
Phased	  Array	  Radars	  

Simple	  to	  the	  Sublime	  



Chris6aan	  Huygens	  

Traitė	  de	  la	  Lumiere	  (Trea6se	  
on	  Light)	  completed	  in	  1678,	  
published	  in	  Leyden	  in	  1690	  



Dish	  Antennas	  
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What is a Phased Array? 
 - A phased array is a group of antennas whose effective (summed) radiation pattern can 
be altered by phasing the signals of the individual elements.  !
!
 - By varying the phasing of the different elements, the radiation pattern can be modified 
to be maximized / suppressed in given directions, within limits determined by !!

! !(a) the radiation pattern of the elements, !
! !(b) the size of the array, and !
! !(c) the configuration of the array.!



Phased	  Array,	  λ/2	  spacing	  



Phased	  Array,	  λ/2	  spacing	  



Phased	  Array,	  2λ/3	  spacing	  



Grating Lobes 

Element Spacing 0.50λ	
 Element Spacing 0.67λ	




Gra6ng	  Lobes	  (AMISR	  example)	  
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Hertzian Dipole 



Hertzian Dipole (2) 





























Tx/Rx Beam Pattern Control 

 - Determine which meteors in 
the narrow beam are coming 
from sidelobes (~15 %)!
 - Increase number of large 
cross-section meteor 
detections!

Narrow Beam!
Amplitude and Phase Changes !
for beam broadening!

Just phase changes! With AEU data!

Chau et al., [2009]!



Method of Moments 
(mutual coupling) 



Method	  of	  Moments	  (NEC)	  
Significant	  errors	  are	  introduced	  if	  mutual	  coupling	  contribu6ons	  are	  neglected.	  
Standard	  MoM	  code	  scales	  poorly,	  making	  it	  imprac6cal	  to	  model	  a	  full	  array.	  
Great	  research	  project	  for	  engineering-‐minded	  student:	  develop	  sparse	  MoM	  
code	  for	  an	  en6re	  array!	  



PFISR 
AMISR, Poker Flat, Alaska 



RISR-N 
AMISR, Resolute Bay, Canada 



Beam Pattern 

The axes correspond to the angles off boresight!



AMISR Coverage – Poker Flat 
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350	  km,	  1	  x	  10	  11,	  10%	  

PFRR!

150	  km,	  1	  x	  10	  11,	  10%	  

2!

3!

4!

PFISR Coverage!

RISR Coverage!



Discrete look directions 
PFISR! RISR-N!



Interferometry 
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Rx Control - Interferometry 

 - Determine location of meteor 
within beam!
 - Determine trajectory of meteor!
 - Study source populations!

Sparks et al., 2010!



Interferometry	  

v17	  

T. Grydeland, 2004	


NEIAL	  Interferometry	  
ESR	  



Basic Radar 



Receive-only Imaging – Beam-Forming Test 



Receive-only Imaging – Beam-Forming Test 

Angle off boresight!
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What are the Measurement Improvements  

•  Inertia-less antenna pointing!
– Pulse-to-pulse beam 

positioning!
– Supports great flexibility in 

spatial sampling!
– Helps remove spatial/temporal 

ambiguities!
– Eliminates need for 

predetermined integration (dish 
antenna dwell time)!

– Opens possibilities for in-beam 
imaging through, e.g., 
interferometry!



Altitude / Time 
Cross Section!

Latitude / Altitude 
Cross Section!

Latitude / Longitude 
Cross Section!

Three-Dimensional Visualization!

PFISR: Images of the Aurora in 4-Dimensions (3-D images v. time) 





AMISR Technical Specifications 
•  Peak Power: 2 MW!
•  Max RF Duty: 10%!
•  Pulse Length: 1 µsec - 2 msec!
•  TX Frequency: 430-450 MHz!
•  Antenna Gain: ~43 dBi!
•  Antenna Aperture: ~715 m2!
•  Beam Width: ~1.1o!
•  System temperature: ~120 K!
•  Steering: Pulse to pulse over ~ +/- 

25o!
•  Max system power consumption: 

~700 KW!
•  Max operations: continuous, 

depending on power availability!
•  Unattended operations!
•  Data volume ~6 TB/year at Poker 

Flat!
•  No moving parts on the antenna!
•  Environment: -40o C to +35o C!

•  Altitude coverage: ~60 km to ?? km 
(depending on Ne)!

•  Minimum measurable electron 
densities: ~1e9 m-3!

•  Typical time resolution: !
•  ! E region <~3 min,!
•  ! F region <~1 min,!
•  ! ~10 look directions and typical 

ionospheric conditions - many 
caveats apply!!

•  Typical range resolution: 600 meters 
to 72 km (mode dependent, can be 
extended)!

•  Plasma parameters: Ne, Te, Ti, Vi, 
νin, composition!

•  Derived parameters: E, J, J.E, J.E’, 
Un, σP, σH !






