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Realm of Seamless Astronomy



“Virtual 
Observatories”
21st century

3500 years of Observing
Galileo, 1600

Ptolemy in Alexandria, 100 AD
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Observatory Tower, 
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Reber’s Radio 
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Long-distance 
remote-control/ 
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NASA/Explorer 7
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1959

“Virtual 
Observatories”
21st century

“The Internet”

The “Scientific Revolution”



 “Virtual” observing

http://www.cfa.harvard.edu/COMPLETE/data_html_pages/data.html
http://www.cfa.harvard.edu/COMPLETE/data_html_pages/data.html
http://www.cfa.harvard.edu/COMPLETE/data_html_pages/data.html


What can today’s Astronomer’s “Research” look like?

http://www.cfa.harvard.edu/~agoodman/

Data

Viz

Publishing

Simulation

e-Science Tools

Outreach

http://www.cfa.harvard.edu/~agoodman/
http://www.cfa.harvard.edu/~agoodman/
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e-Science Tools Outreach

WorldWide	  Telescope	   Ambassadors3D



                      a UIS from Microsoft Research
[UIS=Universe Information System]

Created by Curtis Wong and Jonathan Fay at MSR; AG is “Academic Partner” on the WWT Project

Seamless Data/Literature Connections (e.g. ADS)

“Modular Craftsmanship” (e.g.  flickr)

Collections, Communities & Guided Tours

WorldWide	  Telescope:	  



NVO	  senior	  personnel:
Charles	  Alcock,	  University	  of	  Pennsylvania	  Kirk	  Borne,	  Astronomical	  Data	  Center/Raytheon	  
Tim	  Cornwell,	  NSF	  NaEonal	  Radio	  Astronomy	  Observatory	  David	  De	  Young,	  NSF	  NaEonal	  
OpEcal	  Astronomy	  Observatory	  Giuseppina	  Fabbiano,	  Smithsonian	  Astrophysical	  
Observatory	  Alyssa	  Goodman,	  Harvard	  University	  Jim	  Gray,	  Microso.	  Research	  Robert	  
Hanisch,	  Space	  Telescope	  Science	  InsEtute	  George	  Helou,	  NASA	  Infrared	  Processing	  and	  
Analysis	  Center	  Stephen	  Kent,	  Fermilab	  Carl	  Kesselman,	  University	  of	  Southern	  California	  
Miron	  Livny,	  University	  of	  Wisconsin,	  Madison	  Carol	  Lonsdale,	  NASA	  Infrared	  Processing	  
and	  Analysis	  Center	  Tom	  McGlynn,	  GSFC/HEASARC/USRA	  Andrew	  Moore,	  Carnegie	  Mellon	  
University	  Reagan	  Moore,	  San	  Diego	  Supercomputer	  Center/UCSD	  Jeff	  Pier,	  United	  States	  
Naval	  Observatory,	  Flagstaff	  StaEon	  Ray	  Plante,	  University	  of	  Illinois,	  Urbana-‐Champaign	  
Thomas	  Prince,	  California	  InsEtute	  of	  Technology	  Ethan	  Schreier,	  Johns	  Hopkins	  University/
STScI	  Nicholas	  White,	  NASA	  Goddard	  Space	  Flight	  Center	  Roy	  Williams,	  California	  InsEtute	  
of	  Technology

The (US) Backstory

2001 .................2008 (2010)



and meanwhile...

2001 .................2008 (2010)

+





Seamless Astronomy

But, that was 2009...
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Early Science Demonstrations

Early Science Demonstrations

Existing “VO” Tools

Here’s the whole picture of 
the “Seamless Astronomy” effort 

at the CfA

...but let’s not look at it this way...
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“Astronomy research tools should work as 
seamlessly as travel research tools.”

This simple argument, first made at the 2009 
WWT session at  AAS, seems to be working:  



When the concept of a "Virtual Observatory" (VO) was first discussed by future-looking 
astronomers in the mid-1990s, all thoughts were about distributed data and a common system to 
access it.  But, information access on today's web primarily works in the reverse:  distributed tools 
accessing common data centers.    Capability and ease-of-use improvements to the web typically now 
come in the form of nesting, aggregating or connecting tools.   Think kayak.com, iGoogle, or 
Bing Maps.   In the "Seamless Astronomy" view to be discussed, today's "VO" should be thought of as the 
ever-improving set of data archives, tools, interconnections, and standards that strive to 
make astronomical research as "seamless" as travel research.    The good news is that the cutting-edge of 
the astronomical research environment is moving rapidly in this seamless direction.   The most savvy 
institutions are beginning to realize that the original VO model of data distributed on thousands of 
individual researchers' desktop hard drives is not a sustainable model, and that they need to offer data 
hosting, archiving, and stewardship services the way libraries offer such services for printed 
matter.    Software tools are becoming much more interoperable thanks to protocols for message-
passing such as "SAMP."  And, the improved speed of web applications is to some extent removing 
platform-dependence as an obstacle to programmers and users alike.   The bad news is that most 
astronomers are largely unaware of the tools that this new nirvana offers, and instead still conduct 
online research in the same way they did a decade ago.   In this talk, I will focus in particular on how our 
recent work on connecting Microsoft's WorldWide Telescope program to other commonly-used 
astronomical research tools--most notably literature searching tools--has made the astronomical research 
environment more seamless.  More generally, I will emphasize and demonstrate that an ever-increasing 
diversity of tools allow researchers to carry out a particular research task, so that the important 
research for the future lies in figuring out how to make the tools, their interconnections, 
and their connections to data and literature resources useful and well-known to the 
astronomical community.

