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Calibration and experimental results of a two-dimensional
interferometric radiometer laboratory prototype

A. Camps, F. Torres, 1. Corbella, J. Bard,and X. Soler

Department of Signal Theory and Communications, Universitat Polit¢cnica de Catalunya, Barcelona, Spain

Abstract. In recent years, Earth observation by means of aperture synthesis radiometry
has received special attention by some space agencies as a possible solution to achieve
high radiometric accuracy and spatial resolution at low microwave frequencies (L band),
where the apparent brightness temperature is much more sensitive to soil moisture and sea
surface salinity. This paper presents the characterization and calibration procedure, as well
as some synthetic images measured with an X band experimental Y-shaped Synthetic
Aperture Interferometric Radiometer prototype developed at the Polytechnic University of
Catalonia. The instrument is composed of a single pair of antennas that can be moved
along the arms of an Y structure to synthesize a set of baselines. An experimental
procedure is proposed to evaluate and then calibrate offset, inphase, quadrature, and

amplitude errors generated by receivers and correlators.

1. Introduction

As stated in the Soil Moisture and Ocean Salinity
consultative meeting (SMOS) held at the European
Space Agency (ESA)/European Space Research and
Technology Centre (ESTEC) during April 20-21,
1995, Synthetic Aperture Interferometric Radiometers
(SAIRs) need to develop "calibration methods and
data processing algorithms" (recommendation number
3). The object of the Synthetic Aperture
Interferometric Radiometer (SAIR) demonstrator is the
characterization of instrument subsystems, the
characterization of its performance, its calibration and
the synthesis of some apparent brightness temperature
images.

While a total power radiometer measures the power
collected in the main beam direction, interferometric
radiometers measure the complex correlation between
the signals collected by a pair of spaced artennas.
This basic measurement, also called visibility sample
Vi,(uv), is related to the brightness temperature
distribution by {Thompson et al., 1986]

u,v —E S ®S, (¢
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where

S..(t) analytic signals of the voltages collected by
antennas m = 1, 2, equal to i,(8) +Jj q..(0);

(uv) spacing between the two antennas in
wavelengths, equal to (X,-X,,Y,-Y)/A;

(¢,m) direction cosines with respect to (X, ¥) axes
(Figure 1), equal to (sin cosd, sinb sin §);

Tx(€,m) brightness temperature (kelvins);

TEmn) so-called modified brightness temperature
(kelvins);

1/y1-&2-n2obliquity factor;

F,(m) normalized antenna voltage pattern of
antenna m;

Fio(®)so-called fringe-wash function that takes into
account spatial decorrelation effects and depends on
receivers' responses through
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Figure 1. Antenna and thermal source geometry.

and where H,,,(f) is the normalized band-pass voltage
transfer function of receiver m ((H,,,(D..=1) and £, is
the central frequency.

Note that when decorrelation effects are negligible
(#(®) = 1) and all the antennas have the same voltage
radiation pattern equation (1) becomes a Fourier
transform between the visibility function and the
modified brightness temperature T(€,m):

TEn) = F V)] O
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2. Instrument Description

It is clear from equation (1) that a basic receiver
must amplify and then correlate the thermal noise
collected by a pair of antennas. Following the
technique described by Laursen and Skofu [1994] and
Peichl and Suf} [1994], the instrument is formed only
by a single baseline consisting of two antennas, two
receiver chains, and a complex 1 bit/2 level digital
correlator (1B/2L). The complete set of baselines of a
static scene is then measured by moving the antennas
along an Y array and measuring the correlation at each
position. The main characteristics of the instrument are
input frequency 10.7 GHz, equivalent noise bandwidth
30 MHz, equivalent noise temperature 7T,= 120 K,
Tp= 90 K, and adjustable gain between 93 and
107 dB. The choice of the center frequency, 10.7 GHz
instead of 1.4 GHz, is based on the availability of
commercial elements and the reduction of the size of
the structure, while remaining in a protected band. As
shown in Figures 2 and 3,

