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ABSTRACT

This paper describes the preiiminary resuits reiated to the ERS-1 AMI
image mode data anaiysis carried out in the framework of the
Expenment [-7. The SAR data have been acquirea dunng the
October 23rd 1991 mght pass over the Salento Peninsuia and the June
Z1st ana July 7th 1992 day passes over the Matera area n Southern
.mlv [n this experimentai phase, the main objecuves are the SAR [mage
Qualitv Evaiuation and Calibration. To accomoiisn tus. two Actve
Radar Calibrators and severai trihedrai cormer reriectors nave been
depioved on both sites. The Data Sets are extracted from SLC products
provided by the SAR VMP insuiled at the Earthnet Programme Office.
Frascau. and from PRI products processed at the [-PAF. \{atera. italy:
in addition. a preiimnary companson with the SAR w-k Processor,
avaiiabie within our group, is presented.

Kevworas: ERS-1, AMI lmage mode. Data guaurv anaivsis.
Radiometnc caitbration.

1. DATA QUALITY ANALYSIS

1.1 Backeround

‘n order 10 st the Venfication Mode Processor | VM {P), s PRI [-PAF
Srocessor pertormances as weil as those of the w-x processor (Ref. 1) in
terms of thewr spatiai and energy focusIng properties. a numper of quaiity
{ests has deen performea on eacn product. The measurements have been
<amed out on trthedral corner retlectors and ARCs previousiv depiovea
)n the sies imaged by the ERS-1 SAR sensor. The DOIML largets were
:denufied by visual inspection of the images. and their geograpmical
iocauon was venified bv using Isttuto Greograrico Militare italiano
+IGMD maos and GPS recorged data.

"The Image Quality Anaivsis (IQA) tests provided evaiuatons of the one-
Jimensionai spatial resolutions. and energy focusing measurements. such
s the Integrated Sidelobe Ratio (ISLR) and the Peak Sideiobe Ratio
PSLR) (Ref. 2). The resoiutions are obtained pv compuung tne numper
of sammpies which are containea i the 3dB region with respect to the
peak vaiue of the pownt target mawmiobe response. oversamvied bv using
FFT technuques (Ref. 3).

The Earth curvamure erfect has been taken into account 1n the evajuation
of the ground range “’zr) and azimuth (p,,) resolutions. jeading to the
geometry depicted 1n Fig. 1.

The corresponding equations tor the | D resoluuons are as (ollows (Ref.
+), (Ref. 5):

‘ -1 2 2 {5\9 5
Py =' N3y —1/R_cos |sin"f+cos ﬂcmL“—J
0

‘

Geometry:

Rt

Fig 1. Spacebome SAR geometry.

‘~here:
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mdaistheotf—mdir:mgle.R:istheloczlEanhndimm!ﬁngtome
Goddard Earth Model 6 (GEM6), r is the moduius of the satellite
position vector in the inertial reference trame, N3p and N34 are the
rxumberotsamolsmdemenngeandammﬂleBlobu.mvelv
oaumeoﬂ‘mmrmgiemﬂ'mbammad;mmnmpn
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B is the geocentric angie between the satellite and the range sampie, 60 is
the sateilite true anomaly step corresponding to 1/PRF and M, is the
oversampiing factor. Assuming a Keplerian orbit. the range R and the
satellite veiocity v are given, respectively, by:

5 5 2 \2
R=acosa—(Rc—a sin a‘)

EAESIS
v=|——-1
ne

whmueisthe&nhgnviuﬁoulmandai:!heorbitsam-
majoramThecomp\nmonofpumkamacmumzhebeam-to-
spacecrart velocity ratio proposed in (Ref 4), but if the additionai etfect

of the off-nadir angle is negiigible, i.c. if Bl and —5z, then a good
approximation for p,, isgivenby (Ref. 5):

[ VRS 1
Paz ='N3a 'I) - |
M, r PRF |

As for the energy focusing tests, in the oversampied range and azimuth
lines containing the poimt target position. and for each cut box. an
evaiuation of range and azimuth [SLR and PSLR has oeen carmed out,
having assumed the mamiobe zone as 2p-exiended with respect to the
peak vaiue, and the sideiobe zone as [0p-extended outside the mainiobe
zone (Ref. 2). The nomunai vaiues for PSLR and [SLR are. respecuveiy,
-13.2 dB and about -9 dB, whiie the nomunai vaiues or siamt range,
ground range and azimuth resolutions, denvea by the system parameters
of Table I, are 8.51 m. 21.8 m and 4.40 m. These vaiues have been
computed assumung a sinc-iike impuise response runction, and taking
into account the orbital corrections evaiuatea in (Ref. 4), (Ref. 6).