(Abstract of the Evermore Seamless Astronomy  presentation by A. Goodman at the Microsoft External Research Symposium, April 2010.)

“Astronomy research tools should work as 
seamlessly as travel research tools.”

http://kayak.com/
http://kayak.com/


Astronomers 
can see 

parallels...



Literature Handling: Diverse Apps, Common Data



What fraction of astronomy 
researchers know about 

these tools? 



“writemypaper.org?”



“writemypaper.org?”

This page generated using ADS faceted Search, as developed by Michael Kurtz, Alberto Accomazzi & Jonathan Fay

http://adsres.cfa.harvard.edu/cgi-bin/topicFacetSearch?q=winds%2520and%2520shells%2520from%2520stars;qtype=INSTRUCTIVE
http://adsres.cfa.harvard.edu/cgi-bin/topicFacetSearch?q=winds%2520and%2520shells%2520from%2520stars;qtype=INSTRUCTIVE
http://adsres.cfa.harvard.edu/cgi-bin/topicFacetSearch?q=winds%2520and%2520shells%2520from%2520stars;qtype=INSTRUCTIVE












“alpha” Faceted Topic Search in ADS
(courtesy of Michael Kurtz & Alberto Accomazzi)



list of objects with links to WWT browser
(thanks to ADS team & Jonathan Fay)



And now we got to NGC 7023 by using the literature as a filter.



Seamlessness 
through...

flickr
+

astrometry.net
+ 

WWT !?







Coming (Very) Soon...

Faceted Heat 
Map of Articles 

on the Sky

Historical Image Layer 
Extracted from ALL 
ADS holdings (using 

astrometry.net)

[e.g. ADS-CDS-WWT]



Prototype of Articles on the Sky (April 2010)

with thanks to CDS/Pierre Fernique

or...

http://aladin.u-strasbg.fr/java/CDSMaps.htm
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The future is here... data IN articles

data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, and its results can
be overly dependent on input parameters. By tuning CLUMPFIND’s
two free parameters, the same molecular-line data set8 can be used to
show either that the frequency distribution of clumpmass is the same
as the initial mass function of stars or that it follows the much shal-
lower mass function associated with large-scale molecular clouds
(Supplementary Fig. 1).

Four years before the advent of CLUMPFIND, ‘structure trees’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork as inspira-
tion, we have developed a structure-identification algorithm that
abstracts the hierarchical structure of a 3D (p–p–v) data cube into
an easily visualized representation called a ‘dendrogram’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies so far in astrophysics has been rare,
and almost exclusively within the area of galaxy evolution, where
‘merger trees’ are being used with increasing frequency13.

Figure 3 and its legend explain the construction of dendrograms
schematically. The dendrogram quantifies how and where local max-
ima of emission merge with each other, and its implementation is
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. 2c).

A dendrogramof 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 (sv) and luminosity
(L). The volumes can have any shape, and in other work14 we focus on
the significance of the especially elongated features seen in L1448
(Fig. 2a). The luminosity is an approximate proxy for mass, such
that Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 km21 s
(ref. 15; see Supplementary Methods and Supplementary Fig. 2).
The derived values for size, mass and velocity dispersion can then be
used to estimate the role of self-gravity at each point in the hierarchy,
via calculation of an ‘observed’ virial parameter, aobs5 5sv

2R/GMlum.
In principle, extended portions of the tree (Fig. 2, yellow highlighting)
where aobs, 2 (where gravitational energy is comparable to or larger
than kinetic energy) correspond to regions of p–p–v space where self-
gravity is significant. As aobs only represents the ratio of kinetic energy
to gravitational energy at one point in time, and does not explicitly
capture external over-pressure and/or magnetic fields16, its measured
value should only be used as a guide to the longevity (boundedness) of
any particular feature.
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Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification algorithms as applied to 13CO 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 self-
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 Tmb (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 with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–position–velocity (p–p–v) space.
RA, right ascension; dec., declination. For comparison with the ability of
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. As ‘clumps’ are 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 sensitivity of CLUMPFIND to
noise and small-scale structure in the data. In the online PDF version, the 3D
cubes (a and 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 (20.5 km s21) to back (8 km s21).
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Figure 3 | Schematic illustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical one-dimensional
emission profile (black). The dendrogram (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 data shown in Fig. 2c is the direct
analogue of the tree shown here, only constructed from ‘isosurface’ rather
than ‘point’ intersections. It has been sorted and flattened for representation
on a flat page, as fully representing dendrograms for 3D data cubes would
require four dimensions.

