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ABSTRACT 
 
As well known, the Permanent Scatterers (PS) Technique [1] is an advanced tool for processing series of 
interferometric SAR data aiming at ground deformation mapping with millimetric precision. Even though the 
potential of this approach has been already proved in several applications, ranging from urban subsidence 
monitoring to landslide detection in Alpine region, it is in general very difficult to obtain a comprehensive 
validation of the estimated measurements. The problem, in many cases, stems from the lack of ground truth or to 
the availability of measurements that are difficult to compare with those obtained from InSAR, due to the different 
temporal coverage and/or acquisition geometry. In order to perform a comprehensive validation of the InSAR 
approach and to assess the limits of its applicability, a blind experiment has been carried out by Politecnico di 
Milano and TRE in cooperation with the Centro Elettrotecnico Sperimentale Italiano (CESI), in the framework of a 
research activity financed by the public fund for the Italian Electric System. Two couples of dihedral reflectors have 
been deployed and pointed so that the reflectors were visible along ascending orbits of both Envisat and Radarsat 
platforms. The aim of the experiment was to move one couple of dihedral reflectors of a few millimetres from one 
acquisition to another, along both vertical and East-West direction, and to compare these displacements with those 
estimated by means of interferometric measurements applied to ascending and descending data. 
In this paper, the results of the experiment carried out using a series of 25 Radarsat and 8 Envisat acquisitions 
(considering both ascending and descending data) are reported for the first time. Data allow the comparison of the 
estimated time series with the imposed motion: a standard deviation of just 1 mm has been measured for both 
horizontal and vertical components. 

EXPERIMENTAL SET UP 
In order to assess the accuracy of interferometric measurements in both vertical and horizontal direction, an 
experiment involving two pairs of artificial reflectors has been set up by TRE in cooperation with the Centro 
Elettrotecnico Sperimentale Italiano (CESI) and Politecnico di Milano. Each pair of reflectors is composed of an 
ascending (i.e. visible along ascending orbits of the sensors) and a descending (i.e. visible along descending orbits 
of the sensors) dihedral reflector mounted on a common metallic basement. One couple has been fixed and used as 
a reference point. The other couple has been installed on a platform that could be shifted in horizontal and vertical 
direction with sub-millimetric accuracy.  
In order to retrieve at least two components of the three-dimensional displacement vector by means of a multi-
geometry and multi-platform framework, the two couples have been installed so that the artificial reflectors were 
visible in both Envisat and Radarsat acquisitions. Due to the limited number of scenes that could be acquired during 
the duration of the experiment (about 10 months) and the unfavourable signal-to-noise ratio (SNR) achievable in 
North-South direction [2], it was decided to limit the displacement or the moving reflectors to the Easting and 
vertical components only. 
The type of artificial reflector to be used in the experiment was decided trying to meet the following requirements: 

• Good radar cross section (RCS) and high signal-to-clutter ratio (SCR) to allow accurate phase 
measurements. 

• Visibility in both ascending and descending orbits. 
• Visibility in both Envisat (ERS-like) and Radarsat (S3) acquisitions. 

 
As far as the first point is concerned, the reflector should be characterized by a reflectivity much higher than the 
surrounding scatterers. The SCR is determined by the ratio between the RCS of the reflector and that of the 
background scene. The value of SCR can be fixed by considering the maximum dispersion allowed for the phase 
values of the radar return, which is related to the displacement as follows: 
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The design requirement on the SCR value was fixed to 100 (i.e. 20dB) corresponding to a dispersion of the 
displacement measurements in LOS direction of about 0.3 mm.  
As already mentioned, the experiment was designed to retrieve displacement measurements using both Envisat and 
Radarsat data. In order to meet this requirement, it was decided to use a set of dihedral reflectors properly pointed 
toward both satellite platforms. As well known, a dihedral reflector consists of two flat rectangular and perfectly 
conducting planes orthogonal to each other, as shown in Fig. 1. 
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Fig. 1 Left: dihedral reflector n aluminium made by CESI. Right: schematic of dihedral reflector. 

