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The growing volume of Astronomical data

e Gaia - 1 billion - Spectrophotmetry, parallaxes, proper
motions, radial velocities, time series

e SPDSS - ~2 billions, mostly extra gal. ~750.000 MW
spectra. Optical/NIR

o | SST - FL

ture - Optical/NIR

e PanSTAR

RS - Interesting releases in the future. Optical

¢ IPHAS - 219 million, R,I, Ha

* VAV - Mill

« How can

ons. NIR, Inner MW

we deal with all these (big) data?



“Humans are above all visual beings (...)

Neural substrates serving the visual sensg, (...)
occupy an astonishing 30 to 40 percent of the
cerebral cortex’ total surface area.”

Dr. A. Bartels, MPI Bio. Cyb.

t Is thus natural that visual insight Is a starting
noint and even the guiding reference for
scientific thought.




Challenges in visual exploitation of Big Data

¢ Physical size of the archives: Hardware resources,
including bandwidth: data servers [take the programs
to the datal

¢ Interactivity. Exploration is interactive -> responsive

¢ Analytics: [00 many data to represent and too many
high-dimensional™ interrelations: Data stunning!




Challenges in visual exploitation of Big Data

 Visualisation and analysis challenges == Data
stunning (Confusion)

[Vabs

(a) Regular visualization (b) Simple magnification (c) Fish-eye distortion

Adopt new habits in data visualisation. Presets.



Challenges in visual exploitation of Big Data

e \/isualisation and analysis challenges

Habits !!
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Comparison of colour maps. From left to right, cool-warm, rainbow, grayscale,
heated body, isoluminant, and blue-yellow. And from top to bottom, representations
showing spatial contrast, a low-frequency, high-frequency noise, approximation of
how the colour map is viewed deuteranope colour-deficient vision and its effect in 3D
shading. From Moreland, 2009.




So we want facilities that

e are up to the technical challenges

e provides the necessary functionalities (for data
analysis)

e are preset for Big Data exploration



What’s available

e A |ot of visualisation libraries

® [t's In fashion!

Check, e.qg. http://selection

c @

(@ selection.datavisualization.ch v

e ﬁl Q_ search +oln

+ DATAVISUALIZATION.CH

Arbor.js

A library of force-directed layout
algorithms plus abstractions for graph
organization and refresh handling.

ColorBrewer

A web tool for selecting colors for
maps.

Berlin, Germany

Leadon, UK

Sunayvale, CA, USA

Data.js

A data representation framework
providing a uniform interface to
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CartoDB Chroma.js Circos Cola.js

A web service for mapping, analyzing
and building applications with data.

Interactive color space explorer that
allows to preview a set of linear

A software package for visualizing
data in a circular layout.

A library for arranging networks using
constraint-based optimization

interpolated equidistant colors. techniques.
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Cubism.js Cytoscape D3.js Dance.js

A library for creating interactive time
series and horizon graphs based on
D3.js

An application for visualizing complex
networks and integrating these with
any type of attribute data.

An small, flexible and efficient library
to create and manipulate interactive
documents based on data.

A simple data-driven visualization
framework based on Data.js and
Underscore.js

@ httpz//square.github.com/cubism/

Transform Script Import Ex,

Split data repeatedly on newline into
rows

Split split repeatedly on ',

v

Promote row O to header

Text  Columns  Rows Table cid

DataWrangler Degrafa

Envision.js

Flare

An interactive web application for data
cleaning and transformation.

A powerful declarative graphics
framework for rich user interfaces,

Alibrary for creating fast, dynamic and
interactive time series visualizations.

A set of software tools for creating rich
interactive data visualizations in

.datavisualization.ch/



Visualization Frameworks, Toolkits, Systems

Google D3.js
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Visualization Frameworks, Toolkits, Systems (cont.)
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Visualization Frameworks, Toolkits, Systems (cont.)
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Gaia interactive visualisation portal

® O ®  5cacs viewer X

&« Cc https://gaia.esac.esa.int/gdr 1visapp/#

+ EUROPEAN SPACE AGENCY ' ABOUT ESAC '

gaia archive visualization

New window <

& Regions ~ Q % x

\ Galactic Coordinates /
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r . 3,000,000

