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First Demonstration of Surface Currents Imaged by
Hybrid Along- and Cross-Track Interferometric SAR

Robert Siegmund, Mingquan Bao, Susanne Lehner, Member, IEEE, and Roberto Mayerle

Abstract—This paper is concerned with the simultaneous
measurement of terrain heights and currents using an airborne
interferometric synthetic aperture radar (INSAR). For the first
time, a hybrid two-antenna INSAR system with both along- and
across-track baseline components is used to measure high-res-
olution digital elevation maps (DEMs) and current fields in a
Wadden sea area. Coastal applications like the monitoring of
sediment transport or the numerical modeling of morphodynamic
processes require measurements of topography and currents.
Classical in situ measurements of these parameters are both
expensive and time consuming, or even impossible if higher
spatial resolution is required. Pure along-track interferometers
(ATIs) have demonstrated their ability to provide information
on ocean currents, while across-track interferometric systems
(XTIs) have been successfully used to measure DEMs. In this
paper, a hybrid system with both ATI and XTI components is
used to acquire synoptic measurement for the first time. An
experiment with an airborne system taking data over a Wadden
sea area is presented demonstrating the potential of the technique.
A geometrical model is developed for the interferometric phase
of hybrid INSAR systems. This model combines ATI and XTI
techniques using a baseline that spans between two antennas
consisting of along-track and across-track components. In this
model, both the effect of topography and the radial velocity of the
water surface enter into the resulting interferometric phase. To
separate both components, the system takes data of the respective
scene flying two or more tracks with different flight directions,
e.g., antiparallel tracks. This approach leads to a set of linear
equations that has a unique solution for the along- and cross-track
phase. Finally, an additional phase bias has to be considered due
to the radial velocity and the influence of squint. This is caused by
a misregistration effect between both antennas, which is related to
cross-track imaging of surface motion. The new INSAR technique
is tested with data acquired during a campaign in February
1997 over the Weser Estuary at the German coast. The airborne
INSAR system AeS-1 was used. The interferometer configuration
consists of two SAR antennas separated by a mixed along-track
and cross-track baseline. Two datasets acquired on antiparallel
tracks are used. The calculated velocities were compared with a
hydrodynamic model operated by the Federal Waterway Engi-
neering and Research Establishment. The experimental results
agree well with the numerical model. In particular, the mean
velocity of 0.7 ms 1 matches in both datasets. Deviations in the
fine-scale structure of the current field are discussed. Topographic
analysis and validation are performed in a separate investigation.
The impact of surface gravity waves and wind drift, which are
known to cause significant artifacts in the ATI phase under certain
circumstances, is discussed.
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I. INTRODUCTION

I NTERFEROMETRIC synthetic aperture radar (INSAR) is
known to be a useful tool for measuring terrain height and

ocean surface currents. Usually, the INSAR system employs
two antennas that are spatially separated by a fixed distance
either along or across the flight direction of the platform. Those
INSAR systems are called along-track interferometric SAR
(ATI) or cross-track interferometric SAR (XTI). In order to
combine both techniques, a first analysis of a joint INSAR
measurement of terrain height and surface currents with two
antennas is presented. The method is tested with experimental
data acquired over the Weser Estuary that is part of the Wadden
Sea area at the German coast.

The backscattered radar signals from targets received by two
antennas are processed separately into two complex images.
Subsequently, these two complex images are combined into a
single complex ATI or XTI image. The phase of the complex
ATI image is proportional to the radial velocity (or motion to-
ward the sensor) of ocean surface currents, and the phase of the
complex XTI image is proportional to terrain height.

The accuracy of airborne interferometric acquisitions espe-
cially for coastal areas varies in the range of centimeters [1] to
meters [2] for measurements of terrain heights and in the range
of centimeters to decimeters per second for surface currents,
[2]–[4]. Although it was stated that the separation of the XT-
and AT-induced phase is difficult, due to the ambiguity in the
combined interferometric phase, [5], a new approach of hybrid
along- and cross-track interferometry is provided.

In this paper, a possible way of obtaining terrain heights and
surface currents simultaneously by airborne interferometry is
presented. For this purpose, a combined interferometric baseline
with two antennas consisting of an along- and cross-track com-
ponent is used. Afterward, a geometrical model for the interpre-
tation of the interferometric phase is derived. We will focus es-
pecially on the derivation of surface currents from the combined
interferometric phase. The obtained accuracies are in an order
of 20 cms and, thus, seem to be sufficient for coastal applica-
tions like sediment transport modeling or coastal engineering.
Due to the highly dynamic character of Wadden Sea areas, a
synoptic acquisition of morphology and surface currents in in-
tertidal areas is of high value. This means that the data can be
used for validation and assimilation in these models.
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Fig. 1. Area of the experiment site located in the Weser Estuary.

