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Effective visualization is the bridge between
quantitative information and human intuition

DE MOTI1B. STELLE MARTIS

not understand without images
Aristotle, De Memoria et Reminiscentia K& -

R % Man can
¥

|

You can observe a lot just by watching
Yogi Berra, an American philosopher \




Example: Visualizing Parameter Spaces

Measured or derived p

P1

hysical parameters of objects form a

multi-dimensional parameter space, with clustering,

correlations, outliers, etc.
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set of patterns, regularities, and correlations,

leading to their theoretical understanding b

However, the complexity of data sets and -
interesting, meaningful constructs in them is
starting to exceed the cognitive capacity of the

human braln
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Key Challenge: Visualizing Complexity

« Hyperdimensional structures (clusters, correlations, etc.)
are likely present in many complex data sets, whose
dimensionality is commonly in the range of D ~ 10% - 104,
and will surely grow

* It 1s not only the matter of data understanding, but also of
choosing the appropriate data mining '
algorithms, and interpreting the results

* We are biologically limited to perceiving
~ 3 - 12(?) dimensions

extract knowledge from them?

“A man has got to know his limitations 7




Immersive Data Visualization in
Virtual Spaces and High Dimensions _

S. G. Djorgovski (Caltech): ° =*

| With:
» Franz Sauer, Alex Cioc,

®  Elizabeth Lawler, Ciro

Donalek, Peppe Longo,
Matthew Graham,

Ashish Mahabal, and
various collaborators

MSR eScience 2012 Workshep, Chicago, Oct. 2012




Immerswe VR and the Emerglng 3D Web
iy and Virtual Worlds N

.
) _"_ = ‘p - :
mer| generaflon growing up

<
“... There 1s nothing more important to the long-term

health of the HPC industry than the 3D Web...”

AN

“... the 3D Web will be the technology driver
that revitalizes the HPC business model ...” )

We are exploring these emerging technologies for scientific
purposes, data visualization in particular



Immersive Data Visualization
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Quasars in a Color Parameter Space:
A Traditional Multi-2D Representation

Quasars (colored dots) project over the normal stars (black dots)
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Quasars in a Color Parameter Space:
An Immersive 3D Representation




Interactive Data Visualization

Experiments in Intel’s Data points linked to web resources
ScienceSim world

0 (34 http://cas.sdss.org/astrodr6/en/tool 1.y v | [

The Wild Frontier News - Google webmail Google Image Search Wikipedia Bing Welcome to Facebook

.l || SkyServer Object Explorer €3 l || SkyServer Object Explorer €3 l || SkyServer Object Explorer 3

m
L NN | | SDSS J094705.50+004204.0
SDSS

Type

RA,dec
Decimal Hexagesimal
GALAXY 146.77292149,0.70112893 09:47:05.5,+00:42:04.06 5888489009718888

_ ObjID
Explore Home

Search by
Objld Column names link to glossary entries. Move mouse over a column name to get its units.
Radec ||| mode PRIMARY

5-part SDSS
PlatoVUD.Fibor ||| Status  TARGET PRIMARY OK_STRIPE OK_SCANLINE PSEGMENT RESOLVED
SpecObjld OK_RUN GOOD SET
——— || flags  DEBLEND_NOPEAK STATIONARY MOVED BINNED1 NOPETRO
Summary NODEBLEND CHILD BLENDED
PhotoOb] PrimTarget TARGET_GALAXY

PhotoTag SecTarget

More -
Observations % 4 4 f ! z
Field 19.55 18.29 17.82 17.59 17.3¢
Frame err_u err g err r err_i err_2

PhotoZ

Neighbors 0.07 0.01 0.01 0.02 0.04
Finding chart run rerun  camcol field obj rowe co
NaV:glﬁ;‘; 756 44 5 207 181 2584 718
fiberMag _r petroMag_r devMag r expMag r psfMag 1
SpecObj 19.84 17.92 17.26 1782 20.15
Ag:::&:: extinction r petroRad r parentld nCt

A

SpecLinelndex . 0.42 7.084 588848900971888819 C



Data Browser Using Unity 3D

®eno Unity Web Player | test10

J Unity Web Player | test10 l + l
[ file:///Users/cirdok/Desktop/CaltechUnity/Webplayer/test10/test10.html f C ] { -'l' Google Q) S
[iz] Most Visited v [ ] Simiro v [ | Notizie v [ ] Astroinformatics v [_]Social v+ [ |Casa v [ _|CitSci v+ [ ] VAO v » [EJ Bookmarks ~

Unity Web Player | test10

| L
IP Address: 131.215.194.169

Disconnect I . Y Standalone Or

\-

Visualize g
R,

Web browser

Points

Set Number

URL of the data
set

Clear All
‘Blink'

Capsules

(A. Cioc, C. Donalek, 100,000 points plotted =
5.G. Djorgovski) in ~ 15 sec on a laptop

Cylinders

Cubes

Type Parameter Change Here Broadcast

Set




Data Browser Using Unity 3D
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| . Unity Web Player | test10
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Unity Web Player | test10
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Visualize
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Data Browser Using Unity 3D

O 6 Unity Web Player | test10
J 1 Unity Web Player | test10 |+ |
[ file:///Users/cirdok/Desktop/CaltechUnity/Webplayer/test10/test10.html f C Il -'l' Google O‘,) A
Most Visited » [_| Simiro v [_| Notizie v [ | Astrolnformatics v [ | Social v [ |Casa v [ _|CitSciv [ | VAO v~ » [EJ Bookmarks v

Unity Web Player | test10

) IP Address: 131.215.194.169
Disconnect

Visualize

Points

Set Number

URL of the data
set

Clear All

‘Blink'

Multi-user,
collaborative

Type Parameter Change Here




3D Interfaces
3D displays (multiple technologies)

Haptic interfaces (Kinect, Sixth Sense, ...)
to capture expressions, body language

Increasingly photorealistic avatars

Now driven by the games/movie industry,
but likely to become a standard interface
to the immersive/augmentative VR web
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Truly Immersive Virtual Reality




Summary

Visualization is a key need for discovery and understanding

The 3D Web 1s coming, and probably sooner than you think

Enabling technologies: 3D video, games, virtual worlds, haptic interfaces

3D, interactive, collaborative visualization is far more intuitive
than the traditional 2D approaches — greater insights?

Up to a dozen dimensions can be encoded effectively (more if
we add sonification to visualization)

<>That is still not enough for the hyperdimensional data spaces
that we are dealing with — a key limitation

Working tools already on the OpenSim/SL platform; Unity 3D
based, web-browser data visualization tool coming soon

Cost 1s very low (hardware); zero cost for virtual worlds



