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Abstract	
  
	
  

A	
   phased-­‐array	
   antenna	
   is	
   a	
   periodic	
   arrangement	
   of	
   antennas	
   that	
   serves	
   the	
   purpose	
   of	
  
generating	
   a	
   highly	
   directional	
   radiation	
   whose	
   scan	
   direction	
   can	
   be	
   controlled	
   by	
   the	
   phase	
  
gradient	
   applied	
   across	
   the	
   array.	
   If	
   we	
   consider	
   as	
   single	
   radiating	
   element	
   open-­‐ended	
  
waveguide,	
  an	
  array	
  can	
  be	
  made	
  opening	
  in	
  a	
  large	
  perfect	
  electric	
  conductor	
  (PEC)	
  plane	
  a	
  set	
  of	
  
openings	
  having	
  the	
  same	
  dimensions	
  as	
  the	
  open-­‐end	
  of	
  the	
  waveguide.	
  
To	
  obtain	
  good	
  performance	
  during	
   the	
   scanning	
  operation,	
   it	
   is	
  desirable	
   that	
   the	
   radio	
  of	
   the	
  
radiated	
  (transmitted)	
  power	
  be	
  maximized	
  at	
  all	
  output	
  scan	
  angles	
  of	
  the	
  phased-­‐array	
  antennas.	
  
Such	
  a	
  ratio	
  depends	
  on	
  the	
  reflection	
  coefficient	
  G	
  and	
  on	
  the	
  effective	
  aperture	
  cross	
  section,	
  f.	
  
The	
   reduction	
   of	
   the	
   effective	
   aperture	
   size	
   is	
   a	
   physical	
   limitation,	
   therefore	
   it	
   is	
   especially	
  
important	
  to	
  minimize	
  G	
  over	
  a	
  very	
  broad	
  range	
  of	
  angles.	
  
In	
   order	
   to	
   achieve	
   such	
   a	
   goal,	
   in	
  Magill	
   et	
   al.	
   placed	
   a	
   dielectric	
   layer	
   over	
   the	
   array	
   system.	
  
These	
   layers	
   are	
   used	
   to	
   optimize	
   the	
   matching	
   over	
   a	
   band	
   of	
   angles	
   but	
   the	
   performance	
  
achieved	
   using	
   this	
   method	
   where	
   limited	
   by	
   the	
   inability	
   to	
   implement	
   layers	
   with	
   arbitrarily	
  
chosen	
  constitutive	
  parameters.	
  Recently,	
  sophisticated	
  material	
  synthesis	
  techniques	
  have	
  led	
  to	
  
the	
   creation	
   of	
   the	
   so-­‐called	
   “meta-­‐materials”,	
   i.e.	
   artificial	
   materials	
   engineered	
   to	
   have	
  
properties	
   that	
   may	
   not	
   be	
   found	
   in	
   nature.	
   Consequently,	
   materials	
   with	
   properly	
   designed	
  
constitutive	
  parameters	
  can	
  be	
  used	
  to	
  achieve	
  a	
  WAIM	
  in	
  phased-­‐arrays.	
  	
  
The	
  project	
   follows	
   the	
  approach	
  presented	
   in,	
  but	
   the	
  optimization	
  of	
   the	
  WAIM	
   is	
  performed	
  
using	
  N	
  layers	
  of	
  meta-­‐materials	
  placed	
  over	
  the	
  radiating	
  elements,	
  instead	
  of	
  a	
  single	
  layers.	
  The	
  
constitutive	
  parameters	
  and	
  the	
  dimensions	
  of	
  the	
  layers	
  placed	
  over	
  on	
  the	
  radiating	
  elements	
  of	
  
a	
  phased-­‐array	
  of	
  rectangular	
  waveguides	
  lying	
  on	
  a	
  triangular	
  lattice,	
  will	
  be	
  optimized	
  using	
  the	
  
Particle	
  Swarm	
  Optimizer	
  (PSO).	
  The	
  algorithm	
  will	
  minimize	
  a	
  suitable	
  cost	
  function	
  considering	
  
the	
  mismatch	
   between	
   the	
   active	
   element	
   impedance	
   and	
   the	
   impedance	
   of	
   the	
   fundamental	
  
mode	
  propagating	
  in	
  the	
  waveguide.	
  
	
  
Reference	
  Bibliography:	
  Evolutionary	
  Optimization	
  [1]-­‐[8];	
  Interval	
  Analysis,	
  Array	
  Synthesis	
  and	
  
Array	
  Analysis	
  [9].	
  	
