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 The smaller the local incidence
angle,the greater the relief
displacement.

» shows that for an earth surface (geoid)
with zero local relief, the incidence angle
is equal to the local incidence angle
which results in no relief displacement.

image

45° local

Earth surface {geoid)

Effect of relief displacement on a radar

- illuminati incidence
| layover ' : H[ayuver: : :u.msmmmng [ llumination Inci
angle
gy (O I Sl
(round range forma) weekreum  shadow shadow shadow I




shows that a change in the local slope of
the terrain with the illumination angle
constant results in a change in the local
incidence angle,which would result in relief
displacement.
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When the incidence angle decreases and

local terrain slope remains constant,as shown in
I incidence following figure,there will be a
illumination angle g i .
angle '\ >20° corresponding decrease in local incidence

angle,which will result in severe relief
displacement.

c) slope of terrain—"

 Radar sensors measure distances
between the radar and the terrain
elements and represent these as
distances in the image.

 Terrain surface distances are inferred
from the measured slant range distances
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oécurs'when the radar beam reaches thedasctafl
feature-tiited towardsadthie radar(egea mountain)ibe
regches/the fop#BEcause the radar measures|distance in |
slant-range;the slope (from-poiat.a to point b) |will appear
compressed and the lfength.ef the slope'will be
represénted-incorrectly/a’ to b*)/at the imageplane.




Foreshortening occurs when the local

incidence angle is smaller than the
incidence angle,but larger than 0°.

This type of distortion appears on an image

as if the sensor-facing slope

is shortened and the feature is leaning
towards the sensor (hence the term

foreshortening)
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EXAMPLE OF FORESHORTENING

Comparison of Geocoding with and without DEM
(LR':- 1) Chn levolx, Québec
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“s—Qccyrs‘when the ra\eam reaches the top of a tall
feature (b) pefore |t reac es{base (a).

"ﬁT§ rp‘l;u‘n#gﬁha rom ihe top of the fé&ttire will be
reéerved berfore the srgnal from the botto :

“' | |" ‘

/As a result te top 0]} the feature 5 dlsplaced towards
the radar-frem its true posrtron on the ground and ,,Iays
over” the base of the feature.(b' to dY).
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« For small incidence angles or very steep
ground relief features, the backscatter

' often returns from the top of the feature

before the base .

* This occurs where the local incidence
angle is greater than incidence angle.

 Onthe SAR image,this appears as

If the highest point of the vertical feature is
laid over top of its base in the direction of
the sensor.




ocw.utm.my

Radar Layover Example
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Seasat SAR image of the bridge crossing the ,
St. Lawrence Seaway at Trois Rivieres, Quebec, Canada |
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All terrain that has a slope inclined toward
the radar will appear compressed or
foreshagstened relative to slopes inclined
away &Mar The foreshortening
factor, Ff , IS agBr Ximately:

enangb-

n the verticAlplane at nazlr«znd ~
ntenna o

1|ne‘that Jinks the imaging sadan
/_a féaturd on the Qround ’and a ,s the slope
angle of the surfaoe ’ [ r |

/ Alpha'is posrtive (d") where the slope is
inclined-toward the radar (foreslope), |
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Increases eater |nC|dent angle 0, just as our shadows
Iengthen
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Relief Displacement (Radar Sensor)

The type and degree of relief displacement in the radar image
is a function of the angle at which the radar beam hits the
ground, 1.e. it depends upon the local slope of the ground.

Layover Foreshortening Shadow
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Rough Surface

Smooth Surface

Return Intensity —>

90° 60° 450 300
Depression Angle
near range far range
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DETERMINE SURFACE
CHARACTERISTICS

-========Where 0 = incident angle
T tan b
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Geometric Correction

reglstratlon and ident angle corrections (if

..Geometr corre lncludes slant to ground range,
ftop@graphlc mformatlo available).
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An incident radar wave interacts with each element of
the surface and surface cover to generate scattered

Wavegropagating in all directions.

Those%Scatteredawaves that reach the receiving
/antenna are sum in direction and phase to make
/~the regeived signat

/

/.‘ _ ;
+/ The relativel

/
Th SAR focusmg operatt-on tohe
recelved s Is to forrri the mage
/ - /
,."""The scattered wave phase addltlon resultst in both
construdtiverand destructive interference.of |nd|V|dua|

scattered returns'and randomly modulates the.s’trength"'h

of the/sighal insedch/ resolution-cell.




EXAMPLE OF SPECKLE
RADARSAT-1 gS6-Jan-25
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Constructive Interference

Result

Coherent
radar waves

Result

Example of Homogenous Target

Constructive interference ——{-

Destructive interference




>
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NOH‘apI%ﬁ&ers

~~__The parameiersief the whole image signal
-/ _aye-congidered. \

' Do not take mnto_con tion the local
7~ Qrﬁpertles Of the terram&Sc&ter or the

J"q‘?ﬂ @he,ensqx/ [T —-— -

Y&y, - approprlate for fllterlng of paﬂ- |

l

sfatlonary scene signaj.« 1 I~
Examples are/'the FFT fllters
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~__Adaptive filteks
’ Accommodate Ms In local properties

of the terrainbacksc \
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Gamma vs. Median Filter

‘ >
Tapajos, Brazil
May 20, 1996 Beam F2

Original

Map Gamma
5x5
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5+7+4+9+8+6+5+5+8=57 |
57+ 9=
MEAN =6

45556,7889
MEDIAN =6

Source: CCRS




Principle
Inte;"I each sample interval in the image is replaced
by t

/—-surrounding the
4 The boX primean fi eserves well the radiometry
but bluys textured areas.

af'Fhﬁmedr ssrg/ns}x&j:ﬁtdownedian value to

|er values In @ moving window

/ ea% ample. -/ r
"——/_Préseryes tex.ture rnforrn,atro,ﬁ ‘oet‘terr J |
" Modlfrestﬂﬁadlometrrc mforrnatron of | homcbgeneo
/areas, and does net preserve point target srgnatdre

Not recommended forgadar |magery
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0 Tapajos, Brazil
May 20, 1996 Beam F2




tiveiitters (e.g. Map Gamma)
reduce Speekle while preserving the
/edges (sharp ast variation).
f Adaptive filters mOUifythe image based
/' Jon-statigtics/ extracte&m the local
“"f'!t" mmﬁﬁ“eﬁ 0f gath pixel. TR
e & :

v/ Larger kernel S|z¢ (etg. 11)(,11)- fesu
’ Van jmpor tlncreased smoothlng eﬁéct'
on thé esultlng |mage j | |
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Tapajos, Brazil
May 20, 1996 Beam F2

v, '
Map Gamma
X7
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,A Original Image

Map Gamma
11x11




tm@/ell known adaptative filters
require the calculation of the local
/—-observed m d normalized
/ standard deviatioh (cgefficient of
s varlatlon) &

N _ The adéa Ve fllt/er produbes an acéur%\té
: /- ebtiiate of the backscattering | | |
coefficient inside homogeneous |
(stationadry) dreasswhile preserving edge
and texture Structure in nonstationary
scenes.
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. EXAMPLE OF FILTERS
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