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Title/ Titre ; Titel. LA QUALITE DES IMAGES ISSUES DU SYSIEME SPOT ET SON

CONTROLE APRES LE.LANSTHENT DU LANGEMENT .

Author (s)/Auteur (s) 'Auter (en): G. BEGNI

Abtstract /'Sommaire , Zuzz nimenfassung.

L'ocbjet de l'ekposé est double.

D'une part, il présente les principales spécifications et performances
prévisibles de gualité des images issues 4u systéme SPOT (satellite +
pré-traitement sol). Telles qu'elles ont été congues pour rendre ces
données aussi adaptées que possible aux besoins des utilisateurs.

Les aspects radiométricues et géométriques sont présentés.

D'autre part, il moatre commernt les deux premiers mois aprés le
du satellite seront consacrés en priorité & évaluer les perform
réelles du systéme sur l'ensemble de ces points (méthodes, rians &'opéra-
tions, résultats attendus). ‘ '

Mmoo
H

‘Title:/Titre:/ Titel:

"SPOT, a new generation‘of land remote sensing satelliteg"

Author(s)/Auteur(s)/Autor(en)

Gérard BRACHET, Chairman and Chief executive Officer,
SPOT IMAGE, Toulouse, France

Abstract:/Sommaire:/Zusammenfassuﬁg:

With the launch of the SPOT 1 satellite in April 1985
followed by SPOT 2, planned for 1987, a new generation of
operationnal land remote sensing satellites will begin. SPOT
carries two identical High Resolution Visible (HRV) optoelectrn
nics cameras operating in the visible and near infrared part
of the spectrum. Each instrument, using CCD linear array
detectors, can operate in either -i.e paznchuromatic mode with
a 10 meters ground sanpling inter-al or the multispectral mode
with a 20 meters sampling interval. The swadth is 60 ¥m and
the field of view can be oriented either along the vertical
Ar at an angle up to + 27 degrees from vertical.

The image data are transmitted at a rate 2f 50 ‘ipits/
segond at 8 GHz either in real time or in a play back recordec
mode. ’

The ground system will be briefly described as well.as th

1nage taldng Schodulime ockallichad s on CAZ e d o Ve o T N o
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Title:/Titre;/Titel. Results of the Test of the Commission C/DEEPE
"Optimal Emulsions for Large Scale Mapping"

Author (s)/Auteur (s)/Autor (en)-
Dr.-Ing. W. Brind&pke

Abstract:/Sommaire:;/Zusammenfassung. The paper deals with the test
programme of the Commission C/OEEPE which has been carried out
1982-1983. , ‘ :

A test field of 400 x 600 metres with varied topographical fea-
tures and over more than one hundred signalized ground control or
check points was photographed. Altogether 17 flights were per-
formed under 2 different light conditions and using 9 different
emulsions so that there were in total 57 models at the disposal
of the test work. In the study an attempt has been made to deter-
mine whether or not there are significant over all differences,
advantages or disadvantages in the use of different emulsions for
the purpose of large scale mapping. The analysis deals with the
photographic image quality and both accuracy and reliability of
the restitution.

Title:/Titre:/ Titel: PRINCIPES DE REALISATION
DE LA COUVERTURE D'UNE ZONE GEOGRAPHIQUE
PAR LE SATELLITE SPOT

Author (s)/Auteur (s)/Autor (en): B. CABRIERES
‘ A. CARIOU
G. PONCE

Abstract:/Sommaire:/Zusammenfassung:

Afin de raccourcir au maximum les délais de réalisa-
tion des couvertures de zones géographiques par des images SPOT,
une méthode originale a &té é&laborée au Centre National d'Etudes
Spatiales.

Cette méthode tient compte de 1'orbite réelle et de 1a
géométrie des instruments.

Elle permet

- d'obtenir une couverture exhaustive et "sans trous"
de Ta zone désirée

- de minimiser les recouvrements entre scénes
- d'optimiser la programmation des prises de vues.
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Title./Titre / Titel' Kern 2Aerial Triangulaticn Package AETRI

Author (s)/Auteur (s)/Autor (én) Louis Cogan
Kern & Co. Ltd. - Azrau
Switzerland

Abstract /Somrmaire jZusammenfassung

This paper outlines the KEF.. AERIAL TRIZNGULZIION PaATKZZE, LFTRI for use
with the KERN STEREO RESTITUTION INSTRUMENTS DSR-11 ard DSRI1.

