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A 3-D trip inside a drawing, via computer graphics

Slip this display device on your head and you see a computer-
generated 3-D image of a room before your eyes. Move
your head and your perspective changes, just as though you

were actually inside the room. Architects could use the device . AI_YS SA G OO D MAN
- to draw buildings in three dimensions; realtors could use I TSNS N AP oy
to show buyers the interiors of homes without even 'caVng ' RS ona? (

the ofﬂqe. Dr. Ivan Sutherland, University of Utah, invented e w |C DATA STOR' ES & G I—U E Pl
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A 3-D trip inside a drawing, via computer graphics

Slip this display device on your head and you see a computer-
generated 3-D image of a room before your eyes. Move

your head and your perspective changes, just as though you
were actually inside the room. Architects could use the device
to draw buildings in three dimensions; realtors could use it

to show buyers the interiors of homes without even leaving
the office. Dr. lvan Sutherland, University of Utah, invented
the device, essentially a computer-graphics

version of the old stereoscope.




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,
informaton Procesing Techniqes and how much force is required to push objects against friction. We lack
Procaedings of the IFIP Congres 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.

1965

The Ultimate Display

Ivan E. Sutherland

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.



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

Fxtended Reality TODAY'S TERMINOLOGY
XR

Virtual Reality

The entire experience VR
spectrum from completely Mixed Rea”ty
virtual to completely real e
User is completely MR ,
immersed into a virtual Augmented Reality
environment
"Environment aware” 2D AR

or 3D content is overlaid
onto the physical space

"Non-environment aware” 2D
or 3D content is overlaid onto
the physical space

© Copyright 2019 Kinetic Vision
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Shop HoloLens 2 offerings

Purchase HoloLens 2 from Microsoft Store or an authorized HoloLens 2 reseller.

HoloLens 2 HololLens 2 Industrial Trimble XR10 with
Edition HoloLens 2
An ergonomic, untethered self- A HoloLens 2 that is designed and A hardhat-integrated HoloLens 2
contained holographic device with tested to support regulated that is purpose-built for personnel in
enterprise-ready applications to environments such as clean rooms dirty, loud, and safety-controlled
increase user accuracy and output. and hazardous locations. work site environments.

$3,500 $4,950 $5,199

(several thousand dollars for on-board computing as of 2021)
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Using a phone is >100x less expensive!!

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



Extended Reality
And who needs a headset?

Vil tudil | lUUIIL_y

The entire experience VR
spectrum from completely Mixed Rea”’[y
virtual to completely real e
User is completely MR .
immersed into a virtual s = Augmented Real |ty
environment
"Environment aware” 2D AR

or 3D content is overlaid
onto the physical space

"Non-environment aware” 2D
or 3D content is overlaid onto
the physical space

© Copyright 2019 Kinetic Vision



Augmented Reality
AR

"Non-environment aware” 2D
or 3D content is overlaid onto
the physical space
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Waking up in Space
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27 California Institute of Technology

SINI'S GRAND FINALE
APRIL - SEP"I'EMBER 2017
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Miniverse Options Today



https://www.miniverse.io

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

THE ASTROPHYSICAL JOURNAL LETTERS, 919:L5 (12pp), 2021 September 20 Bialy et al.
THE ASTROPHYSICAL

© 2021. The American Astrc ﬁw/ “side-on” view of Per-Tau Shell, Sun at left
TECH & SCIENCE -

A

The Per ~ Astronomers Discover Mysterious 500-Light-Year- L eet
Wide Void in Space: 'Absolutely Shocking' R -

. BY ROBERT LEA ON 9/22/21 AT 12:08 PM EDT 4 -  p,
Ce ' " erseus

Shmuel Bialy]

_—_
. T

White: n=5 cm-3 iso-surface

Color: n=25 cm-3 1so-surface

“side-on,” highlighting Taurus ring Orthogonal Slices through Per-Tau Shell center

5 oo® Lt ... - a xz plane at y=65 pc
A major iy 1 e Ry | 3 plane at y=65 ¢
(ISM). R . ' : '
highest-r
the well-
diameter
find a la
scenario
shell, wh
within it
estimate
phenome

stellar arn . i it r 7y o
Scan codes for AR views R o
Unified / ‘ ‘ , EEE  mentE

( 1 509) * E Figure 2. 3D views of the Per-Tau shell (for an interactive version® of this figure click here Y see Figure 5 for more static visualizations). Plotted are density iso-
’ ) . ' surfaces at levels n =5 cm~> (gray) and n = 25 cm ™~ (color), overlaid with our spherical-shell model, radius R, = 78 pc, distance from the Sun d = 218 pc. The
. n =25 cm™ surfaces are colored by distance from the Sun (blue-to-red). Top-left panel: view from the Sun (compare with Figure 1). Top-right panel: a side view of
S U ppo 1t the region. Perseus and Taurus and their diffuse envelopes are arranged on two opposing sides of the Per-Tau shell. Bottom-left panel: another side view emphasizing
the Tau Ring. The ellipse is the Tau Ring model (Appendix B). Bottom-right panel: 2D density slices along the xy, xz, yz planes. All planes intersect at shell’s center.