The paper is organized as follows. First of all, the condi-
tions during an experiment conducted in February 1997 are de-
scribed. Depicted are the natural characteristics of the test site
in the Wadden Sea, the flight conditions, and the radar configu-
ration used for the experiment. Afterward, characteristics of the
measured interferometric phase over water and land areas are
presented. To derive the radial component of current velocity
from the mixed phase, a new geometrical model for combined
interferometric acquisitions is presented. To prove the theory,
the model is applied to experimental data in the last section, and
the results are compared to results from a hydrodynamic model.

II. EXPERIMENTAL SETUP

On February 10, 1997, an airborne INSAR experiment was
carried out over the Wadden Sea area of the German Bight,
which is located at the estuary mouth of the Weser River at the
German coast, near the city of Bremerhaven. Fig. 1 shows the
Weser Estuary, the location of the experimental flight tracks and
the coverage of the model area used as a reference.

The instrument used for acquisition was the interferometric
SAR-system AeS-1. The radar operates at a center frequency
of 9.55 GHz (X-band) with a bandwidth of 400 MHz, thus en-
abling the acquisition of SAR images with an optimum ground
resolution of 0.5 m. Table I shows the main system parameters
of the AeS-1.

The geometry of the AeS-1 is depicted in Fig. 2. Two antennas
were mounted on the aircraft, forming a (cross-track) interfero-
metric baseline of 1.56 m. At the same time, the baseline addi-
tionally had a small along-track component of 0.034 m. For ac-
quisitions over Wadden Sea areas, the AeS-1 is flown at a mean

TABLE I
RADAR PARAMETERS FOR THE ACQUISITION OF T AND T

height of 3200 m. With this flight setting, ambiguity heights of
35 m in midswath are obtained. Data of two antiparallel flight
tracks are used for this study that overlap in a range of approxi-
mately 500 m, referred to as flight track 1 and flight track
2 (Fig. 1).

The Wadden Sea region itself consists of the shallow inter-
tidal zone between land and the open sea that is periodically
flooded during the tidal cycle. The mean tidal range is 3.6 m,
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Fig. 2. Geometry of the interferometric Radar AeS-1.

Fig. 3. Tidal currents as calculated by the model in the experimental area,
30 min before low tide. The box depicts the example area in the overlapping
swaths.

which means that the characteristics of this area vary between
totally flooded at high tide and partially fallen dry at low tide.
The surface consists of tidal flats separated by tidal inlets and
channels whose width ranges from 2–200 m. This tidal inlets
canalize the tidal current, and most of them are flooded during
the whole tidal cycle.

The acquisitions were conducted approximately half an hour
before low tide. This means that a current in the tidal channels is
flowing toward the open sea, i.e., from southwest to northeast in
our test site. This tide situation is depicted in a resulting image of
the hydrodynamic model TRIM-2D, which was provided by the
Federal Waterway Engineering and Research Institute (Fig. 3).
For illustration purposes, Fig. 4 depicts an amplitude image rep-
resenting the according situation in our test area. Superimposed
are the flight geometry, wind, and current directions. The mag-
nitude of the maximum surface current velocity is expected to
be in a range of 0.7–0.9 ms . This date near to low tide was
chosen due to the initial aims of this INSAR experiment, where

Fig. 4. Geocoded amplitude image of flight track T with wind and expected
current direction, as well as the flight geometry. The dashed lines depict the
profile lines used for the discussion. The amplitude image covers an area of
1.2 km � 1.2 km.

a high-precision height model of the tidal flats had to be de-
rived. Because of that, the nonflooded areas had to be mapped
at its maximum extent at low tide.

Wind data were provided by the German Meteorological Of-
fice (Deutscher Wetterdienst) for the gauging station “Bremer-
haven.” The site is located directly at the coast, so that we con-
sider a comparable wind field . The wind was rough and variable
between 8–10 ms , coming from southwest (see Fig. 4). These
conditions lead to distortions of the flight attitude of the aircraft
and, thus, of the antenna position. By measuring the aircraft
motion using inertial measurement units (IMUs) and a differ-
ential global positioning system, the antenna geometry during
the flight can be calculated. Due to the different wind angles at
the two antiparallel tracks, a mean squint angle of 9.7 for flight
track 1 and 3.3 for flight track 2 is obtained.
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Fig. 5. Amplitude image of flight track T .

