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Stierneborg W.H. Keck Observatory
(Tycho Brahe, 1581) (1995+)

Galileo: 1610 Full-sky virtual astronomy: . 2024?



Large Synoptic Survey Telescope
Opening a Window of Discovery on the Dynamic Universe

These parts of the LSST system will produce
the deepest, widest, image of the Universe:

« 27-ft (8.4-m) mirror, the width of a singles tennis court
*+ 3200 megapixel camera

« Each image the size of 40 full moons

+ 37 billion stars and galaxies

* 10 year survey of the sky

10 million alerts, 1000 pairs of exposures,
15 Terabytes of data .. every night!
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VIEWPOINT

The World-Wide Telescope

Alexander Szalay,’ Jim Gray?

All astronomy data and literature will soon be online and accessible via the
Internet. The community is building the Virtual Observatory, an organi-
zation of this worldwide data into a coherent whole that can be accessed
by anyone, in any form, from anywhere. The resulting system will dra-
matically improve our ability to do multi-spectral and temporal studies
that integrate data from multiple instruments. The Virtual Observatory
data also provide a wonderful base for teaching astronomy, scientific

discovery, and computational science.

Many fields are now coping with a rapidly
mounting problem: how to organize, use, and
make sense of the enormous amounts of data
generated by today’s instruments and exper-
iments. The data should be accessible to sci-
entists and educators so that the gap between
cutting-edge research and education and pub-
lic knowledge is minimized and should be
presented in a form that will facilitate inte-
grative research. This problem is becoming
particularly acute in many fields, notably
genomics, neuroscience, and astrophysics.
The availability of the Internet is allowing
new ideas and concepts for data sharing and
use. Here we describe a plan to develop an
Internet data resource in astronomy to help
address this problem in which, because of the
nature of the data and analyses required of
them, the data remain widely distributed rath-
er than gathered in one or a few databases
(e.g., GenBank). This approach may be ap-
plicable to many other fields. OQur goal is to
make the Internet act as the world’s best
telescope—a World-Wide Telescope.

Today, there are many impressive ar-
chives painstakingly constructed from obser-
vations associated with an instrument. The
Hubble Space Telescope (HST) (I), the
Chandra X-Ray Observatory (2), the Sloan
Digital Sky Survey (SDSS) (3), the Two Mi-

'The Johns Hopkins University, Baltimore, MD 21218,
USA. ?Microsoft Bay Area Research Center, San Fran-
cisco, CA, USA.

www.sciencemag.org SCIENCE VOL 293 14 SEPTEMBER 2001

cron All Sky Survey (2MASS) (4), and the
Digitized Palomar Observatory Sky Survey
(DPOSS) (5) are examples of this. Each of
these archives is interesting in itself, but tem-
poral and multi-spectral studies require com-
bining data from multiple instruments. Fur-
thermore, yearly advances in electronics
bring new instruments, doubling the amount
of data we collect each year (Fig. 1). For
example, approximately a gigapixel is de-
ployed on all telescopes today, and new gi-
gapixel instruments are under construction. A
night’s observation requires a few hundred
gigabytes of memory. The processed data for
a single spectral band over the whole sky, a
few terabytes. It is impossible for each as-
tronomer to have a private copy of all the data
they use. Many of these new instruments are
being used for systematic surveys of our gal-
axy and of the distant universe. Together they
will give us an unprecedented catalog to
study the evolving universe, provided that the
data can be systematically studied in an inte-
grated fashion.

Online archives already contain raw and
derived astronomical observations of billions
of objects from both temporal and multi-
spectral surveys. Together, they house an or-
der of magnitude more data than any single
instrument. In addition, all the astronomy
literature is online and is cross-indexed with
the observations (6, 7).