1. The interferometer is composed for a polyvinyl
chloride (PVC) Y-shaped structure mounted over a
tripod where two 10.7 GHz cup-dipole antennas are
placed. Cup-dipole antennas have been selected
because of their small size: 0.89 X diameter, their
wide antenna pattern: about 70° half-power beam
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Figure 2. Experimental interferometric radiometer scheme: 1, antennas; 2, RF front end; 3, IF section; 4, LF section;
5, 66 MHz 1bit/2 level digital correlators and power detector.
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Figure 3. Experimental interferometric radiometer picture: 1, PVC Y structure; 2, two cup-dipole antennas;

3, mainframe

width, and their low coupling: less than 30 dB at
0.89 A.

2. The RF front end is formed by two X band down
converters that allow coherent down conversion from
10.7 GHz to 881.5 MHz. Its main characteristics are
45 dB gain, and 1.2-1.5 dB noise figures. Filtering is
performed at the IF stage in order to prevent noise
figure degradation. As will be shown in section 3, a
phase shifter is inserted in one branch of the local
oscillator for phase calibration purposes.

3. The IF section amplifies and then demodulates
the inphase and quadrature components in order to
perform the correlation at baseband by means of real
correlators. IF gain is 25 dB, and IF bandwidth is set
to 40 MHz to reject possible interferant signals.

4, The LF section is formed by a bank of four 7th
order, 21.4 MHz half-power bandwidth Chebyschew
filters that determine system's bandwidth. An
adjustable gain video amplifier (23-37 dB) is required
to drive the comparators of the 1B/2L Digital
Correlator Unit (DCU) that sample the input signals at
a 66 MHz rate. The DCU computes the real and

imaginary parts of the visibility samples from the
correlation of the inphase signals i,-i, and the mixed
correlation of a quadrature signal with and inphase one
g,-i,, using the following expression

V,uv) = %E[sa1 ® Saz*(t)] )

=R, (0 +jR, (0

5. The 1B/2L DCU uses high speed comparators
that implement the "sign" function and Fast-Transistor
Transistor Logic (TTL) technology. The DCU is
controlled by a signal acquisition board and a C++
program. This program controls the integration time:
adjustable from 1 ms to 64 s, the calibration routines:
offset, inphase, quadrature, and amplitude, and
establishes the sequence of antenna positions during
the measurement.

The 1B/2L DCU computes the correlation as the
ratio of the counts in which there is coincidence in the
sign of the two signals being correlated (sign(x) =
sign(y)) to the total number of counts (V).
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where x=i, or ¢, and y=i, (equation (5)). The
normalized correlation can be easily derived from
[Hagen and Farley, 1973]
. (m
sy - sm(— pxy) ™
2
and the amplitude information lost in the comparator
is recovered through
V12, =R .(0) = \/(TA+TR1) (TA+TR2) B,

iyiy

®

Vlzi - Rq1iz(0) - \/(TA +TR1) (TA * TRz) p'lﬁfz

where T,+7T, and T,+7, are the average noise
temperatures of the signals being correlated. At this
point it must be pointed out that due to the low
antenna pattern mismatches and the low antenna
coupling, the antenna patterns do not vary significantly
for different antennna positions and the antenna
temperature can be assumed to be the same for both
antennas. It is also assumed that 7, does not vary
significantly during the measurement sequence. This
parameter is estimated with the total power radiometer
that measures the power of signal g,(?) (Figure 2).

3. Instrument Characterization and

Calibration

System errors that are taken into account are
modeled as follows, in order to be measured and
calibrated:

4
° [cosad) sinag)][ 1 0
H,@ ~sin(A¢) cos(Ad)] |-sin(6,) cos(8)]
gg, 0]l |Frd®
+
0 ga[?] M
ll(4) = FA; E § l’l'l) + p'offset
where
Ad = ¢01_¢02+A¢0L (10)

Ad,; is the phase shift introduced in the oscillator of
one chain to calibrate inphase errors (Figure 2), gg,

CAMPS ET AL.: CALIBRATION OF INTERFEROMETRIC RADIOMETERS

and gg; are the absolute gain loss factors due to
differences in the receiver's frequency response in the
channels i,-i, and g,-i, respectively, and u, .. and
Ui o @r€ their offsets.