Fig. 6. Geometrical description of the mixed along- and cross-track baseline.

III. THEORY FOR HYBRID ALONG AND CROSS TRACK

INTERFEROMETRY IN PRESENCE OF SQUINT

A. Geometrical Model

In this section, the theoretical background for squinted inter-
ferometric imaging with along-track and cross-track baseline is
presented. Fig. 6 illustrates the baseline configuration for a hy-
brid interferometric acquisition, while the imaging geometry of
the radar system is depicted in Fig. 7. The two antennas and

are mounted on the carrier platform (here the fuselage of an
aircraft) separated by a baseline with in the

, , and direction. Here, is the flight direction, and
are in the plane perpendicular to , and is in the vertical di-

Fig. 7. Imaging geometry for hybrid interferometry with AT and XT
component in presence of squint. (a) � = 0. (b) � 6= 0:

rection. The platform is considered to move constantly at a speed
parallel to , which results in a time lag between both an-

tennas and . Both antennas send and receive separately.
The two vectors and represent the distance vector from

and to a certain position on the surface at its closest
approach [Fig. 7(a)]. is then the distance vector on the
surface parallel to between the two antennas and is given
by . In the “pure” cross-track case without
squint, this distance is zero. In the “pure” along-track case, it is
equal to the along-track baseline .

As a target on the earth’s surface moves at a velocity , this
adds to the slant range distance, which can be expressed by the
distance vector given by . The distance vectors ,

can be written in terms of the slant range distance from
antenna 1 to the target as

(1)

(2)

Here, denotes the look angle, as indicated in Fig. 7(a). The
interferometric phase results from the range difference of
and , which can be expressed as

(3)

where represents the wavelength, denotes the scalar

product, and thus . After some basic vector op-

erations and Taylor expansion, assuming , the phase
can be expressed as shown in (4)–(6) at the bottom of the page
with

(4)

(5)

(6)
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Herein, denotes the tilt angle of the baseline (see also
Fig. 6). It should be added that the phase is dependent on the
varying incidence angle over the whole swath width. This
has to be considered in (6) so that the range-dependent interfer-
ometric phase results to . The second term
in (6) represents the cross-track and thus the topographic phase.
Obviously, the topographic phase is changed by an additional
motion-induced shift of , where is the time lag that
depends on the along-track baseline and the flight velocity.

To illustrate this, one can derive the formulas for the “pure”
along- and cross-track phase analogous the derivation of the hy-
brid phase by setting either the cross-track component or the
along-track component of the baseline to zero. Using (4), this
results for in the “pure” along-track phase rela-
tion as

(7)

(8)

(9)

Thus, surface velocities can be determined by calculating .
Otherwise, with , using (4), one obtains the
“pure” cross-track phase and the resulting terrain heights

(10)

(11)

Equation (6) indicates that the hybrid phase consists of the
difference between the along- and cross-track phase, resulting
in an ambiguity. For calculating the interferometric velocities,
the topographic or cross-track component of the phase has to be
removed. One way to determine the topographic phase is to use
two interferometric measurements. While the topographic phase

remains constant, the along-track phase component
varies with look direction. As an example, two antiparallel flight
tracks are used that are calibrated and geocoded. This means
that the motion-induced phase changes its sign, so the phase of
both tracks has to be subtracted in order for the topographic or
cross-track phase to cancel. The hybrid phase of these tracks is
then given as

(12)

(13)

where and are constants.
In order to evaluate the phase, the phase component that is

induced by the “flat earth” is given by

(14)

where denotes the elevation of mapped area, and is the
start incidence angle in near range.

�0.3 rad 0.3 rad

Fig. 8. Interferometric phase image of flight track T derived by hybrid
interferometric acquisition in an area of 1.2 km � 1.2 km.

B. Specific Properties of Hybrid Interferometry

The imaging of moving targets by a interferometric system
with hybrid geometry results in a specific effect on the phase.
Due to the radial velocity, the impulse response of the target
is shifted in azimuth direction by a distance [6]. Because
the antennas are separated by a cross-track baseline, the range
distances to the target vary by a difference . This results in
different azimuth shifts of the two impulse response functions
leading to a misregistration. The misregistration is given as

(15)

This misregistration depends on the cross-track baseline and the
radial velocity; thus, the amount of misregistration increases
with increasing velocity of the target. Usually, one finds mis-
registration values in the range of centimeters for the conditions
in our experiment.