Table 1: Basic ERS-1 system parameters.

Waveiengin .65 cm
Frequencv $.3 GHz (C-bana)
Flight aitrrude ~30 km
Look angie (near range) 19.376°
First pixei range ume $545.521 ms
Chirp banawiath 15.5 MHz
Range samping requency 19 MHz
PRF 1579.902 Hz
3dB azzimuth beamwiath ).288°

1.2 VMP data quality anaiysis

For eacn pount target, a square box of 32-bv-32 compiex pixeis has been
cut around the point posiuon: this “informauon box" 8 the input of the
Corner Retlector ANalvsis (CRAN) rouunes deveiopea bv the group.
The anaivzed VMP product 1s a Singie Loox Compiex (SLC) imaze.
processea not at baseband. but with an uncnangea resiauai Doppter
centroid. A set of image charactensucs is listed i Table 2. as extracted
from the Main Product Header (MPH) recorua of the proauct (Ret. 7).
The VMP image has been obtained by processing raw data acauired on
June 21. 1992 (orbit 4876: frame 2781: dav pass). When the ERS-1
AMI instrument covered Matera test-site. six mhedrai comer retlectors
and two Actve Radar Calibrators were depioved over a homogeneous
background in a refatively tlat zone. Table 1 reports a set of basic ERS-1
system parameters used for extracung the image quality mecasures
described below. while 1 Figs 2a, 2b, the range and azimuth spectra ot
the VMP data over the calibrators zone are piotted.
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Table 2: VMP product specifications for Matera data.

Date of processing July 10th, 1992
Type of product Singie Look Complex
U/Q Data Format 16 bits/sampie
Slamt range pixel spacing 7.905 m
Azimuth pixei spacing 3.980m
Residual Doopler centroid 399 Hz
Geograpmcai location 40.636°N, 16.403° W
(centre pixel)
Processing Processed with
Extracted Chirp
Look Detection Power detected & summed

T L T,
320 s8.27 13653 204.80  273.07 3413 409.80
= mien I 3:"5 #40°

o
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.20 8. 27 £36.33 204.80 273.07 341.33 409.80

Sange FFT bins 10!

Fig 1. Range (a) and azzmuth (b) spectra of the VMP-SLC product over
‘he pownt Largets zone.

Sadlv, oniv three caubrators are clearly visible and well defined against
he backegrouna. and they are expected to have a surntable SNR for our
curposes. [hese pount targets have been identitied as Comner Reilectors
Nos. 3 and 7, and ARC No. 2. Ia Fig. 3, a three-dimensional plot of the
.mage of the ARC is shown, with the z-axis represenung ampiitudes 1n
Arbirary unts (uncalibrated image).

"Vith an oversamouing factor My=64, we have obtamed 2048 complex
values in the range and azimuth lines containing the point target No. 2
(ARC). Figures 4a and 4b show the range and azimuth responses.
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Fig 3. Pixel values on the 32-by-32 pixel box surrounding pont target
no. 2 (ARC).
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Fig 4.Acuve Radar Calibrator (ARC) oversampied response: (a) range,

(b) azzmuth. Oversampiing factor Mqy=o04.
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The resuits of the image quality anaiysis are shown i Table 3, while in
Table 4 the mean values and thetr standard deviations are compared with
the nomunai ones, giving rise to very smail spatiai "broadening factors”,
which indicate a little dispersion of the spatial capabilities of the SAR
system due 10 processor errors. On the other hand, the resuits on
integrated and peak energy measures are not so striking: while in the
range direction the energy is sull focused in the mainiobe, whith little
dispersion 1n the lateral lobes, in the along-track dimension the sideiobe
energy 18 greater. Furthermore, the PSLR is quite far from the nomunai
vaiue of -13.2 dB. This could be due to a sampiing problem.

