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Overview of CoDR 

• Held: 19 and 20 April 2011 
 

• Review Panel 
• Peter Dewdney (SPDO) – chair 
• Colin Lonsdale (MIT/Haystack) 
• Raf Roovers (NXP) 
• Richard Williams (Cambridge Consultants Ltd.) 



Goals AA CoDR 

• Evaluate 
– AA concepts (both low and mid) and their 

maturity 
– All AA aspects and identification of gaps 
 

• Eight specific questions were defined 



Docs Delivered 

• AA Review Plan 
• AA System Requirements Specification 
• AA Concept Descriptions 
• AA Implementation 
• AA Strategy to Proceed to Next Phase 
• AA Risk Register 
 



Discussed Concepts 

• AA system level 
• Configuration 
• Antennas 
• Receiver 
• Station Processing 

 



Array Concepts (1) 



Configuration Concepts 

• Studied geometries 
– Sparse random 
– True random 
– Golden Ratio Spiral (GRS) 
– Snow flake (fractal design) 
– Snow flake (incl. rotation) 
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Possible Geometries for AA-Low 

Configuration Concepts (2) 



Possible Geometries for AA-Low 
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Configuration Concepts (3) 



• This example: 
– High gain antenna (+/-35 degree Beam width) 
– 600k elements 
– Boresight 

Antenna Configuration Results 



Single Element Antenna Concepts  

Log-periodic 

Vivaldi 

Spiral 

Bow-tie 



AA-mid Antenna Concepts 

ORA 

Vivaldi 



Receiver & Signal Processing 

• Concepts depend on: 
– Station size 
– Station configuration 
– Technology costs 



Concept 1 (digitizers in the field) 



Concept 2 (digitizers central) 



Concept 3 

• Everything in between 



Fundamental Architectural Choices 

• Analog beamformer versus all digital 
 

• ADC’s near the antenna or not 
 

• Electronics in the antenna field or not 



Major Gaps 

• Prime focus of AA-low currently on 
antennas 
 

• Pathfinder / precursor relation not used 
sufficiently 
 
 



Summary of AA-low Costs 

Source: SKADS costing tool 
All digital 
11,300 antenna elements 
180 m station 



Summary of AA-low Costs (2) 

Based on LOFAR costs 
Including analog beamforming 
Output bandwidth LOFAR: 48 MHz 
11,300 antenna elements 
180 m station 



Summary of Power 



Summary of Technical Risks 

• AAVP team currently to research focused 
 

• Effect of grating lobes versus side lobes 
 

• Uncertainty of cost 
 

• Uncertainty of power 
 

• Manufacturability  
 

• Deployability 



Major CoDR Outcomes 

• Panel impressed by: 
– Amount of work done 
– AA group adopts procedures in line with 

system design 
 

• Panel unanimous recommends for AA-low: 
– Move to next phase  Syst. Req. Review  

 
 



Recommendations + Route Forward 

• Separate SKA1, SKA2 and AIP 
– AA-low and AA-mid will be separated 

• Seek mutually beneficial working relationships with 
pathfinders 
– Formulate information expected from 

pathfinders/precursors 
• Science should be closely linked to 

discussion/motivation of requirements 
– Ok 

• Plans need to be more future oriented: 
– “e.g. analog beam forming will most likely limit future 

SKA capabilities” 
 

 



Route Forward AA-low 

• Accelerate agreed and reviewed requirements 
– Should be mainly done at system level 
– AA will support the iterations at system level 

• Establish process to reduce number of concepts 
– Selection matrix and criteria will be formulated 
– AAVS demonstrators to measure key parameters 

• Put dual-band option on equal footing as single 
receptor 
– Ok and agreed 

 
 



Route Forward AA-mid 

• Further feasibility study (incl. power & cost) 
– AA-mid Demonstrator Embrace will be used 
– + updates of it 

• Draft req. necessary from SKA2 science 
– Should be driven by system level as well 
– AA will support iterations at system level as 

much as possible 
• Independent review process 

– Independent review process will be planned 
 



Progress Since CoDR (AA-low) 

• Dual element simulations are done1) 
• Effect grating/side lobes studied more 1) 

• Standardization of simulations & meas. 2) 
• Calibration requirements clarified (filling 

factor 3), acceptable side lobe levels) 
• Antenna element characterisation ongoing 

– two strong contenders (Vivaldi, log-per) and 
limited development on spiral (parked) 

 
 

1) Talk of Nima Razavi-Ghods in “The Path to SKA-Low Workshop” 2011, Perth 
2) Antenna standardization format,  Shantanu Padhi 
3) Paper of Stefan Wijnholds, et. al. submitted to Radio Science 



Possible dual element 

 

Talk of Giuseppe Virone in “The Path to SKA-Low Workshop” 2011, Perth 



More Progress 

• Optimizing for mass production 4) 
• Selection criteria defined 5) 

• AA-low SRS written 6) 
 

5) Talk of Eloy de Lera Acedo in “The Path to SKA-Low Workshop” 2011, Perth 
5) AA Sub-system Selection by Andy Faulkner 
6) SKA AA-LOW SRS by Andre Gunst & Andy Faulkner 



RESULTS 

TEST  VERIFICATION  & 
VALIDATION  STRATEGY 

TEST  SET 
DEFINITION 

TEST  SET 
DEFINITION 

TEST  SET 
DEFINITION 

One for each 
subsystem, 
prototype, or 
design option TEST  SET 

DEFINITION 
TEMPLATE 

• Test deliverables 
• Test tasks (incl. 

execution 
requirements) 

• Pass/fail criteria (incl. 
suspension and 
resumption criteria) 

• Responsibilities 
• Resources 
• Schedule 
• Certification 

Demonstrate that the proposed 
aperture array systems can meet... 

– Scientific goals 
– Technical challenges 
– Logistical practicalities 
– Financial constraints 

• Component testing  
• Integration Testing 
• Conversion Testing 
• Operations Testing 
• Maintenance Testing 
• Interface Testing 
• Security Testing 
• Recovery Testing 
• Performance Testing 
• Regression Testing 
• Acceptance Testing 
• Beta Testing 

TEST TYPES 

AIM 

Busy with Verification Strategy 
(Derek McKay) 



Cost Analysis Ongoing 

• Single or dual band cost difference 7) 
 

7) Talk of Tim Colegate in “The Path to SKA-Low Workshop” 2011, Perth 
 



AA-mid 

• Towards dCoDR 
• Document package defined 
• Planned at the end of November 
• More information in talk of  

– Jan-Geralt bij de Vaate (14:00 today) 
– Andy Faulkner (11:15 tomorrow) 

 



The End 
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