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Abstract -- "TERESA" (TErrestrial Radar Equipment for
Scattering Analysis) is a ground-based, fully polarimetric
scatterometer operative in the S, C, X, and Ku bands. It has
been designed to obtain the complete backscattering matrix of
terrain and oceanographic surfaces with an extensive
information of its variation with frequency and incident angle.
The system is able to mesure the doppler spectrum of the
illuminated scene as well. This paper briefly describes the
specifications and structure of the system and the first results
obtained.
1.- INTRODUCTION

Scatterometers have proved to be extremely valuable tools
in order to establish a link between the geophysical
parameters of a natural surface and its scattering behaviour at
microwave frequencies. They are used in measurement
campaigns to characterize the full backscattering matrix of
terrain and oceanographic surfaces as a function of frequency,
elevation angle, and parameters of the surfaces. These
parameters can be moisture, surface roughnes, level of
vegetation, sea-surface wind field, etc. However, most of the
existing scatterometers are restricted to narrow-band or multiband single-frequency configurations.

long-term and short-term systematic errors.
6) Robust and easy to manipulate mast, capable of lifting the
antennas to a height between 12 and 14 metres.
7) Use of a computer to carry out simultaneously the
following tasks: Control of the RF equipment, electronic
control of the elevation and azimuth angles, automatization of
the measurements and calibrations, and a first analysis of the
data obtained.
8) High versatility, mobility, resistance against corrosion and
adverse climatic conditions and high insensitivity to
temperature changes.
Moreover, the consumption of the whole system has been
minimized in order to lenghten its autonomy, and a complete
transport structure has been constructed to increase its
mobility. In broad outline, the specifications of TERESA are
summarized in tables 1 and 2.
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In this context, the Antennas, Microwave and Radar group
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of the Universitat Politkcnica de Catalunya (U.P.C.) has
carried out the design, development and characterization of an
ultra-wide band polarimetric scatterometer called "TERESA"
(TErrestrial Radar Equipment for Scattering Analysis). The
main requirements of the system were:
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2.- TERESA

1) Obtention of scattering measurements with high accuracy
and high dynamic range, covering the possible scattering
values of the majority of natural surfaces [l].
2) Capability of measuring the complete backscattering
matrix, that is, the HH, HV, VH and VV polarimetric
combinations.
3 ) Frequency range large enough to cover the operative
frequencies of the main existing SAR.
4) Range of incident angles comprising those used by existing
SAR.
5) Internal and external calibration to avoid, respectively,
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Table 1.- Specifications of TERESA

Dynamic range
Minimum comeasurable
Maximum

0,

-55 dB

measurable

Minimum signalhoise ratio

10 dB

Table 2.- Specifications at 5,3 GHz (ERS-1 operative freq.)

2017

homs for each frequency band. For that purpose, the
scatterometer uses two double polarization quad-ridge horns
operative between 2 and 18 GHz.

The scatterometer consists of an interval unit on the ground
and an external unit on top of a 14 metres high telescopic
mast (fig. 1). The internal unit consists of a portable
computer, a network analyzer HP-872OC and the circuits of
control and power supply. The external unit is formed by the
antennas and its mechanical complements, the elevation
actuator, the azimuth rotator and the R F devices. Both units
are interconnected by means of six cables: two multi-wire for
control aplications and four for R F signals.

- Control circuits: The control of the three electromechanical
switches, as well as the control of the azimuth rotator and
elevation actuator are carried out by the electronic control
module located at the intemal unit. Moreover, it supplies and
monitors the power required by the microwave amplifier, and
supervises the temperature level in the external unit.

-

Processing unit: The computer performs all the tasks of
instrumentation control, electronic circuit control, external and
internal calibration, data acquisition and data pre-processing.
All the previous tasks are performed by a single program that
uses a graphical user interface. Two main measurement
configurations are provided: manual and automatic. The
second one allows multiple combinations of antenna
orientations and measurements arranged in a nested-loop
structure.

- Support structure: The system is transported by a 5 3 metres
long trailer, which can be adapted to many vehicles. The
trailer and a 2200 W generating set provide the system with
great mobility and autonomy, and facilitate the measurement
process in a natural environment. A telescopic mast lifts the
antennas to the desired height, with a maximum height of 14
metres and a maximum headload of 100 Kg. The mast can be
tilted up to 45", something completely necessary for
measuring at perpendicular incidence.

