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A C-band (5.3 GHz) scatterometer radar has been devel-
oped and successfully employed for backscattering meas-
urements of natural surfaces. The instrument is based on
a FM-CW scheme with a 300 MHz modulation interval.
With this configuration, range resolution and indepen-
dent samples within the sensor footprint area can be ob-
tained. The aim of this work is to validate scattering mod-
els for parameter retrieval from SAR data. An example of
scattering data acquisition is described in this paper: ra-
dar data have been collected in the 23° + 60° incidence
angle interval over bare soil areas with different surface

roughness and soil moisture.

i In_Erpdu;_:_tion

O VER THE LAST FEW DECADES, the potential of
radar sensors to monitor environmental parame-
ters, such as soil moisture, surface roughness, forest bio-
mass and ice thickness has been recognized by many ex-
perimental and theoretical works.

In fact the radar cross-section (RCS) of natural surfaces
contains information about physical and morphological
properties of the interfaces between air and soil. Empiri-
cal and theoretical models of microwave scattering from
natural surfaces, based on statistical representation of the
interface morphology, have been developed [1,2].
Retrieval of quantitative geophysical parameters, based
on inversion of both theoretical and semi-empirical mod-
els, requires a better refinement of both models and re.
trieval algorithms, due to the intrinsic complexity of nat-
ural targets. For example, referring to bare soils analysis,
the need to improve the statistical description of real tar-
gets is normally accepted. In fact, recent anechoic cham-
ber measurements over artificial random surfaces have
confirmed a good agreement between theoretical and ex.
perimental results [3], but the hypotheses commonly as-
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sumed in the description of surfaces for which the models
are valid, are seldom verified over natural surfaces.
Experimental studies of scattering from natural surfaces
can be performed with both airborne Synthetic Aperture
Radar (SAR) systems and in situ measurements with hel-
icopter-borne or truck based scatterometer radars. The
latter systems allow the possibility of measurements over
smaller areas (not large enough to include a number of
SAR resolution cells needed for a satisfactory RCS statis-
tics) and a more flexible choice of operation conditions
such as incidence angle and direction, transmitted and
received polarization and sensor height. :

To perform in situ RCS measurements, a C-band FM-CW
scatterometer radar has been designed and developed.
Object of this paper is the description of the system
characteristics and of radar data acquisition over selecred
test areas.

2. Scatterometer project

A C-band scatterometer for in situ measurements of RCS
has been designed, implemented and successfully tested in
order to meet the requirement of ranging capability with a
good range resolution for identification of different sources
within distributed targets. The device can measure back-
scattering coefficient (RCS normalized to target area)
between +10 dB and —40 dB, for target distances between
10 and 60 m and for different look angles in the 10° + 60°
angular interval. A dedicated software allows system con-
trol, measured data processing and displaying.

The main technical parameters are shown in table 1.

Table 1 - Main technical parameters

Paraves |

SELECTED VALUE

| Instrument model Linear FM-CW radar

Frequency band C (5.3 GHz)
Modulation band 300 MHz

£ _Mpﬂﬂ'on signal Triangular (60 Hz)
Antenna type

Horn antenna

Polarization modes

VV, VH, HV, HH

Int_:i_djnce _angle [10°, 60°] off nadir

4 ____Elfﬂnremcnt range [10 m, 60 m|
~ Range msoﬂ:}jun R e “0.65 ;n
IF range e l.+ 40 kl-[z_
SR eee |

Calibration methods Internal (delay line) |

External (corner reflector) J
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. C-band scatterometer implementation
device is based on the scheme FM-CW (Frequency
alated - Continuous Wave) with independent linear
zation state for transmitted and received micro-
signal in each acquisition run 1, 4].
transmitted wave is frequency modulated, with a tri-
waveform (fy,.q = 60 Hz), in an interval of 300
around the central frequency of 5.3 GHs. The
signal is down-converted, with a reference
onding to a portion of the transmitted w
ss filtered in order to reject the unw
ponents. The output signal includes ranging infor-
ion (proportional to signal frequency) and backscat-

g properties (proportional to signal amplitude) of
luminated target,

chosen modulation resolves b
different scatterers within the antenna footprint. In
ict, the frequency of the scattered wave is subtracted
rom the frequency at the transmitting antenna, and the

ence between these two frequencies s proportional
distance R of the scatterer according to the rela-

re-
signal
ave, and
anted spectral

ackscattering signals
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e a is the slope of the triangular wave, B the modu-
n bandwidth and T, ; the modulation period.

rder to measure the backscattering properties of the
get as a function of range, the Fast Fourier Transform
is applied to the analog signal. The sampling is s-
nized with the modulating waveform in order to
aire only useful signal during a single upward or
ard modulation sweep.