3.1. Calibration of offset errors

Offset errors are originated from 1B/2L
comparators' threshold errors and oscillator's thermal
noise present over the RF band that leaks to the IF
through the mixers. Offset etrors are measured by
placing a matched load in front of each receiver. Note
that in this case (equation (9)), #,’ and u® are zero
and the offset term is measured. Once the offset terms
are known, they are removed from each measurement
as

€) @)
“’r _ p’r _ p'raﬁfm‘ (11)

0] ] L
Note that p,,® contains inphase and quadrature phase
errors, as well as amplitude errors. In order to have a
good radiometric accuracy, offset calibration is
performed during a long period of time, usually of the
order of 20-30 s, for which the radiometric sensitivity
is about ¢, = 2 107 or, equivalently, o,,= 0.008 K.
Measured offset drifts are small, even for long
measurement periods, with peak-to-peak drifts as small
as AV, =0.18 K during 90 min.

offset

3.2. Calibration of amplitude and quadrature
errors

Since 1B/2L digital correlators compute the
normalized correlation from the sign of the signals
being correlated, receiver's gain fluctuations do not
introduce amplitude errors. Amplitude and quadrature
errors are due to mismatches in the channel's
frequency response and errors in the sampling times in
the comparators of the real and imaginary channels of
the 1B/2L DCU. In this section a new procedure is
devised to characterize, measure, and then calibrate
overall system's amplitude and quadrature errors,
neglecting their origin: 1/Q demodulators, receivers'
frequency response, correlators, etc. This technique
consists of measuring the so-called "calibration
circles": the response of both real and imaginary
channels to correlated noise, when the phase of the
local oscillator of one receiver varied (Figure 2). In
order to avoid receiver saturation when injecting
correlated noise, it is convenient to have the same
input power as when measuring the noise collected by
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Figure 4, "Calibration circles": graphical calibration of
overall amplitude and quadrature errors (dotted circle,
uncalibrated; solid circle, calibrated).

the antennae; that is, 7,,.~T,. It presents a major
problem, since any passive power splitter with isolated
outputs (i.e, a Wilkinson power divider) contains at
least one resistor that also introduces correlated noise.
In addition, the noise generated in the Wilkinson's
resistance is in 0°-180° phase at its outputs and gives
a correlation opposite of that given by the matched
load at the same physical temperature connected at the
Wilkinson's input. Therefore noise must be injected
through a nonresistive power splitter. However, since
its outputs are not isolated, front end inputs must be
well matched to avoid interaction between noise
injected in the two receivers. In this situation the
theoretical real and imaginary correlations should vary
according to (Figure 4, dotted line)

3 - Il = ll.o
3) ideal = 11 Z\d
l() = Il() uo S ( ) ( )

11-Q1 quadrature error

MHz
Figure 5. Measured I/Q demodulators quadrature error (Minicircuits MIQC-895 D)
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T,/2
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where y, is the modulus of the correlation and T, is
the physical temperature of the matched Iload
connected to the nonresistive power splitter. However,
when amplitude and I/Q errors are present, the
measured normalized correlations take the form (1,%,
42 (Figure 4, solid line) [Torres et al., 1996]

M r(3)

2
= g8, 1 g, 4 1

P','G)

= 88,1 cos(6,)-gs, 1, sin(6) =(13)
1 @ 2 .
—p® + @ sin(8,)

- u? - g

8; cos(eq)

from which the calibrated correlations can be
extracted. The unknowns 6, and g, are found by
adjusting the set of measurements to a circle by the
least squares method. Prior to the optimization process
the value of gain g must be determined (see section
3.4). Overall relative amplitude error in the imaginary
channel is found to be g;= 0.96. Overall quadrature
error is found to be about 8,= -5.55°. Figure 5 shows
the quadrature error measured for both I/Q
demodulators. Note that this error is not constant
throughout the band. Calibration gives an average
value of these quadrature errors [Torres et al., 1996].
Moreover, the proposed procedure takes also into
account quadrature errors introduced by misalignment
of the comparators' sampling times [Camps et al,
1997a). The ratio between the axes of the ellipse
shown in Figure 4 decreases from 1.13 down to 1.02.