An explanation is given of the concepts and theory behind the formation
of the package, which includes: DATA CQOLLECTION, STRIP FORMATION, STRIP
TO GROUND AND STRIP TO STRIP ADJUSTMENT, BLOCK ADJUSTMENT.

A description of the inputs,. cutputs and use of the software highlights
- the ease of operation of the Zerial Triangulation programs. The user is
guided through all the procedures by the Kern Menu System. Features such
as digital transfer, on-line checking of results, on-line editing of points
etc. are explained, and examples of the menus and results are given.

A1l the output files are ASCII coded and thus compatible with block adjust-
maﬁ:pranﬁms.

The output files may be used directly as input tc bundle or mcdel block ad-
Justment programs e.g. BLUH, or may be easily processed to cbtair the

desired input.

Title:/Titre:/ Titel:

Fhotographic Systems for Space

Author (s) /Auteur (s)/Autor (en):
Frecderick J. Doyle

Abstract:;/Scmmaire:/Zusammenfassung: Since the Soyuz 22 mission in 1976,
the USSR has been operating the MKF-6 multi-spectral film camera built by
Zeiss Jena. The camera is now carried on the manned spacecraft Salyut 7 with
film retrieval and supply by the Soyuz missions which transfer crews. The
USSR also operates film return cameras for Earth resources observation inm
the Cosmos series.

The Eurcpean Space Agency has supplied a 3023 Zeiss camera for operarion freom
the manned module of Spacelab-1 scheduled for Space Shuttle mission STS-9.
The camera will produce ground resolution of about 20m/line pair and will be
used for topographic mapping at scale 1:50,000.

NASA has built the Large Format Camera with stellar Attitude Feference Svstenm
for use on Shuttle Missions STS-14 and STS-17. Studies have been conducted

for mounting the camera on a free flying spacecraft together w
cameras which would provide data adequate for 1:25,000 mapping.

g’
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th panoramic
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Title:/ Titre:/ Titel:

The Shuttle Imaging Spectrometer Experiment

Author (s)/Auteur (s)/Autor (en):

Alexander F. H. Goetz

Abstract./Sommaire:;Zusammenfassung:

A new instrument concept for collecting image data in many spectral bands
simultaneously has been proposed for a Shuttle flight. The Shuttle Imaging
Spectrometer Experiment (SISEX) will acquire images in 128 spectral bands
simultaneously over the region 0.4=2.5 um. The purpose is to acquire a
complete reflectance spectrum of the surface in each picture element in
order to identify cover materials.

With data from existing remote sensing systems such as the landsat Thematic
Mapper, in which data in only seven spectral bands are acquired, direct
indentification of materials is possible in only a few cases. The SISEX
will open a new era in orbital remote sensing of the Earth's surface.

1This research was carried out at the Jet Propulsion laboratory, California

Institute of Technology, under contract with the National Aeronautics and
Space Administration.

'
|
1

irite mining district, Nevada, direct identification of kan®inite and alunite

Titte:/Titre:/ Titel:

Imaging Spectrometry: Results in Remote Identification of Vegetation Species
and Minerals

Author (s)/Auteur (s)/Autor (en):

Alexander F. H. Goetz, Barrett N. Rock
Abstract:/Sommaire:/Zusammenfassung:

Recent developments in dectector technology have allowed the development of
imaging instruments that acquire data in a large number of contiguous spectral
bands simultaneously. The first instrument developed at JPL, the Airborne
Imaging Spectrometer (AIS), has been used to acquire data over vegetated and
bare soil surfaces in 128 spectral bands in the 1.2=2.4 im region. Results
show that,unlike broad band imaging systems, the AIS can be used for indenti-
fication of vegetation species and minerals based on the continuous reflec=
tance spectrum acquired for each picture element. For instance, in the Cup-

were possible in images acquired in 32 categories bands 9.6 nm wide in the
region 2.03-2,32 um. The AIS is the first sensor in a series to be construct-
ed, ultimately leading to an orbital capability.