In all panels xyz are the Heliocentric Cartesian Galactic Coordinates.

Bialy S, Zucker C, Goodman A, Foley MM, Alves J, Semenov VA, Benjamin R, Leike R, EnBlin 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/ac1195
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brought to you in 2021 by an intéfhational team or sc:entlsts from .
Center for Astrophysics'| Harvard& Smithsonian, Harvard Radchffe Instittite, University of Vienna, Un:vérs:ty of
Wisconsin, Max-Planck Institute, Ludwig Maximillianr University} and technology from ESA, NASA; NSE and-Delightex.

anlmation by Jasen Lux,Ch&mbers



WANTTO EXPLORE THE PERSEUS-TAURUS
SUPERSHELL IN 3D?

INYOUR BROWSER ATTINYURL.COM/UNIVERSE-IN-MY-HAND OR IN AUGMENTED REALITY (KEEP WATCHING)...


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

TO “HOULD THE UNIVERSE IN YOUR HAND”...

1. OBTAIN A"MERGE CUBE"
AVAILABLE ONLINE FOR $15

Iy e " »

2. FIND YOUR SMARTPHONE, AND OPEN THE CAMERA APP

Merge Cube no cube

3. FOCUS THE CAMERA AT THE
"MERGE CUBE" QR CODE

Loading

4.TAP THE MESSAGE TO "OPEN IN COSPACES"
[DOWNLOAD COSPACES IF YOU DON'T HAVE ITYET. IT'S FREE.]

5.HOLD THE CUBE WHERE YOUR CAMERA CAN SEE IT
6. MOVE THE CUBE AROUND & ENJOY!



TO FLOAT THE SUPERSHELL ON N FUAT SURFANCE...
1. FIND A FLAT SURFACE

2. FIND YOUR SMARTPHONE, AND OPEN THE CAMERA APP .

Merge Cube no cube

3. FOCUS THE CAMERA AT THE
"NO CUBE"

Scan coa’es for augmentea’ realit 5)

4.TAP THE MESSAGE TO "OPEN IN COSPACES'

2% ol |
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S
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» ‘@“

- \-

~-'x

N
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5. TAP ON THE GRID OF DOTS ON THE SCREEN TO "PLACE" ‘ \
THE BUBBLE ABOVE THE SURFACE S —

"3 o
6 WALK AROUND WHATYOU SEE & ENJOY! L3 @ -



3R0OUGHT TO YOU IN 2021 3Y
CENTER FOR "ASTROPHYSICS

HARVARD & SMITHSONIAN

PRODUCER: ALYSSA GOODMAN
WRITER: NADIAWHITEHEAD
NARRATOR: CATHERINE ZUCKER
CONTRIBUTORS: CARTER EMMART, CATHERINE ZUCKER, SHMUEL BIALY, MICHAEL FOLEY
3D ANIMATION: JASEN LUX CHAMBERS

MADE POSSIBLE BY... TECHNOLOGY FROM SUPPORT FROM AND COLLABORATORS AT
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AR MADE POSSIBLE BY... TECHNOLOGY FROM ™

multidimensional data exploration l m

lue

9

oo
o
oo
[ ]
Open Session Export Session Import Data Export Data/Subsets @ Link Data x? Arithmetic attributes Active Subset: None/Create New { (the next selection will create a subset) & Terminal ﬁ Preferences Error Console
Data Collection Tab 1
Data 3D Scatter

. 3d_perseus_mask[HDU1]

. 3d_taurus_mask[HDU1]
3Ddust_Leike_n_5cm-3[HDU1]
3Ddust_Leike_n_25cm-3[HDU1]
3Ddust_Leike

PerTau_3d_model

Earth/Planet/Sky Viewer (WWT)

