
COSMIC DATA STORIES & GLUE PI
CENTER FOR ASTROPHYSICS | HARVARD & SMITHSONIAN

ALYSSA GOODMAN

AUGMENTED REALITY FOR EVERYONE



NOW60 YEARS AGO



The ultimate display would, of course, be a room within which the computer 
can control the existence of matter.A chair displayed in such a room would be 
good enough to sit in. Handcuffs displayed in such a room would be confining, 
and a bullet displayed in such a room would be fatal. With appropriate 
programming such a display could literally be the Wonderland into which 
Alice walked. 

1965 We live in a physical world whose properties we have come to know well 
through long familiarity. We sense an involvement with this physical world 
which gives us the ability to predict its properties well. For example, we can 
predict where objects will fall, how well-known shapes look from other angles, 
and how much force is required to push objects against friction. We lack 
corresponding familiarity with the forces on charged particles, forces in non-
uniform fields, the effects of nonprojective geometric transformations, and 
high-inertia, low friction motion. A display connected to a digital computer 
gives us a chance to gain familiarity with concepts not realizable in the 
physical world. It is a looking glass into a mathematical wonderland. 

Proceedings of the IFIP Congress

http://citeseer.ist.psu.edu/viewdoc/summary?doi=10.1.1.136.3720


TODAY’S TERMINOLOGY



HEAD-
MOUNTED 
DISPLAYS? 

(several thousand dollars for on-board computing as of 2021)



(using a smartphone, HMD’s can be nearly “free”)

$50$9

a smartphone

Using a phone is >100x less expensive!!

HEAD-
MOUNTED 
DISPLAYS? 



And who needs a headset?



target 

  cube

“MERGE” cube 
brand shown.



Miniverse Options Today

https://www.miniverse.io


2021: THE FIRST AUGMENTED REALITY FIGURES IN  
THE ASTROPHYSICAL JOURNAL (LETTERS)

Bialy S, Zucker C, Goodman A, Foley MM, Alves J, Semenov VA, Benjamin R, Leike R, Enßlin T (2021) The Per-Tau Shell: A Giant Star-forming Spherical Shell Revealed by 3D Dust Observations. The Astrophysical journal, 919:L5. https://doi.org/10.3847/2041-8213/ac1f95



In 3D
brought to you in 2021 by an international team of scientists from   
Center for Astrophysics | Harvard & Smithsonian, Harvard Radcliffe Institute, University of Vienna, University of 
Wisconsin, Max-Planck Institute, Ludwig Maximillian University, and technology from ESA, NASA, NSF and Delightex.


SUPERshell

Perseus-Taurus  
the

animation by Jasen Lux Chambers



IN YOUR BROWSER AT TINYURL.COM/UNIVERSE-IN-MY-HAND

IN 3D?
WANT TO EXPLORE THE PERSEUS-TAURUS
SUPERSHELL

OR IN AUGMENTED REALITY (KEEP WATCHING)…

http://tinyurl.com/universe-in-my-hand


To “hold the Universe in your Hand”…

1. OBTAIN A “MERGE CUBE”

AVAILABLE  ONLINE FOR $15 

2. FIND YOUR SMARTPHONE, AND OPEN THE CAMERA APP

3. FOCUS THE CAMERA AT THE   
_ “MERGE CUBE” QR CODE  

[DOWNLOAD COSPACES IF YOU DON’T HAVE IT YET. IT’S FREE.]

5. HOLD THE CUBE WHERE YOUR CAMERA CAN SEE IT

6. MOVE THE CUBE AROUND & ENJOY!

4. TAP THE MESSAGE TO “OPEN IN COSPACES”



To float the supershell on a flat surface…
1. FIND A FLAT SURFACE  
[YOU DON’T NEED THE PRINTOUT, THAT’S JUST FOR FUN]

2. FIND YOUR SMARTPHONE, AND OPEN THE CAMERA APP

3. FOCUS THE CAMERA AT THE   
_ “NO CUBE” QR CODE  

4. TAP THE MESSAGE TO “OPEN IN COSPACES”
[DOWNLOAD COSPACES IF YOU DON’T HAVE IT YET. IT’S FREE.]

5. TAP ON THE GRID OF DOTS ON THE SCREEN TO “PLACE” 
THE BUBBLE ABOVE THE SURFACE

6.WALK AROUND WHAT YOU SEE & ENJOY!
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MADE POSSIBLE BY…TECHNOLOGY FROMAR

*and extraordinary work by Dr. Catherine Zucker and our collaborators, especially at Delightex

*

not that hard, really!