- Microwave circuits: A compact and low cost HP3720C
network analyzer, capable of measuring up to 20 GHz, is used
as the transmission/reception main module 121. It normally
operates in sweep-frequency mode but it provides as well
single-frequency mode, which is used to measure doppler
spectrums. The analyzer has four ports: One for transmission
and three for reception (A, B y R). Being its maximum
output power 10 dBm, the transmitted signal is amplified in
the external unit by an amplifier operative from 2 to 18 GHz,
capable of obtaining 20 dBm of output power all over its
frequency range. The amplified signal is delivered to the
transmitting antenna through an electromechanical switch,
which selects between horizontal and vertical polarizations.
Two other electromechanical switches connected to the
receiving antenna switch between the configuration of internal
calibration and the configuration of measurement/external
calibration.

-

Calib&*on: The system uses two types of calibration:
internal and external [3]. The first corrects the short-term
variations that affect the R F and electronic devices of the
system, and consists of a comparison between the power
levels of the transmitted signal and a reference signal. It is,
therefore, a non-polarimetric calibration. External calibration
is, on the contrary, a polarimetric calibration, and its objective
is the minimization of the systematic errors present in the
system. The system can use three different external calibration
methods: GCT (General Calibration Technique) [4],Wiesbeck
[SI, and TSC (Target Spinor Calibration) [6]. The calibrators
normally used are a trihedral and a dihedral (at 0" and 457.
At low frequencies (2-5 GHz) active calibrators will be used.

FIRST RESULTS
By means of a directional coupler, a sample of the transmitted
signal is obtained and delivered to the reference port (R) of
the analyzer. This way, several goals are simultaneously
satisfied: First, phase lock is obtained and the reference signal
is acquired. Secondly, the effect of performance variations in
the RF devices is greatly reduced, resulting in a high
insensitivity to temperature changes. Third, the effective
measurement ports are automatically moved to the external
unit, decreasing this way the requirements oyer the parameters
of the time-domain transformation. Finally, the delay between
the transmission/reception path and the reference path is
greatly reduced, which minimizes the phase noise effects and
prevents the received signal from falling outside the
intermediate frequency filter of the receiver.

- Antennas: TERESA operates with two separated antennas,
one for transmission and one for reception. In order to obtain
enough directivity, two offset reflectors of 60 cm diameter
have been chosen. One of the big goals of the system was to
measure in a broad bandwidth without having to change the

The first measurements obtained with the scatterometer
have been carried out in an anechoic chamber in order to
verifiy the system operation. From these results, the system
has been completely characterized, the software has been
improved and the RF devices, as well as the electronic
circuits, have been adjusted and optimized.
TERESA has already been successfully applied to a few
natural surfaces. The polarimetric scattering behaviour of a
stony surface has been completely characterized, and several
interesting results have been achieved. This measurement was
carried out on the roof of the laboratory building, and the
target was a layer around 10 cm high of dry, small stones.
The backscattering coefficients of this surface were measured
from 12 to 16 GHz with 401 points, and 140 independent
samples for each frequency point were taken. Because of the
surface geometry, a high level of multiple scattering and,
therefore, cross-polar components, was expected. This was
later corroborated with the averaged results obtained (fig. 2).
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The probability density functions calculated agree to a great
extent with the expected rayleigh functions. Other interesting
conclusions have been reached, but maybe is worth
mentioning that Bragg resonances have been clearly detected
and are currently under study.
Several measurement campaigns have been planned for
1995, among which the characterization of sea reflectivity in
a lOOm long water flume located at the U.P.C. is of special
interest.
CONCLUSIONS
A new scatterometer has been presented under the name of
"TERESA " (Errestria1 Radar Equipment for Scattering
Analysis). It is a ground-based, fully polarimetric
scatterometer operative in the S,C,Xand Ku bands, that has
been developed at the Antennas, Microwave and Radar group
of the U.P.C. The system has a great dynamic range and a
high degree of flexibility and reliability. To obtain maximum
accuracy, internal and external calibration are used. The
antennas are located at the top of a trailer-mounted telescopic
mast, giving a maximum height of 14 metres above ground.
TERESA is also capable of measuring doppler spectrum.
The scatterometer is intended to carry out measurement
campaigns continuously, so any proposals from other research
groups will be welcome.
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Figure 1.-

Structure

of TERESA

Fig. 2.- Bachcattering coefficients of a stony terrain
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