Table 3: Image quality parameters for the point

targets #3, 7, 2(ARC).
Point target # 3 7 2 (AR
r. (mi 215 [ 2138 22.9
r_ (mi 3.40 3.52 8.91
ISLR. [dB] 434 | -3.79 -3.52
PSLR_ [dB] -3.67 | -3.52 -11.5
r,imj 438 | 4.00 4.88
ISLR., [dB] -3.90 | 0.50 .67
PSLR.. [dB] 723 | 372 -12.3

Table 4: Statistical anaiysis of resolutions.

Measured Nominai | Broadening factor
o | 22.08%0.74m 21.8m | 1.4%
o | 861+£0.27m 851m | 1.2%
T, | 453+0.61lm 440m | 43%

1.3 [-PAF PRI product

'¥'e have anaivzed two PRI images provided by the [-PAF processor. The
.mages are reiated to the October 23, 1991 and the July 7, 1992 data
1akes, respecuvely over Taramto area (orbit 1416: frame 801; night pass)

ind Matera area (orbit 5105; frame 2781; day pass). The PRI proquct s

"2 resuit of the processing with 3 looks in azimuth and ground range
crojecuon; desides. 2 Hamming windowing 18 appiied in both azimuwn
2na range awrecuons. [his latter modifies heawiiy the sinc-like shapea

The data quaity measurements have been performed on the ARC
responses after pixei oversampling of My=8 by means of FFT techmique.
S an exammple of processor performance, in Figs 5a and 5b the azzmuth
ing range cuts of an ARC are drawn. As can be seen, the impuise
tesponse  Wilh 1ts side lobes structure 1s weil shaped and is symmetncai

with respect 10 the peak response. Table 5 reports the resuits of

Teasurements about the focusing properties of the processor.

Tab. 5: PRI products [-PAFprocessing. Pomt target charactenzation.

DATE OCT 23 1991 | JULY 7 1992 |

\RC# 1ia=2132% | 2(a=20.64%) | 1(a=23.82%) | 2 (a=23.90°)
o ) 2512 | 2496 | 2342 | 1579
or o 3032 | 3042 2369 | 1390
ISLR10(dB) | _ -12.029 -14.540 -13.089 | -13.653
ISLR20 (dB) ! -.290 -8.713 -7.977 | -3.057
PSLRr(dB) |  -21.291 | -23364 21316 | 11464
PSLRq(dB) | -18.434 | -i8716 | -i8942 | -19.292
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Fig 5. July 7, 1992 - ARC# 2. (a) Azimuth Cut (b) Range cut.

The resoiution vaiues found and the ISLR and the PSLR as well, are
wimintheemeaedona.ln&c&memmmhmiuﬁonislesmlﬁm
in both dates, 30m is the ailowed ESA's upper bound. and the range
resolution is also weil within the ESA 33m specification. Taking into
account the background contnbution, ISLR and PSLR values are aiso in
goodagemmmeewedonammmmwnﬁmzhc
qunlhaﬁveevnluaﬁomofgoodfowsingmaﬁatheimpulsertsmnse
function visual inspecuon.

1.4 Data quaiity anaiysis on oK processor

Within our group, a @k processor is avaiiable wiose capability has been
tested for data from the ERS-1 platform reiated to the October 23, 1991
mmmmamemmmxmmmmw,mcy
mmmgfmunmmuumot'mmhwmhave
been processed in singie look, slant range format without data
winiowing,Fig.Gisthcbidimﬂmondreprmuouofmexmwise
response function from an ARC after M =2 oversampiing, range and
azimuth cuts have been extracted and plotted i Figs 7a, 7b.

Table 6: Image quaiity parameters as

a resuit of the o -k processor.
ARCH | 1 | 2
Inc. Angie T 2132 | 2064
r [m| I 244 | 116
. im| T 38 1 37
ISLR, [dB] 907 | -248
PSLR_ [dB] 13.64 | -13.43
[ (mi 73 4.0
ISLR., [dB] -10.14 -3.44
PSLR_, [dBl | -14.82 -10.24
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The expected sinc-like shaped response is evident from the piots and
from the values listed in Table 6. [n fact, the resoiutions are weil within
those expected, as computed from the ERS-1 acguusition set up. Only the
ARC 2 azimuth resoiution value is quite large, probably due to some
clutter effect The remaining parameters agree very weil with those
related to a sinc-like response.

2. RADIOMETRIC CALIBRATION

2.1 Background

To avoid biased measurements, the used radiometnc calibration strategy
is based on the point target integral SAR energy estimation (Ref. 8).
Thus, resuits can be considered both independent of focusing errors and
unbiased with respect to those parameters which are related to the
imaging geometury (Ref 4). Actually, calibraion measurements carned
out by means of the peak method couid sutfer these probiems if the
whole chain of data acquisition-processing is oniy approximately known.