Due to the squint angle , especially in airborne interfer-
ometry, the inexact coregistration results in an additional phase
shift. This phase shift for squinted geometry was derived by
[7] and is given as

(16)

This phase shift has to be considered in the derivation of the
radial velocity. The effect can be minimized by using exact nav-
igation data during the acquisition.

IV. COMPARISON WITH EXPERIMENTAL DATA

Figs. 8 and 9 show the interferometric phase, where a phase
shift over water surfaces in comparison to land areas is found.
This can be interpreted as the phase change due to the motion of
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�0.3 rad 0.3 rad

Fig. 9. Interferometric phase image of flight track T derived by hybrid
interferometric acquisition in an area of 1.2 km � 1.2 km.

the water surface. It is well known that with along-track interfer-
ometry, one is able to estimate the radial velocity of a scatterer
and, thus, movements on the ocean surface [8]. The movement
in the line of sight results in an interferometric phase shift, which
is proportional to the radial velocity of the moving targets.

A. Interpretation of the Hybrid INSAR Phase

For further investigations of the interferometric phase data
takes of two antiparallel flight tracks and covering the
same area are evaluated jointly. For an overview of this area, the
SAR amplitude images of both flights are given in Figs. 4 and
5. The imaged surface consists of a tidal channel to the western
part and tributary stream spreading from southwest to north-
east. The embedded tidal flats like the triangle-shaped region
in the middle and the region at the southeast are smooth and
nonflooded. The overlapping region of both acquisitions covers
roughly km . Due to the acquisition at two flight paths
there is a time delay of 10 min between the acquisitions. Be-
cause the time interval is short, no significant change in the sur-
face current inside the tidal channel is expected. According to
the flight geometry, two important features can be observed.

First of all, the smaller tidal channel is parallel to the look
direction. The water follows the main direction of the channel,
and thus, a significant velocity component in range direction can
be expected. According to the theory of along-track interfero-
metric SAR (ATI) this results in a significant phase difference
in the interferometric measurement. A second aspect is that the
wind direction is southwest, and thus, it blows also parallel to
the channel and the range direction (see Fig. 4).

Because the ATI determines the radial velocity which is a
composed surface movement due to wind, phase velocity, and
surface currents (neglecting orbital motion of longer waves),
their contributions have to be separated. The influence of wind

�0.3 rad 0.3 rad

Fig. 10. Coherence image of flight track T .

drift and the phase velocity of the Bragg waves on the ATI phase
can be estimated according to [6]. In this case the effect of wind
drift and Bragg wave phase velocity can be approximated lin-
early. A wind drag of 3% of the wind speed and a phase velocity
component of approximately 22 cms is assumed (valid for a
Bragg wavelength of 1.7–3.1 cm at X-band, depending on the
incidence angle), both in direction southwest to northeast.

Figs. 8 and 9 show the unwrapped and geocoded INSAR
phase of , , and as an example the coherence image of
(Fig. 10). The dependence on the incidence angle was corrected.
The coherence is high also over water areas, so that a high de-
gree of confidence for INSAR phase can be assumed. Gener-
ally, coherence values for acquisitions with the AeS-1 over the
water surface are found in a range of 0.75–0.98. The phase sta-
tistics can then be calculated (see [9]). For the AeS-1 acqui-
sition, this results in a phase standard deviation in a range of
0.005–0.02 rad. The phase noise leads then to a velocity varia-
tion of – ms for the given geometry.

The profiles through the INSAR phase of and show the
characteristic of the phase over water and land areas (Fig. 11).
First of all, it is obvious that the motion-induced (ATI) phase is
mapped with opposite sign according to the opposite look di-
rections with respect to the direction of surface flow. In con-
trast to this, the phase over land (the cross-track INSAR (XTI)
phase) remains unchanged. Thus, the tidal channel, in the pro-
file of , appears as deep, while, in the profile of , rifts at
the land–water boundary are apparent with an increasing phase
over water: the phase value is higher than that of the surrounding
tidal flat. This obviously cannot be interpreted as a topographic
effect on the XTI phase but as the ATI component induced by
the surface flow.