A major advantage of this method is that amplitude
and quadrature errors are calibrated independently of
inphase errors @, - ¢y, (equation (10)).
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3.3. Hardware calibration of inphase errors

Hardware calibration of the inphase errors is
performed by adjusting the phase of the LO at one of
the receivers when injecting correlated noise (Figure
2). This procedure is performed by correlating
correlated noise as in section 3.2 during integration
times of the order of 3 s. At each step the phase
shifter is adjusted until the imaginary part of the
normalized correlation being measured is zero. Note
that this forces in equation (9) that

p‘(2) = l-"(l)S
14
10 (14)
410 1| PP, tAG, = 0

Ad <

3.4. Determination of the overall gain loss factor
g by measuring the fringe-wash function

The fringe-wash function (equation (3)) is the self-
correlation function of the filtered noise. It measures
the decorrelation suffered from a signal when it is
correlated with a delayed version of itself. The fringe-
wash response of the interferometer is measured by
injecting correlated noise to both channels with the
nonresistive power splitter with different delays that
are generated by inserting several coaxial cables in the
path of the 7, baseband signal. This introduces a delay
while the channel's phase remains nearly constant.
Time delay for each coaxial is measured by means of
a reflectometer.

To minimize the uncertainty of the measured
receivers noise temperature and to improve the
accuracy, noise is generated with a Hewlett-Packard
wideband noise source with an excess noise ratio of
ENR=15 dB, which is equivalent to a matched load at
a physical temperature of

T = % 290 (10BW10 1) (1)

ource = 4440 K
The theoretical modulus of the normalized
correlation at T = 0 is then given by
T

source

‘/Tisource T \/ source TR2

which is very close to unity.

Figure 6 shows the measured correlation for
different time delays. As it is appreciated in Figure 6
for small time delays (1 < 10 ns), the fringe-wash
function is best fitted by a Gaussian function (filters

~ 0.977 (16)

Ko =
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modeled by a Gaussian function), while for large
delays the secondary lobes are best fitted by a "sinc"
function (filters modeled by a rectangle). The
correlation measured at the origin is 0.827, due to
differences in the receivers' frequency response. Since
the normalized correlation should be g, = 0.977, the
overall gain factor is g=0.827/0.977 = 0.846.

3.5.

Radiometric sensitivity is defined as the minimum
detectable change in the recovered apparent brightness
temperature map, and it is related to the noise in each
baseline measured [Thompson et al., 1986]; [Bard et
al., 1996]; [Camps, 1996]

3
AT = %dz ’;;me o

where d is the spacing between adjacent antenna

Radiometric sensitivity characterization

an

Fringe-wash function
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Figure 6. Measured fringe-wash function (plusses),

Gaussian fit (solid line), and rectangular fit (dotted line).



CAMPS ET AL.: CALIBRATION OF INTERFEROMETRIC RADIOMETERS

a)
1072
\\\'
N
3 NG G
Ou_10 o
~
R
: -
4 i i &
10 : ' -
10° 10° 10°

T[ms]

1827

b)
162 D S P T R I ey P P e b e R e
N
N
LN
i i
_3 \\\
Gp,i 10
\‘
.
-4 i P P
10° 10' 10 10°
T[ms]

Figure 7. Radiometric sensitivity of the (a) real and (b) imaginary parts of the normalized visibility.

positions along the Y arms: d = 0.89 wavelengths, and
W.,.. is the window used to weight the visibility sample
Vit Vo