This research was carried out at the Jet Propulsion Ilaboratory, California
Institute of Technology, under contract with the National Aeronautics and
Space Administration.
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"PROCESSING OF AZRIAL FHOTOGRATHY™ .

oy: Tfon Grazhzr AIC Lid, U.K.
Rolf Lorerz, ITC, Eolland.

Mahmud Fassan, MSL, Syriz.

Abstract:

Despite a history of more than 60 yezrs of continuous improvement to ithe phrsical

<2

and chemical properties of aerizl Tilms

(=2

t is surpris=zing to find that, tv comparisen,
relatively litile change hzs attended the ztiitudes io their processing. By iheir
nature, mapping films have always required specizl atiention in terms of their
length and size, with processing methods traditionally divided into (i) Eewind Spool,
or (ii) Continuous Processing Machines, according to either operztional constrzinis,

economics, or logistical demands.

contrels readily accepted with expensive installaticns,it would esex ithat Rewind
Spool processing is generally carried out in a relatively arditrery fashion without

Tesort to any special developers or sensitometric control.

In this pzper <he autﬁors‘ corpare generzl processing methods, formulae, and the
ztendaxds of quality to be expected with modern materials availatle to the world

of zerial survey. The ideal developer for survey is defined, and speciazl reference
s made to the authors’ recently formulated IRD-3 twc-tath developer for Rewind

i
Spool processing of mapping films.

Title:/Titre:/Titel:

SCIE INVESTIGATIONS INTO CMTINIZING ZXPCIURE AND FRCCISSING FOR
, IAL 3R

Author (s)/Auteur (s)/Autor {en)

J. HCRN & J. TUGWCOD

Abstract:/Sommaire:/Zusammenfassung:

In order to ensure ths optimum reproductiion of terrzin information in the
finzl zerial rphotograzphic product, itisc2ssentisl that the scene lumirance
values are initially recorded on the negztive at the required density levels.,
This may only be achisved when a) the shape of the aerial film characieristic
curve is chesen *to suit the particular ground scene znd atmospheric conditions,
apprepriate camera exgosure is cho ese ccrditions
on is ztle film
lozzen e vala
sd 2% th
zental w srves (From !
rmich effeciive jers izrivad), |
for & differant 2 Verzazzi 11Cr
using Azfe 3740 spet 1o "_ze;:cei
zZelsr in flignt znce vzlues,
from which the ted using
a prozrammable 4
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Title:/Titre:/ Titel.
Progress in Improving Performance of Zeiss Aerial Cameras

Author (s)/Auteur (s)/Autor (en):
Prof. Dr.-Ing. H.-K. Meier

Abstract:;/Sommaire:/Zusammenfassung:-
The quality of the photographic results is of decisive importance for the
subsequent photogrammetric evaluation processes. This applies tc the
accuracy and interpretability in plotting on the one hand and to cost-
effectiveness and, quite generally, to the choice of working methods on
the other hand.
Improvements of performance may therefore not only lead to increased
cost-effectiveness but also to a clearly extended field of application.
Making use of the most up-to-date technological developments, Carl Zeiss
Oberkochen has always been able to attain a remarkable standard in this

sector. The line of camera lenses, for example, is characterized by
supericr image quality and freedom from distortion.

The paper presents the lastest progress made in the RMK system and its
effects on practical photogrammetry.

Title:/Titre:/Titel:
A Study on Simulation of Three Dimensional Measurement

with Use of Stereo Linear Array Sensors

Author (s)/Auteur (s)/Autor (en):

Shunji Murai, Institute of Industrial Science, University of Tokyo
and Ryosuke Shibasaki, Research Institute of Public Works

Abstract:/Sommaire:/Zusammenfassung:

The study deals with simulation woth respect of accuracy of orientation
for stereo linear array sensors of fore and aft mode and side looking mode.

Antomated mapping with image matching for twe dimensional window has
been developed.