‘range resolution AR ;. of the radar system can be

_Nmin = Q)
CTEQ _fL iy s CTmud 1
4B N min 4B T

useful

f. is the sampling frequency, N the number of ac-
samples and T4, is the useful period for acquir-
analog signal (Figure 1).
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transmitted and received signals for a point target lo-
listance R (the delay is proportional to the distance);

frequency subtraction.
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2.2. System description

The diagram shown in figure 2 illustrate the main RF
components of the C-band scatterometer.

The radio frequency (RF) signal is generated by an Yterium
Iron Gamet (YIG) tunable oscillator operating in the 2 +
6.16 frequency range with a peak power level of 100 mW.
The output signal is frequency modulated with a triangular
voltage synthesized and controlled by a microcomputer
(PC). An isolator with a high isolation (>20 dB) and low
VSWR is installed at the oscillator output port to improve
the frequency stability of the oscillator. The signal at the
oscillator output is divided, through a 10 dB directional
coupler, between the transmitting antenna and the local
oscillator (LO) port of a low-level double-balanced mixer.
Further isolators are installed in order to decrease impe-
dance mismatch. The backscattered signal is fed to the
mixer RF port through a band-pass filter followed by a low-
noise GaAs FET pre-amplifier of medium gain (~33 dB) in
order to improve SNR. The resulting of mixing operation
is an intermediate frequency (IF) spectrum. Mechanical
coaxial switches allow three different operative functions:
acquisition of backscattered signal, internal calibration
and radiometry.

The scatterometer employs horn antennas (15 dB gain):
their polarization states (VV, VH, HH, HV) are selected
before each acquisition run. The antennas are mounted
on a pivoting support and placed at a mutual distance of
one meter. This dual-antenna configuration provides an
excellent co-polarized and cross-polarized isolation.

Data collection, operative configuration and triangular
modulation synthesis are controlled by a PC trough a us-
er friendly graphic interface. The radar return signals
from the measurement channel and the processed data
(calibration parameters, received power spectra, RCS and
backscattering coefficients) can be dispayed in real time.

Signal processing is accomplished by a general purpose
data acquisition card (NI-DAQ AT-MIO-16E2). This al-
lows the generation of all necessary control signals, in-
creasing the signal dynamic range through a gain con-
trolled amplifier, and performing a real-time sampling of
the IF time-domain signal.

YIG 3
L Directional
o;;gl_lalor coupler  Isolator
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Switch
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Delay
line
Isolator O‘j .
Pre-amplifier + {o. -1 Switch
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IF 3 x‘_—\ Receiving
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— & —
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Digital section

Low-frequency section

figure 2 C-band scatterometer diagram: microwave unit, low-fre-
quency and digital sections,
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Before digital acquisition, analog signal filtering is accom-
plished by a second-order Butterworth high-pass filter in
order to cut signals below 1 kHz due to the antenna cross-
talk. A subsequent sixth-order Butterworth low-pass anti-
aliasing filter removes frequencies above 40 kHz.

The A/D-conversion is synchronized to the modulation
signal: starting at each tum-around of the triangular wave,
1024 samples are acquired with a sampling frequency of
160 kHz after a delay of 1 ms. For each acquisition run,
100 time-domain sequences (during subsequent upward or
downward modulation sweeps) are acquired in order to re-
duce environmental and internal noise by averaging the
corresponding frequency spectra. For each transmitted and
received polarization state, different acquisition runs, over
non-overlapping footprints, are performed. This allows the
inclusion of many independent samples in the antenna
footprint, resolving the signal from point targets, and im-
proving the statistics for extended targets [3].

