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3500 years of Observing

Ptolemy in Alexandria, 100 AD

Stonehenge, 1500 BC Galileo, 1600

Observatory Tower,  
Lincolnshire, UK, c. 1300

Reber’s Radio  
Telescope, 1937

Long-distance  
remote-control/ 

“robotic” 
telescopes

1990s

NASA/Explorer 7 
(Space-based  
Observing)

1959

“The Internet”

The “Scientific Revolution”

21st Century 
Virtual Observatories
& Online Astronomy
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visual + data-rich + open

Sloan Digital Sky Survey, est. 1998

WorldWide Telescope, est. 2008

Jim Gray 1944-2007(?)



CT

MRI

Chang, et al. 2011, brain.oxfordjournals.org/content/134/12/3632

CT/MRI  
 composite

SPECT

chandra.harvard.edu/photo/2014/m106/

X-rayComposite

Optical Radio

“Astronomical Medicine”

http://brain.oxfordjournals.org/content/134/12/3632
http://chandra.harvard.edu/photo/2014/m106/


“Keith” “Perseus”

“z” is depth into head “z” is line-of-sight velocity

Astronomical Medicine



 

mm peak (Enoch et al. 2006)

sub-mm peak (Hatchell
et al. 2005, Kirk et al. 2006)

13CO (Ridge et al. 2006)

mid-IR IRAC composite 
from c2d data (Foster, 
Laakso, Ridge, et al.)

Optical image (Barnard 1927)

Astronomical Medicine



3D Viz made with VolView
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Linked Views of High-dimensional Data

figure, by M. Borkin, reproduced from Goodman 2012, “Principles of High-Dimensional Data Visualization in Astronomy”

John Tukey

http://adsabs.harvard.edu/abs/2012AN....333..505G
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Linked Views of High-dimensional Data (in Python)
glue

multidimensional data exploration

video by Tom Robitaille, lead glue developer 
glue created by: C. Beaumont,  M. Borkin,  P. Qian, T. Robitaille, and A. Goodman, PI 
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video by Chris Beaumont, glue developer 
glue created by: C. Beaumont,  M. Borkin,  P. Qian, T. Robitaille, and A. Goodman, PI 
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1D: Columns = “Spectra”, “SEDs” or “Time Series” (x-y Graphs) 
2D: Faces or Slices = “Images” 
3D: Volumes = “3D Renderings”, “2D Movies” 
4D: Time Series of Volumes = “3D Movies”

1D
2D
3D
4D

Data-dimensions-display

explaining to astronomers
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2017  
“The Bone Wars”  

(& glue) 



WWT Integration
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WWT Integration



engaging a broad community



Tracking Planes (GIS Tools)



Customization for Breadth glue
multidimensional data exploration



Jupyter Labs glue “on the web”



CODAP

Common Online Data Analysis Platform (CODAP), from Concord Consortium

 Linked views & Data Science for grades 6-14

web & outreach

https://codap.concord.org


Remote data Access++ “BIG” Data
+data abstraction layer 
+replace matplotlib with OpenGL-backed 3D viewer 
+data shaders



The challenge of  
3D Selection

3D selection
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