7 2,500,000

)

s

g * l 2,000,000

.E z

; Lk 1,500,000

j e

4 4 |

g 1,000,000

- 500,000

2 & |

g 0 L : &

S GO VUV GO — - O —— 0 2 r . © 10 12
05 00 05 10 15 20 25 30 a5 photGMeanMag (Magnitudeimag])

G - Ks (Magnitude{mag])

Fork . researcr http://gea.esac.esa.int/visualization/index.html


http://gea.esac.esa.int/visualization/index.html

Gaia interactive visualisation portal -

Deployment

e CPU: Intel(R) Xeon(R) E5-2670 v3 @ 2.30GHz, 16 cores;
e memory: 64 gigabytes;

e storage: 3 1B SSD;

e application server: Apache Tomcat 8;

e Java version: 1.8.

Scalable: (at 19:00 CEST, Sep 14, 2016 - DR1 day)
e Single accesses: 4286

e Accesses to help: 173

e Histograms: 145

e Scatter plots: 5650

e Scatter plot tiles: 1557153



Data Release 1
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September 14, 2016
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~1 100 000 000 objects
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Edigao n.: 765 | 20 de outubro de 2016
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lancamento de um mapa tri-

dimensional da nossa gala-

xia através da informacao
recolhida pela missao Gaia con-
tou com a participacao de mais de
20 investigadores portugue-
ses das Universidades de
Lisboa, Nova, Coimbra e
Porto, bem como em-
presas lusas, como a
Deimos, Skysoft e Lu-
sospace. Para André
Moitinho de Almeida,
presidente da Sociedade
Portuguesa de Astronomia,
esta dado o primeiro passo para
conhecer as profundezas e a his-
toria das estrelas.
Como é o mapa que ajudaram a
desenvolver da Via Lactea?
E um mapa do niimero de estrelas

observadas pelo satélite durante
0s primeiros 14 meses de opera-
¢ao. A missao durara cinco anos,

mas ja se veem aglomerados de es-
trelas, galaxias a serem canibaliza-
das pela Via Lactea, nuvens de
poeira e muitas outras estruturas.

Mapa da Via Lactea ‘made in’ Portugal

Podemos consultar este maj
Para além da imagem do 1
que foi difundida, foi criada
plataforma online para exy
0 mapa de uma forma int
va. Al, pode-se fazer :
até as estrelas e exy
o conteudo do c:
go de mais de
milhdes de est
tudo em: gea.
esa.int/visualiza
index.html
Qual é o objetivor
turo?

Com este tipo de explo)
mais detalhada poder-se-a a
as questoes que levaram a
trucao da missao Gaia: Com
ciona a nossa galaxi, como s
mou e como esta a evoluir?






Gaia source
density and
luminous flux
representations:

complementary
views or stories

more stories out
there

Part of making
the richness of
the archive
intelligible



Data Release 2
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During this presentation

- about 1 million stars were measured by Gaia,
- roughly 10 million astrometric measurements were taken,

- about 300,000 spectra were taken for 100,000 stars



Demo film backup plan



Gaia interactive visualisation portal

ece & GACS Viewer X

&« Cc https://gaia.esac.esa.int/gdr 1visapp/#

+ EUROPEAN SPACE AGENCY ' ABOUT ESAC '

gaia archive visualization

New window <
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http://gea.esac.esa.int/visualization/index.html

Gaia interactive visualisation portal
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b (Angle[deq])

b (Angle[deg])

Gaia interactive visualisation portal - Regions

Regions ~ Q % x
Polygon . _ File || View || Zoom || Scale || Color || Region | WCS || Analysis || Help |
Galactic Coordinates Regions:
Rectangle value(47.900) physical(246.000, 440.000) g ’ +15:36:00.000)
annulus
Edit Region —
Save Regions circle
i i
Load Regions aSpae
line
ADQL point
-30 R polygon
text
load regions
40 save regions
2 list regions
0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 .
delete regions
| (Angle[deg]) list on change
xeq on change
Regions ~ Q

Galactic Coordinates

40 50 80 70 -80 90

60 50 40 3 20 10 0 10 -20 30
| {Angle[deg])

110 100 90 80 70




Gaia interactive visualisation portal - integrated archive service

## Regions ~ Q @ x

Galactic Coordinates

ADQL - Galactic Coordinates

Simple ADQL
u u
-COANSFONTIcRS st visual queries
POLYGON('ICRS', -8.964843398429698, 16.36510923556458, -8.679198867891582,