Simulation has been done for two cases of B/H ratio, 0.5 and 1.0
for checking the accuracy of three dimensional measurement.

some new results will be added to the papers submitted to Com.I and
Com.IV Symposium in 1982.
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Title:/Titre:/ Titel:

Image and Geometry Effects of Operational Environments on Aerial Cameras

Author (s)/Auteur (s)/Autor (en):
Clarice L. Horton/Lorin C. Peck

Abstract:;/Sommaire:/Zusammenfassung:

Aerial cameras frequently perform their missions in unfriendly environments
which have degrading effects on the recorded image. In many cases there

is a big difference between the well-defined image produced by the camera

in the environmentally controlled laboratory, and the image obtained from
the aerial platform. There is a need to better understand the sensitive
characteristics of aerial cameras, so that their image response to the

harsh operational environments may be prevented, or at least reduced. These
are discussed with references to previous studies.

Title:/Titre:/ Titel:

Automated Scanning an Digitizing of multilayered cartographick
Map information '

Author (s)/Auteur (s)/Autor (en):

Dr.Gunter QOesterhelt

Abstract:/Sommaire;/Zusammenfassung:

Experiences are described with an automated scanning and ‘
digitizing system for multilayered cartographic,cadastral and
‘cultural maps to create a structured computercompatible geometrv
database together with the structuring feature codes.

Qualitv and achieved accuracy of map data capturing related to
geometry and structure logic are analvzed and a complete sysFém
application approach is presented for an automated cartograpiic
database svstem.
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Title:/Titre:/Titel: ,
OPTICAL-HOLOGRAPHICAL PHOTOGRAMLETRIC LDATA
PROCESSING ARD STORAGE

Author (s)/Auteur (s)/Autor (en):
Dr.eng.Nicolae Riaducanu

Abstract:/Som.maire:/Zusammenfassung: :
Some aspects and resulis regarding both the filtering

of remote sensing recordings cbtsined by optical-elecironic
investigzating svstems within the space freauency,and opticale
holographical storage of the topographic and phoiogrammetric
data referring to visualized photograph,maps,and texts,finally
to be presented using photographic means are discussed in the
paper, :
A device for optical filtering in coheremt light,
hplogram making and plotting has been developed to be used in
practical experiments,

Title:/Titre:/ Titel:

The equipment system of VEB Carl Zeiss JENA for the
remote sensing of the earth

Author (s)/Auteur (s) /Autor (en):

Prof. Dr. Klaus Szangolies, VEB Carl Zelss JIN4,

6900 Jena, DIR
Abstract:;/Sommaire:/Zusammenfassung:

On the basis of available practical experience in the pro-
duction of photographs of the earth®s surface from satellites
the various technigues can be subdivided into two fundamen-
tally different groups: 1. Scanner technique and digital
image transmission to ground stations and 2. photographic
exposure technique with transportation of the films back to
earth by landing modules.

The advantages of the ist group lie especizlly in the low
expense of time for image transmission to earth zand the
flexible adaptation to desired spectral rznges. Disadvantages
are the limited resolving power (destail recognizability:
20-80m referred to the erarth®s surface) and the resitricted
geometric accurzcy.
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Title:/Titre:/ Titel:

Measures of Data Quality for Photographic, Electro-optical and SAR
Imaging Systems

Author (s)/Auteur (s)/Autor (en):

Trinder, J. C., Welch, R.

Abstract:;/Sommaire:/Zusammenfassung:

Imaging sensor systems designed to acquire data from aircraft and satellite
include: 1) photographic; 2) electro-optical; and 3) synthetic aperture
radar (SAR). Performance parameters such as modulation transfer functions
(MIF), spatial resolution, radiometric resolution and signal-to-noise ratio
are examined in relation to data quality requirements for topographic,
thematic and image maps. Particular emphasis is placed on recent and
planned satellite missions.

S

Title:/Titre:/ Titel:
Comparison of Calibration Procedures

Author (s)/Auteur (s)/Autor (en):

ti. Ziemann

Abstract:/Sommaire:/Zusammenfassung:

The project Comparison of Calibration Procedures is summarized.
This project commenced in 1974. The agencies participated and provided
input data for fifteen different calibrations of the same two reseau
cameras. The efforts of the last four year period were directed primarily
towards the development of a standard model for the treatment of the data.
The majority of the data have now been processed using the developed
model. The results have been proven to be yuite similar for the different
procedures.

