
PI. Lourdes Verdes-Montenegro 
PM. Juande Santander-Vela

Support: Julián Garrido 
(Instituto de Astrofísica de Andalucía-CSIC)

Spanish technological participation in the Square 
Kilometer Array (SKA) design: VIA-SKA project

Feasibility study of the Spanish Technological Participation in the SKA

(Subprograma Actuaciones Infraestructuras Científicas Internacionales)

Encuentro RIA-AstroMadrid, 25-27 Sept 2013



OUTLINE

- Quick overview of SKA

- Technological Challenges 
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WHAT WILL SKA BE?

A revolutionary radio telescope made of 1000s of receivers

Linked together across an area the size of a continent. 

Total combined collecting area: 1 KM2 

SKA, a Green ICT machine 

cf. D. Barbosa



•HISTORY OF ATOMIC GAS (HI): 

REONIZATION - TODAY

•ORIGIN & EVOLUTION OF COSMIC 
MAGNETISM

•PROTOPLANETARY DISKS

•GRAVITY TEST 

-Detailed picture of structure 
formation 

-Most HI in galaxies: z=7

Discovery of 

-2000 (SKA1) pulsars

-10.000 - 20.000 (SKA2) pulsars

-High precision timing

-Arms of gravitational wave 

detector

-Imaging of thermal emission 
in inner regions of disks

-Spectroscopy to map out the 
distribution of complex 
organic molecules 

-Origin and evolution

-Effect on star and galaxy 
formation 

-Hierarchical distribution 

WHAT FOR? KEY SCIENCE



HISTORY OF HI: LOCAL UNIVERSE

SKA1: Dishes   SKA2: AIP
Faint/extended HI required to tell the full story
How do galaxies get their gas: 

cold clouds formation 1st step towards 
galaxy formation

AMIGA	  PROJECT	  	  	  	  	  	  	  	  http://amiga.iaa.es
Analysis	  of	  the	  interstellar	  Medium	  of	  Isolated	  GAlaxies

Espada et al 2006, 2011, 

new EVLA data	  	  HI	  data	  VLA	  C+D	  configuration:	  N(HI)	  =	  
	  	  	  	  	  	  	  	  	  	  	  5	  x	  10^20	  cm-‐2	  -‐-‐-‐	  <	  3	  x	  10^19

http://amiga.iaa.es
http://amiga.iaa.es


QUICK OVERVIEW OF SKA

•1000 -1500 antennas x15m in ~100 km
•1000 -1500 antennas x15m up to 3000 km

70 MHz - ≥ 25 GHz
 4-3m - 1.2 cm

200 - 1 SQ2 FOV
0.1” - 0.001” resolution

interferometer: escalable

SKA1 = 10% collecting area,  70 Mhz - 3 GHz , 400-650 M€, 2017 -2020

SKA2 = 100% collecting area,  70MHz-10 GHz, ∼1500 M€,  2018 -2024

SKA3 = High frequencies: ≥ 25 GHz. No defined dates



Aperture Array 
70 - 450 MHz 
Baselines 100 km

single pixel feed
450 MHz - 3GHz 
baselines 100 km

Can observe towards several 

directions simultaneously

ANTENNAS

SKA1

•Frequency range > two decades:  
•Combination of different types of antennas

2017 -2020



+ focal 
plane array

Advanced	  Instrumentation	  Program

200 - 500 MHz
200 deg2

Enhancing FOV 

ANTENNAS

dense 
aperture 
array 2018 - 2024

SKA2



SKA1 SKA2

SKA1_LOW ANZ SKA2_LOW ANZ

SKA1_MID RSA SKA2_MID RSA

SKA1_SURVEY ANZ SKA2_AA RSA

SKA1&2 MID

SKA2 AAS

SKA1 SURVEY

SKA2 MID

SKA1 LOW

South-Africa & Australia/
New Zealand Joint Site

A Distributed Sensor 

Network at the Scale of 

Two Continents

DUAL SITE



A GLOBAL challenge:

• Antennas
• Materials (expected life 40-50 yrs)
• Massive data transport, storage and processing
• Power supply: towards a GREEN SKA