Plot Layers - 3D Scatter

v 3Ddust_Leike_n_5cm-3[HDU1]
v . 3d_taurus_mask[HDU1]

v . 3d_perseus_mask[HDU1]

v 3Ddust_Leike_n_25cm-3[HDU1]
v PerTau_3d_model

Size Color Errors Vectors

Fixed C 9

Dialog

Plot Options - 3D Scatter Choose the layer you want to add hover info to:

A
sEre Xs 2 3d_perseus_mask[HDU1]
. Choose component of the layer you want to appear in hover over:
min/max: -284 = | -100
Pixel Axis 0 [x]
stretch: 1.00
XS
y axis ys ] ys
. zs
min/max: -40 = 170 |
stretch: 1.00 b
TR . o
min/max: -176 2 30 Select None Select All
stretch: 1.00 Once you click on "Export" you will be prompted to choose the filename.
v Native aspect ratio Line Width 1 C Cancel m

Perspective Show axes

*and extraordinary work by Dr. Catherine Zucker and our collaborators, especially at | >xX delightex



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

multidimensional data exploration

-l-'fgglue

define new variables, import/
standard data export insights, interactive plots

loaders for the web,
save state, all from GUI

built-in

fink data fles’ highlighi live or
algorithmic selections

custom data with Boolean logic

loaders custom buttons, features

attributes

plug-in

R

P>y
N/ : :
Qﬁ" access fo all matplotlib functions '@

TPy through built-in [Python terminal

user config.py file

+options

(loaders, colors, plot types, +)

glueviz.org

standard
1D, 2D & 3D
plots

custom
plots

run & inferact with glue from

Jupyter notebook & other tools


http://glueviz.org

AR MADE POSSIBLE BY... TECHNOLOGY FROM ™

multidimensional data exploration l m

lue

9

oo
o
oo
[ ]
Open Session Export Session Import Data Export Data/Subsets @ Link Data x? Arithmetic attributes Active Subset: None/Create New { (the next selection will create a subset) & Terminal ﬁ Preferences Error Console
Data Collection Tab 1
Data 3D Scatter

. 3d_perseus_mask[HDU1]

. 3d_taurus_mask[HDU1]
3Ddust_Leike_n_5cm-3[HDU1]
3Ddust_Leike_n_25cm-3[HDU1]
3Ddust_Leike

PerTau_3d_model

Earth/Planet/Sky Viewer (WWT)

Plot Layers - 3D Scatter

v 3Ddust_Leike_n_5cm-3[HDU1]
v . 3d_taurus_mask[HDU1]

v . 3d_perseus_mask[HDU1]

v 3Ddust_Leike_n_25cm-3[HDU1]
v PerTau_3d_model

Size Color Errors Vectors

Fixed C 9

Dialog

Plot Options - 3D Scatter Choose the layer you want to add hover info to:

A
sEre Xs 2 3d_perseus_mask[HDU1]
. Choose component of the layer you want to appear in hover over:
min/max: -284 = | -100
Pixel Axis 0 [x]
stretch: 1.00
XS
y axis ys ] ys
. zs
min/max: -40 = 170 |
stretch: 1.00 b
TR . o
min/max: -176 2 30 Select None Select All
stretch: 1.00 Once you click on "Export" you will be prompted to choose the filename.
v Native aspect ratio Line Width 1 C Cancel m

Perspective Show axes

*and extraordinary work by Dr. Catherine Zucker and our collaborators, especially at | >xX delightex



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

AR PROTOTYPE AUTOMATED OUTPUT FROM GLUE...

n w Fachhochschule
Nordwestschweiz

Hochschule flr Technik
Studierendenprojekte im Studiengang Informatik

Startseite
Glue Space in 3D: Immersive Analytics Module for a Python Based Visual Analytics Software
CoSpaces
Repository R Y Y.
h>glue
>
. ™

Select layers:

sssssssssssssssssssssssss

Apply gaussian filter
Smoothing iteration count:

VIDEO DEMO
*thanks again to Delightex, Dr. Catherine Zucker plus Prof. Arzu Coltekin & her students Luca Fluri and Andreas Ambhl at Fachhochschule Nordwestschweiz



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

@ Open Session i3 Export Session
Data Collection

Data
. perseus_3d_cutout

. taurus_3d_cutout
Subsets
Subset 1

Subset 2

Plot Layers - 3D Volume Rendering

v Subset 2 (perseus_3d_cutout)
Subset 1 (taurus_3d_cutout)
Subset 1 (perseus_3d_cutout)
v | taurus_3d_cutout

v | perseus_3d_cutout

Import Data

AR PROTOTYPE AUTOMATED OUTPUT FROM GLUE.. .*

B Export Data/Subsets

@) LinkData  x* Arithmetic attributes Active Subset:

