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Kawax

1.  Connectivity
2.  Software
3.  Grid Infrastructure
4. Human Capital
5.  IVOA
6. Policy for data usage
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• January 2013 to June 2015:

i.   ChiVO prototype

ii.  VO-compliant model for ALMA data

iii. Use cases specifically tailored to ALMA

Fondef:  Development of an Astro-Informatic 
Platform for Management and Intelligent 

Analisys of Large-scale Data



The International Virtual 
Observatory Alliance

http://www.ivoa.net/

ChiVO officially joined IVOA in 2013



VO Science

• From data search to data analysis:

• Finding images off the www using e.g. aladin 

• Searching catalogues, using e.g. topcat 

• Finding available data on a given sky position and 
retrieving it, e.g. cone search.

• Tools:   (massive) SED fitting, time series analysis, 
statistics ... 

• Variety of data kinds makes VO protocols particularly 
useful:   user does not need to focus efforts on data 
read/access, or on specific metadata.



The Spanish Virtual Observatory
http://svo.cab.inta-csic.es/main/index.php



ChiVO

From David Schade, chair of IVOA executive committee:



ALMA data

• Limited data in Early Science period (number of 
projects and range of observable parameter space)

• Delivery includes a (rich) variety of fits cubes.

• Spatial, frequency and polarization information are 
defining properties of ALMA data.



ALMA Archive query

https://almascience.nrao.edu/aq/

https://almascience.nrao.edu/aq/
https://almascience.nrao.edu/aq/


ALMA Archive query

Problems:    either too many rows (data ids, meaningless), or no information available



ALMA Archive query



ChiVO includes ALMA 
Archive query as VO

• Big effort both to design and implement

• Substantial effort to educate team

• Need communication with astronomers’ 
community, ALMA development teams, IVOA 
development teams



Use cases under development 
by Fondef

1.  Source finding, including spatial information 
and relations between sources.   

2.  Image stacking, as a potential method to study 
samples of objects.

3.  Emission line detection and characterization.

4. IA source morphological classification.



1.  Source Finding

Detect structures for different spatial scales in 2d-
images, generate catalogue for each spatial scale.     

Related to astronomical tools such as PSF photometry, 
sextractor, clumpfind, gaussclumps, dendrograms.

Initial wavelet-based development is fast and optimal 
for ALMA-like data. 

Thesis of Rodrigo Gregorio at UTFSM



Wavelet approach:



Wavelets: multiscale vision model

Stark & Murtagh (2006)



Wavelet approach:



Red = D1+D2

Green = D3+D4

Blue= D5+D6+D7 



Development:
1. Implement 2d wavelet+detection algorithm as stand-

alone, within CASA, within ChiVO.

2. Implement HPC and cloud computing solutions.

3. Explore other wavelet & detection algorithms.

4. Explore 1d and 3d algorithms; multi-wavelength solutions

5. Combine with other modules: imaging, statistics, …

6. Explore direct implementation from uv data



2.  Source Stacking

Put multiple images on top of each other

Related to 1-source statistics,  multiple-data per source, 
multiple-source distribution.

Thesis by Rodrigo Jara at U. de Santiago



Stacking:

Align

Scale

Rotate

De-project

Statistics



Development

Input a collection of 2d-images of the same “kind”

Trivial implementation for 3d-cubes

Extension to 1d datasets:    align & expand

Implement as stand-alone, within CASA, ChiVO

Implement HPC & Cloud solutions



3.  EMISSION LINE DETECTION 
AND CHARACTERIZATION

Detect multiple emission lines.

Characterize lines by intrinsic shape & origin.

Use data-mining and AI techniques.

Thesis of:   Andrés Riveros (PUC) 

Nicolás Miranda (U de Chile)

Alejandro Barrientos, Jorge Sepulveda (UTFSM)



Abundant Spectral Lines

Orion:  Schilke et al 2001



Abundant Spectral Lines

Complexities:

Shapes, velocity shifts, blending



Abundant Spectral Lines

Rich potentially unused information:  chemistry, kinematics, spatial distribution



Existing tools:   Splatalogue, Xclass, Cassis, Madcuba, …  use 
simple assumptions about e.g. line shapes, molecular 
abundances, gas temperatures

Proposed tools:   (i) Purely statistical descriptors of lines, (ii) 
Full Data Mining algorithm

i.  “Full” catalogue of line ids including Doppler shifts.

ii.  Automatic discovery of “correlations” between lines.