LETTERS NATURE |Vol 457 | 1 January 2009

64
 Macmillan Publishers Limited. All rights reserved©2009

Goodman et al. Nature, 2009

Note: This work 
came from the 
“‘AstroMed” project
am.iic.harvard.edu



“My Data”“Your Data”

“New Data”“Old Data”

WWT as API

3D PDF

W
W

T/ADS/SIMBAD/VAO

astrometry.net/flickr/WWT



Jim Gray (& Alex Szalay) had it right (in 2004)



Jim Gray (& Alex Szalay) had it right (in 2004)



How do we increase the fraction of astronomy 
researchers who know about these tools? 

User Groups
(CfA now has one)

+Suggestions?!



User Groups
(CfA now has one)



Want to hear more? Please see Gus Muench! 



How do we increase the number of people who 
create and interlink new tools?

Kiva model    proposed at MSR in semi-jest in 2009...

Now being implemented through VAO “Associates” 
and WWT Partners.



How do we organize such diverse tools, so as to 
make them interoperably useful?....

“SAMP” is a great technical start, but offers a very significant 
user interface challenge.



SAMP



Think about the “modules” needed to make this work...but do the 
details matter, to your research, if the system works seamlessly?

Intel Mac laptop

Mac OS X Windows 7

Browsers

WWT/Silverlight

Java

SAMP

Services (ADS, SIMBAD, etc.)

Common “Cloud” Databases

WWT/Direct X



Seamless Astronomy

Mockup based on work of Eli Bressert, excerpted from NASA AISRP proposal by
Goodman, Muench, Christian, Conti, Kurtz, Burke, Accomazzi, McGuinness, Hendler & Wong, 2008

Semantic 
Search

Data Viewer
(e.g. WWT)

Literature 
Viewer

Archive 
Browser

Info Viz for 
Search 
Results

3D
Viewer...

Sim-based 
Analytics



Toward this...
iG

oo
gl

e:
 “

A
 D

iv
er

si
ty

 o
f T

oo
ls

”



Fiction 
(but soon fact!)

Fact 
(right now)

http://www.cfa.harvard.edu/COMPLETE/data_html_pages/data.html
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Ongoing “ADS Labs”  Work: Rahul Davé, Alberto Accomazzi, Michael Kurtz, AG
Thanks to ADS (NASA)/VAO(NASA+NSF)/MSFT funding.

“Faceted Browsing”

Modular Functionality

Data Literature Objects

http://rahuldave.github.com/ontoads/why.html
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Article Markup via ADS will be similar to working Life Sciences Tool 
(thanks IIC!)

“Faceted Browsing”



Collaborative Astronomy (Connolly, Gibson, Krughoff, Sayers, Smith 2010)

Collaborative Astronomy at University of Washington

• Research in a Browser
– “iGoogle” for Astronomy

• Collections of simple atomic applications (gadgets)
• Users choose the view they want
• All gadgets can communicate with each other

– Customizable and sharable
• Users can build and share “mashups”
• Widgets are simple to create 
• Widgets call virtual observatory resources

– Efficient
• Communication is within the browser (fast)
• Built from javascript (standard)



Select Gadgets Rearrange based on your preference

Collaborative Astronomy (Connolly, Gibson, Krughoff, Sayers, Smith 2010)



All gadgets communicate through the data gadget

Query the SDSS based on viewport
and return the source overlaid on images

Name resolver and zoom to field 

Collaborative Astronomy (Connolly, Gibson, Krughoff, Sayers, Smith 2010)



Create, store and share multiple views of gadgets

Who a gadget talks to
Is chosen by the user
(grouping gadgets)  

Interaction allows selections to be shown on the viewport

Collaborative Astronomy (Connolly, Gibson, Krughoff, Sayers, Smith 2010)



Part 2
WorldWide 
Telescope 
Ambassadors 
Program

Alyssa Goodman
Harvard University Professor of Astronomy, 
WGBH Scholar-in-Residence, Microsoft Academic Partner