The radiometric sensitivity can be then characterized
by connecting two different matched loads to the front
ends' inputs. The standard deviation in the visibility
samples G, is then computed from a large set of
measurements for different integration times. When
two different matched loads are connected to the
inputs of the front end, the correlator's output must be
zero except for small offset errors that have already
been calibrated and drift very slowly and the
uncertainty due to finite integration time. An analytical
formula to compare the theoretical o, to the
measured one can be derived

o, = 1 \/TA+TRl \/TA+TR2 (18)

Vii ”ﬁ

where T, refers to the physical temperature of the
matched loads T, = T, = 290 K, Ty, = 120 K and
Ty, = 90 K are the receivers' noise temperatures,
B ~ 30 MHz is the receivers' noise bandwidth, which
is obtained by fitting the fringe-wash function by a
gaussian function, .4 is the effective integration time
which is related to the integration time for 1B/2L
digital correlators by [Hagen and Farley, 1973]
. T 19
St " 246 4

and the V2 factor in equation (18) comes from the

gaussian filter model. This factor is 1 if the
rectangular filter model is used [Bard et al., 1996];
[Camps, 1996]. With these parameters, equation (18)
reduces to

, = 0.095 K (20)
ni \/;
or equivalently, for the normalized correlation
— 2.4 10-4 (21)

o
Bri ﬁ
Figures 7a and 7b show the radiometric sensitivity of
the normalized visibility in the real and the imaginary
channels (g, #;), which are in good agreement with
the predicted values (equation (21)). The slightly
smaller error in the imaginary channel of the
normalized visibility is due to the g, gain factor.

4. Generation of a Brightness
Temperature Image by
Means of Aperture Synthesis

As stated in equation (1), the generation of a
brightness temperature image by means of aperture
synthesis requires a set of visibility samples to be
measured for different baselines, (»v) points.
Following the technique described by [Laursen and
Skou, 1994} and [Peichl and Sufl, 1994], these
baselines are measured sequentially, which implicitly
assumes that the scene and the antenna temperature do
not change during the measurement.
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Figure 8. (asterisks) Measured (,v) samples and (dots) (u,v) samples obtained by hermiticity for 10 antennas per arm

spaced d=0.89A.

4.1. Measurement sequence

Figure 8 shows the (u,v) points (asterisks) that are
measured and the (,v) samples obtained by the
hermiticity of the visibility function (dots) for an Y
array of 10 antenna positions per arm (Mg = 10)
spaced d = 0.89 wavelengths. For each antenna
position, at least two measurements are made, the first
one for phase tracking (see section 4.2) and the second
one to measure the apparent brightness temperature
distribution.

4.2. Tracking of phase drifts and visibility
samples denormalization

Although offset and inphase errors are initially
calibrated, small phase drifts have been found to have
a critical impact on image recovery. Those phase drifts

are mainly attributed to the phase variation introduced
by the movement of the so-called phase-stable cables
connecting the antennae to the mainframe. Phase
variations are tracked by means of a so-calied "hot
point." It consists of a matched load connected to an
amplifier that is connected to a pyramidal horn located
right in front of the center of the Y array as shown in
Plate 2. At each baseline a measurement with the "hot
point" ON is performed: the phase of the visibility
sample is extracted, and it is taken into account in the
next measurement.

Here it must be pointed out that a hot point is
expressly forbidden in the protected bands. In a full
array, with all the antennas, phase variations are
expected to be much smaller, due only to system drifts
and not to the movement of the cables as in our two-
antenna prototype. Consequently, it is expected that
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full arrays will not require phase tracking at each
measurement. However, some kind of periodic phase
calibration procedure must be allocated (e.g. noise
injection [Torres et al., 1996] and the redundant space
calibration [National Radio Astronomy Observatory
(NRAO), 1989] ).

