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Àbstract

progrâm was added, consisting of fIÍghts overcalibratÍon sites in the U.K- and cermany. Onthese siÈes corner reflectors were set uþ. Theresults of Ehis calibratÍon.wi11 be presenÈed to
a11 participants.

One of Èhe tesÈsites in The Netherlands waslocated in the Flevço1der, an agricultural area.
Pyting_!h9-_Srgying season and eõpecially duringthe SAR-58ø flights scatteronetãr ilìeasurenents

KevworÊg: SAR, radar, calibration, inage
correct.ion.

InÈroduction

rlras recorded both optÍcal1y and digitally. TheLatter being the mosÈ importãnt for bãsic p-rojectsthat needed quantitative infortation on tñe íadarbackscatter coefficients.
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- At the beginning of Èhis project we had twogoals in mind for the experimenÈ at testsite NIr2:

-To calibrate the SAF58ø system using distributed
tar ge ts,

-to cofipare the SAR data with other sources, i.e.
!f.. DuÈch digital SLAR system (Side r,óO<ingAirborne Radar ) and a ground based x-banáscatteroÍê ter.

The SLAR system operates in Èhe X-band and madeunderflights during the passes of the SAR-59Ø. The
system is further described in ref. 1.

The ground based X-band scatteronEter hasbeen used for a nurnber of years already todetermine the radar signature of severalcroptypes. These measurements take place on atestfarn at special testfields. rhls work isreported in ref. 2.
During the per iod of SAF5gø passes these

measurements were carried out' nany times. Alsoduring the renainder of Èhe growing season sorre
measuremenÈs h¡ere taken, to facilitate acoçarison with the results of e:çeriments Ínformer years.

Èhe radar data using dÍ stributed targets. The
nethod will be denonstrated on SLAR datã. Einallythe application Èo Èhe SAF58Ø data will be shq¡nl

Processinq of the radar data

with P* = received power
PT = trancnitted p,:ruer
G = ântenna gain
R = distance to reflecting object
À = radar vravelength
o = radar cross section
0 = grazing angle

The distance to the target and the antennagain at. the incidence angle under consideration
are the most important factors. Furthermore theradar cross section, which varies with the
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Figure 2: the SLAR recording situation.

Eigure 1: X-band HH pol. SAR-59ø innge of tesÈ
area NIr2 in The Netherlands (Flevo
polder), processed by DFVLR.

inci<iience angle influences t,he brighÈness. Since
we have to deal wit.h disÈributed targeÈs ratherthan point targe t.s, the use of the radar
backscatter coefficient has to be introduced:

o=4.o6=Ai.y

with A = illuminated area
A. = cross section of iLluminating beam

This relation beÈween tbe backscattercoefficients o¡ and y is illustrated in figure 2.

Now: y = o/Asing

Eor the illuminated area A r¡le rnay write:

- ^-cT t1\=úR-- lI\z croso

with ß = antenna bearnridth
c/2 = radar pulselength

(4) in (3) and remove
Erom the equation, we

Equat,ion (5) gives us the relation between
the backscatter coefficÍenÈ, t.he antenna gain and
the received pcner. The image files that contain
the received pclt{er per pixel (or rather È,he
anp'litude) can ncn,r be correited for the influence
of the range, the grazing angle and the (ang1e
dependenÈ) antenna gain. As a result the pixel
values are con\Þrted to backscatter coefficienÈs.
The antenna gain must be known to be able Èo
calcr:late the corrections.

Deternining the antenna gain function

The antenna gain funcÈion is often one of the
most uncertain factors in the correction process
of radar data. The reason for Èhis is hhaÈ Èhe
anÈenna gain function of the antenna nounÈed under
the aircrafÈ in Èhe presence of obstacles will
differ frorn the gain function in free space. Thus
the antenna neasurements in free space can noÈ be
use d.

A well known method to calibrate a radar
system makes use of point targets. Several error
sources conÈribute to the final result. EirsÈ we
have Èo deal wiÈh poinÈing errors and multipath
effecÈ. Secondly, the resuLt that is obtained
through the use of a point target will differ in
general from the one that is obÈained for
distributed targets. fn fac!, our radar system
does not measure only the point target.. The
antenna diagram in azirnuth for the incidence angle
(rÐge gate) under consideration is convgluted
with alL the backscattering coÍponents in t,he area
of interest. As a result the antenna gain function
as measured by distributed Èargets, thus
integrated over all azimuth angles, nay differ
fron the one obtained by the measurement of point
Èargets, which gives us essentially non integrahed
values. fntegration in azirnuth direction for the
point target nethod may lead to the sa¡ne result if
Èhe backgrolnd around the point barget gives
sufficiently lotr backscaÈter and the point target
itself has a constant radar cross section over a
wide range of azimut.h angles.

In this project an attempt was nade to use
distributed targets as a calíbration object. The

If we now substitute
all the constant values
hare:

R3cos0 D
'- ...--R' G'(0) sin 0

(s)
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test area, wiìich is situated in Èhe Fì.evopolder,
is favorable for agricultural application. The
fertile, hortrgeneous soils with sufficient water
content ensure a good crop coverage of the area.
The most ímportanÈ crop Èypes that are grown in
bhis area are sugarbeet, potaÈoe and wheat.
Because of our ground based scatteroreter projects
which have been carried out for several years, we
have a lot of infornation on the radar signature
of these crops. Figure 3 gives Èhe tirp dependence
of Ehe backscatter coefficient and figure 4 the
variation as a function of grazing angle.

taken - into accqrnt, assurning a s ufficient
arlaitaUIJ.ity of such pixels át all Íncidence
angles of interest. Since on the average Ehe
backscatter coefficienÈ musÈ be constanÈ, we
can determine the gain function c( 0 ).

fn our tesÈ area the determination of the
antenna gain function by using a1l the ar¡aÍlable
pixels instead of sugarbeet fields on1y, gives
almost the same result. In general this is not
necessarily through, since the result depends on
the characteristics of the area. Nevertheless it
enables an evaluaÈion of the method more quickly
(but less accurate).
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The method as described in the previous
chapter was first applied to SLAR data. The
results are published in ref. 3 and aLso partly in
these proceedingsk . Figure 5 shou¡s some antenna
gain functions Èhat were derived frorn our SLAR
data during several flights. The agreement betr,reen
the curves is good, alÈhough for s¡nall grazing
angles (large distances) the points are a litÈle
nore scattered, presunably due to the receiver
noi se.

