


Introduction and Definitions 

RADAR = Radio Detection and Ranging 

“Active” remote sensing technique 

 
Typical applications: 
 
•  “See through” clouds and 

haze, surface veneers 
•  Map surface textures 
•  Map topography 
•  Map moisture content 
•  Temporal change detection 

 



Radar	  Wavelengths	  

 λ(cm) = 30/ν(GHz) 



Microwave	  spectral	  region	  



Passive	  Microwave	  	  

Q:	  Why	  are	  these	  brightness	  temperatures	  so	  low	  (especially	  over	  the	  oceans)?	  
A:	  emissivity	  of	  water	  <1	  
	  
Can	  measure	  ocean	  temperature,	  salinity,	  roughness	  (waves,	  and	  thus	  winds)	  
Land	  applicaEons:	  soil	  moisture,	  ice/snow	  cover,	  vegetaEon	  (but	  low	  resoluEon	  from	  space)	  









In	  remote	  sensing,	  the	  
view	  is	  to	  the	  side	  and	  
the	  moEon	  of	  the	  
airplane	  or	  spacecraH	  
allows	  an	  image	  to	  be	  
built	  up,	  line	  by	  line.	  

Radar Imaging: Side Looking Radar (SLR) 



Geometric Terms in Side-Looking Radar 



SLR Spatial Resolutions 

Range Resolution (perpendicular to flight track): 
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Azimuth Resolution (along flight track): 
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Ra in cm, S in km, λ and D in cm. 

τ in µs, c=3x108 m/s 
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Two	  features	  are	  resolved	  in	  the	  range	  direcEon	  if	  their	  return	  
pulses	  do	  not	  arrive	  back	  at	  the	  antenna	  at	  the	  same	  Eme.	  	  
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Along-‐track	  resoluEon	  is	  beMer	  closer	  to	  the	  antenna	  



SAR Azimuth Resolution 

Azimuth resolution in a simple 
radar is defined by the beam 
width.  But modern radars are 
synthetic aperture radars, which use 
the Doppler shift of  the returned 
signal to narrow the azimuthal 
resolution of  the instrument. 



Radar interactions with the surface 

Surface properties affecting returned signal: 

•  Feature orientation and slopes 

•  Dielectric properties of  surface material 

Dry rock and soil: 3 to 8 (good absorbers) 

Water: 80 (good reflector) 

Mostly affects penetration depth.  1% water blocks 
penetration. 

•  Characteristic surface roughness scale 



Maxwell Montes, 
Venus 
(pyrite?) 

Dielectric Constant 



Effect	  of	  Wavelength	  

Two main factors: 
 
(1) Response to roughness 
 
(2) Penetration of vegetation canopy and ground 





Radar Imaging: Side Looking Radar (SLR) 



3-‐stage	  classificaEon	  
Smooth:	  	  	  	  	  	  	  	  	  	  	  	  <	  1cm	  
Intermediate:	  1	  –	  5	  cm	  
Rough:	  	  	  	  	  	  	  	  	  	  	  	  	  	  >	  5	  cm	  

Surface	  Roughness	  and	  
Backsca<er	  

“Rough” is defined with respect to the 
wavelength of the radar.  
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h	  =	  rms	  height	  
I	  =	  incidence	  angle	  

<3	  cm	  –	  smooth	  
>3	  cm	  -‐	  rough	  

(for	  L	  band)	  



Effect of  Surface Roughness as a Function of  
Incidence Angle 



Geometric Factors:  Topographic Relief  





Geometric	  Factors:	  	  OrientaBon	  





















Layover	  

Radar	  

Air	  photo	  







Layover	  example	  -‐	  Mt.	  Shasta	  