Amplitude mismatches and quadrature errors are
then calibrated according to equation (13), and
visibility samples are denormalized by multiplying by
the channel gain factors

v - g g u®

& = /TA+TR1 ; TR1 = 120 K 22)
8 = /TA+TR2; TR2 =90 K
The zero baseline is set as
0,0) = T, (23)

4.3. Inversion of the set of visibility samples

Since fringe-washing effects are completely
negligible (B/f,=0.3%), there is only a pair of
antennae, and they are highly decoupled, more than
30 dB for the shortest baseline, visibility samples can
be inverted by an hexagonal inverse Fourier transform
and antenna pattern compensation {Camps et al., 1995,
1997¢]

Fi'{ WB (u,v) VO(u,v) }
F, €m) F,"(En)

where W™ (u,v) is the Blackmann window with
rotational symmetry and is extended up to the
maximum (u,v) coverage: Py = V3 Ny d. The
Blackmann window is selected because of its low
secondary lobes and good radiometric accuracy. At
this point it should be noted that since this inversion
scheme is based on an hexagonal inverse Fourier
transform, it does not require interpolations, avoids
induced artifacts, and preserves signal-to-noise ratio
and radiometric sensitivity, which is only degraded by
the compensation of the antenna patterns,

Ty(E,m) = a4

4.4. Experimental results

Experimental results demonstrate the passive two-
dimensional aperture synthesis concept with natural
and artificial scenes:

1. The first scene consists of a measurement inside
an anechoic chamber to evaluate, as far as possible,
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the error analysis budget performed by Camps et al.
[1997b] and Torres et al. [1996].

2. The second and the third measurements are
natural scenes consisting of the clearance between two
buildings and the contour defined by a mountain and
the sky.

3. Following the technique used by Laursen and
Skou [1994], the fourth scene is a composition of four
measurements of metallic forms over a 45° inclined
plane of microwave absorbers reflecting the sky
radiation. Metallic forms are made with adhesive
aluminum paper glued to shaped cardboards.

4.4.1. Measurement inside the anechoic
chamber: Image error gemeration. When the
interferometer is put inside an anechoic chamber,
microwave absorbers act as a blackbody: the antenna
temperature is equal to the physical temperature of the
absorbers and the apparent brightness temperature is
constant in all directions. Consequently, all the
visibilities should be zero, except for the zero baseline
that equals the antenna temperature. However, the
instrumental errors and residual calibration errors lead
to a nonconstant apparent brightness temperature. The
radiometric error budget in the alias free field of view
is summarized in Table 1. According to Camps et al.,
[1997b] and Torres et al, [1997] the predicted
radiometric accuracy is 1.46 K rms, while the standard
deviation computed from the reconstructed image
shown in Plate 1 is 1.73 K, with peak errors
AT, .= 4.1 K and AT, = - 4.9 K. This value agrees
within 20% with the predicted one. Note that this
budget does not include antenna pattern errors, since
they are enclosed by a blackbody, nor antenna
coupling effects [Camps et al, 1997b]. Aliasing
effects in the reconstructed image (Plate 1b) are not
apparent because the average value 7(0,0) = T, has
been subtracted prior to the inversion of the visibility
samples. The larger errors that are appreciated in the
next measurements are expected to come from the
variation of the brightness temperature scene being
imaged during the measurement, from 90 to 120 min.

4.42. Natural scene 1: Two buildings of the
UPC campus seen from the street. In the next
examples, three pictures are shown for each
measurement: in Plate 2 in the top left side (Plate 2a)
there is a picture of the scene being imaged; in the top
right side (Plate 2b) there is the alias-free field of
view (FOV) reconstructed image at X band; and in the
bottom right side (Plate 2c), there is the complete
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Table 1. Radiometric Accuracy Budget: Antennas
Inside an Anechoic Chamber

Radiometric rms

Error source Comments

error, K
Discretization 0.19 Ny =10; T:=290K
error
NEL=10;
Finite integration 0.61 =25,
time ’ Blackmann
window
2% residual
Amplitude error 1.00 eccentricity
(Figure 4)
2° resi
Phase error 0.83 residual phase
error
Inpla.n.e antenna 0.18 | mm
position error
Predicted
radiometric 1.46
accuracy

Antenna pattern errors do not need to be accounted

for: antenna coupling errors can be neglected
(S,/<-30dB at d=0.89 A). T,=T,= physical
temperature.

aliased synthetic image. It should be noted that the
angular resolution for the Y array configuration with
10 antenna positions per arm, spaced 0.89 A, and
Blackmann windowing is about 4.7°, while the alias-
free field of view is 34.6° wide and 42.5° height. It
means that images are smooth and are composed only
by 7.3 x 9.0 pixels.