Invited paper.
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Title:/Titre:/Titel:

The interrelationship between calibration parameters determined by
system calibration and self-cdalibration "

Author (s)/Auteur (s)/Autor (en):

H. Ziemann, S.F. El-Hakim

Abstractﬁ/Sommaire:/Zusammenfassung:-

Several sets of aerial photography forming 3x3 blocks were analyzed
to determine the effectiveness of self-calibration models to recover
known but uncorrected effects of image deformation consisting of film
deformation and lens distortion. The photographs were flown simultaneously
with two different reseau cameras; several photogrammetric test fields
were used for the project. All available targeted points were used as
control.

Invited paper.
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SAR Calibration Techniques

D.Corr *
A.Woode **

S.Bruzzi ***

* Systems Designers Limited
** ESA/ESTEC
**% ESA/Earthnet

Commission II

1. INTRODOCTION

This poster session intends to outline with examples how
the back-scattering coefficient of a given area can be
restituted, and to which degree of accuracy. It is
acknowledged that there is a reguirement to calibrate
other measurements than the back-scattering coefficients
(see sect.2) but, at this stage, the straight system
monitoring reguirements, as outlined in section 3, seem
to lead to a calibration scheme which allows only resti-
tution of the back-scattering coefficient.

(bjectives of Calibration for a Spaceborne Synthetic Aperture

Radar:

1. to

restitute accurate information on an absolute scale of

the backscattering coefficient of the sensed area.

2. to

restitute an accurate estimate, on an absolute scale, of

geophysical parameters which can be derived fram the radar
data. Examples are :

3. to

soil moisture
wave spectra and direction

wind speed
etc.
allow multitemporal comparisons of

measurements/estimates both of the backscattering
coefficient and of derived geophysical parameters.

31




General Approach :

The radar equation can be repreéented in a "simplified" form like :
S=F (T, ,» + R Ptr Pi)

T = Time

Depression arngle
Transmitted wavelength
Range

P= Transmitted power

o
"

P;= Power derived from the scene being analyzed

S = A geophysical parameter of interest on the radar cross-section,
depending on the requirements.

the global transfer function of the system

g
L]

If the required output is a geophysical parameter of interest, to be
restituted and calibrated, the function F will include the required
modeling parameters.

If an assumption of time invariance of the main parameters is made
(P, , etc.) the function F is no longer time dependent and its
identification fully characterizes the system.

Therefore, if the function F is known, the parameter S, being
investigated can be derived fram the image data themselves.

S =F' (P;)

where F' is a modified F for a given set of all variables, except
Pj.

The identification of F, or F', is the objective of the calibration
in this approach.

Two cases are easily distinguished :

- relative calibration
- absolute calibration

In this approach, even if the asolute calibration may be difficult
to achieve, the relative calibration of the parameter S can be
achieved if the function F can be determined to within some
constants.

32
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Assumptions:

- The function F must have a "manageable" degree of complexity.

- The measurements required in order to characterize the function
itself are to be performed on the resulting image. The
identification of the parameters to be measured ard their
accuracy is a major task.

Limitations:

- The function F may result as extremely complex and therefore :

- be difficult to define
- be difficult to be applied to the data
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3. SYSTEM MONITORING REQUIREMENTS

Before considering the practical details of SAR calibration, in
connection with the SAR-580 and the ERS-1, we extend the
fundamental ideas of calibration already described.

The idea behind relative calibration is that any variation in
the overall system is compensated for in order to make inter-
comparison of measurements. The overall system includes both
the satellite (or airborne) system and the image processor: Fig. 1
shows a simplified system block diagram. The principle system
elements which may potentially be subject to variations are:-

a) Chirp waveform generator (SaW).

b) High power amplifier.

c) Receiver,

d) SAR antenna.

e) Miscellaneous system components e.g. circulators.

f) SAR processor.

Items a) to e) are all sensitive to temperature variations;
component aging and variations in supply voltages can be other
factors. The gain of the SAR processor can vary through range
compression waveform mismatch and (principally for airborne

systems) inaccurate azimuth compression due to the effects of
random motion.

Monitoring of the systems can have several different applications:

a) Direct application. For example, transmitter power
monitoring.




