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ABSTRACT

We present a model-based approach aimed to help 
predicting which objects in an imaged scene will appear as 
persistent scatterers in Differential Synthetic Aperture Radar 
Interferometry (DInSAR) data, given their shapes and sizes, 
and given the scene background and sensor parameters. The 
approach consists in computing the interferometric 
coherence of a pair of acquisitions for a resolution cell 
comprising a strong scatterer (trihedral or dihedral corner 
reflector, or metallic vertical cylinder) and a distributed 
scatterer (rough surface, vegetation).  
 

Index Terms Synthetic Aperture Radar (SAR), 
Differential SAR Interferometry, electromagnetic models, 
radar cross section.

1. INTRODUCTION
 
Differential Synthetic Aperture Radar Interferometry 
(DInSAR) is a powerful technique, able to measure very 
small movements of the terrain over time [1-4].  Different 
implementations of this technique are available [2-4], and 
one of the most popular is the 

-  (PS) approach [3]. 
This approach focuses on the phase history of a limited 
number of very highly coherent pixels, corresponding to 
scene point-like elements having a greatly stable 
electromagnetic scattering behaviour over time and over 
incidence angle; this allows to employ very large sets of 
SAR acquisitions, also with very large temporal and spatial 

acquisition orbits); accordingly, a very high accuracy on the 
measured movement velocity of the selected points can be 
obtained. However, it is usually very difficult to understand 
which physical object (if any) corresponds to a given 
detected PS, even after a direct inspection of the imaged 
scene. Ray-tracing techniques have been employed to help 
identifying physical objects corresponding to PS, 
highlighting the importance of multiple reflections [5]. 
However, no quantitative study is available to quantitatively 
predict the coherence of pixels containing a potential PS. 
Only qualitative considerations have been made, which can 
be summarized as follows. Physical structures forming 

right-angle trihedral corners (for instance, windows  corners 
or balconies on building façades, or other man-made 
structures, such as bridge structural elements), or vertical 
cylinders on a horizontal plane (for instance, metallic poles 
or cylindrical tanks or silos), or right-angle dihedral corners 
aligned along the sensor line of flight (vertical walls on the 
ground, or again elements of building façades) usually act as 
PS because: 

1) Their backscattering is high, so that their return is 
dominant with respect to the other scatterers within 
the same SAR resolution cell; 

2) Their backscattering is stable over time, and this, 
together with point 1), leads to a very high 
temporal correlation coefficient (  1); 

3) Their backscattered signal is temporally 
concentrated in a very short time (ideally, in a 
single time instant), so that their range size is 
negligible and this, together with point 1), leads to 
a very high baseline correlation coefficient (  
1). 

In this work, we try to put above considerations on a more 
quantitative footing by analytically evaluating the 
interferometric coherence of a pair of acquisitions for a 
resolution cell comprising one of the above described strong 
scatterers and a distributed scatterer (rough surface, 
vegetation).  The obtained expression is provided as a 
function of scatterer shape and size, and of scene 
background and sensor parameters, so that it allows to 
predict if the considered strong scatterer will appear as a PS. 
 
 

2. THEORY 

Let us consider a resolution cell containing a strong point-
like scatterer and a distributed scatterer. The signal ݕ௜  
received by the sensor in the -th acquisition of the 
interferometric time series can be written as: 
௜ݕ  = ௜ݏ + ݀௜     (1) 
 
where  is the (complex) deterministic return from the 

radar cross section (RCS) , and ݀௜ is the return from the 
distributed scatterer, which is assumed to be a zero-mean 



complex circular Gaussian random variable, whose mean 
square modulus is equal to the 
normalized radar cross section (NRCS) ߪ஽଴ multiplied by the 
resolution cell area . The correlation coefficient  of the 
generic interferometric pair of acquisitions  and  can be 
then expressed as 
௜௝ߩ  = 〈௬೔௬ೕ∗〉ට〈|௬೔|మ〉〈ห௬ೕหమ〉 = ௘೔ക೔ೕఙೄାఘವ೔ೕఙವబ ஺ೝఙೄାఙವబ ஺ೝ =  

= ݁௜ఝ೔ೕ ଵା௘ష೔ക೔ೕఘವ೔ೕௌ஻ோషభଵାௌ஻ோషభ     ,   (2) 

 
where ߮௜௝  is the deterministic interferometric phase of the 
strong point-like scatterer, ߩ஽௜௝ is the correlation coefficient 
of the distributed target and  is the signal-to-background 
ratio, defined as 
ܴܤܵ  = ఙೄఙವబ ஺ೝ    .     (3) 

 
If, as it is often (but not always) the case, หߩ஽௜௝ห ≪ 1, then 
we have 
 หߩ௜௝ห ≅ ଵଵାௌ஻ோషభ   .    (4) 

 
The RCS of right-angle triherdal corner reflectors, or of 
right-angle dihedral corner reflectors aligned along the SAR 
line of flight, of linear size  (see Fig. 1a-c) is given by [6] 
ௌߪ  = ܽ ସగ௅రఒమ     ,      (5) 

 
where is the wavelength and  is a dimensionless constant 
of the order of unity that depends on corner shape and 
material, and is almost independent of the incidence angle. 
Some examples of values of  are reported in Table I. The 
RCS of a metallic cylinder of radius  and height  on a 
horizontal plane (see Fig. 1d) is [6] 
ௌߪ  = ଼గ௥௛మఒ    .     (6) 

 
With regard to the NRCS of distributed targets, it may 
strongly vary based on the scatterers physical properties: for 
instance, for a soil rough surface it depends on soil complex 
dielectric constant and surface roughness [7], whereas for a 
vegetated area it depends on vegetation height, shape, 
density, etc. [7]. In most cases, at the intermediate incidence 
angles of interest for SAR systems, the NRCS of such 
distributed targets vary from 0.01 (-20 dB) to 1 (0 dB) [7]. 
Accordingly, the SBR can be expressed as 
ܴܤܵ  = ܽ′ ௅రఒమ஺ೝ         (7) 

 
for trihedral or diherdral corners, and as 

 

 
Figure 1: Triangular (a) and square (b) trihedral corners, 
dihedral corner (c), and metallic cylinder on a horizontal 
plane (d). 
 