The radiometric analysis has been carried out on the [-PAF PRI product
and on the VMP one. The anaiysis on the PRI images has been aimed at
measunng the overall calibration constant of the processor in different
dates. This has allowed us 1o test the radiometnc performance of the
ARCs deployed on the sites. On the other hand. G, measurements of
homogeneous areas embedding the calibrators nave been carmied out on
the VMP product. This to test the reiiability of the calibration strategy on
singie iook images.

1.2 Calibrauon of I-PAF PRI product
In order to better assess radiometry, the ESA transponder responses of

the October 13, 1991 Flevoiand area acquisiuon (orbit 1273; frame
1056) after the [-PAF PRI processing have aiso been considered. [n fact,
previous ESA measurements aimed at estapiisning the RCS of each
transponder have been used for our purpose.

According to the ESA's critena, a tle of 4 umes interpoiated 51x51
pixeis was extracted around the peak locauon of each calibrator. The
point target energy estimation has been cammea out on a subule of 31x31
pixeis from the previous seming and centerea around the peak: the
remamung pixeis have been used for the esumauon of the background
clunter which affects the calibrator's response. We have venified that this
choice 1s saustactory regardless the imaging wncidence angie of our
caiibrators. For ail the avaiiable pount targets, 1n fact, the whole energy is
comained wnside the 31x31 frame and the numboer of pixeis used to

b

Fig 8. July 7, 1992 - ARC# 1.

sstumate clutter contnbution 1s large enough 1o give a reiiable resuit.
This can be seen in the plot of Fig.8 which is an exampie of power
response trom an ARC.
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As first step, the calibration constant K for the I-PAF PRI product has
been computed from the 3 ESA transponders response deployed on the
Flevoland site. The results are reported in Table 7 and refer to the
incidence angie a=23°.

Table 7: [-PAF calibration constant K (a=23°) measured on Flevoland
image.

Tmm;RCS'(dB) K (lin) | K (dB) | L bound | U bound
#

| $827+0.40 | 878415 | 59.44 | 740798 | 1041597

| 5765+0.40 | 791425 | 5898 | 665901 | 940610

[o8] S =

| §786+0.40 | 804822 | 59.06 | 675616 | 958738

(K) = 59.16 £ 0.40 (dB)

¢ Valid betore Marcn 1992

The listed RCS vaiues and 1o bounds for cach transponder are valid for
the period ranging from September 1991 unti March 1992. A total
range of ~0.5 dB is found for K, winle a standard deviation of 0.4 dB
can be aunbuted to the average vaiue (<K>=59.16 dB). These
uncertainty ranges do not inciude the ciutter effect because of its
negligibiity. Next. the upper and lower bounds in linear units for each K
value are given. They take into account the worst cases reiated to the
maximum vanation (£0.75 dB) of the measured RCSs. The computed
calibration constant <K> has been appiied to our data set giving good
resuits for the RCS estimation of the coupie of CRs depioyed on the
Taramo sne. This was expected because of the narrow temporai intervai
between the two data takes. The resuits are listed in Table 8a. On the
other hand, measurements pertormed on CRs depioyed on the Matera
site gave resuits whuch sistematicaily overestimate of ~0.5 dB the
expected RCS values (see Table 8b). On this basis, the updated
calibration constam has been computed for each CR response and the
new value taken as:
<K ew> =59.65£0.30 dB

Table 8. a and b: Summary of the calibration resuits.

1) OCTOBER 23 1991

CR# ! cmm Gmm A
I 073 3135 357
7 043 3135 092

by JULY 7 1992

CR% | 0 rvoraan % xpreTIm A Knew

1 4198 i 41.37 +0.58 | 59.74

2 +2.03 | 41.38 +0.65 | 59.81

3 42,0 | 41.39 +.61 | 59.77

4 11,47 | 41.38 +0.09 | 59.25
t\"‘illl =35965+0.30

The vanauen 1n the K value couid be attributed to aging effects which
have atfected the operation of the ERS-1 on board instrumentations.
However. our resuits shouid be considered very preliminary because the
measurements have been camied out by means of devices whose
rei1abiity 1s not compietely assessed.