35

b) Application to the processing strategy. For example, chirp
replicas could be obtained to be used directly as the range
compression replica in the SAR processor.

c) Reliability assessment of calibration. For example, there
could be mechanical sensors monitoring the alignment of the
antenna structure. In. the event that only insignificant
changes were measured then calibration would not be affect-
ed by the antemna.

4. CALIBRATION PHILOSOPHY

End to end calibration is the only way in which complete confidence
in the system can be obtained. If relative calibration is desired,
accurate standard targets must be used. Corner reflectors

can be both accurately made and absolutely calibrated. There-

fore when high accuracy is required absolute calibration can

be performed as easily as relative calibration.

It is not practical to have worldwide distribution of calibration
sites. It may be several days between observation of standard
targets. As well as random system variations, for a satellite
system there may also be cyclical effects correlated with the
position of the satellite within its orbit. Monitoring the system
parameters will show what changes are taking place.

It is possible to use a processing strategy which directly
eliminates all of the principle system variations except for
variations in the antenna gain. It might be possible to compensate
for variations in the antenna structure by using a theoretical
model; this is desirable because measurements using a large

number of calibrated targets would be vastly expensive.




The SAR processor is an important element of the overall system,
however its operation cannot be measured unless the input data has
both the chirp MM, doppler FM and data range walk necessary for
its operation. Obviously, passive external targets provide this
data but echo data can be simulated (using a chirp replica) to
have the necessary doppler and range characteristics for focuss-
ing by the SAR processor. This simulation does not necessarily
have to take place on board, or in real time; providing the
replicas are available it can be performed off line on the ground.

By using simulation end-to-end monitoring of the complete system,
except the antenna and connecting microwave systems, can be
performed. If cyclical antenna effects are found to be negligible,
then end-to-end relative calibration is achievable. This means
that simulation would effectively allow a standard for relative
calibration to be available worldwide. Further, calibration could
be made absolute by the use of a single calibration site.

When external targets are used for end-to-end calibration, it is
desirable to use targets which are as large as is practicable;
this overcames measurement error caused by ground clutter.
However, it is also necessary to verify the system linearity so
that calibration can confidently be predicted for other cperat-
ing levels. This can be achieved by measuring replicas which
have passed through the system, but have been subjected to
different amounts of accurate attenuation. Range compression can
be used to facilitate this measurement. '

36
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The European Space Agency, and the Joint Research Centre of the
European Community have recently performed an extensive
experimental campaign using the SAR-580 airborne SAR system.
Part of this campaign was concerned with calibration. Two test
sites were used, one at DFVLR and one at RAE Bedford, on which
a large number of accurately made corner reflectors were sited.

The corner refleétors used were accurate absolute standards. It
would therefore be possible, by repeated viewing, to verify if
poth relative and absolute calibration were achievable.

It was found that there were several practical difficulties which
would have to be overcome if calibration was to be achieved; these
were:=

a) Unpredictable FM chirp variations.
b) Random aircraft motion due to turbulance.

c) Unknown SAR antenna characteristics.

-

d) Unknown aircraft attitude.

Items a) and b) caused changes in the focus of the SAR processor
in range and azimuth respectively. These variations were large-

ly overcome by the use of an integration method of energy measure-
ment. This method is much less sensitive to system focus than the
peak method of energy measurement.

The determination of the antenna profile across track (item c)
was one of the main cutcomes of the data analysis.




The aircraft attitude was not known because of indadequate in-
strumentation. It was possible to overcome this, and to determine
the antenna profile, as a result of both a large number of passes
and a large number of reflectors on each site (53 reflectors
over the two sites, amd selected best 20 passes).

The benefit of the SAR-580 campaign was that the experience gain-

ed highlighted all of the potential difficulties of calibration.

The techniques used have been described in ESA SP-193 p119-132,
in the next section we summarise these techniques in the context
of ERS-1.
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Figure 2 shows a simplified block diagram for the system.

There are several possible calibration strategies, the choice of
which deperds on the calibration requirements, funds available,
and the system performance (i.e. stability). As an example we
could suppose that cyclical antenna variations are negligible
and that the antenna characteristics are as designed or have
been measured. The following strategy shows the principles which
could achieve worldwide absoulte calibration.