• System engineering
• Science extraction
• Outreach

CHALLENGES



Correlation

Data Product 
Generation Temporary 

Storage

Long Term 
Storage

High Availability 
Storage / DB

On-Demand 
Processing

>1 Exaflop/s

Can’t store it!
1 day stream = 150 days

global internet traffic

Processing needs
109 top range PCs 

Antenna & 
Fronted-End 

Systems

30 Petaflop/s

30 Petaflop/s

 MASSIVE DATA FLOW, STORAGE & PROCESSING



PERFORMANCE DEVELOPMENT PROJECTED

1
2
3
4
5

NOVEMBER 2012

DOE/OS/ORNL 

DOE/NNSA/LLNL

RIKEN AICS

DOE/OS/ANL

Forschungszentrum Jülich
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8.16

4.14

8.3

7.9

12.7

3.95

1.97

Titan

Sequoia 

K computer 
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USA

USA

Japan
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560,640

1,572,864

705,024

786,432

393,216

PRESENTED BY

ARCHITECTURES CHIP TECHNOLOGY

Cray XK7, Operon 6274 16C 2.2 GHz + Nvidia Kepler GPU, Custom interconnect

IBM BlueGene/Q, Power BQC 16C 1.60 GHz, Custom interconnect

Fujitsu SPARC64 VIIIfx 2.0GHz, Custom interconnect 

IBM BlueGene/Q,  Power BQC 16C 1.60 GHz, Custom interconnect

IBM BlueGene/Q, Power BQC 16C 1.60 GHz, Custom interconnect

CORESSITE COUNTRY NAME  SPECS
RMAX

PFLOP/S
POWER

MW

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

1 Gflop/s

10 Gflop/s

100 Gflop/s

1 Tflop/s

10 Tflop/s

100 Tflop/s

1 Pflop/s

10 Pflop/s

100 Pflop/s

1 Eflop/s

1.17 
Tflop/s

59.7
Gflop/s

0.4
Gflop/s

162
Pflop/s

17.6
Pflop/s

76.5
Tflop/s

SUM

N=1

N=500

www.top500.org
FIND OUT MORE AT

Top Super Computer (N=1):
1 Exaflop/s in 2018

1 Gigaflop/s =  0,5W 1 Exaflop/s =  500MW

Target: 50MW



• Far from man-made radio frequency emission (hence power supplies) 

• Geographically distributed

• 24/7 operation

• Cooling of digital electronic  

• Sustainable

• Reliable 

• Affordable

•Projections from pathfinders and precursors: SKA will be power limited

With Renewable Energy

NOT ONLY HOW MUCH, BUT HOW

CHALLENGES



Energy Consumption: 
~ 20 GWh/year

5000 People Town

SKA Remote Station

Miraflores de la Sierra



Energy Consumption: 
~ 400 GWh/year

100.000 People City

SKA Core

Cádiz



STRATEGIC VALUE

• SKA only global project on ESFRI (European Strategy Forum on Research Infrastructures)

•67 institutes in 20 countries participating (and increasing)

• Highest priority in EU ASTRONET roadmap together with ELT

•European Parliament Written Declaration 45/2011 promoting European-
African radio astronomy partnerships

• Aligned with H2020

•Better society (green power/sustainability, TIC)

•European industry + cutting edge science, Internet of the Future technologies 

•Union for innovation: industry + basic research for commercial solutions

•High-priority in MICINN document

          “Construyendo la Ciencia del Siglo XXI”



INTERNATIONAL CONTEXT 
&

SKA-SPAIN



Full Member: 250k€/yr x 4 yrs (starting 2012; 1M€ before 2016)

Australia, Canada, China, Germany, Italy, New Zealand, SouthAfrica, 
Netherlands,  UK,  Sweden

Associate Member:  no downright payment, but firm intention to become a Full 
Member in the future  (India)

In process: Portugal (opportunity for an Iberian membership)

•Member contributions fund directly the SKA Office

•Countries fund their contribution to (Pre-)Construction tasks

SKA Project Development Office:  Jan 2008 - Dec 2011 

The SKA Organization: Dec 2011

Non-for-profit limited liability company, incorporated in the UK
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SKA - SPAIN    

•MINECO-funded Scientific Network 

UV, IAA, CAB, OAN, UB, IEEC, UGR, UJ, IAC, IFCA, UPTC

•June 2011: kick-off meeting in CSIC showed broad and strong 
scientific interest of Spanish researchers in SKA