On the other hand, the phase over water areas is not uniformly
distributed and follows a typical current profile for narrow
channels. The distribution of the surface flow along the transects
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(a)

(b)

Fig. 11. (a) Profile 1 through the phase (A–B). (b) Profile 2 through the phase
(C–D). Transects through the INSAR phase of T and T . (Solid line) Track 1.
(Dashed line) Track 2.

show the opposite trend in the opposite track. Fig. 11 pro-
vides a good example for this. Following the profile (A-B) of ,
over water the phase sets up at 0 rad and increases to a local max-
imum of 0.4 rad, decreasing afterward to a level of 0.2 rad and
again to 0 rad at the land–water boundary. The transect through

shows the inverted trend starting and ending with 0 rad at
the land–water boundary decreasing to a local minimum of

0.4 and 0.25 rad in the surrounding level.
The same characteristic is true for the longer profile (C-D)

(see Fig. 11). While the INSAR phase over land areas follows
almost the same level in both tracks (discrepancies may occur
due to radar systematic errors that are not explicitly corrected
for), they spread up over water areas to values of 0.2–0.4 rad in

and to in .

B. Analysis

To analyze the hybrid ATI and XTI phase, the pro-
posed model is applied, with the baseline vector

m and squint angles between 3.3

(a)

(b)

Fig. 12. (a) Profile 1 through the ground range velocity (A–B). (b) Profile
2 through the ground range velocity (C–D). Magnitude of the ground range
radial velocities derived for profiles 1 and 2. (Solid line) Track 1. (Dashed line)
Track 2.

and 9.6 . Regarding hybrid interferometry, the focus of
this study is on the derivation of surface currents using the
component of the along-track phase. The radial velocity in
ground range projection can be determined by applying (6).
The along-track phase difference is given by the relative phase
difference between land and water, which is the difference
between topographic-induced (XTI) phase and surface flow-in-
duced (ATI) phase.

The results are compared by means of the phase profiles in
Section IV-A. Equation (6) is used for the derivation of the
ground range velocities. For comparison of the velocities, the
ground range projection of the radial velocity is used,
in order to eliminate the dependence of the two datasets on the
different incidence angle.

According to the phase profiles proposed in Section IV-A,
Fig. 12 shows the ground range velocities derived with the
along-track baseline of 0.034 m and flight velocities of 74.7
and 83.7 ms for and , respectively. The magnitude of
the resulting velocities is in a range of up to a maximum value
of 2 ms . This maximum value seems to be overestimated
in contrast to the mean velocities. To compete with this, an
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influence of wind and the phase velocity of the Bragg waves
has to be considered. Because wind drift and the phase velocity
of the Bragg waves cause an additional velocity component to
the estimated surface current, their effect has to be discussed.
Therefore, the imaging geometry and the wind vector relative to
the flight path are considered.

In this paper, a linear model for the ATI phase imaging is as-
sumed. Nonlinear effects, as presented in the theory of [6], are
expected to be marginal for an X-band radar due to the high in-
cidence angle and the small ratio (which is about 50 s in
our case). For estimation of an existing bias in the along-track
phase, only the hydrodynamic model is used, contrary to the in-
vestigation of [10], where in situ measurements using HF-radars
were performed. Additionally, fully developed wind sea can be
neglected due to the limited fetch.

Due to the rough wind of 8–10 ms , it can be assumed that
the propagation direction of the Bragg waves is parallel to the
wind direction. Because the look direction and the wind direc-
tion are almost parallel, the phase speed and the wind drift are
directed parallel to the look direction [6]. This means that that
the wind direction is forward to the look direction in track 1
and against the look direction in track 2. Consequently, these
components (0.3 ms as 3% value of the windspeed for wind
drift and 0.2 ms phase velocity of the Bragg waves) follow the
same direction as the current flow, so that the actual surface cur-
rent velocity would be 0.5 ms lower than the interferometric
velocity, resulting in a total current of up to 1.5 ms .

Considering the transect of (Fig. 12), the trend begins with
0 ms at the land–water boundaries and increases up to 2 ms
and follows on to a level of 1.5 ms . The velocity values of
are similar but shifted by a small distance from . The corre-
sponding values in the velocity profile 2 are analogously dis-
tributed in a range from 0–2 ms .

The ATI phase also provides the direction of the radial com-
ponent, e.g., whether it is advancing or receding from the an-
tenna. In our case, a negative phase shift indicates a flow away
and a positive one toward the antenna. This means that the di-
rection of the radial velocity component is parallel to the south-
west–northeast direction (see Fig. 4), which is consistent with
our expected current flow.

