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1. INTRODUCTION

The k-space as the domain of the spatial Fourier transform presents an important mathematical tool for general imaging prob-
lems [1]. In the field of radar imaging, the k-space can serve as a system analysis tool as well as the basis for reconstruction
algorithms. Furthermore, the k-space can be very helpful to design and optimize the flight paths in a bi- or multistatic configu-
ration for a specific application.

Using a classical monostatic SAR the shape of the set K, which comprises all possible wavenumber vectors k(7") during
data acquisition, turns out to be a section of a circular ring. The extent of the set K is determind by the signal bandwidth
and the aspect angle variation. Using a bistatic SAR with two transmit and receive sensors we get three k-sets which can be
coherently combined to get a larger contiguous k-set as a base for a resolution improved SAR image. Although the analysis of
an incoherent combination of the k-sets would be very interesting, the paper concentrates on the coherent combination of the
individual k-sets of across-track and along-track bistatic data acquisitions. A big advantage is that the two monostatic and the
bistatic data sets are acquired simultaneously, which prevents a decorrelation of the data.

2. GEOMETRY AND K-SPACE

2.1. Three dimensional geometry

If we look at the general three-dimensional situation in a cartesian coordinate system as sketched in Fig. 1, one sensor is placed
at the position Ry = (z,v, z)! and the other sensor at Ry = (, %, 2)!. A point target is located at r = («,y, z)'. The angle
between the two sensors with the vertex at the target is the bistatic angle 3. The bistatic range R is defined as the sum of the
individual ranges R; and R,

R(T;r) = Ri(T;r) + Ro(T;r) = [r = Ra(T)| + |r — Ro(T)], M
with T the slow time parameter. The unit vectors u;(7’; r) are defined as

. o I'—RI(T) .
w;(T;r) = 7&7 R,(T)]’ 1=1,2 2)

and look from the sensors to the point target. We also define an effective direction vector
1
ey (T51) = 5 (Wi (Tsx) + ua (T ), 3)

which points in the direction of the bisector of the bistatic angle. Note that the length of this vector can be much lower than 1
depending on the bistatic angle 3. The length of u.g is given by cos(5/2).
The individual wavenumber vectors are given by

ki(Tvr) - kui(T;r)v 1= 172a “4)

with k = 27 /X and X the wavelegth. The effective wavenumber vector kg is given by

ke (Tsr) = % (ki (T;r) + ko(Ts1)) = kueg (T r). 5)



y

Fig. 1. Geometry of a bistatic across-track configuration.

2.2. Defining of monostatic and bistatic k-sets

Generally, the scene to be imaged can be described as a three dimensional complex reflectivity distribution a(r). Its 3D-Fourier
transform A(k) is a complex function of the wavenumber vector k. The domain of these vectors is called the k-space [1]. The
monostatic SAR data acquisition corresponds to a certain k-set K; which can be described by

K, = {k}ui(T)Zk'E [k’l,kg],TE [Tl,TQ]}, 1 =1,2. (6)
In the bistatic case, the k-set is given by [2]

Kbi = {kueﬁ(T) ke [kl,kg], T e [Tl,TQ]}. (7)

3. BISTATIC ALONG-TRACK CONFIGURATION

Using a bistatic along-track configurtion, where transmitter and receicver fly along the same track with the same velocity, the
azimuth resolution can be increased by the coherent combination of the shifted spectrums due to different Doppler centroids.
Furthermore, even the range resolution can be increased by the combination of the monostatic and bistatic k-sets. Due to the
fact that the effective direction vecotor u.g depends on the bistatic angle and can be much lower than 1, the radial position and
extent of the bistatic k-set is different to the monostatic one. Therefore, the radial extent of the complete k-set can be larger
than that of the individual k-sets.

4. BISTATIC ACROSS-TRACK CONFIGURATION

The slant range resolution of a synthetic aperture radar is limited by the signal bandwidth of the transmitted waveform. The
reduced corresponding geometric resolution on ground depends on the incidence angle. In the past, it was shown that the geo-
metric resolution can be improved by coherent combination of multiple SAR images acquired with slightly different incidence
angles [3, 4, 5]. A big drawback of this repeat-pass acquisition is that parts of the scene can change during the subsequent data
collections including decorrelation. The strength of decorrelation depends on the scene content itself, the revisit period, which
can be e. g. multiple hours for spaceborne sensors and the used frequency band.

Using two sensors in an across-track configuration, two monostatic and a bistatic image can be simultaneously acquired
and after their coherent combination the ground range resolution can be improved significantly without any problems due to
temporal decorrelation. Even in the case that there is no overlap between the two monostatic ground projected k-sets, it is quite
possible that the ground projected k-set of the bistatic data coincide with the first as well as with the second monostatic k-set,
resulting in a larger contiguous k-set as a base for a resolution improved SAR image.

Figure 2 sketches the monostatic and bistatic k-sets and the corresponding ground projected k-sets in the y-z-plane. The two
sensors move in z-direction into the y-z-plane. A point target in the origin is illuminated by sensor 1 with the incidence angle
11 and by the sensor 2 with the incidence angle 2. Due to the fact, that there is no overlap between the projected monostatic
k-sets a combination and resolution enhancement is not possible. Using additionally the bistatic k-set (green) the gap can be
bridged, resulting in a large contiguous k-set K. in the ground plane.
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Fig. 2. Monostatic and bistatic k-sets in the y-z-plane and the corresponding projections on ground.

5. EXPERIMENTS USING MULTIPLE MONOSTATIC REPEAT-PASS SAR IMAGES

Due to an actual lack of appropriate simultaneously acquired monostatic and bistatic data, three monostatic data sets of a
scene acquired with different incidence angles will be used to show the potential of combining k-sets with respect to resolution
enhancement. The data have been acquired with the airborne X-band SAR system PAMIR [6]. The temporal decorrelation
was minimized by operating a very short revisit period of about 6 minutes. The three data sets have been acquired with a
signal bandwidth of 380 MHz and depression angles of 21°, 25°, and 28°. Figure 3a shows the complete scene with a trihedral
reflector in the middle of the image (red rectangle) to analyze the geometric resolution.
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Fig. 3. (a) Monostatic SAR image with a trihedral (red rectangle) and (b) pure superposition of the ground projected k-sets of
the three data sets without any processing.

Figure 3b shows the two-dimensional Fourier transform of the scene highlighted by the red rectangle in Fig. 3a superimposed
with the corresponding k-sets of the other two monostatic data acquisitions. In the final paper the coherent combination of the



three images without k-space overlapping will be performed and the geometric resolution improvement will be demonstrated
using the response of the corner reflector.
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