Abundant Spectral Lines



Use cases under development 
by Fondef

1.  Each tool is both tuned to ALMA data and is 
VO-complaint.

2.  Each tool is complementary to efforts elsewhere.

3.  Each tool is to have fully working prototypes 
within this year.

• But further (data) complexity can lead to years 
of future development.



Implementing ChiVO 

• Need dedicated computers and network in order to make 
it feasible.

• Project to implement archive computers at UTFSM 
funded by CASSACA (2014-2016)
• Comparable to ALMA ARCs in capabilities, start with 

~256 TB, goal of >1 PB
• Initial investment  ~US$1 million
• Goal: host 1-2 cycles of full alma data archive (500 TB/

yr), and permanent public reduced data products 
(1/100 of raw data).



Implementing ChiVO 

• Most likely solution: container at UTFSM in San 
Joaquin (Tier 2 data center).

• connectivity to NLHPC computers at the CMM 
and astro-PUC for further processing.

• Long term and multi-observatory data archive 
capabilities require a different large-scale national 
data-center    (Ibsen, Liello, Vera)



• Chilean astronomy:     large amount of data

• Enormous variety of data (and administration)
• Most chilean astronomers specialize in both of the above

• Big challenges in data access and preservation
• Large value added for historic data and/or long term 

projects

ChiVO and Chilean Astronomers:



• Example:   Orion A Vista survey
• 20 square degrees in JHK, 33 hours observed
• sensitivity to all stars and BDs 
• Final data is 3 images of ~16 GB each (multi-scale view)
• Careful data reduction achieved twice the angular 

resolution of the standard ESO pipeline
• Catalogue of ~10  million objects

• includes ~20.000 YSOs,  ~300 Spitzer protostars
• binaries, spatial distribution, galaxies 

• 3 PhD thesis projects (Vienna and UChile)

ChiVO and Chilean Astronomers:



Orion A
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ChiVO and Chilean Astronomers:

• Example:   VVV survey
• Galactic plane and galactic center: 500 square deg.
• Time domain: 200 nights, 5 years

• Reduced data is not available to the public: relies on ESO 
archives for long term access.



1.  Love your data and help others love it too
2.  Share your data online with permanent id
3.  Do science with data reuse in mind
4. Publish workflow as context
5.  Link data to publications
6. Publish your code 



10.



• Could incorporate local survey work:  Araucaria, SN, 
VVV, extrasolar planets, Atlasgal,  Hat-pi, ...

• Could serve as portal for LSST archives, Gemini data, 
CCAT, ...

• Could serve simulations community

• CANFAR:  Canadian Network For Astronomy Research 
is a good model for potential development.

ChiVO and Chilean Astronomers:



The Canadian Advanced Network For Astronomical Research 

www.canfar.net
Focus on cloud computing and high-speed network

Potential key role for NLHPC 
Niche for multidisciplinary efforts

http://www.canfar.net
http://www.canfar.net


• Access to ALMA archive   UTFSM
• IR data center                    PUC
• Time series tools                MAS          
• Apogee                                ULS
• Astrostatistics                    UV
• Cloud processing                NLHPC

ChiVO and Chilean Astronomers:

Examples of possible roles hosted by different institutions:



• Aims:  

• identify potential themes for long term programs

• find synergies between efforts of separate groups

• assess needed structures at the Chilean TACs that better 
accommodate large programs.

• Outcome: recommendations regarding the structures that are 
deemed necessary in the call for proposals to best accommodate 
the needs of the community regarding large/long term programs.

• cntac:   What do you want and what are you willing to give?  

• Proposal: large programs required to follow Alyssa’s 10 rules 



• By mid 2015 Fondef should turn ChiVO to the 
astronomy community.   Need to establish a board-like 
structure to ChiVO.

• All chileans welcome to participate in development, to 
contribute data, tools or ideas

• IVOA: meetings twice a year, welcome participants in 
working groups, email groups, newsletter, ...

ChiVO and Chilean Astronomers:



Summary:

• ChiVO will provide a working VO interface to public 
ALMA data within a year.   

• Opportunity to generate shared infrastructure 
associated with:

• Large and varied data

• Data Mining and analysis tools

• Science focus and efforts should be on ideas and not 
on how to implement them 


