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A synthetic aperture radar interferometer based on two vertically spaced physical antennas carried along
parallel paths by the Space Station and by a small tethered subsatellite is presented. This remote sensing system is
aimed at producing and updating topographic maps. In particular, it offers geometric, radiometric, and temporal
resolutions adequate for natural-disaster monitoring. The system performance is identified by means of a computer
simulation, taking account of the tethered platform dynamics and of the Space Station orbital decay. Numerical
results show the capability of observing any point of the Earth surface in the range of latitudes ±51.6 deg with a
repetitivity of about 2 days, by using range steering of the antenna beams (15-45 deg). Then, the attitude pointing
accuracy requirements are derived by evaluating the signal-to-noise ratio and the swath overlap decrease due to
the antenna misalignment (yaw 0.15 deg, pitch 0.10 deg, roll 0.20 deg).

Nomenclature
A = resolution element area, m2

a = orbit semimajor axis, km
Bz = vertical separation of antennas (baseline z component),

km
E = number of Earth rotations in the repetition period
/D = Doppler centroid frequency, Hz
G = antenna gain, dB
GR = range compression factor, dB
h = topographic height, m
INT = truncation to integer
i = orbit plane inclination, deg
N = noise, dB
NL = number of radar looks
Pp = peak power, dB
Q = orbit repetition factor
R = slant range, km
7?e = Earth radius, km
R = slant range vector, km
R = time derivative of slant range vector, km/s
S = number of satellite revolutions in the repetition period
Sw = radar swath width, km
TA = azimuth integration time, s
ft = mean anomaly in the orbit plane, deg
y = yaw attitude angle, deg
AWA = Doppler bandwidth, Hz
ft = antenna pointing angle (off nadir), deg
A, = wavelength, cm
ah = height measurement accuracy, m
cr0 = phase-difference measurement accuracy, rad
cr() = terrain backscatter cross section, dB
<t> = phase difference in the interferogram, rad
a) = satellite angular velocity, deg/s
co® = Earth angular velocity, deg/s
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Introduction

IT is well known that synthetic aperture radar (SAR) interferom-
etry allows the three-dimensional observation of the Earth sur-

face, thanks to the phase difference in the signals received by two
radar antennas separated by a distance called the baseline.1 In recent
years several authors have demonstrated that spaceborne SAR inter-
ferometry is a successful topographic mapping technique. It offers a
high-resolution image and a high-accuracy digital elevation model
(DEM).2

Among the various proposed applications of topographic map-
ping to Earth sciences (hydrology, ecology, geomorphology, ice
sheets and glaciers, geology, geophysics),3"5 there is the possibil-
ity of getting a DEM with an accuracy adequate for natural-disaster
monitoring. In natural-disaster management, three main goals can be
identified: preparedness, prevention, and relief. Preparedness con-
sists of the minimization of losses when a disaster strikes; in pre-
vention one tries to avoid or control hazards; and in relief aid is
provided after a disaster occurs. As an example, Earth surface vol-
umetric changes and small crustal motions are premonitory events
of natural disasters such as floods, landslides, avalanches, volcanic
eruptions, and earthquakes and can be detected by differential SAR
interferometry techniques.6'7 On the other hand, the possibility of
producing and updating SAR images and topographic maps in nearly
real time can be useful in natural-disaster relief, because these data
could allow a more effective intervention: identification of evacu-
ation routes, sites of temporary dwellings, sources of water.8 Fur-
thermore, active microwave sensors are not affected by clouds, pre-
cipitation, and local time.

Spaceborne remote sensing applications to disaster management
are strongly limited by a tradeoff between spatial and temporal res-
olutions. Existing satellites (e.g., meteorological satellites) achieve
high temporal resolution by decreasing spatial resolution. On the
other hand, because of orbital and data-rate constraints, remote sens-
ing satellites can accomplish high geometric resolution only at the
expense of swath width and repetitivity.

Besides its high topographic accuracy, SAR interferometry offers
the possibility of overcoming the temporal resolution constraints
through its capability of antenna range beam steering.9 In fact, it
is possible to get a high frequency of observation over areas hit by
natural disasters by moving the nominal swath width within a wider
off-nadir area.

Despite the great potential of observation from space, satellites
have rarely been designed for natural-disaster monitoring: in re-
cent years a small satellite mission10 and a European retrievable
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carrier (EURECA) experiment11 have been proposed for moni-
toring volcano gaseous emissions. Nevertheless, the need of a
large-swath, high-observation-frequency, long-lifetime spaceborne
system is more and more evident, to furnish accurate, real-time input
data to a global natural-disaster management system.