3D Volume Rendering

None/Create New 5~

(the next selection will create a subset)

Tab 1

B .0 ® ¢ % @ O 5 &

File Settings Help

- = 1Selectlayers:
i
® o/ perseus_3d_cutout

v/ taurus_3d_cutout

1eb

I8 Terminal

1D Histogram

£¥ Preferences

1.2

&% Glue AR

Change existing room

https://edu.cospaces.io/BWB-QRK

Create new room

Error Console

Attribute:  PRIMARY o v perseus_ “ Change existing room
taurus_3
Limits: 25 77.9865 - ;
el V) PorsSins Enter link or ID of CoSpace Room: https://edu.cospaces.io/BWB-QRKk|

Plot Options - 3D Volume Rendering Title of CoSpace Room: Glue-AR demo

X axis Pixel Axis 2 [x] S Description: Glue-AR demo room
min/max: 18.1609 2 109.839
Cancel
stretch: 1.00
y axis Pixel Axis 1 [y] < 1 4 + taurus_3d_cutout Isosurface level: 25.00 S J_
min/max: 14.8338 2 90.1662
H : i Help with settings

stretch: 1.00 80 - Ill Smoothing settings
z axis Pixel Axis 0 [z] * o I' v Apply gaussian filter

© 60 | Smoothing iteration count: 0 :
min/max: 12.5192 2 76.4808 L I

e

1.00 < %1 |

stretch: ! —_ '

] - Q E

A X 504 == X204 88
reference: perseus_3d_cutout 4~ a E o -
B 3
. - )
resolution: 256 v 04— p= . : i : o L= : | T | : :
Native aspect ratio 0 20 40 60 80 0 20 40 60 80 100 120 140
Perspective v Show axes PRIMARY PRIMARY

.4 Nnuwneamnla whan nanninn

VIDEQ DEMO

*thanks again to Delightex, Dr. Catherine Zucker plus Prof. Arzu Coltekin & her students Luca Fluri and Andreas Ambhl at Fachhochschule Nordwestschweiz
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A+: AMERICAN ASTRONOMICAL SOCIETY
Distance from camera to focus: 2.587832 AU
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https://www.thinglink.com/scene/1506018831808593921
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Interactive_Figure1.html
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AUGMENTED REALITY FOR SCIACT


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

Some quick thoughts on what you'd like to do now with AR & SciAct...

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app




SEEING MORE OF THE UNIVERSE (€=

FIND THE FULL
SERIES ON

Tube

TINYURL.COM/
10QVIZVIDEOS


http://tinyurl.com/10QVizVideos

B

A 3-D trip inside a drawing, via computer graphics

Slip this display device on your head and you see a computer-
generated 3-D image of a room before your eyes. Move
your head and your perspective changes, just as though you

were actually inside the room. Architects could use the device . AI_YS SA G OO D MAN
- to draw buildings in three dimensions; realtors could use I TSNS N AP oy
to show buyers the interiors of homes without even 'caVng ' RS ona? (

the ofﬂqe. Dr. Ivan Sutherland, University of Utah, invented e w |C DATA STOR' ES & G I—U E Pl

the Qewce, essentially a computer-graphics

version of the old stereoscope. . R ASTROP Yrs ‘ HARVARD & SMITHSON'AN



Some quick thoughts on what you'd like to do now with AR & SciAct...

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app




EXTRA SLIDES



"DATA, DIMENSIONS, DISPLAY" (MY PERSONAL QUEST)




multidimensional data exploration

Aulthorea Beta @ HELP  EXPLORE .

Document ¥ Format v Insert ﬁ v saved o share &

The "Paper" of the Future

Authorea preprint  02/21/2017 DOI: 10.22541/au.148769949.92783646

Alyssa Goodman (Harvard University)

Josh Peek (Space Telescope Science Institute)

Alberto Accomazzi (Harvard-Smithsonian Center for Astrophysics (CFA))
Chris Beaumont (Harvard-Smithsonian Center for Astrophysics (CFA))
Christine L. Borgman (UCLA - University of California, Los Angeles )
Hope How-Huan Chen (Harvard University)

Merce Crosas (Harvard University)

Christopher Erdmann (North Carolina State University)

00>009000

And 3 more...