In figure 6 a corrected SLAR inage is sho¡n.
Equation (5) was used here, togeÈher with the
antenna gain function fror¡ figure 5. The variation
of the greylevel in rar,ge direction has becone
very snall. This type of irnages have been used for
several applications, among
classification5.

them crop

sAR- 58 ø

The procedure folloved for the SLAR images
was also used for Èhe SAF58Ø data. Figure 7 gives
Che corrected inage of figure l- and figure I shæs
the antenna gain function. The area in the ¡niddle
of figure I appears to be saturated. The contrast
between the fields is snal-l in this area compared
wÍth Lhe rest of the image. The appearance of
several bright spots in Èhe area (for instance
near the small Èclvrn) can be e>çlained by the SAR
innging process, which still does its job even
though the radar system is saturated. As a result
a point target can stilL be imaged very brightly,
whereas distributed Èargets, that are hardly
affected by Ëhe SAR process are saturated on a
virtually lcruer po,rer 1eve1.
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Fiçre 3¡ Time dependence of the radar
backscatÈer coefficienÈ for several
croptypes aÈ X-band, HH polarization,
5Ø degrees .gr aVing angle.

Especially for sugarbeet we for¡nd very littte
dependence on both incidence angle and time.
Furthertrore t,he backscatter coefficient, which is
in Èhe order of Ø dB, is quite high for this
croptype conpared with oÈher crops. Once the crop
covers the ground completely, the backscaÈter
coefficient is very stable, also if we colpare the
measurements of several years.

The antenna gain function can now be
deternined from the irnage files, if only the
pixels corresponding to the sugarbeet fields are
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croptypes at X-bandFigure 4: Radar backscatter coefficient versus gtazing arìgle for several
(date: JuIY 3, 1981) O=vV A+lH +-HV
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Figllre 5: Antenna gain
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13 km, NIr2 testarea).

SLAR antenna gain (squared) vs. ¡ncidence angle

date height length

8r0ót8 1450 10.5
8t0ót8 2815 10.6
810703 1550 13. I
8n7c3 n25 10.ó

HId

Figure 6: Example of a
irnaqe (IØ x

Fignrre 7: ResuLting SAR-58ø image for the NIr2
testarea after correction, June 18,
1981, X-band.
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Antenna gain function for the
SAR-58ø system derived frorn one
flighÈ on June 18, 1981.
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Figrure 9: Averaç received p*", f"*t versus
grazing angle for the SAR-58Ø system
or¡ June 18 , 198L (X-band, NI¡:) .

As a further illustration of the saturation
problem, figure 9 gives the average received þoweras a function of the graz)ng angle. The curve
shors a rather flaÈ part in Ehe middle. This
unrealistic shape can also be explained from the
saturation effect. To investigate hq¡ serious the
image is affected Èhe cont.rast between certain
croptypes is conpared wiÈh ground based
measurements in table 1. For sugarbeet relative
backscaÈter coefficienÈs are given as we1l.

Eron this table it is clear Èhat the conlrasÈ
decreases in the range of appr. 3Ø - 5Ø degrees.
This change in contrast can also be seen in the
original image (fig. 1), indicating that it is noÈ
a processing arÈefact of the algorithn applied
here. The same effect is present in a second image
we har¡e of the area, floJn at July 3. SottÊ images
of other siÈes ot the SAR-58ø campaign also show
this effect, wbicfr is probably caused by a wrong
gain setti¡g on the radar system.

Apart f rom X-band imagery, r,re have irnages in
the C-band of the test area. This system was used
operationally for the time e'ær in the European
SAR-58ø experiment. Excessive noise in the images
and the lack of a "cal sig" generator made these
data less valuable. Therefore it is not further
di scussed here.

Conclusions

In this paper a nethod is outlined for Èhe
determination of antenna gain functions of radar
systems. Once this function is knovrn, a further
calibration of the radar data can be undertaken.
given the radar system is sufficiently sÈable and
the data are of good quality.

The ca librat.ion method using di stribu Èed
Èargets proved to be useful in the case of the
Dutch dÍgita1 SLAR systen. The sane method applied
to the SAR-58Ø data re\lea1ed poor data qualiÈy
which is probably caused by saturation of Èhe
radar system. In addition the slanÈ range
correction of the delivered imagery is
questionable. This problem -not further discussed
here- has an impact on the radiornetric corrections
and -accurary. As a result the proposed goals of
the SAþ58ø projecÈ on the Dutdr testsite could
not be reached.

frnagery of other testsites should be checked
for this phenomenon, since the Dutch testsiÈe is
not the only one in the SAF58Ø project that
suffered from this saÈuration. A few other
exarples of the effect are alrea{ known to the
author. Data suffering fron Èhis problem may
easily lead to wrong conclusions if the effect is
not recognized.
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1.5
1
ø.5
5

2.5'
3.5
4
5
6

Table 1: Sorne relative backscatter coefficients
in dB for X-band, SAR-58Ø, date:
18/6/8I. Conparison with ground based
measurements.
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