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Abstract—Ground synthetic aperture radar (GB-SAR)
systems are popular remote sensors able to detect small
displacements in different operative scenarios: landslides, glaciers,
mines, urban areas, bridges, towers… Current GB-SAR synthetize
large aperture by moving the antennas along a linear mechanical
rail or rotating an arm. In this paper a novel bistatic GB-SAR with
moving transponder is proposed. The transponder, that consists of
two antennas and an amplifier, moves independently of the radar,
but it can retrieve its own position and attitude by combining the
data of an inertial measurement unit (IMU), a suitable vision
system, and the back-reflected radar signal. The performance and
the potential of this bistatic GBSAR system have been
experimentally evaluated.
Keywords— bistatic radar, ground based synthetic aperture
radar, radar imaging.
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with Lbist scan length of the bistatic radar.

I. INTRODUCTION
Ground synthetic aperture radar (GB-SAR) are commonly
used both for monitoring slopes (landslides, glaciers, mines),
and for monitoring/testing large structures, as bridges and
towers [1,2].
Generally speaking, the angular resolution Ԃ୰ୣୱ of any SAR
system depends on wavelength ɉ and scan length[2]:
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Fig. 1. Working principle of bistatic GB-SAR with moving transponder.
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II. THE EXTENDED APERTURE GB-SAR
The position of the transponder was estimated by a vision
system as shows in Fig. 2. This technique was originally
developed for unmanned aerial vehicle (UAV) applications [6,7]
and it makes use of two cameras: a c-mount lens camera and a
RealSense T265 tracking camera by Intel [8]. The c-mount
camera retrieves its own position with respect to an optical
marker as described in [6,7]. The RealSense T265 is a
stereoscopic camera able to track the relative “pose” (position
and attitude) with respect to fixed objects in its field of view.
The RealSense T265 is also equipped by an IMU BMI055 [9]
that improves the attitude estimation.
The pose is estimated by the vision system considering the
attitude measured by T265 camera and the position measured
by c-mount camera:

In standard GBSAR, the scan length is limited by the size
of the mechanical guide [3], and this can be a strict limit in long
range applications.
In this paper the authors propose an extended aperture GBSAR that makes use of a moving transponder instead of a
mechanical guide.
Fig. 1 shows the working principle of the proposed method.
The radar operates two transmitting (TX) antennas and one
receiving (RX) antenna. One of the two TX antennas is pointed
to the target, the other one is pointed to the transponder. The
RX channel is pointed to the transponder. The signal scattered
from the target is received by the transponder that sends it back
to the radar. By moving the transponder, the signal path radartarget-transponder-radar provides a bistatic GB-SAR image.
The transponder is also equipped with a vision system for
measuring its own position in order to focus the radar image
using a back-propagation algorithm as for example in [4]. The
signal path radar-transponder-radar is used to improve the
accuracy of the transponder positioning.
It is worth to note that the azimuth resolution of a bistatic
radar is roughly half of conventional GB-SAR with the same
scan length [5], so for a bistatic radar:
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where φ, θ, ψ are the three attitude angles, and ୡ , ୡ , and ୡ are
the three coordinates defined in the c-mount camera frame.
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Fig. 4. Flow chart for retrieving the transponder position.

The radar can measure the distance ȁ
ሬԦୖ ȁ in Fig. 3.
Considering y and z measured by vision system and considering
as known the vector ሬԦ, the x-position of the transponder can be
retrieved by numerical solving the following equation:
ȁ
ሬԦୖ ȁ ൌ

Fig. 2. Sketch of bistatic GB-SAR with moving transponder.

The position of transponder can be retrieved by rotating the
vector 
ሬԦୡ :
ሬԦ ൌ ሾݕ   ሿ ൌ  ୷୶  ڄ
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with  and  the position measured by the vision system and
ሬԦ ൌ ሺୟ ǡ ୟ ǡ ୟ ሻ the radar position with respect to the optical
marker as shown in Fig. 3.
The method for retrieving the transponder position is
summarized in Fig. 4. The vision sensors estimate the pose of
the transponder. The range-distance measured by radar is used
for retrieving the x-coordinate of the transponder. The radar
image is focussed considering the retrieved position and
attitude.