Add Collaborator Manage

d3po is a project designed to allow an astronomer (or an} -
interactive, publication-quality figure that has staged buii \ e &8 1 Preamble
can be previewed at d3po.org, and represents a figure fro* : . o
figure describes how metalicity affects color in cool stars,
dragging in the scatter plots to understand the power of lin

A 5-minute video demonstration of this paper is available at this YouTube link.

Avariety 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
Right now we are in search of alpha testers, who have figure y ' i \, : v - it. So, when considering the future of scholarly communication, we should be careful not to do blithely away with the

their hands a little dirty (No javascript skills needed). In futur ; IR S : i linear narrative format that articles and books have followed for centuries: instead, we should enrich it.
figures interactively. We are also exploring implementation ot

version expected in January 2014.
P v 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
. 3 the focus of the conversation. In the best discussions, scientists have the ability to manipulate the figures, and to
git clone git@github.com:adrn/d3po.git > L < e <7 v 2 s Y o Lk access underlying data, in real-time, so as to test out various what-if scenarios, and to explain findings more clearly.
& :3"‘1’ " . - This short article explains—and shows with demonstrations—how scholarly "papers" can morph into long-
virtualenv --no-site-packages venv . . . . . . ) ) ) . . 3
N Dy A - ; y : » lasting rich records of scientific discourse, enriched with deep data and code linkages, interactive figures, audio,
pip install -r pip-requirements.txt > . _9 . video, and commenting.

python run.py

Installing your own d3po server

Cognition
Paper of
the Future

Language™
Data Pictures

Communication

“Language includes words & math
Fig. 1
The Paper of the Future should include seamless linkages amongst data, pictures, and language, where "language”
includes both words and math. When an individual attempts to understand each of these kinds of information, different
cognitive functions are utilized: communication is inefficient if the channel is restricted primarily to language, without
easy interconnection to data and pictures.

WATCH a DEMO video, and find S/W links,
MO e e on@ YouTube ¢ tinvurl.com/PotE-Demo

Four Centuries of Ekjgsovery A Chasm in Mass | Little Siblings | Close Cousins | The Strangers

W many thanks to Alberto Pepe, Josh Peek, Chris Beaumont, lom

After Galileo discovered the first four moons of Jupiter, it took nearly three hundred years to discover the next one. o ‘ . . ' ‘
Robitaille, Adrian Price-Whelan, Elizabeth Newton, Michelle Borkin
& Matteo Cantiello for making the PotF posible.
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To learabout the Radchﬁfe Wave:
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11-2020 i This interactive 3D visualization of the Radcliffe Wave is available in the online version of the published Nature article. It was built using the
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FIG. 1.— Density n =5 cm™ iso-surfaces in the Perseus-Taurus region as derived from 3D-dust extinction observations. The coordinates are the 3D galactic
x —y—z coordinates (see footnote 1). Overlaid is our spherical shell model (Eq. 5). The positions of Perseus and Taurus and the sun are indicated.

It is useful to express the results in terms of gas density.
We first derive a conversion factor which we use to convert
the reported dust opacity density s, into gas Hydrogen nuclei
particle density n (units: cm™). The gas column density and
dust extinction are related through the wavelength-dependent
extinction curve, A, /Ny, where A, is the dust extinction at
wavelength A and Ny is the H nuclei column density. For the
Gaia G-band, A = 673 nm (central wavelength), Ag /Ny =4 x
10?2 mag cm? (reference XXX). In terms of the dust opacity
1G/Ni = 3.7 x 10722 cm?. Following the definition of s, we
get

rc)_l AL 2

Nu) pe
Dividing by AL we obtain the gas density (averaged over the
1 pc? resolution element):

nzééizwo&cm4. (3)

e

ANy = sy (

tion of the 3D position, (x,y,z).

The gas density obtained via Eq. (3) is approximate as it
includes several approximations. First, it assumes an extinc-
tion curve A, /Ny that is independent of position. In practice,
there may be variations in the dust properties which result in
deviation from the canonical extinction curve. Second, it in-
cludes uncertainties involved in the derivation of the origi-
nal 3D dust map of ?, e.g., their assumptions on the priors,
etc. (see ? for more details XXX). The derived densities are
accurate probably to within a factor of 2-3. With these uncer-
tainties in mind, we note that this is a unique opportunity to
explore observationally the 3D density structure of the ISM in
the solar neighborhood.

3.2. Characterizing the shell profile

Radially-averaged mean density: In §4 we explore the
3D density structure in the Perseus-Taurus region, and dis-
cuss a large 3D-shell structure, extending from the Taurus
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