•September 2011: MICINN request Spain to participate in SKA as 
an Observer

•November 2011: MINECO funds

“Feasibility study of the Spanish technological 
participation in SKA” (Lead by IAA-CSIC; 75.000€)

Subprograma Infraestructuras Científicas Internacionales
--> extended until 31-1-2014, to support participation in consortia



Participants: 7 research institutions (4 from CSIC) + 8 Universities 

‣CSIC: IAA, CAB, ICE, IFCA

‣ IGN - OAN

‣ Instituto de Astrofísica de Canarias

‣Universities of Granada, Barcelona, Cantabria, Valencia, Jaén, Carlos III, and 
Politécnica de Cartagena

‣National Institute for Aerospace Technology (INTA)

In collaboration with

‣CTAER (Advanced Technological Center for Renewable Energies)

‣ FRACTAL SLNE

‣CIEMAT (Plataforma Solar de Almería)

‣Development of a national SKA interest group (GE-
SKA).



• Providing feedback to specifications of Science Data Processor 
for local HI studies

• Scientific preparation by early involvement in precursors/
pathfinders

• EVLA

• MeerKAT (SoutAfrica precursor)

• Apertif (WSRT pathfinder)

• LOFAR

•ASKAP (Australian precursor)

SCIENTIFIC INVOLVEMENT 



VIA-SKA + SKA 
INFORMATION

ACTIVITIES
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January 2012: List of 80 Spanish companies and technological centres with 
SKA-related capabilities

May 2012: Interested ~40 companies sent the information to be registered in the 
VIA-SKA web portal

CAPACITY MAP OF SPANISH INDUSTRY

Identification of technological 
niches for Spanish Contributions 
to SKA Working Packages



Form allowing an easy search 
of public and/or private 
organizations registered in 
VIA-SKA filtering by Working 
Package or Expertise 
domains





Areas of expertise and SKA WPs of the 
registered companies

CAPACITY MAP

See poster by Santander-Vela

“VIA-SKA: Mapping the SKA-related

capabilities of the Spanish industry”



Instituto de Química Física Rocasolano, 
CSIC, Madrid, 23/11/2012

VIA-SKA Workshop
SKA: Strategic Position & Future Opportunities for 

Spanish Industry



15 presentations from companies

Manuel Gallas

Abengoa NT



‣Active presence in virtually all SKA events

‣Membership to  the European SKA Consortium (ESKAC):

‣Membership to African-European Radio Astronomy Platform (AERAP)

‣ First contacts with Technapoli (Italy) consortium

‣ Spanish participation in SKACON, named SKACON-ES

‣ Led by IAA-CSIC Outreach Unit Head: Emilio García + Obs Valencia

ACTIVITIES

 Interaction with international consortia for strategic alliances

http://www.ska.ac.za/releases/20120530b.php
http://www.ska.ac.za/releases/20120530b.php


2008-2013	
 Preparatory Phase: system design and costing 

‣ SKA1 Definition, and Project Execution Plan (PEP)

‣ New legal entity: the SKA Organisation (incorporated in the UK)

‣ Transition from SPDO towards SKA Org

‣ Work Breakdown Structure & Statements of Work

‣ Call for Expressions of Interest

‣ Site decision

‣ Request for Proposals & Evaluation

~2013-16	
Detailed design & pre-construction phase

‣ (Pre-construcion Phase) Stage 1 - Preliminary Design

‣ Stage 2 : Detailed design

~2016-19	
Phase 1 construction

INTERNATIONAL CONTEXT 

SKA Project Office accepted  to 

include 9 VIA-SKA members in 

the WBS Working Groups

May 2012

Jan 2012

(Released March 2013 - 10th June)
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•Dishes: IFCA/DICOM+NTE-SENER