(5)

with 
ሬԦ the transponder coordinates and  ୶୷ the rotation
matrix:
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III. EXPERIMENTAL RESULTS
Fig. 5 shows the prototype. The transponder and the vision
system were fixed on a gimbal for a better attitude stabilization.

where s and c are the sine and cosine functions.
The signals from both camera systems were filtered using a
Butterworth filter for reducing the noise and synchronized
before applying (5).
The vision system is able to retrieve a reliable pose in terms
of y, z and attitude, while the value of x can be prone to drift.
On the other hand, the distance between radar and
transponder can be accurately measured by the radar,
combining range resolution and interferometry [16].

(a)

(b)
Fig. 3. Coordinate system for position correction using the distance measured
by the radar and the y-z coordinates measured by vision system.

Fig. 5. Prototype of bistatic GB-SAR with moving transponder: a) transponder
system detail, b) example of measurement setup.
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The transponder was also equipped with a small corner reflector
to increase the radar signal amplitude. The transponder
antennas were standard horn with 15 dB of gain. The gain of
the amplifier was about Ͳ. The system was fixed on a handoperated cart.
The radar was a modified version of IBIS-MIMO by IDS
Georadar, Pisa, Italy. It provided a continuous wave frequency
modulated signal in Ku band (central frequency of ͳǤʹͲ 
bandwidth ͶͲͲ ) with a repetition rate of 132 Hz for each
channel.
Fig. 6a shows an example of the position correction using
the method described before. The blue line represents the
ሬԦ ୖ measured by the vision system, the red line
module of 
represents the value measured by the radar, and the green line
is module of ሬԦ ୖ after correction. It is possible to note a trend of
the module measured by the vision system. The trend is
probably due by a prospective effect of the optics of c-mount
camera.
The step after 40 s in Fig. 6a was the synchronization event
used for aligning the radar data with the vision system data. The
position closest to the marker (t=110 s) was used as reference
for the radar.

reason, the window must be interpolated on the retrieved
position. Fig. 7 shows an example of interpolated Kaiser
window on the retrieved position of the transponder.
Fig. 8 and Fig. 9 show the focussed image before and after
correction. The scan length was about 3.5 m. It is possible to
note how a wrong value of transponder position affect
irremediably the radar image.

Fig. 8. Radar image of bistatic GB-SAR with moving transponder with aperture
of 3.5m before correction.

Fig. 6. Example of data correction using the radar measurement.

Usually, the radar samples are windowed for reducing the
range/azimuth side lobe level. The maximum value of the
azimuth window is related to the middle point of the scan, that
usually corresponds to the central sample. In the case of interest,
the middle of point of the scan is not the central sample. For this

Fig. 9. Radar image of bistatic GB-SAR with moving transponder with aperture
of 3.5m after correction.

The scan length of Fig. 9 corresponds to the monostatic rail
of about 1.75 m. As further verification of the proposed method,
Fig. 10 shows an example of radar image with a scan length of
10.30 m, corresponding to a monostatic length of about 5 m.
The features in the image are clearly detectable, but the
whole image seems affected by rather high side lobes, probably
due to a not-fully compensated rotation along vertical axis
(yaw).
IV. CONCLUSION
In this paper a bistatic GB-SAR with moving transponder is
proposed for extending the synthetic aperture. The transponder
position has to be retrieved for applying the focusing algorithm.
For this reason, the transponder was equipped by a vision
system. Moreover, the accuracy of the transponder position was
improved by using an interferometric radar technique.

Fig. 7. Example of interpolated Kaiser window on retrieved position of
transponder.
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Fig. 10. Radar image of bistatic GB-SAR with moving transponder with aperture of 10.30 m.
The system was experimentally tested. The results are
encouraging, even if the images are affected by side-lobes
rather high. These side-lobes probably depend on a not-fully
compensated rotation along vertical axis (yaw). Nevertheless,
the working principle has been demonstrated.
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