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Abstract 
 
Since at least one decade GB-SAR (Ground Based 
Synthetic Aperture Radar) has been used for monitoring 
slopes and large structures. ArcSAR is a particular 
implementation of GBSAR, which has been receiving 
increasing interest in the last years. The great advantage 
of ArcSAR is its capability to synthesize images at 360° 
with constant resolution in azimuth. Nevertheless 
ArcSAR has a critical limitation: it detects only the 
displacement component along the range direction. In this 
paper the authors propose a radar technique that allows an 
ArcSAR to operate as bistatic radar. In this way the same 
radar equipment is able to acquire two images taken from 
different points of view, acquiring two different 
components of the displacement of the targets in the field 
of view. 
 
1. Introduction 
 
Ground Based Synthetic Aperture Radar (GB-SAR) is a 
well-known technique for monitoring landslides [1] and 
open pits [2], and for detecting small displacements of 
large structure like bridges [3] and dams [4]. The most 
common implementation of this kind of radar is based on 
a linear mechanical guide [1]. In 1989 Klausing [5] was 
the first to propose a radar (that he named ROSAR) able 
to exploit the rotatory movement to synthesize a large 
aperture. In recent years the interest in this kind of radar 
(currently named ArcSAR) is increased [6],[7],[8],[9],[10] 
because of its unique capability to synthesize images with 
constant resolution in azimuth. 
ArcSAR systems are able to provide both images and 
displacement maps, but they detect only the component of 
displacement along the range direction. This can result a 
critical limitation in specific applications, as demonstrated 
by Severin et al. [3] in slope monitoring, and Dei et al. [4] 
in structural monitoring.   
In this paper the authors propose to operate an ArcSAR as 
bistatic radar in order to detect two different components 
of the target displacement. 
The basic principles of bistatic radar have long been 
known [11]. Furthermore, recently the same authors of 
this paper proposed a bistatic linear GBSAR [12] (i.e. 
based on a linear mechanical guide). Nevertheless no one 
before has proposed a bistatic ArcSAR.  

 
2. The Working Principle of Bistatic ArcSAR 
 
The working principle of bistatic ArcSAR is shown in 
Figure 1. A rotating radar head is provided with a second 
receiving channel that is linked to a transponder through a 
RF microwave cable.  

 
Figure 1. Working principle of Bistatic ArcSAR  

 
The transponder consists of an amplifier stage and an 
omnidirectional antenna.  By rotating the arm the radar 
acquires two images: 1) a monostatic image by 
transmitting and receiving with the two antennas of the 
radar head; 2) a bistatic image by transmitting with the 
antenna of the radar head and by receiving through the 
omnidirectional antenna of the transponder.  
Bistatic SAR image can be focused through a back 
projection algorithm. With reference to Figure 1 the back 
projection is implemented compensating the phase history 
of any path radar-target-transponder-radar. On this basis 
we have modified the algorithm described in [9] (that was 
originally developed for monostatic ArcSAR) for 
operating in the bistatic modality as reported in [12]. 
 
 
 



 
3. Simulation 
 
The echo of a point target in the position x0 = 10 m, y0 = 
15 m was simulated. The transponder was positioned in xT 
= 20 m, yT = 0 m. The radius of ArcSAR was 1 m. The 
simulation parameter we used were: fc = 10 GHz, B = 160 
MHz, Nf=401, Np=301. The rotating antenna was a horn 
and its angular pattern has been calculated using standard 
formulas [13]. The fixed antenna is assumed 
omnidirectional in the horizontal plane. Figure 2 shows 
the obtained focused image in log scale.  

 
Figure 2. Simulated radar image of a point in (10 m , 15 
m)  

It is worth to note that range and angular resolutions are 
not in orthogonal directions, furthermore they are not 
constant in the image but they depend on the specific 
image point. Another unique feature of the bistatic 
configuration is that the point C (see also Figure 3) with 
respect to which the angular resolution is defined is not 
fixed, but is changing with the image point P. In effect it 
is the median point of the segment between the rotating 
antenna and the omnidirectional fixed antenna  
 
4. Detecting 2D-Displacements 
 
The specific advantage of a Bistatic ArcSAR is its 
capability to detect two components of the target 
displacement. As it is well known [1] interferometric 
radar is able to detect small displacements of a target (Δu) 
in its field of view by exploiting the relationship 

Δu = λ
4π

Δφ    (1) 

where Δφ is the detected differential phase between two 
images taken before and after the displacement.  
By acquiring monostatic and bistatic images of the same 
scenario (i.e. using the ArcSAR in monostatic and bistatic 
configuration) it is possible to obtain two components of 
the displacement: along the range direction Δu1 (in 
monostatic configuration) and along the bisector direction 
Δu2 (in bistatic configuration).  