The main goal of this paper is to present a new SAR interfer-
ometer based on two tethered antennas. In particular, the system is
aimed at the high-frequency and high-resolution topographic map-
ping of areas hit by natural disasters. The gravity-gradient-stabilized
configuration consists of a transmitting/receiving antenna onboard
the Space Station, and a receiving-only antenna carried by a small
tethered subsatellite.

Furthermore, the system can take advantage of the unique ca-
pabilities offered by the Space Station, such as a mission lifetime
adequate for an operational natural-disaster monitoring system. In
addition, extensive onboard data handling and processing before
transmission allows a simplification of SAR design and operation
and a significant reduction of data rate. As an example, only the com-
pressed and calibrated images and the DEMs need be downlinked,
and that can be done in nearly real time by means of the already
sche'duled Data Relay Satellites constellation. Moreover, active mi-
crowave sensors do not need sun-synchronous orbits or very strin-
gent platform attitude requirements. The sensor under study could
be part of a permanent tethered facility on board the Space Sta-
tion: in fact, a large number of Space Station based tethered system
applications have been proposed in recent years.12

After a brief introduction to the main factors affecting the height
measurement accuracy of a SAR interferometer, this paper deals
with the evaluation of the observation repetitivity achievable by us-
ing range-steerable antennas. Although a comprehensive study of
natural-disaster management by means of spaceborne remote sens-
ing is not yet available, it is evident that the required geometric,
radiometric, and temporal resolutions strongly depend on the ob-
served phenomena. For the sake of concreteness, this paper is fo-
cused on the resolution and repetitivity adequate for monitoring the
campi Flegrei (Naples, southern Italy) area bradyseism and volcan-
ism. In particular, the area bradyseism is characterized by small
vertical movements of the order of few centimeters per year. Gener-
ally, before the movement inversion, the velocity of rising strongly
increases up to few centimeters per month. During the years 1969-
1970, the maximum value of 6 cm/month was recorded. Other gath-
ered data show that the Mt. Nuovo volcano flanks rose up to 5 m in
a few days before the explosive eruption.

Finally, the effects of the space system dynamics on SAR per-
formance are studied to evaluate the tether effects and to derive the
attitude accuracy requirements. The analysis has been carried out by
means of a computer code that the authors developed for spaceborne
interferometric SAR simulation. It allows for Keplerian or perturbed
orbits, attitude control and maneuver, SAR pointing geometry and
radiometric characteristics, various antenna configurations, Earth
ellipsoid, terrain morphology, and surface backscattering character-
istics.

Vertical SAR Interferometry
The past and existing space missions achieve SAR interferom-

etry by using two images of the same area obtained by the same
antenna, during cross-track separated coverages (repeat-orbit inter-
ferometry). In this case, the two images forming the interferogram
are acquired at different times, which causes a major limitation: time
decorrelation.2'13

To avoid this limitation the two images must be acquired simul-
taneously by means of two antennas, which can operate on a single
spacecraft or on different platforms. In the first case, a quite large
boom is mandatory, which causes several complexities and difficul-
ties in system design and operation. In the second case, two solutions
can be envisaged: a horizontal baseline (achieved by using two free
satellites at the same altitude and inclination with slightly separated
ascending nodes14'15) and a vertical baseline (obtained if the two
satellites are connected by a tether16). It has been demonstrated that
these systems are adequate for global topographic mapping at an
accuracy that meets the 1:50,000 scale standards.

ground range
direction

Fig. 1 Tethered interferometric SAR observation geometry.

With reference to the observation geometry of a tethered vertical
interferometer (Fig. 1), by means of the complex images acquired
by the transmitting/receiving (T/R) and the receiving-only (R/o)
antennas it is possible to calculate the height as follows:

(1)

where the off-nadir angle is related to the phase difference in the
interferogram:

(2)

From Eqs. (1) and (2), assuming that systematic errors have been
essentially removed by some small set of ground control points,
and considering uncorrelated parameters, it is possible to derive
quantitatively the effect on the height measurement accuracy of the
uncertainties in the determination of phase difference, baseline, and
slant range.1-2'4'16 In particular, the slant range error is centimetric,
because it is caused by the clock timing error and the atmospheric
delay, and it can certainly be neglected. The baseline uncertainty
depends on the measurements technique, and it can be strongly re-
duced by adopting differential Global Positioning System (GPS)
and/or laser ranging sensors. Consequently, the major contribution
to the height measurement uncertainty is caused by the interfero-
metric phase uncertainty as follows:

(3)
27tBz(a2 + R2-2aRcosi

Assuming large signal-to-noise ratio (SNR) and Rician statistics on
the received phasors, the standard deviation of the interferometric
phase can be computed as follows13'17:

1
(4)

Therefore, an adequate SNR must be guaranteed to attain a satis-
factory height measurement accuracy.

