dream scenario...




Exemplar: Linked Dendrogram Views in IDL

Video & implementation: Christopher Beaumont, CfA/UHawaii;
inspired by AstroMed work of Douglas Alan, Michelle Borkin,AG, Michael Halle, Erik Rosolowsky



Challenge #1: 3D Selection

What'’s the 3D “magnetic lasso™? @

How do you use it with a mouse?

How can a human “steer” computer-aided selection!?

see Michelle Borkin, Harvard Ph.D. student!


http://www.k-3d.org/wiki/Main_Page
http://www.k-3d.org/wiki/Main_Page

Challenge #2:Too many windows...

e vy e

& Aladin v6.0 *** BETA VERSION (based on v6.021) ***

File Edt Image Catalog Overlay Tool View Interop Help

['a.: E (’_. RS M Microsoft WorldWide Telescope 'I -— I qﬂ—_x—ﬂ‘
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see Exposé, and yesterday’s talk about ALMA monitoring GUI



Challenge #3

What does
“Publication-Quality’
Graphics Mean in an
Interactive 3D World!?

LETTERS

CLUMPFIND segmentation

Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification algorithms as applied to >CO emission from the L1448
region of Perseus. a, 3D visualization of the surfaces indicated by colours in
the dendrogram shown in c. Purple illustrates the smallest scale
gravitating structures in the region corresponding to the leaves of the
dendrogram; pink shows the smallest surfaces that contain distinct self-
gravitating leaves within them; and green corresponds to the surface in the
data cube containing all the significant emission. Dendrogram branches
corresponding to self-gravitating objects have been highlighted in yellow
over the range of T,,;, (main-beam temperature) test-level values for which
the virial parameter is less than 2. The x—y locations of the four ‘self-
gravitating’ leaves labelled wi

Fig. 1. The 3D visualizations

RA, right ascension; dec., declination. For comparison with the abil
dendrograms (c) to track hierarchical structure, d shows a pseudo-
dendrogram of the CLUMPFIND segmentation (b), with the same four
labels used in Fig. 1 and in a. re not allowed to belong to larger
structures, each pseudo-branch in d is simply a series of lines connecting the
maximum emission value in each clump to the threshold value. A very large
number of clumps appears in b because of the sens of CLUMPFIND to
noise and small-scale structure in the data. In the online PDF versi on, the 3D
cubes (aand b) can be rotated to any orientation, and surfaces can be turned
on and off (interaction requires Adobe Acrobat version 7.0.8 or higher). In
the printed version, the front face of each 3D cube (the ‘home’ view in the
interactive online version) corresponds exactly to the patch of sky shown in
Fig. 1, and velocity with respect to the Local Standard of Rest increases from
front (—0.5 km s

data, CLUMPFIND typically finds featur:
above but close to the ph Iresolution of the data, and i
be overly dependent on input parameters. By tuning ‘LUMPFIND s
two free parameters, the same molecular-line data set® can be used to
show either that the frequency distribution of clump mass is the same
as the initial mass function of stars or that it follows the much shal-
s function associated with large-scale molecular clouds
ntary Fig. 1
rs before the advent of CLUMPFIND, ‘structure tree
were p sed as a way to characterize clouds” hierarchical structure
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using 2D maps of column density. With this early 2D work as inspira-
tion, we have developed a structure-identification algorithm that
abstracts thL hierarchical structure of a 3D (p—p-v) data cube into
an easily visualized representation called a ‘dendrogram’’. Although
well developed in other dat fields'™"?, it is curious that the
application of tree methodologi astrophysics has been rare,
and almost exclusively within the area of galaxy evolution, where
‘merger trees’ are being used with increasing frequency”’.