16.211316338648565, -8.745116836477301, 15.574174337139347,
-9.382323866139252, 15.50826309560391, -9.536132459505929,
15.881760130971383, -9.316405897553533, 16.211316338648565))

b (Angle[deq])

Copy to Clipboard

gaia archive

HOME p-i7.\H4, 8 STATISTICS VISUALIZATION HELP DOCUMENTATION

g g * < Job name: Query examples

© Gaia Data Release 1 1 SELECT * FROM gaiadrl.gaia_source WHERE 1=CONTAINS(POINT('ICRS',gaiadrl.gaia_source.l,gaiadrl.gaia source.b),
POLYGON('ICRS', -B.964843398429698, 16.36510923556458, -8.679198867891582, 16.211316338648565, -8.745116836477301,
15.574174337139347, -9.382323866139252, 15.50826309560391, -9.536132459505929, 15.881760130971383,
-9.316405897553533, 16.211316338648565))

" gaiadri.aliwise_best_neighbour
" gaiadri.allwise_neighbourhood

i gaiadri.aliwise_original_valid

" galadri.aux_qso_icrf2_match
”
| gaiadr1.cepheid €, Submit Query

C] gaiadri.ext_phot_zero_point

" gaiadr1.gaia_source

) Status Job v Creation date Num. rows Size
" gaiadr1.gsc23_best_neighbour —
7/ 147806571 -Nov-2016, 05:48: 1 M S = O [E
i ceiakt 0sc23 nekiiboutond 0 80657160940 02-Nov-2016, 05:48:36 50419 9 MB B e = ®
* galadr1.gsc23_original_valid
|| gaiadr1.phot_variable_time_seri P > @ . . .
1-10f1 Apply jobs filter | Filter this session Select all jobs (] Delete selected jobs

C] gaiadr1.phot_variable_time_seri

COPYRIGHT 2000 - 2016 © EUROPEAN SPACE AGENCY. ALL RIGHTS RESERVED. (v1.1.0)




Gaia interactive visualisation portal

- integration with Gaia archive
- CDS services: simbad, sesame name resolver

e Regions ~ Q @ x

Galactic Coordinates

27 B
Search in GACS

Source-ID: 6050421692321922176

21} -7.3617387964307, 19.45676086743573

Query around D arc min Simbad GACS

b (Angle[deq])

@) Portal Simbad VizieR Aladin X-Match Other Help

coord 352.6382612035693 19.45676086743573 (GAL, J2000, 2000.0), radius: 10 arcmin

-7

I (Angle
other query Identifier Coordinate Criteria Reference Basic Script TAP Output Help
modes : query query query query query submission options
Query : coord 352.6382612035693 19.45676086743573 (GAL, J2000, 2000.0), radius: 10 arcmin C.D.S. - SIMBADA4 r¢

Number of rows : 152 & Plot ‘

Show 100  -|entries
v Identifier dist(asec) | Otype (JI%E)%) (Jlgcé})j)) Moo Mee | M9 | M9 | Mp | ¢
1 | [MMP2009] M8 13787 29.35 HB* 161659111 22595345 | 18.056 18.261 ~
2 | [MMP2009] M80 14201 39.54 HB* 161657762  -225937.14 17.727 17.898 ~
3 | CXOUJ161659.8-225031 | 53.79 X 161659.88  -225931.1 ~
4 | CXOUJ161655.5-225925 | 59.56 X 16165558 -225925.7 ~
5 | CXOUJ161702.0-230033 | 60.76 X 161702.05  -230033.0 ~



ala Interactive visualisation portal

- integration with Gaia archive
- CDS services: sesame name resolver - and vice versa!l

o3 Regions ~ Q % x

Galactic Coordinates m33]

b (Angle[deq])

Regions ~ Q %

Galactic Coordinates

I (Angle[d

-31.2

-31.4

b (Angle[deq))

134.0 133.8 133.6 . 133.0 132.8
I (Angle[deg])




Gaia interactive visualisation portal

integration with external applications - DS9/JS9 and Aladin
- provide HiPS and fits maps

- regions

- panel with web versions In visualisation portal

(File | View | Zoom | Scale | Color | Region | WCS | Analysis | Help |

value(10.205) physical(1119.000, 633.000) galactic(+312:48:00.000, -67:12:00.000)