 
ܴܤܵ  = ܾ ௥௛మఒ஺ೝ        (8) 

 
for a metallic cylinder, where  and  are dimensionless 
constants of a magnitude order varying from about 10 to 
about 1000, mainly depending on the NRCS of the 
distributed target. Equations (7) and (8) clearly show that, 
for a fixed scenario,  SBR, and hence coherence, increase as 
operating frequency increases and as sensor resolution 
improves. This is in agreement with the well-known fact 
that PS density is greater in high-resolution X-band SAR 
sensors, such as Cosmo/SkyMed or TerraSAR-X, than in 
low- and medium-resolution C-band SAR sensors, such as 
Envisat or Sentinel-1.  
Conversely, for a fixed sensor and a fixed background 
distributed target, the coherence increases as the linear size 
of the strong scatterer increases. 
 
 
 
Table I: Values of the constant  for trihedral and dihedral 
corner scatterers. 

Target 

Triangular trihedral corner 1/3 

Square trihedral corner 3 

Dihedral corner 2 

 
 
 



3. NUMERICAL RESULTS

Let us first illustrate the dependence of interferometric 
coherence of a potential PS on resolution. In Fig. 2 we plot 
the modulus of the correlation coefficient, computed via (4) 
and (7), as a function of resolution (i.e, the square root of 

), for a trihedral corner with  = 30 cm and = 100, and 
wavelengths corresponding to X-, C- and L-band SAR 
sensors. By assuming a threshold of 0.9 for PS selection, the 
potential PS will be selected only for resolutions smaller 
than about 2, 6 and 10 m at L, C and X band, respectively, 
so that, for instance, it would be selected by using 
Cosmo/SkyMed or TerraSAR-X stripmap data, but not 
using Sentinel-1 interferometric mode data. 
Let us now analyze the effect of scatterer size for a fixed 
sensor and background distributed target. To this aim, in 
Fig.3 we plot the modulus of the correlation coefficient of a 
trihedral corner, computed via (4) and (7), as a function of 
its linear size  for  = 100 and for wavelengths and 
resolutions similar to those of Cosmo/SkyMed and Sentinel-
1 SAR sensors. By assuming, again, a threshold of 0.9 for 
PS selection, the potential PS will be selected only if its size 
is larger than about 15 cm and about 40 cm for the 
Cosmo/SkyMed and Sentinel-1 SAR sensors, respectively. 
Up to now we have assumed that the correlation coefficient 
of the background distributed target is negligible, as it is 
usually the case for vegetated areas. Let us now remove this 
assumption and analyze the effect of a non-negligible 
coherence of the distributed target. It must be noticed that 
the corresponding overall correlation, obtained by 
computing the modulus of (2), depends not only on the 
modulus of the distributed target correlation coefficient, but 
also on its phase. If the strong scatterer is very near to the 
distributed one (for instance, the strong scatterer is placed 
on the ground), the distributed target correlation coefficient 
is in 
equal to ߮௜௝), and the overall correlation increases with 
respect to the one obtained in the case of incoherent 
background. However, sometimes, due to layover, the 
strong scatterer may by physically far from the distributed 
one, although belonging to the same SAR resolution cell: 
this is, for instance, the case of a strong scatterer placed on a 
tall building  façade at a high elevation, which belongs to 
the same resolution cell of the ground in front of the 
building. In this case, the distributed target correlation 
coefficient may be out of phase with 
return, and the overall correlation may be even smaller than 
the one obtained in the case of incoherent background. To 
illustrate this effect, in Fig. 4 we show the modulus of the 
overall correlation coefficient as a function of the SBR for 
different values of the modulus of the distributed target 
correlation coefficient, for both the in-phase and counter-
phase cases. 

 
Figure 2: Modulus of the correlation coefficient as a 
function of resolution (i.e, the square root of ), for a 
trihedral corner with  = 30 cm and = 100, and for =3 
cm (blue line), =5.5 cm (green line), and =24 cm (red 
line). 
 
 
 

 
Figure 3: Modulus of the correlation coefficient of a 
trihedral corner as a function of its linear size  for  = 
100. Blue line: =3 cm, resolution = 3 m. Red line: =5.5 
cm, resolution = 10 m.

4. CONCLUSIONS
 

We have presented a model-based approach that allows us 
computing the interferometric coherence of a pair of 
acquisitions for a resolution cell comprising a strong 
scatterer (trihedral or dihedral corner reflector, or meta

) and a distributed scatterer (rough surface, 
vegetation). Theory is complemented by numerical results.   



 
Figure 4: Modulus of the overall correlation coefficient as a 
function of the SBR when the modulus of the distributed 
target correlation coefficient is equal to: 0 (blue line), 0.3 
(pink lines), 0.6 (green lines), 0.9 (red lines). Top lines: 
distributed target correlation coefficient is in phase with the 

 distributed target 
correlation coefficient is in counter-phase with the strong 

 return. 
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