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Overview 

§  Introduc@on	
  
§  SKA	
  EM	
  simula@on	
  framework	
  

§  Discussion	
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Introduction 

	
  
	
  	
  

	
   	
   	
   	
   	
   	
   	
  	
  
	
  

§  Parameterized	
  SKA	
  sta@on	
  beam	
  models	
  are	
  products	
  
that	
  LFAA	
  have	
  to	
  deliver	
  to	
  TM/SDP.	
  

§  Here	
  we	
  present	
  the	
  status	
  of	
  the	
  current	
  EM	
  simula@on	
  
framework.	
  

§  Discussion	
  is	
  needed	
  about	
  future	
  steps.	
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The SKA EM simulation framework 

	
  
	
  	
  

	
   	
   	
   	
   	
   	
   	
  	
  
	
  

50 – 350 MHz 
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Current work: Validation 
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Beam measurement 

§  AAVS0 @ Lord’s Bridge 
§  Hexacopter beam test 

*In preparation for IEEE TAP 
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Current work: AAVS1 simulations 
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Current work 

	
  
	
  	
  

	
   	
   	
   	
   	
   	
   	
  	
  
	
  

*In preparation for IEEE TAP 
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Antenna Arrays: Mutual coupling 
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Antenna Arrays: Mutual coupling 
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Nulling and interference rejection 

	
  
	
  	
  

	
   	
   	
   	
   	
   	
   	
  	
  
	
  

*In preparation, 2016 
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Parametrized beams 
•  For	
  calibra@on	
  and	
  image	
  forma@on,	
  models	
  of	
  the	
  beam	
  are	
  

necessary.	
  
•  Required:	
  

–  Few	
  coefficients	
  (for	
  few	
  measurement	
  points)	
  

–  Quick	
  access	
  
–  Low	
  storage	
  requirements	
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Zernike representation of deficiencies in the  
pattern including mutual coupling 

•  The	
   Embedded	
   Element	
   PaUerns	
   (EEPs)	
   define	
   the	
  
“expected”	
  array	
  paUern.	
  

•  The	
   varia@ons	
  with	
   respect	
   to	
   the	
   simulated	
   response	
   are	
  
mapped	
  using	
  Zernike	
  polynomials.*	
  

•  The	
  weights	
   for	
   the	
  “reconstructed”	
  paUern	
  can	
  be	
   found	
  
from	
  the	
  combina@on	
  of	
  basis	
  func@ons	
  and	
  a	
  least	
  squares	
  
es@ma@on	
  from	
  a	
  few	
  measured	
  points.	
  

	
  

	
  

*de Lera et al., ICEAA 2013 

Low order beam models 



 10th May 2016   LFAA All hands meeting, Bologna, May 2016 

•  It is inspired from radiation from apertures, but including effects of 
mutual coupling. In here, the Zernike polynomials map the 
divergences in the main beam and first side-lobes! 

•  They are generic and flexible. 
•  We can optimize the number of coefficients needed according to 

the  number of available measurement points. 
 

 
Similar to theory of ~circular 
apertures:                                            
Y. Rahmat-Samii and V. Galindo-
Israel, “Shaped reflector antenna 
analysis using the Jacobi-Bessel 
series,” IEEE Trans. Antennas 
Propagat., Vol. 28, no.4, pp. 
425-435, Jul. 1980. 

Zernike polynomials 
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•  They can be pre-computed 
accurately. 

•  They are smooth and can be stored 
with low resolution (enough for main 
beam and first few side-lobes). 
Better simulated EEPs mean less 
Zernike polynomials needed. 

 

 

Spherical Harmonics 

Pre-computed smooth EEPs 

*de Lera et al., ICEAA 2011 
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•  Study of the effect of the distribution of the sources 
and the number of them. 

 
Scan: 
Θ = 45 deg. 
Φ = 90 deg. 

Error Rec. - Actual 

t = 28, w = 9 t = 28, w = 9 t = 28, w = 25 

Pattern reconstruction  
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Summary 

	
  
	
  	
  

	
   	
   	
   	
   	
   	
   	
  	
  
	
  

–  Up	
  to	
  now,	
  EM	
  simula@ons	
  used	
  for:	
  
•  Array	
  and	
  element	
  design	
  

•  Tolerance	
  analysis	
  
•  Analysis	
  of	
  environmental	
  effects	
  

–  In	
  future,	
  beam	
  models	
  needed	
  for	
  op@mal	
  calibra@on	
  and	
  
high	
  dynamic	
  range	
  imaging.	
  
•  Example:	
  Mitra,	
  Makhathini,	
  Foster,	
  Smirnov,	
  Perley,	
  
“Incorpora@on	
  of	
  antenna	
  primary	
  beam	
  paUerns	
  in	
  radio-­‐
interferometric	
  data	
  reduc@on	
  to	
  produce	
  wide-­‐field,	
  high-­‐
dynamic-­‐range	
  images”,	
  ICEAA	
  2015.	
  

	
  	
  

	
   	
   	
   	
   	
   	
   	
  	
  
	
  

PEC gnd Soil 
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Conclusions 

	
  
	
  	
  

	
   	
   	
   	
   	
   	
   	
  	
  
	
  

–  EM	
  simula@on	
  framework	
  for	
  SKA	
  up	
  and	
  running	
  
–  Parameterized	
  beam	
  models	
  exist.	
  Accuracy	
  is	
  understood.	
  

–  Discussion	
  needed	
  for	
  the	
  next	
  steps:	
  
• What	
  is	
  the	
  correct	
  parameteriza@on?	
  
• How	
  do	
  we	
  further	
  validate	
  these	
  models	
  (AAVS1	
  and	
  beyond)	
  

• How	
  do	
  they	
  fit	
  in	
  the	
  SKA	
  pipeline	
  
•  Etc.	
  

	
  	
  

	
   	
   	
   	
   	
   	
   	
  	
  

	
  