  

	
  
[1] P.	
  Rocca,	
  M.	
  Benedetti,	
  M.	
  Donelli,	
  D.	
  Franceschini,	
  and	
  A.	
  Massa,	
  "Evolutionary	
  optimization	
  

as	
   applied	
   to	
   inverse	
   problems,"	
   Inverse	
   Problems	
   -­‐	
   25	
   th	
   Year	
   Special	
   Issue	
   of	
   Inverse	
  
Problems,	
  Invited	
  Topical	
  Review,	
  vol.	
  25,	
  pp.	
  1-­‐41,	
  Dec.	
  2009.	
  

[2] P.	
   Rocca,	
   G.	
   Oliveri,	
   and	
   A.	
  Massa,	
   "Differential	
   Evolution	
   as	
   applied	
   to	
   electromagnetics,"	
  
IEEE	
  Antennas	
  Propag.	
  Mag.,	
  vol.	
  53,	
  no.	
  1,	
  	
  pp.	
  38-­‐49,	
  Feb.	
  2011.	
  



[3] L.	
   Lizzi,	
   F.	
   Viani,	
   R.	
   Azaro,	
   and	
   A.	
  Massa,	
   "A	
   PSO-­‐driven	
   spline-­‐based	
   shaping	
   approach	
   for	
  
ultra-­‐wideband	
   (UWB)	
  antenna	
   synthesis,"	
   IEEE	
  Trans.	
  Antennas	
  Propag.,	
   vol.	
  56,	
  no.	
  8,	
  pp.	
  
2613-­‐2621,	
  Aug.	
  2008.	
  

[4] L.	
   Lizzi,	
   F.	
  Viani,	
  R.	
  Azaro,	
  and	
  A.	
  Massa,	
   "Optimization	
  of	
  a	
   spline-­‐shaped	
  UWB	
  antenna	
  by	
  
PSO,"	
  IEEE	
  Antennas	
  Wireless	
  Propag.	
  Lett.,	
  vol.	
  6,	
  pp.	
  182-­‐185,	
  2007.	
  

[5] M.	
  Benedetti,	
  R.	
  Azaro,	
  and	
  A.	
  Massa,	
  "Memory	
  enhanced	
  PSO-­‐based	
  optimization	
  approach	
  
for	
  smart	
  antennas	
  control	
  in	
  complex	
  interference	
  scenarios,"	
  IEEE	
  Trans.	
  Antennas	
  Propag.,	
  
vol.	
  56,	
  no.	
  7,	
  pp.	
  1939-­‐1947,	
  Jul.	
  2008.	
  

[6] M.	
  Benedetti,	
  R.	
  Azaro,	
  D.	
  Franceschini,	
  and	
  A.	
  Massa,	
  "PSO-­‐based	
  real-­‐time	
  control	
  of	
  planar	
  
uniform	
  circular	
  arrays,"	
  IEEE	
  Antennas	
  Wireless	
  Propag.	
  Lett.,	
  vol.	
  5,	
  pp.	
  545-­‐548,	
  2006.	
  

[7] M.	
  Donelli,	
  D.	
  Franceschini,	
  P.	
  Rocca,	
  and	
  A.	
  Massa,	
  "Three-­‐dimensional	
  microwave	
   imaging	
  
problems	
  solved	
  through	
  an	
  efficient	
  multi-­‐scaling	
  particle	
  swarm	
  optimization,"	
   IEEE	
  Trans.	
  
Geosci.	
  Remote	
  Sensing,	
  vol.	
  47,	
  no.	
  5,	
  pp.	
  1467-­‐1481,	
  May	
  2009.	
  

[8] L.	
  Poli,	
  P.	
  Rocca,	
  L.	
  Manica,	
  and	
  A.	
  Massa,	
  "Handling	
  sideband	
  radiations	
   in	
  time-­‐modulated	
  
arrays	
  through	
  particle	
  swarm	
  optimization,"	
  IEEE	
  Trans.	
  Antennas	
  Propag.,	
  vol.	
  58,	
  no.	
  4,	
  pp.	
  
1408-­‐1411,	
  Apr.	
  2010.	
  

[9] L.	
   Manica,	
   N.	
   Anselmi,	
   P.	
   Rocca,	
   and	
   A.	
   Massa,	
   "Robust	
   mask-­‐constrained	
   linear	
   array	
  
synthesis	
  through	
  an	
  interval-­‐based	
  particle	
  swarm	
  optimisation,"	
  IET	
  Microwaves,	
  Antennas	
  
and	
  Propagation,	
  vol.	
  7,	
  no.	
  12,	
  pp.	
  976-­‐984,	
  Sep.	
  2013.	
  
	
  
	
  

This	
  report	
  is	
  submitted	
  in	
  partial	
  fulfillment	
  of	
  the	
  degree	
  of	
  the	
  course	
  “ACM”.	
  
Supervisors:	
  Prof.	
  Andrea	
  Massa,	
  Dr.	
  Luca	
  Manica.	
  

	
  