Why is it necessary to study the sky in such
detail? Celestial objects radiate energy over an

extremely wide range of wavelengths from ra-
dio waves to infrared, optical to ultraviolet,
x-rays and even gamma rays. Each of these
observations carries important information
about the nature of the objects. The same phys-
ical object can appear to be totally different in
different wavebands (Fig. 2). A young spiral
galaxy appears as many concentrated “blobs,”
the so-called HII regions in the ultraviolet,
whereas in the optical it appears as smooth
spiral arms. A galaxy cluster can only be seen
as an aggregation of galaxies in the optical,
whereas x-ray observations show the hot and
diffuse gas between the galaxies.

The physical processes inside these ob-
jects can only be understood by combining
observations at several wavelengths. Today,
we already have large sky coverage in 10
spectral regions; soon we will have additional
data in at least five more bands. These will
reside in different archives, making their in-
tegration all the more complicated.

Raw astronomy data is complex. It can be
in the form of fluxes measured in finite size
pixels on the sky, spectra (flux as a function
of wavelength), individual photon events, or

0.
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Fig. 1. Telescope area doubles every 25 years,
whereas telescope CCD pixels double every 2
years. This rate seems to be accelerating. It
implies a yearly data doubling. Huge advances
in storage, computing, and communications
technologies have enabled the Internet and will
enable the Virtual Observatory.
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Pull requests

WorldWide Telescope

The known universe.

Repositories People 3

Filters ~

Issues Gist

A visualization environment that brings together imagery from the world's best ground- and space-based telescopes.

http://www.worldwidetelescope.org/

People

a doctorspaceman

WORLDWIDE TELESCOPE WAS MADE OPEN SOURCE BY
MICROSOFT RESEARCH AFTER 7 YEAR, $10M INVESTMENT

——

wwi-web-client

WWT Web Client lets you explore the universe in your browser!

Javi

Updated 13 days ago

wwt-windows-client
WorldWide Telescope Windows Application
Updated 17 days ago

wwt-home
This is the hub for all projects that are a part of WorldWide Telescope.

Updated on Oct 15

github.com/WorldWideTelescope

3 martinwoodwara ——

WorldWideTelescope / wwt-web-client ®Watch~ 25 A Star 65 YFork 15
<> Code Issues 46 Pull requests 2 Wiki Pulse Graphs
Branch: master ~  wwt-web-client / LICENSE.md Find file Copy path

& kfogel Clarify open source status. 44dab1f on Jun 11

1 contributor

22 lines (17 sloc) 1.06 KB Raw Blame History [0 » i

The MIT License (MIT)
Copyright (c) 2015 Microsoft Research

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated documentation
files (the "Software"), to deal in the Software without restriction, including without limitation the rights to use, copy, modify,
merge, publish, distribute, sublicense, and/or sell copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, INCLUDING BUT NOT
LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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WorldWide Telescope

A visualization environment that brings together imagery from the world's best ground- and space-based telescopes.

The known universe. http://www.worldwidetelescope.org/
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Q doctorspaceman
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Principal Architect
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A 5-minute video demonstration of this paper is available at this YouTube link.

1 Preamble

A variety of research on human cognition demonstrates that humans learn and communicate best when more
than one processing system (e.g. visual, auditory, touch) is used. And, related research also shows that, no
matter how technical the material, most humans also retain and process information best when they can put a
narrative *story" to it. So, when considering the future of scholarly communication, we should be careful not to do
blithely away with the linear narrative format that articles and books have followed for centuries: instead, we
should enrich it.

Much more than text is used to commuicate in Science. Figures, which include images, diagrams, graphs,
charts, and more, have enriched scholarly articles since the time of Galileo, and ever-growing volumes of data
underpin most scientific papers. When scientists communicate face-to-face, as in talks or small discussions,
these figures are often the focus of the conversation. In the best discussions, scientists have the ability to
manipulate the figures, and to access underlying data, in real-time, so as to test out various what-if scenarios,
and to explain findings more clearly. This short article explains—and shows with demonstrations—how
scholarly "papers" can morph into long-lasting rich records of scientific discourse, enriched with deep
data and code linkages, interactive figures, audio, video, and commenting.
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