As an example, the resulting image of the simultaneous in-
terferometric acquisition was added (Fig. 13). This shows the
calculated terrain height and magnitude of the radial or interfer-
ometric velocities. The results of both tracks are calculated and
averaged. Fig. 13 is, thus, a demonstration of combined mea-
surement of terrain height over land and currents over water
surfaces.

With a maximum of up to 2 ms , the velocities seem to be
overestimated. This results from the misregistration of the im-
pulse response functions induced by the cross-track component
and the movement of the scatterer (see Section III). The amount
of misregistration grows with the radial velocity of the scatterer
and with the increase of the squint angle. The distribution and
the structure of the flow appears realistic. While the maximum
is located in the middle of the channel, the velocities decrease
toward the land–water boundary.

To give an estimate of the accuracy, the derived velocities
of five areas in the channel are compared to the corresponding
areas in the hydrodynamic model. The model results are calcu-

Fig. 13. Terrain height and ground range velocities obtained from T and T .

TABLE II
INSAR-DERIVED SURFACE VELOCITIES AND MODEL RESULTS.

U = 1.2 ms (MAXIMUM CURRENT VELOCITY IN THIS AREA.
U = surface current velocity at low tide � 30 min

lated for a tide situation equivalent to the acquisition date of our
interferometric data. Fig. 3 shows an overview of the model re-
sults in the whole estuary. The mean velocity of five areas on
the water surface (Fig. 13) are regarded as an estimate of the
velocity and the same areas in the hydrodynamic model as the
reference. Table II shows the mean surface velocity and the sur-
face current of the model.

The values of the surface velocity agree well for lower cur-
rents. The velocities differ in a range of up to 0.1 ms . As the
current speed increases, the difference increases. Deviations of
up to 0.4 ms indicate an error that increases with the velocity.
This can be explained by the misregistration, as was pointed out
in Section III. Using (15) and (16), the influence of misregis-
tration can be estimated for the imaging geometry used in this
paper. For a maximum velocity of 1.2 m/s, the misregistration

is in a range of up to 2 cm. Considering the mean squint
angles that were measured for the experimental data, one gets
phase errors in a range of 0.02–0.1 rad. This results in corre-
sponding velocities of 0.1–0.5 m/s, and finally, this agrees well
with the observed overestimation of the interferometric derived
velocity. Exact measurements of the surface velocity using this
approach of hybrid interferometry need to account for misreg-
istration and squint.

The results are promising for further use of INSAR measure-
ments. The hybrid interferometry with along- and cross-track
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components can provide a useful tool for coastal applications
like model validation and current measurement. The maximum
accuracy that can be achieved in terrain height and surface ve-
locity is similar to “pure” cross-and along-track interferometry.

V. CONCLUSION

In this paper, the capability of hybrid along- and cross-track
interferometry was shown for simultaneously estimating terrain
height and surface currents by flying several flight tracks. Com-
parison of the new measurements with numerical model data
leads to the following conclusions.

• The topographic data agree well with in situ measurements
of the topography and can be optimized to a high-precision
digital terrain model.

• The calculated surface currents agree with the currents,
derived by the hydrodynamic model. The overestimation
of the derived current velocity is caused by a phase offset
that results from the squinted geometry.

• The time and space averaging carried out in the numerical
hydrodynamic model has to be considered as one impor-
tant error source in the comparison with the instantaneous
data-take of the radar system.

The results are very promising for coastal applications. For fur-
ther investigations and extended applications, some limitations
have to be considered however, such as the following.

• Especially, flight planning has to consider that only the
range-parallel component of the current field can be mea-
sured.

• The separation time between the acquisitions has to be
short.

• A minimum windspeed is necessary; otherwise, a coherent
imaging is not possible.

• Nonlinear effects associated with surface waves have to be
taken into account in the general case.

This paper has shown that the following system requirements
are of high importance for the proposed technique:

• accurate position and angular velocity data of the naviga-
tion system (this is the basic requirement in order to reduce
systematic errors);

• radar hardware with a low phase noise and accurate known
real baselines, as they are mounted on the aircrafts fuse-
lage;

• accurate motion compensation technique in order to re-
duce systematic errors.

Although this is a first demonstration of the possibility to per-
form hybrid interferometry, the proposed technique gave very
promising agreement with the available model data already. A
more precise accuracy assessment of the terrain heights and sur-
face currents derived by hybrid interferometry is currently in
progress, e.g., using three antenna systems.
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