Frequency of Observation
In repetitive orbits the ground tracks produce exactly the same

pattern after each repetition period. That is, after S satellite revolu-
tions and E Earth rotations (a repetition period), the ground track
falls over the same point of the Earth's surface. The repetition factor
is defined as follows:

Q = S/E (5)

As shown by Duck and King,18 in a repetition period the equator is
divided into S equal parts. If global coverage is required, the pro-
jection of the radar swath on the equator must be larger than the
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distance between adjacent tracks. Therefore, the minimum value of
S that yields global coverage is given by

27r.
sin 1[sm(5w

(6)

As a consequence, the 3-dB beam aperture in range direction must
be selected large enough to satisfy Eq. (6). On the other hand, to limit
the data rate and to attain high geometric resolution, the 3-dB swath
must be relatively small. If steerable antennas are envisaged, the po-
tential swath can be considered instead of the 3-dB one. In this case
Eq. (6) gives the minimum value of S that guarantees global access.

Although the Space Station nominal design parameters have not
yet been definitively established, for the sake of concreteness, in the
simulation we considered an orbit inclination of 51.6 deg and an
altitude ranging between 440 and 480 km.19 With reference to the
radar characteristics (Table 1), we considered the L band because
it has a proven history of use (SEASAT, SIR, JERS-1) and it is
scheduled for a future global topographic mission (TOPSAT). The
antenna 3-dB aperture angles coincide with the TOPSAT values,
while the 1-km vertical antenna separation is a tradeoff between
height accuracy and gravity gradient stabilisation.16

Considering the significant altitude variations of the Space Sta-
tion during the decay and reboost phases, we selected a range of
repetition factors (15.184-15.056) that does not necessarily offer
global coverage. On the other hand, if 15-45-deg steerable antennas
are considered, global access is guaranteed. Moreover, a steerable
antenna greatly increases the observation frequency over selected
test sites.

_____Table 1 SAR characteristics_____

Left-looking off-nadir angle 30 deg
3-dB antenna azimuth angle 1.34 deg
3-dB antenna elevation angle 3.46 deg
Wavelength 24 cm
Ground resolution 30 x 30 m2

In a previous study20 the authors considered six orbits at altitudes
of ^440, ^460, and ̂ 480 km and off-nadir angles steerable in the
ranges 25-35,20-40, and 15-45 deg. It was demonstrated that when
the off-nadir angle can be varied in the range 15-45 deg, the mean
value of the time interval between successive observations of any
point in the accessible latitudes (±51.6 deg) is reduced to ̂ 2 days.

The present study has been conducted in the whole range of Space
Station altitudes, considering 161 repetitive orbits, with 51.6-deg in-
clination, 5 ranging between 91 and 19,381 and E between 6 and
1313. The altitude difference between successive orbits varies be-
tween 7.5 and 660 m. Statistical distributions of the time between
successive observations have been computed, considering a large
set of point targets on the Earth surface, randomly extracted in the
uniform range of the accessible latitudes (±51.6 deg). In particular,
the mean value, the standard deviation, and their linear regression
have been computed. Figure 2 shows that the mean value slightly
decreases with increasing altitude, while the standard deviation in-
creases. This is consequent to the obvious increase of the swath at
higher antenna altitudes. Moreover, thanks to the 15-45-deg antenna
steering, the observation frequency practically does not depend on
the repetition factor.

In conclusion, the analysis demonstrated the great potential for
fast accessing of the Earth surface from the Space Station in its whole
interval of operational altitudes: a mean interval of 2 days elapses be-
tween successive observations, with a standard deviation of 2 days.