Plate 2 shows UPC Campus Nord buildings C5 and
D5 seen from the street. In Plate 2a the pyramidal
horn antenna used as a hot point for phase tracking
during the measurement is appreciated. In the
synthetic image the brightness apparent temperature
contour of the buildings can be appreciated over the
cold brightness temperature of the sky (Plates 2b and
2¢). From left to right a decreasing line due to the
perspective of the buildings on the left is marked as 1,
a flat zone in the middle with a peak at the position of
the lamppost is marked as 2, and a vertical line for the
building in the right is marked as 3.
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4.4.3. Natural scene 2: Water tank over a
mountain. Plate 3 shows a water tank over the
mountain located in the right side of the picture. In
Plates 3b and 3c the recovered alias-free FOV and the
complete synthetic images corresponding to the
previous picture can be observed. It should be noted
that this image has been obtained with the Y array
with five antenna positions per arm and the spatial
resolution is poorer than before AG™ ; z = 9.35°

In Plate 3b the ground-sky border can be easily
appreciated. From left to right a descent due to the
brick building is marked as 1, an ascent due to the
mountain, a hot spot in the center probably due to the
building, is marked as 2, another ascent due to the
mountain, a flat summit with a small peak due to the
water tank, is marked as 3 in the region aliased with
the sky, Plate 3c, and finally, another ascent due to the
mountain. It is clear from Plate 3c that this is an
example in which the alias-free FOV, which is in
principle limited by the hexagonal periodic repetition
of the unit circle [Camps et al, 1997c], can be
extended by substraction of the brightness offset
introduced by one of the overlapping regions, in this
case the sky.

4.44. Metallic UPC logo and acronym over
microwave absorbers. The bottom of Plate 4 shows
the logotype of the Polytechnic University of
Catalonia and its acronym "UPC" formed with
metallic pieces. In the top there are represented four
recovered brightness temperatures images formed in
four independent measurements. The three circles in
the lowest side of the UPC logotype were designed to
be just the size of the spot of the half-power
synthesized beam width. The upper circles are of the
same size, but as they are more distant, the subtended
angle is smaller, and they are resolved worse. Note the
shape of the microwave absorber that is outstanding
over the sky in the top of the recovered image.

As in the previous images, the metallic letters "U,"
"P," and "C" appear at a low brightness temperature
Tieters ® Ty, OVer a hot brightness temperature T,
~ T sca- 1he border between the apparent brightness
temperature of the microwave absorber and that of the
sky can be clearly observed.

5. Conclusions

This paper has described the hardware configuration
of the UPC synthetic aperture interferometric
radiometer prototype, paying special attention to its
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Plate 1. Error image measured inside an anechoic
chamber T,=290 K. (a) Alias-free FOV. (b) Aliased
image ( AB S 4.7°).

Plate 2. Measured X-band synthetic image of two

buildings at the Campus Nord of the UPC. (a) Picture

of the scene. (b) Alias-free FOV, (c) Aliased image
(A8 s 4.7%.

experimental characterization and calibration. Some
measured synthetic brightness temperature images
have been also presented.

The main contributions of this paper are to point
out the key hardware requirements and the proposal of
an experimental procedure to calibrate overall
receivers' and correlators' amplitude, inphase, and
quadrature errors by means of the so-called
"calibration circles."
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Plate 3. Measured X-band synthetic image of a water
tank on a mountain. (a) Picture of the scene. (b) Alias

free FOV. (c) Aliased image (M)_3 B 9.4°),

Plate 4. Measured X-band synthetic image of
the UPC logo and its acronym made with metal
strips over microwave absorbers ( A6 - 4.7°).
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