Absolute Calibration

Accurate trihedral corner reflectors will be imaged. The energy
for the reflectors is measured by summing the squares of pixel
values in the vicinity of a target. A correction can be made for
the energy contribution from the background; this correction can
be determined from the image away fram the target (see Fig.3).

The actual cross section of the reflectors can be determined from
calibration data for the appropriate viewing angle. The effect of
range ard the two-way antenna gain can be egualised.

The target cross section €1 j5 related to the measurements in
the following way:-
Rr 2 ¢ )
- Az N Z @ dd)es 6, (1)
F Iy (5 ¢" dA ” " ] T
T

ﬂ& are the pixel values taken from a plan range "amplitude"

- type image product of a corner reflector
= the number pixels taken in the region of a target.
M = the number pixels taken in the surrounding region.
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dA = area of pixel grid (i.e. along track plxel spacing x
across track pixel spacing)

Rr= slant range from satellite to target.

Op= surface grazing angle at the target.

Ap= antenna gain in the direction of the target.

All of these parameters are known.

(When several reflectors are used average values can be determined
in the manner described).

Cq k F
Whence °,';= - ;
2

where Pi= transmitter power level.
Gg= Receiver and other variable system gains or losses.

= SAR processor gain. ) )
= Constant: static system gains or losses, numerical

constants etc.
Ca= Constant related to the size of the integration area.

With the measurement strategy to be described these quantities do
not need to be measured directly. :

The constant Cp arises because a finite rather than an infinite
area is used in the surface integration over the pomt target

region (this account could typically be about 1.02).

A simulated image of point targets is measured in a similar way.
The noise contribution to this measurement is negligible and can
be amitted. The important factor in simulation is that the replicas
used are obtained using an accurately set attenuation. (If it

is necessary to use different attenuation for simulation on

other occasions, the difference in attenuation must be known

ard allowed for). The simulation target's cross section is re-
lated to the measurements as follows:
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= (£ pIAA) Cs 6, (3)

where

#i are pixel values in an image of a simulated point
target.

8¢ = surface grazing angle at the target.

Whence the target's cross section € is given by:

o = _f Fa Ga Ca (@)
»
G, & P )

where

Gp = an accurate attenuation used in deriving the replicas
for simulation.

The parameters Gy, Gg and P, are the same as in Eg. 2 because
the replicas are obtained close to the time of imaging the targets.

On another occasion when it is desired to make a measurement,
say of the scattering cross section of a uniform surface, then a
simulation is made using data obtained at this time, and the
image is measured.

The simulation targets cross section is related to the measur-
ments as follows:-

) z /
Fe=(5 B dA) Gs 6 (s)
N
whence (6)
? V4
* . ) PI
GF PRRTY




’ Y
The quantities Cp/ &;, ”Gs’Pt’ have the same significance
as before but refer to the system operating on a different occasion.

7
The factor Cp must be determined either from the simulated image
or thecoretically.

The scattering cross section ¢, per unit surface area would be
determined by measurement of the image as follows:

4 2
E P dA) s &
Fy = R: .{_&' ) s (7)
A, S LA

K

where #; are pixels from the region which is being measured.
Q is the number of thesé pixels.
8¢ =surface grazing angle at the centre of region.
Ry =slant range to the centre of the region.
As =antenna gain at the centre of the region.

Whence
kP
&~ = — , , (8)
(-4 [ ] ’
GP Gs P*%
Using Eq. 2,4,6,8 the desired calibrated measurement is obtained:
E
- o= o e x (9)
© -r F F- [ cl
T x A

The principle sources of error are:
i) image measurement

ii)  corner reflector accuracy
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iii) antenna gain equalisation error due to attitude un-
certainty.

The predicted calibration errcr is
-  Rardom
- Bias

Using a calibration site containing - corner reflectors whose
side length is - cm.

There are several benefits of this strategy:

(1) The users processor can be different to the
processor used for calibration.

(2) There is no need for .a large number of auxiliary
measurements or parameters describing the system
operatirg gains used.

Calibration is a detailed subject; within the scope of this poster
it has only been possible to state the most important factors.
Under certain circumstances simplification of the strateqy is
possible.
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FIGURE 3: TYPICAL AREAS FOR INTEGRATION METHOD