The acquired radar backscattering signals together with
ancillary data, including time and date of measure, pola-
rization mode, height and look angle are recorded in a
mass storage device for a post-processing data analysis.
This is performed according to the following steps:

* windowing and applying FFT to each time-domain sig-
nal, stored in the backscattering data archive;

® averaging the resultant frequency spectra, each one
corresponding to an acquisition run;

* selection of useful spectra in which are located the in-
dependent samples, based on height, look angle and an-
tenna beamwidth;

* computation of internal and external calibration pa-
rameters to estimate RCS;

* backscattering coefficient retrieval by averaging the
independent samples collected during the acquisition
runs over non-overlapping footprints and normalized o
the illumination integral evaluated through the antenna
pattern and the geometrical parameters.

The device also includes two different calibration pro-
cesses: external and internal calibration. External cali-
bration is performed using trihedral corner reflectors lo-
cated at different distances from the receiver in order to
check the antenna parameters variations. Internal cali-
bration is performed using a delay line of known charac-
teristics in order to test short-term and long-term stabil-
ity of the system. Finally, the noise of the scatterometer

is determined by pointing the antennas to the sky ang
measuring the reciprocal matching (in this phase th
high-pass filter is excluded).

3. Experimental results and conclusions

The instrument has been employed in two experiments.
The first one was carried out on 20-21 February, 1995
over a 100*250 m? area of an experimental Test Site, of
Bari University, Faculty of Agricultural Science. The site
was ploughed in order to obtain two separate areas with
different degrees of roughness. The first area (Field 1),
with dimensions 45*130 mZ, showed a low degree of
roughness, with row directional structures, due ro
ploughing residual. The second area (Field 2, with di-
mensions 45*80 m?) showed a more evident roughness.
The second experiment was performed on 10-11 No.
vember, 1998 over a 150*300 m?2 area near Matera. This
test area showed a degree of roughness comparable with
the Field 1 of the first experiment. In both occasion
roughness measurements were carried out. In particular,
in the first experiment surface profiles were acquired
with a 3 m long needle-like profile meter, with a hori-
zontal resolution of 1.5 cm. Profiles in the directions par-
allel to the radar beam incidence direction (range), per-
pendicular (azimuth) and diagonal were collected.

In the second experiment a 25 m long laser profile meter
with a horizontal resolution of 0.5 cm was employed.
Digiral surface profiles were analyzed to test the validity
of natural surfaces representation based on self-similarity
properties of fractional Brownian motion processes [6].
On each field, 20 soil moisture measurements were car-
ried out with a Time Domain Reflectometer (TDR). In
order to characterize electromagnetic properties of the
surfaces, values of dielectric constant were calculated
from the values of volumetric moisture by means of a
semiempirical relation [7].

In the first experiment three series of co-polarized back-
scattering radar data were acquired, respectively on Field
1 and 2 with a sensor height of 15 m and on the only
Field 1 with a sensor height of 25 m. The incidence an-
gles were between 23° and 60°. In the second experi-

ment a complete acquisition series, for a sensor hei oht of
15 m, was performed.

Table 2 - Measured values

i Exr.1-FiELD | Exp.1-FiELp 2 E)(PERIM-;N:'_z-_ ¢
Angle (deg) vy Gy oy Oy Yy o .C.’JHHI
3 (dB) (dB) (dB) (dB) (dB) (dB)
23 2 —4.40 —4.45 -3.08 —0.67 -7.99 —?;
30 ~7.03 -1.07 —5.85 -2.92 -8.98 oy
40 -9.71 -9.14 Satel —6.43 -10.54 __-_3_5? o
50 -12.16 -12.73 —6.91 -7.43 -10.65 ~11.81 E
L 60 -13.28 -15.31 -10.53 -8.04 =121 -12.87 _
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e backscattering coefficient (0°) is an exponentially
ibuted random variable, 36 independent samples
: needed in order to obtain an rms error of + 0.9 B
average value. Because the angular width of a sin-
solution cell, at incidence angle of 23° and sensor
t of 15 m, is 6.4°, this width has been assumed as the
al, centered on the nominal incidence angle, that
es the significant resolution cells. As the incidence
and sensor height were increased, more indepen-
~samples were included in the fixed angular interval;
quence, less acquisition were then required.
2 the measured 6° values are summarized.
- data showed sensitivities to surface roughness, soil
re, incidence angle and wave polarization in good
ement with an electromagnetic simulation based on
ilar surface model and a physical optics Kirch-
oach [6].
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