click for glue 
website or intro 

video

http://glueviz.org
https://www.youtube.com/watch?v=qO3RQiRjWA4


standard data 
loaders

custom data 

loaders

standard 
1D, 2D & 3D


plots

custom 

plots

pl
ug

-in
Data 
File 2

Data 
File 1

Data 
File N

…

define new variables, import/
export insights, interactive plots 

for the web,

save state, all from GUIbu

ilt
-in

?

link data files’ 
attributes

highlight live or 
algorithmic selections


with Boolean logic

custom buttons, features

user config.py file

(loaders, colors, plot types, +)+o

pti
on

s

access to all matplotlib functions 
through built-in IPython terminal

run & interact with glue from  
Jupyter notebook & other tools

glueviz.org


http://glueviz.org


MADE POSSIBLE BY…TECHNOLOGY FROMAR

*and extraordinary work by Dr. Catherine Zucker and our collaborators, especially at Delightex

*

not that hard, really!

click for glue 
website or intro 

video

http://glueviz.org
https://www.youtube.com/watch?v=qO3RQiRjWA4


AR

*thanks again to Delightex, Dr. Catherine Zucker plus Prof. Arzu Çöltekin & her students Luca Fluri and Andreas Ambühl at Fachhochschule Nordwestschweiz


PROTOTYPE AUTOMATED OUTPUT FROM GLUE…*

VIDEO DEMO

https://www.youtube.com/watch?v=J9zeZGI7zJQ
https://gitlab.fhnw.ch/luca.fluri/21fs_iit02_glue_ar
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AR

*thanks again to Delightex, Dr. Catherine Zucker plus Prof. Arzu Çöltekin & her students Luca Fluri and Andreas Ambühl at Fachhochschule Nordwestschweiz
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Sorry, this interactive is embargoed  
for now, under review for  

Nature as Zucker et al. 2021.

LINKS FROM WITHIN 3D, 2D “BILLBOARDS”

ThingLink

+ any content

https://www.thinglink.com/scene/1506018831808593921
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Interactive_Figure1.html




AUGMENTED REALITY FOR SCIACT

https://science.nasa.gov/learners/science-activation-teams




FIND THE FULL 
SERIES ON 


 TINYURL.COM/
10QVIZVIDEOS

glue
multidimensional data exploration

http://tinyurl.com/10QVizVideos
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EXTRA SLIDES



 
“DATA, DIMENSIONS, DISPLAY” (MY PERSONAL QUEST)



d3po

Communication

Cognition

Da

Language*

Pictures

enabled by d3.js (ja
vascript) o

utputs

many thanks to Alberto Pepe, Josh Peek, Chris Beaumont, Tom 
Robitaille, Adrian Price-Whelan, Elizabeth Newton,  Michelle Borkin 

& Matteo Cantiello for making the PotF posible. 

WATCH a DEMO video, and find S/W links, 
on          YouTube at tinyurl.com/PotF-Demo


https://www.authorea.com/users/23/articles/8762-the-paper-of-the-future
https://www.authorea.com/users/23/articles/8762-the-paper-of-the-future
https://www.authorea.com/users/23/articles/8762-the-paper-of-the-future
https://tinyurl.com/PotF-Demo
https://tinyurl.com/PotF-Demo


try these at tinyurl.com/RadWave

 interactive 3D figure produced using glue & plot.ly; 
shown as screenshot

PUBLISHING’S INTERACTIVE CUTTING-EDGE & (AUGMENTED) FUTURE

a b gc d e f

open on 
mobile device 
using unique 

code

aim mobile at 
blank space in 

real world

hold Merge 
cube in free 

hand 

rotate 3D 
space by 

rotating cube

bring closer or 
farther to 

zoom in/out

use slider to 
scale view 
relative to 

cube

place on 
surface for 
hands-free 

viewing

Screenshots from demo (video) for Handheld AR Figure from an upcoming AAS Journal article 

AUGMENTED REALITY 
PROPOSED TO NSF 

11-2020

PUBLISHED IN 
NATURE 
1-2020


ALVES ET AL. 

(THE RADCLIFFE WAVE)

interactive 3D figure produced using glue & 
WorldWide Telescope, shown as 2D still

http://tinyurl.com/RadWave
https://www.nature.com/articles/s41586-019-1874-z


PUBLISHING’S INTERACTIVE CUTTING-EDGE & (AUGMENTED) FUTURE

scan this… …see this

AUGMENTED REALITY 
PROPOSED TO NSF 

11-2020

BIALY ET AL. 2021



PUBLISHING’S INTERACTIVE CUTTING-EDGE & (AUGMENTED) FUTURE

AUGMENTED REALITY 
PROPOSED TO NSF 

11-2020

DEMO DATA WILL APPEAR IN BIALY ET AL. 2021,  AR TECHNOLOGY WILL PREMIERE IN ZUCKER ET AL. 2021