Figure 3 and its legend explain the construction of dendrograms
schematically. The dendrogram quantifies how and where local m
ima of em merge mth each other, and its implementation
explained in Supplementary Methods. Critically, the dendrogram is
determined almost entirely by the data itself, and it has negligible
sensitivity to algorithm parameters. To make graphical presentation
possible on paper and 2D screens, we ‘flatten’ the dendrograms of 3D
data (see Fig. 3 and its legend), by sorting their ‘branches’ to not
cross, which eliminates dimensional information on the x axis while
preserving all information about connectivity and hierarchy.
Numbered ‘billiard ball’ labels in the figures let the reader match
features between a 2D map (Fig. 1), an interactive 3D map (Fig. 2a
online) and a sorted dendrogram (Fig. 2¢).

A dendrogram of a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, such as radius (R), velocity dispersion (¢,) and luminosity
(L). The volumes can have any shape, and in other work'* we focus on
the significance of the especially elongated featur en in L1448
(Fig. 2a). The luminosity is an approximate proxy for mass, such

Mium = X13colizco» where Xj3c0 = 8.0 X 10*°cm* K™ km ™ 's
(ref. 15; see Supplementary Methods up plementary Fig. 2)
f on can then be
ity at each point in the hierarchy,
al parameter, oy, Dum-
tthe tree (Fig. “,\'ellnw highlighting)
where 0 2 (where gravitational energy is comparable to or larger
i respond to regions of p v elf-
ignificant. As o, only represents the ratio of kinetic energy
t(v gravi vitational energy at one point in time, and does not explicitly
capture external over-pressure and/or magnetic fields', its me
value should only be used as a guide to the longevity (boundedness) of
any particular feature.

tensity level

Figure 3 | Schematic illustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical one-dimensional
emission profile (black). The dendruumm (blue) can be constructed by
‘dropping’ a test constant emission level (purple) from above in tiny steps
(exaggerated in size here, light lines) until all the local maxima and mergers
are found, and connected as shown. The intersection of a test level with the
emission is a set of points (for example the light purple dots) in one
dimension, a planar curve in two dimensions, and an isosurface in three
dimensions. The dendrogram of 3D da

analogue of the tree shown here, only constr

than ‘point’ intersect It has been sorted and flattened for representation
on a flat page, as fully representing dendrograms for 3D data cubes would
require four dimensions.

©2009 Macmillan Publishers Limited. All rights reserved

Goodman, Rosolowsky, Borkin, Foster, Halle,
Kauffmann & Pineda, Nature, 2009
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SAMP Will Astronomy lead or follow?
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What

“views”’
astronomers
can use how...

summaries being prepared
for VAO SAC by Alyssa
Goodman, Eric Feigelson &
Gus Muench

will be posted publicly

2D scatterplot
{ASCII data)

2D FITS displays
(e.g9. spectra)

customizable
symbols on 2D plots

dynamic data
labeling

binned (greyscale)
scatterplot

line plot

stacked line plots

error bars/boxes
manual histogram
(bar chart)

auto histogram
{adjustadble binning)

pie chart

3D scatterplot

2D image plotting
2D image
processing

standard points on
2D images

custom points on 2D
Images

2D contour overlays
on images

3D surface rendering

3D volume rendering

Grand Tour (slices
through 3D data)

“2D7 Interactive
brushing/linking

“3D7 Interactive
brushing/linking

SAMP enabled

tree diagrams

treeplots

bubble plots
{("maotion charts”)

maps of data on the
Earth (points)

oata on tne tarmn
dist (w/in geo

arnae )
maps of data on the
Earth (polygons)

maps of data on the
Earth (Images)

maps of data on the
Sky (points)

« Aladin

DataDesk

« TOPCAT

WorldWide

“  Amira

n 3D Slicer

VolView

ManyEyes

-

Hanrahan
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Table of Applications

This is a three page spreadsheet listing frequently used desktop GUI applications that tie into networked resources for d
search, visualization and analysis. The spreadsheet pages include a summary of application capabilities, links to applicat

downloads and documentation, and a quick set of details (historical and usage) and tips about each. Search this site
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