Nominal Doppler Parameters
In the following, the evaluation of the nominal Doppler centroid

frequency and bandwidth will be presented, because these parame-
ters are affected by the antenna attitude and influence the coherence
of the interferogram. In particular, it will be shown that the Doppler
centroid frequency is strongly influenced by yaw and pitch atti-
tude angles whereas the roll-angle effect is practically negligible.
The analysis was conducted for the orbit with the repetition factor
892/59 (460 km), including also the possibility of yaw attitude angle
steering. On existing satellites, the yaw attitude angle steering is per-
formed to align the SAR antenna along the spacecraft-atmosphere
relative velocity so that the atmospheric drag is reduced. In this

440.00 445.00 450.00 455.00 460.00 465.00 470.00 475.00 480.00

cn
c.:
o <*

Standard Deviat ion

is

480.00440.00 445.00 450.00 455.00 460.00 465.00 470.00 475.00
Al t i tude (Km)

Fig. 2 Mean value and standard deviation between successive observations as a function of the Space Station altitude (antenna steering 15-45 deg).
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Fig. 3 Yaw attitude angle for minimum drag as a function of mean anomaly for the orbit with the repetition factor 892/59.
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Fig. 4 Doppler centroid frequency for the T/R and the R/o antennas without yaw steering (A) and with yaw steering (B) as a function of mean
anomaly for the orbit with repetition factor 892/89.

case, the SAR Doppler centroid frequency attains a zero value.15 Al-
though the yaw maneuver is not absolutely requisite, this property is
relevant to improving image focusing because the range migration
effects are strongly reduced.

The yaw attitude angle is a function of the mean anomaly and, if
a circular orbit is considered, is given by

y = tan
sin i cos ft ^

co/a)® — cos i J (7)

The required yaw attitude angle is in the range ±3 deg (Fig. 3).
The Doppler centroid frequency of the T/R antenna image can be

expressed as follows:

(8)

For the R/o image a different return path must be considered, taking
into account the baseline between the antenna foci.

The centroid frequency has been computed for both antennas and
considering both the case with yaw steering and the case without
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yaw steering (Fig. 4). As expected, if the yaw steering maneuver
is adopted, the centroid frequency is zero also for the R/o antenna,
because in the nominal case it is perfectly aligned along the local
vertical of the T/R one. On the other hand, because of the target-
antenna relative velocity along the orbit, a cosinusoidal curve is
obtained when the yaw steering is not applied. Also in the latter case
the Doppler centroid frequencies of the two antennas are practically
coincident. This is due to the negligible difference between the look
angles, as required to avoid baseline decorrelation.2'13'16

Then, the Doppler bandwidth was computed (Fig. 5), because it
strongly influences the SNR, as will be shown in the following. Its
value is about 1432 Hz for the various cases considered. The effects
of the variation of the Earth surface tangential velocity as a function
of latitude are evident when the yaw steering is applied. The slight
difference between the Doppler bandwidths of the two antennas is
due to the size of the SAR footprints, which depend on the radar
altitudes. If necessary, this effect can be easily allowed for in the
advanced SAR processor.

Tether Effects
Of course, a constant vertical baseline cannot be achieved during

the stationkeeping phase of the mission. Therefore, it is necessary
to evaluate the order of magnitude of tether-dynamics-induced per-
turbations on SAR Doppler properties and coverage.

In-plane, out-of-plane, and longitudinal low-frequency oscilla-
tions of the order of the orbital rate cause variations in the baseline
that can be measured by using laser sensors or GPS antennas with
adequate accuracy.21

Table 2 Mechanical and thermal characteristics
of 1-km tether

Radius
Linear density
Solar-radiation absorptivity
Thermal emissivity
Specific heat
Young's modulus
Thermal expansion coefficient
Damping coefficient
Drag coefficient

m5.0 x 10-3

8.95 x lO^
0.5
0.75

2.5 x l^Jkg-'K-1

1.95xl010Nm-2

-6.1 x 1(T6 Kr1

0.05
3.0

As far as the high-frequency longitudinal oscillations are con-
cerned, several authors have shown that adequate control laws can
effectively damp their amplitudes.22 To perform a quantitative eval-
uation of these contributions, a three-dimensional numerical model,
based on the discretization of the system by means of lumped masses
connected by massless springs and dashpots, has been used. The
system orbital motion is described by the force- and energy-balance
differential equations, the unknown quantities being the tempera-
ture and the components of the position and velocity vectors of each
mass with respect to an inertial reference frame. The environmental
perturbations considered are the force of gravity, including the sec-
ond zonal harmonic of the gravity field; the aerodynamic forces; and
the thermal effects on the tensional forces.23 In particular, for each
lumped mass, 1) the aerodynamic drag is evaluated considering the
velocity of its center of mass relative to the rotating atmosphere,
and 2) the tether thermal inputs are the solar radiation and the flux
due to the atmospheric drag, whereas the only cooling process is the
emitted radiation.

