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amplitude and phase



coherence and pixel matching





resolution: optical vs. microwave

Ds = 2H sinθr = 2H
λ
L

H = 800km.

Optical :
L = 1m
λ = 0.5µm
Ds = 0.8m

Microwave :
L = 10m
λ = 0.23m
Ds = 46,000m!!!!!!
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2-D Aperture

P θx ,θy( ) = A(x, y)
−W /2

W /2

∫
−L /2

L /2

∫ exp i
2π
λ

x sinθx + ysinθy( )&

'(
)

*+
dxdy P θx ,θy( ) = LW  sinc πW sinθx

λ
$
%&

'
()

 sinc
πL sinθy

λ

$

%&
'

()

 4 

'
Figure'5:'Radar'Range'and'Azimuth'Dimension'

'
Stripmap'and'Spotlight'Modes'
The'collection'scheme'shown'in'Figure'5'is'called'stripmap'mode.'It'is'similar'to'a'pushbroom'
collection' for' optical' images' and' collects' long' image' swaths' at'medium' resolution.' Stripmap'
collection'combines'data' from'pulses'with'overlapping,'wide'angular' footprints.' SAR'azimuth'
resolution' improves' when' the' sensor' collects' over' a' large' angle,' and' this' is' maximized' in'
spotlight'mode'as'shown'in'Figure'6.'For'spotlight'collections'radar'beam'is'steered'to'a'fixed'
region'on'the'ground,'similar'to'a'spotlight,'producing'images'with'high'resolution'and'limited'
ground' coverage.' A' more' detailed' discussion' of' SAR' resolution' is' provided' later' in' this'
overview.'
$

$
Figure'6:'Spotlight'SAR'

$
An$Overview$of$Radar$Image$Characteristics$
Reflectance'Variations'
The'look'of'radar'images'is'determined'by'the'collection'geometry,'the'manner'in'which'energy'
strikes' and' reflects' from' an' object,' and' the' reflectance' characteristics' of' the' object.' In' the'

Flig
ht P

ath 

Ground Track 

Azim
uth 

Range 



Notes on BB



range resolution

q

H                               r

t

q - look angle
H - spacecraft height
t - pulse length 
C   - speed of light

€ 

Rr =
Cτ
2sinθ



azimuth resolution
L

qr

r

Ra

L - length of radar antenna
r - nominal slant range   H/cosq
l - wavelength of radar

€ 

Ra = ρ sinθ r = ρλ /L

€ 

Ra
' =

λH
2Ra cosθ
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Minimum PRF (Lower Bound)
• PRF needs to be high enough to 

sample the entire Doppler 
spectrum to avoid aliasing

• PRF defines the Nyquist 
frequency

• Maximum Doppler shift  must be 
less than the Nyquist

Pulse Repetition Frequency

Maximum PRF (Upper Bound)
• Echo from far range of first 

pulse must return before the 
echo from near range of second 
pulse 

t2 < t1 +1/ PRF⇒

PRF < c
2H

secθ2 − secθ1( )−1

Δf
f0
=
V sinθa

c
⇒Δf = V

L

PRF > 2Δf = 2V
L



SAR processor
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zoom of amplitude image



Magellen SAR
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Magellen SAR  1990-1994



geometry
foreshortening

layover

shadowing

[Farr, 1993,Radar Interactions With Geological Surfaces]
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Radar Image Properties
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