The dihedral’s RCS is a function of the two angles θ and φ as well as the edges length A and B. (Fig. 1)  
The maximum RCS of a dihedral reflector is equal to: 
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where λ is the wavelength of the carrier frequency (i.e. 5.66 cm for Radarsat and 5.62 cm for Envisat).  
The RCS value decreases if the line of sight of the radar sensor is not along the symmetry axis of the reflector [3]. 
Due to the relationship between dihedral’s RCS and its orientation, it results that this type of reflector is very 
sensitive to pointing errors in azimuth (Easting) direction. As a consequence, one of the main problems to cope with, 
during the deployment of such a kind of reflector, is the accurate evaluation of its orientation. Moreover, since each 
reflector has to be visible in both Envisat and Radarsat acquisitions, an ad hoc deployment procedure has to be 
adopted. In detail, the following steps are required: 

− compute the LOS versor of Radarsat (LOSrsat) and Envisat (LOSenvi); 
− determine the direction of the vector cross product: PERP = LOSrsat x LOSenvi; 
− align the dihedral backbone along the PERP direction; the open side of the dihedral should face East or 

West whether the pass is a descending or ascending one respectively; 
− rotate the reflector around PERP so that it points toward the bisector vector BIS of the two radar sight 

directions. 
Because no yaw-steering procedure is applied to the Radarsat antenna, the Doppler centroid values should be 
carefully taken into account while retrieving the Radarsat LOS vector components. The computed LOS vectors over 
the test area in Milan are listed in Tab. 1. 

Tab. 1 LOS components for each acquisition geometry involved in the experiment.VH: vertical, VN: North-South, VE: East-West. 

 
ENVISAT 

ASCENDING 
(T487-F909) 

ENVISAT 
DESCENDING 
(T208-F2691) 

RADARSAT-S3 
ASCENDING 

RADARSAT-S3 
DESCENDING 

VH 0.9226 0.9063 0.8086 0.8181 

VN -0.0849 -0.0879 -0.1098 -0.1050 

VE -0.3761 0.4132 -0.5777 0.5650 

φ
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A
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Before the deployment of the reflectors, a reflectivity analysis (using Radarsat and Envisat data acquired from 
ascending and descending passes) was performed in order to highlight possible target areas characterized by low 
clutter values. The requirement on SCR was 20dB, for an artificial reflector with RCS equal to 6000 m2. The RCS 
has been computed considering a dihedral reflector made by square panels with 1 m length (maximum theoretical 
RCS equal to 7845 m2) and including a loss factor of about 1.2 dB. Basically, the loss factor takes into account 
possible orientation errors. As an example, the left hand side of Fig. 2 shows the retrieved Envisat descending 
mask: dark pixels indicate ground resolution cells not suitable for the experiment.  
 

 

Fig. 2: Right: Mask of the suitable locations for the dihedrals deployment superimposed to an aerial photo. The bright pixels 
correspond to ground resolution cells that ensure a SCR value greater than 20dB having assumed a reference reflector RCS of 

6000 m2. Right: Locations of the installed dihedrals for the experiment. 

At the end of the amplitude analysis and taking into account other logistical constraints, the area selected for the 
experiment was the roof of a building presented in the right-hand side of Fig. 2: two red squares indicate the actual 
locations of the reflectors. As already mentioned, one couple of dihedrals (showed in Fig. 3) has been equipped 
with translational devices to perform defined shifts along the vertical and the East-West direction, while the other 
was kept fixed to ground. The two couples of dihedrals has been installed 30 m apart, on the same building. 
 

  
Fig. 3 Left: Zoom on the translational devices of the “mobile” platform. Right: Dihedrals mounted onto the “mobile” platform. 

 

EXPERIMENTAL RESULTS 
 
The estimation of the motion of dihedral reflectors has been performed using four different data sets: ascending 
Radarsat S3, descending Radarsat S3, ascending Envisat IS2 and descending Envisat IS2. 
All imposed movements were scheduled in order to grant the acquisition of at least a couple of ascending and 
descending Radarsat scenes. To avoid possible phase unwrapping problem, the maximum allowed shift between 
two acquisitions was limited to half of the radar wavelength (about 2.5 cm). 



 

Fig. 4: Scheduled movements and SAR images acquired. 