The computer simulation has been performed considering the
end masses representing the Space Station (mass 401,883 kg, cross-
sectional area 839.21 m2) (Ref. 19), and the tethered subsatellite
(mass 800 kg, cross-sectional area 1 m2), and five lumped masses
representing a nonconductive tether (Table 2). To evaluate the sub-
satellite cross-sectional area it has been assumed that the SAR an-
tenna and the solar panels are along the spacecraft-atmosphere rel-
ative velocity, thanks to the yaw steering maneuver.

To allow for a more stringent case, no tether longitudinal and
lateral oscillation control laws have been included in the computer
runs. Table 3 summarizes the results of the simulation relevant to
the proposed SAR application. In particular, it lists the standard
deviations of the subsatellite antenna focus position and velocity
vector components with respect to a Space Station antenna fixed

Table 3 Standard deviations of the R/o antenna position and
velocity components, with respect to the T/R one, during

stationkeeping phase of the mission8

x, m
4

y, m
2

Az, cm

8

i, mm/s

9
y, mm/s

3

z, mm/s
0.1

aThe Az component is computed with respect to the gravity-gradient-stabilized
equilibrium position.
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Fig. 5 Doppler bandwidth for the T/R (1) and the R/o (2) antennas without yaw steering (A) and with yaw steering (B) as a function of mean anomaly
for the orbit with the repetition factor 892/89.
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orbiting reference frame (whose origin is at the T/R antenna focus,
z axis is coincident with its position vector and directed downward,
y axis is perpendicular to the orbital plane, and x axis is directed
forward). The variations of Doppler centroid frequency and Doppler
bandwidth, which are caused by the standard deviations listed in
Table 3, are of the order of 0.1 Hz, and, therefore certainly negligible.
Also, the antenna footprint overlap is not affected by these small
differences with respect to the unperturbed vertical configuration:
the overlap between the T/R and the R/o 3-dB apertures is greater
than 98%, even when tether perturbations are included.

Attitude Requirements
To define the attitude requirements of the tethered interferometer

two aspects must be exploited. First, since the R/o antenna is passive,
any pointing difference with respect to the T/R one will cause a
reduction of the accessible area. Besides this essentially geometric
problem, an additional radiometric aspect must be considered. If the
two images are formed with different Doppler bandwidths because
of the antenna misalignment, then the SNR of the interferogram and
the height measurement accuracy of the system will be lowered. In
the following we will derive the yaw and pitch requirements by
considering the effects of misalignment on the height measurement
accuracy, whereas the need of a satisfactory swath overlap will allow
the roll requirement to be defined.

Definition of Yaw and Pitch Requirements
It has been shown that the focusing of both images can be carried

out by using only one reference function.24 In particular, a theo-
retical reference function can be obtained considering the T/R an-
tenna flying at its nominal attitude. In this case, the actual Doppler
parameters of raw data cause a decrease of SNR in the focused
images and a consequent decrease of coherence in the interfero-
gram. From the radar equation it is possible to derive the SNR
as follows25:

SNR =
PPG2X2a()AGRGA (9)

where GA is the azimuth compression factor: GA = TA AWA. In-
troducing a constant C\, we have

SNR = (10)

By substituting Eqs. (4) and (10) in Eq. (3) and differentiating,
we obtain the following equation that relates the common Doppler
bandwidth to the height measurement accuracy:

da/,
(11)

Therefore, if a height measurement error increase of the order of
5-10% is allowed (which is a satisfactory value in comparison with
the other error sources1'13'16), the effective Doppler bandwidth de-
crease must be of the order of 10-20%.

To evaluate the attitude requirements quantitatively a computer
simulation has been carried out. For each value of the mean anomaly
along a Keplerian circular orbit, a Gaussian distribution of attitude
angles with assigned standard deviation has been considered and
the corresponding Doppler frequency and bandwidth distributions
have been computed. As expected, the Doppler bandwidth of each
antenna is not affected by attitude perturbations. In fact, the 3-dB
aperture angles in both elevation and azimuth directions are quite
large with respect to the achievable pointing errors, and the residual
effect of the Earth ellipsoid is practically negligible. On the other
hand, the Doppler centroid frequency is strongly affected by the
yaw and pitch attitude angles (Table 4), whereas the roll angle only
involves a variation of the antenna gain parameters.