 
Figure 3. Detecting 2-D displacements  

 
With reference to Figure 3 the detected displacements 

Δu1 and Δu2 are in linear relationship with the two 
orthogonal components Δx and Δy of the effective 
displacement: 
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The later equation allows to calculate Δx and Δy from 
the measured displacements Δu1 and Δu2. 

 
5. The Bistatic ArcSAR Prototype 
 
Figure 4 shows a sketch of the radar prototype we 
assembled for testing the working principle of bistatic 
ArcSAR. A vector network analyzer (VNA) HP8720D 
operated as transceiver providing a continuous wave 
stepped frequency signal (SFCW) in X-band with central 
frequency fc = 10 GHz and bandwidth B =160 MHz. Two 
RF cables linked the VNA to the front-end fixed at the tip 
of the rotating arm. 



 
Figure 4. The radar prototype  

With reference to the block scheme in Figure 5, two 
single-pole double-throw (SPDT) switches provided a 
direct path (through a -40 dB attenuator) that by-passed 
the antennas in order to perform calibrated measurements. 
The antennas were two horns which physical dimensions 
were 75 mm in width and 50 mm in height, 125 mm in 
length. Another SPDT before the receiving antenna 
switched the signal in a 25 m long RF cable. connected to 
a omnidirectional antenna. Two 40 dB amplifiers 
compensate the cable loss 

 
Figure 5. Block scheme   

It is of note that while the monostatic measurements result 
calibrated through the direct path, the 15 m RF cable is 
out of the calibration loop. This could be a possible 
problem for the phase stability of the interferometric 
measurements. For mitigating it we used a high quality 
RF cable and we avoided any not necessary and not 
repeatable movement of the cable. 
 
5. Experimental Test  
 
For testing the capability to obtain monostatic and bistatic 
radar images we installed the ArcSAR and the 
transponder in a garden of the University (Figure 6).  

 
Figure 6. Picture of the radar installation 

In front and on the side of the radar there was a metallic 
fence as reported in the map in Figure 7. 

 
Figure 7. Map of the radar installation 

Figure 8 and Figure 9 show the obtained monostatic and 
bistatic images.   

 
Figure 8. Monostatic image 

 

 
Figure 9. Bistatic image 



Both images appear of good quality. As expected the 
resolution and the signal-to-noise ratio of the monostatic 
image are better. 
With the aim to proof the capability of the bistatic radar to 
detect two components of the displacement a special 
target was assembled (Figure 10). 
 

 
Figure 10. Picture of the bistatic target 

At a metallic pole we fixed some metallic arms for 
simulating an occasional target and to increase its radar 
cross section. The pole was mounted over a linear 
micrometric positioner for optical bench with 0.1 mm 
nominal accuracy. Some eccosorb panels were used to 
cover both the mechanical device and a dead load that 
kept stable the base of the target. The positioner was 
aligned along the y-axis. A reference couple of images 
(monostatic and bistatic) was acquired. Aftermath, the 
positioner was moved of 10 mm along y-axis, and a 
second couple of images was acquired. The obtained 
displacements along y and x were +1.1 mm and -7.61 mm 
(the nominal values were 0.0 mm and -10 mm). The 
agreement is not perfect but the working principle has 
been demonstrated. 
 
5. Conclusion 
 
The working principle of a bistatic ArcSAR based on a 
transponder linked to the main radar through a microwave 
cable, has been demonstrated. Nevertheless the use of RF 
cable could give problems in the in-field application of 
this system, as it could give uncontrolled phase shift if 
inadvertently moved. Furthermore, the attenuation of a RF 
cable is very high. An alternative solution more suitable 
for the in-field application could be based on a RF link 
realized with two antennas, one of which has to be 
provided with a rotary joint to keep the alignment when 
the ArcSAR rotates around its axes. 
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