Each data set has been processed independently. First, all images have been co-registered with respect to a 
reference image or master, then the differential interferograms have been generated. After the detection of the 
dihedral reflectors in the reflectivity map, a fine estimation of the corresponding amplitude and phase information 
has been conducted at a sub-pixel level by applying an over-sampling procedure to the complex data matrix. In Fig. 
5, an example of the amplitude time series of a pixel corresponding to one of the reflectors is reported. The analysis 
of the backscattered amplitude values highlighted that the actual SCR values was lower than expected in most of the 
cases. This was primarily due to pointing errors, since the reflectors usually exhibited a RCS lower than the 
theoretical value. In fact, the orientation of each reflector presents an estimated accuracy of about 0.5˚, according to 
the precision of the adopted equipment. Moreover, any variation of the Doppler centroid values with respect to the 
reference scenes impacts on the RCS. Finally, some RCS losses could be related to possible mechanical 
imperfections of the reflectors (e.g. sagging of the metallic planes, etc). 
As a consequence, the dispersion of the phase results increased with respect to the theoretical values. Assuming for 
the deployed dihedrals a more realistic SCR of 12-13dB instead of 20 dB, the corresponding displacement standard 
deviation becomes equal to 0.6 mm. 
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Fig. 5: Amplitude time series retrieved for the reference dihedral using Radarsat descending data. The first image available after 

the reflectors deployment is the 24th November 2004. 

 
In order to retrieve the deformation time series, the phase of the reference reflector has been subtracted from the 
mobile one. Since the position of the reflectors was known with sub-meter accuracy, thanks to GPS measurements 
carried out at the beginning of the experiment, all phase components related to the positions of the radar targets 
were easily compensated for, allowing a rather straightforward extraction of the motion components. 



Actually, since the displacement measurements are evaluated along the satellite LOS, they cannot be directly 
compared with the ground truth. To perform the validation, it is required to project the range variations using a 
combination of the ascending and descending data. 
In Fig. 6 the comparison of the measurements estimated by the combination of ascending and descending Radarsat 
acquisitions and the ground truth is reported. The standard deviation of the Radarsat measurements is 0.6 mm for 
the vertical component and 1.5 mm for Easting. The maximum error is less than 3 mm. 
Unfortunately, the low number of Envisat acquisitions available (due to conflicts in the acquisition planning over 
the test area) did not allow the reconstruction of a full displacement vector. To make a comparison with the Envisat 
data, we decided to project the known displacement vector along the satellite LOS. Results are reported in Tab. 2.  
 

 

 
Fig. 6: Comparison between the DInSAR displacement time series and the ground truth data. Top: East-West displacement 

component. Bottom: Up-Down displacement component. A blue triangle corresponds to a DInSAR displacement, and a purple 
square to a ground truth data. 



 

Tab. 2 LOS displacements retrived by Envisat data (left: descending data; right: ascending data) in comparison with the 
projection of the true values components along the corresponding radar sight. 

Ground Truth Date Envisat 
descending U-D E-W LOS 

23/11/2004 0 0 0 0 
12/04/2005 -0,53 -3 5 -0,65 
17/05/2005 -10,53 -12 0 -10,87 
21/06/2005 -22,09 -21 -9 -22,75 
26/07/2005 -7,01 -5 -8 -7,84 

 

Ground Truth Date Envisat 
ascending U-D E-W LOS 

16/01/2005 0 0 0 0 
27/03/2005 -13,46 -14 -2 -12,16 
10/07/2005 -13,60 -26 -25 -14,59 

 
CONCLUDING REMARKS  
 
Although many experiments involving artificial reflectors has been already performed in the past by different 
groups ([4],[5],[6],[7]), this experiment allowed us to draw some new conclusions. First of all, it has been 
developed a pointing procedure that allows dihedral reflectors to be visible from two different satellite platforms. 
Then, for the first time, it has been demonstrated the possibility to combine multi-geometry SAR acquisitions in 
order to retrieve a two-dimensional displacement vector with millimetric accuracy. Furthermore, the 10-month 
displacement time series retrieved successfully by means of interferometric radar measurements show that artificial 
reflectors can act as permanent scatterers, allowing movements estimations in area where no natural PS can be 
identified.  
It should be pointed out that this experiment is just one step toward a full validation of the PS approach. In fact, 
although we have demonstrated that precise displacement measurements can be carried out on radar targets not 
affected by phase decorrelation phenomena, the procedure related to the estimation and removal of the atmospheric 
phase screen superimposed on each radar acquisition was not directly validated, due to the short distance between 
the two reflectors. Future research efforts will be devoted to this very processing step.  
Finally, future investigations will be related also to the analysis of the GPS data acquired during the experiment. In 
fact, a GPS antenna was mounted onto the “mobile” platform in order to allow measuring the imposed shifts. By 
this study it is expected to retrieve some interesting figures that could be helpful to assess the combined use of these 
monitoring approaches. 
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