Besides comer retlectors deployment, two ARCs were located in both
sites. Their radiometric performance has been checked in order to have a
comprenensive knowiedge of the whole gain chain which inciude the
receiving and (ransmuting  antennas. At the moment, in fact, the
radiometnc charactenzauon of the ARCs by means of laboratory
mMeasurements 1S 1N Progress.

Table 9 summanze the calibration resuits carmed out on the ARC
responses 0y means of the calibration constants previously computed.
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Table 9: Resuits of the radiometric analysis from the PRI [-PAF

background clutter. Finally, we found estimates of g, for the

product performed on the ARCs background areas of the scatterers, reported in Table 10.
DATE | OCT 23 1991 | JULY 71992
ARC # 1@ 2(a l@ |2(a=23.90% Table 10: Radiometri is results
=2132%) | =20.64%) | =23.829 : C analysis
S/C (dB) 30.16 31.67 31.61 30.10
5. (dBur) | 54.80 36.80 52.00 52.00 | CR# | 3 | 7 [2(ARC)| Meants.d. |
o (B | 3635 59.51 55.45 <370 [ SNR@B] | 164 | 105 | 127 [ 139%23 |
A 1.45 2.71 345 | 2.70 [peaxSCR(dB} | 206 | 169 | 190 | 191215 |
k (a=23% (dB) | 59.16£0.40 * 59.65 £0.30 ** [ 5.@Bl | -i56 | -11.2 | 420 | .103+47 |

* Flevoiand; ** Our Measurement

Measurements give biased resuits of RCS values with respect 1o the
expected ones. These latter are sistematically lower and it seems that
ARC#2 have a more stable behaviour than ARCH1 for different
environmentai conditions. [n fact, between the acquisitions a temperature
variation of 25°C due to the different seasons and the time of the passes
was recorded. At the present, we cannot give any further expianaton
about the expenmentai observations.

2.3 VMP radiometric analysis

The radiomemic calibration approach adopted in the followng is
essennaily described in (Ref. 8), (Ref. 9) where it 1s shown that (5 ), the
spatiai averaged estimate of G, is given by

A:"gp

where o 1s the known RCS of the reference retlector. €y s the power
associated to the background ciutter, A, = 6., 5, /sind. 13 the uniform
target area. wiere 6., and 5., are the slant range and azimuth spacings,
respecuveiyv, L‘zp is the energy of the pomnt target. All the energy
contributions in the above equation have been evaiuated on the processed
image by using the intensity integrai method. Considening a 16-by-16
pixel box centred around each imaged scatterer, we have carmied out the
estimates of the following terms:

where Lg is the image integrated energy associated to the comer rerlector.,
€, is the energy associated to the uniform background. and &, is the
noise energy. By subtracung ¢y from £, we get &r,, and by esumaung &,
it has been possible to evaiuate the power comtnbution due to the
background clutter. The residual noise term, £, is estimated with churp
off-band measurements (Ref. 10). We estimate a:ﬂ, the power spectral
density of the noise, by averaging the periodogram esumates of G~ for
each spectrai range iine contamed in the pixei-box surrounumg the
target. In this way, we obtained the mean noise energy per FFT bin. and
successively the mean noise power per pixel. Finaily, by muitpiving by
the number of pixeis inciuded in the clutter zone. an esumate of 2, 'vas
obtained and the vaiues of Egu and L';,p were antained. As a check of this
method, a direct assessment of noise power has been carmed out on ‘non-
target” areas. 1.e. areas with little backscattering return. These areas were
selected by visuai inspecuon on the processed image, and the obtained
values of noise power density are in good agreement with the spectral
esumate ofc;n. The radiometnic output of this anaiysis are the values of
Signai-to-Noise and Signai-to-Clutter Ratios (SNR. SCR). The former
has been evaiuated by esumaung the energy of the pount target with the
above described integral method, wiule the latter has been tound as a
peak signai to-average ciutter ratio. The mean vaiue of 19.1 dB is rather
low, indicaung a weak predomunance of the signal with respect to the

3. CONCLUSIONS

The Data Quality Analysis has shown that: the ERS-1 AMI instrument is
performing outstandmngly; the VMP, [-PAF and o-k processors can
provide users with data well within the specifications. The Radiometric
Calibration gives good resuits when using comer reflectors; higher RCS
ARCs give some contradictory resuits that are under detailed
investigation.
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