Annie Valva
WGBH Interactive, Director of Research & Development

Pat Udomprasert
WWT Program Coordinator
Pat Udomprasert



WWT Ambassadors
Who?  
Harvard/CfA, WGBH and Microsoft Research staff in 
collaboration with Volunteer Ambassadors

What?  
Future-leaning way to teach and learn STEM concepts 

Where? 
Public spaces and schools in a variety of regions

How?  
Use new WWT platform to give experts and learners 
access to the Universe



Where? ... and When?
Public spaces and schools in a variety of regions

Boston Area

Tucson, AZ;  Seattle, WA;  Appalachia;  Gainesville, FL;  Fairbanks, AK

Pilot 

Phase 1 candidates

Phase II: US-wide; Phase III: International

NSF Proposal for Phase 1 
being submitted May 2010 

Pilot (Winter/Spring 2010)
funded by “Academic 

Partnership” with MSFT 



www.cfa.harvard.edu/WWTAmbassadors/

To find out more...
Please see Pat Udomprasert, 

Sarah Block, Jeremy Cushman, 
Sana Sharma, me and the web 

and the wall outside this room...

http://www.cfa.harvard.edu/WWTAmbassadors/
http://www.cfa.harvard.edu/WWTAmbassadors/


What?  
Future-leaning way to teach and learn STEM concepts 

WWT Tours, 
including creation by 

Ambassadors & 
learners + hosting

Guided WWT 
Exploration

activities created by program 
staff & Ambassadors/teachers

[Demo]

http://www.youtube.com/watch?v=_DiJkv_TosQ
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Recruiting, Vetting, Coordination
WWT Ambassadors ProgramHow?  

Using new WWT 
platform to give experts 
and learners access to 
the Universe

data, 
literature, 

media 

WWT

hosted/
promoted by

In-school 
programs

WWT Tours

Community 
Presentations

Ambassadors

http://www.youtube.com/watch?v=_DiJkv_TosQ
http://www.youtube.com/watch?v=_DiJkv_TosQ


Clarke Middle School, Lexington, MA (WWT Ambassadors Pilot School)



“Why is one polar ice cap on Mars bigger than the other?”
– Clarke Middle School 6th Grader



Michelle Bartley interviews her 6th-grade science class about  WWT 
December 19, 2009 



“I never knew programs like this 
could even exist.  It’s just amazing.”

–Clarke Middle School 6th grade student

More quotes from Clarke 6th Graders 

“Learning about our Universe by actually seeing and exploring it makes it easier to contemplate 
and more fun.”

“You can explore the Universe yourself and you don't always have to only learn from the 
teacher.”

“It gave me a better mental map of the universe.”

(And of the 72 surveys we’ve collected, 71 are positive toward WWT Ambassadors.)



Spring 2010 Pilot Results
15 WWT Tours Created by groups of 4 to 5 students in 
4 sixth-grade Science Classes (of M. Bartley, Clarke MS)

Facilitated by 4 WWT Ambassadors: 1 Ph.D.  
Astrophysicist (Udomprasert); 1 Harvard Undergrad 
Physicist (Cushman); 1 retired Ph.D. Physicist (Post); 1 
planetarium-show writer (Becker)

Students, parents & teachers report creating WWT Tours is a 
better vehicle for learning than PPT presentations, papers

Unexpected finding: Tour creation is a non-threatening way to 
reveal students’ understanding/mis-understanding of concepts



Why?  
Increase STEM literacy in US now. 
Demonstrate cyberlearning’s value to the “Cone of Experience”

Edgar Dale, “Audio Visual 
Methods in Teaching”,1946-69



The Matrix

Tour: 
Dust & Us

Spatial Scale Time Gravity Chemistry Temperature

Planets

Stars

Galaxies

Gas

Exotica 
(Black Holes, 

etc.)

We’d need more 
astrophysicists as 
WWT Ambassadors 

to create STEM-
oriented Tours 

(hint, hint...
and we’ll help you!)



1:30::::::::::



http://simbad.u-strasbg.fr/simbad/sim-id?Ident=%25405278000&Name=%255bBFT2007%255d%2520749&submit=submit
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=%25405278000&Name=%255bBFT2007%255d%2520749&submit=submit
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=%25405278000&Name=%255bBFT2007%255d%2520749&submit=submit
http://cdsannotations.u-strasbg.fr/annotations/simbadObject/5278000
http://cdsannotations.u-strasbg.fr/annotations/simbadObject/5278000


http://www.skyalert.org/static/wwt.html

http://www.skyalert.org/static/wwt.html
http://www.skyalert.org/static/wwt.html


How best to work with NSF 
OCI, MPS/AST, EHR & CISE 
simultaneously?

Proposals/Phases

RAPID/EAGER?
Unsolicited?
Cyberlearning?
Other?

We are ready-to-go in 2010 on Phase 1.  
Phase II possible in 2011-12.