As shown in Fig. 5, the nominal Doppler bandwidth is 1432 Hz.
Therefore, if the proposed focusing technique is adopted and we
consider 0.10 and 0.15 deg as standard deviations for pitch and yaw
accuracy requirements, only A WA = 1310 Hz for the T/R antenna
and AWA = 1259 Hz for the R/o antenna can be considered. In

Table 4 Root mean square error of Doppler centroid
frequency with respect to the unperturbed case

for yaw and pitch errors

Attitude angle:
standard deviation, deg

Doppler centroid frequency:
root mean square error, Hz

Yaw
0.50
0.20
0.15
——
——
0.15

Pitch

__
— : —
0.50
0.10
0.10

T/R antenna

263
105
79

455
91

122

R/o antenna
f)f.C

106
80

459
92

122

Table 5 Swath-overlap mean value and standard deviation
as a function of yaw, pitch, and roll errors

Swath overlap
Attitude angle standard
deviation, deg

Mean value, Standard deviation,

0.15 (yaw)
0.10 (pitch)
0.50 (roll)
0.25 (roll)
0.20 (roll)

91.8
90.6
79.7
89.8
91.8

5.7
6.6

15.0
7.7
6.2

Table 6 Yaw, pitch, and roll pointing
accuracy requirements (Icr)

Yaw Pitch Roll

0.15 deg 0.10 deg 0.20 deg

the latter case the narrower bandwidth is consequent to the mutual
effects of the two antennas. These values yield a worst-case ratio
d(AWA)/AWA = 12%.

The values listed in Table 4 have been calculated considering that
the antenna is not rotating to perform the yaw steering maneuver.
The same computation has been carried out also in the case of yaw
steering, and no significant differences occurred.

Definition of Roll Requirement
The geometric constraint on roll angles is imposed by the need

of an adequate swath overlap. To be consistent with the previous
analysis, since the yaw (0.15 deg) and pitch (0.10 deg) standard
deviations cause a swath overlap of about 90%, the roll standard
deviation must guarantee the same value. Numerical simulations
have shown that a roll standard deviation of the order of 0.20 deg is
necessary (Table 5).

When all the attitude errors are considered, the mean value of
swath overlap is of 84% with a standard deviation of 9%. The swath
overlap calculations have been carried out for both the cases, with
and without yaw steering, giving the same results. In conclusion,
the required attitude system accuracy is not particularly stringent
(Table 6).

Conclusions
This paper presents a spaceborne SAR interferometric system

based on two tethered antennas and aimed at natural-disaster map-
ping and monitoring. Basically, the configuration consists of two
antennas flying along parallel paths. The first is onboard the Space
Station, whereas the second is carried by a small subsatellite tethered
to the station. The vertical antenna separation required for accurate
topographic mapping is obtained thanks to gravity gradient stabi-
lization. High frequency of observations over areas hit by natural
disasters is accomplished by electronic antenna range beam steering.
Of course, the same results could be obtained considering mechan-
ical antenna steering or a spacecraft roll rotation. In these latter
cases the complexities in radar design and operation are replaced by
a more sophisticated attitude control system.

From the quantitative point of view, the analysis was carried out
in a wide range of Space Station orbit altitudes. It was found that the
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repetition frequency increases from ^ to \ day"1 when the potential
beam width increases from the nominal 3-dB aperture to a steerable
15-45-deg beam. Furthermore, considering the Earth surface in the
latitude range covered by the Space Station (±51.6 deg), in the
mean 2 days are required to reobserve the same site, with a stan-
dard deviation of 2 days. This results is particularly interesting for
natural-disaster mapping, because these areas are the most densely
populated.

Then the attitude requirements were considered. Since the yaw
and pitch angles mainly affect the Doppler bandwidth, the yaw and
pitch accuracy were computed with the nominal height measure-
ment accuracy reduced by about 10% with respect to the theoretical
unperturbed attitude value. The roll requirement was designed as-
suming that the swath overlap decrease caused by roll attitude errors
must not exceed that caused by yaw and pitch. The final result is
that a medium level of attitude accuracy is required (yaw 0.15 deg,
pitch 0.10 deg, roll 0.20 deg).
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