•AAs: IFCA/DICOM+UC3M

•SDP: IAA-CSIC

•Power: Spain, + Portugal, 
Netherlands,Germany



• Positioning of Spanish industry at international level

 Link of BIOSTIRLING proposal to SKA  

1 2 14

3

4

5

6 7
8

9

10

11

12

13

1. GESTAMP RENEWABLE 
INDUSTRIES (GRI)

2. ALENER SOLAR

3. CLEANERGY

4. AGC GLASSEUROPE 

5. UNIVERSITY OF 
JYVÄSKYLÄ (JYU)

6. CENTRO TECNOLOGICO 
AVANZADO DE 
ENERGIAS 
RENOVABLES 
(CTAER)

7. U. SEVILLE (US)
8. CSIC-IAA
9. ASTRON

10. IT AVEIRO

11. MPIfR
12. FRAUNHOFER-ISE
13. LÓGICA

14. GESTAMP SOLAR 
STEEL (GSS)

BIOSTIRLING4SKA
Dish Stirling systems for SKA. FP7-ENERGY-2012-1 Collaborative Project

POWER



 Positioning Spanish industry at international level

‣ Invitation to present BIOSTIRLING4SKA in AERAP events - European Parliament

‣ Visits to Sevilla: SKA Office  (May 2012)

Co-organizers of the workshop (June 2012)

The Power Challenges of Mega-Science Infrastructures: the example of SKA

‣ End May:

‣  started collaboration with Plataforma Solar Almería (CIEMAT)

‣ contact with Australia+ SouthAfrica Consortium

‣ Involving 8 companies

POWER

http://en.wikipedia.org/wiki/European_Parliament
http://en.wikipedia.org/wiki/European_Parliament
http://en.wikipedia.org/wiki/European_Parliament
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~2017-20	
SKA1 construction

(Released March 2013 - 10th June)

Each WP in pre-construction Phase will go to an International 
Consortium

INTERNATIONAL CONTEXT

May 2012

Jan 2012

May 2012



SKA WORKING PACKAGES

‣Science

‣Management

‣System Engineering & 
Requirements

‣Dish Arrays

‣Aperture Arrays

‣Signal & Data Transport

‣Sync & Timing

‣Central Signal Processor

‣Science Data Processor

‣Telescope Manager

‣Site & Infrastructure 

‣Power

Spanish Participation in bidding consortia  

07
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Lead Org. Spanish Partners
(Companies)

Person-
years

Funds
(k€)

Dishes IFCA-CSIC, DICOM-UC, UPNA, OAN-IGN
(TTI Norte, Anteral) 6,29 471,5

Signal & Data Transport UGR
(7Solutions, DAS Photonics) 4,43 189,3

Central Signal Processor UPM ➡ U. Berkeley ➡ RSA
(INSA/ISDEFE) 2,43 255,0

Science Data Processor IAA-CSIC, FSCL, BSC 10,59 1.333,8

Telescope Manager GTD 1,50 90,0

Infrastructure CIEMAT, IAA-CSIC ➡ CSIRO/SKA-SA 1,60 168,0

Total 26,84 2.507,7

PRE-CONSTRUCTION PARTICIPATION

Most consortia have accepted Spanish members as Associate Members in their consortia; 
CSP only accepts participants from SKA member states

Power Companies?



OFFICIAL TIMELINE 

SKA Timeline
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

SKA Request for Proposals
marzo 2013 – junio 2013

SKA RfP Proposal Evaluation
junio 2013 – agosto 2013

RfP Consotia Negotiations
agosto 2013 – octubre 2013

Pre-construction Stage 1
noviembre 2013 – marzo 2015

Pre-construction Stage 2
marzo 2015 – octubre 2016

PDR (Preliminary Design Review)
noviembre 2014

CDR (Critical Design Review)
junio 2016

SKA1 Construction Approval
noviembre 2016

SKA Cost Ceiling Established
julio 2013

SKAO Governance Development
enero 2014 – diciembre 2016

Seek SKA1 Funding
enero 2014 – diciembre 2016

SKA1 Prototype Systems
enero 2016 – marzo 2016

SKA1 Tender & Construction Procurement
enero 2017 – octubre 2017

SKA1 Early Science
enero 2020

SKA2 Detailed Design
enero 2018 – diciembre 2021

SKA1 Construction
enero 2018 – diciembre 2023
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CURRENT SITUATION AND NEXT STEPS

• Envelope of Spanish participation above 2.5Million€ 

• OSKAO evaluated RfP responses for completeness and 
compliance, and getting clarifications from bidding consortia:

•  In some weeks accepted Spanish participation will be known

• Spain has been invited to October SKA Board meeting: 

• Funding Scheme for Construction will be discussed

• Support Spanish self-funded Participation in Pre-construction


