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Abstract 

 
In this work, we review the implementation of the 
Distributed Scatterer (DS) technique in the processing 
pipeline of ground-based Synthetic Aperture Radar 
(GBSAR) interferometry. DS consists of a group of pixels 
that individually have a low signal-to-noise ratio (SNR) but 
can collectively enhance SNR through statistical 
processing, as they are assumed to share the same 
underlying deformation signal. Despite its advantages, the 
DS-based InSAR technique has seen limited application in 
GBSAR due to the typically high SNR of GBSAR data and 
its predominant use in infrastructure monitoring with lots 
of already reliable scatterers. A DS-based InSAR technique 
adapted to GBSAR data characteristics is proposed here. 
The method is tested on SAR images acquired by a GBSAR 
system over a scene, primarily covered by rocks and bare 
soils, covered by short vegetation - conditions that are well-
suited for DS analysis. We compare the interferograms 
generated using the proposed DS approach with those 
obtained through the conventional multi-looking method 
and study how they could affect the subsequent 
atmospheric correction process, which is a crucial step of 
GBSAR interferometry. 
 
1. Introduction 
 
Ground-Based InSAR has become an established 
technique for monitoring terrain and infrastructure stability 
(e.g. [1] and references therein). Its advantages over other 
techniques include sub-millimetric precision, the ability to 
monitor large areas, non-invasive operation, and all-
weather capability. 
 
The mitigation of atmospheric phase delay artifacts is a key 
problem when processing interferometric GBSAR time 
series. Various approaches have been proposed, including 
modeling in-situ meteorological measurements (e.g., [2]) 
and applying Persistent Scatterer (PS) techniques 
originally developed for processing spaceborne 
interferometric SAR time series [3]. The PS-based method 
selects pixels with high phase stability and processes only 
these pixels for both displacement measurement and 
atmospheric effect estimation. In this approach, often 
referred to as a data-driven method, the atmospheric effect 
is derived directly from the interferometric data itself. 

 
This data-driven approach has become a staple in ground-
based GB InSAR due to the nature of ground-based 
measurements, such as short temporal baselines and 
limited observation ranges, which enhance the signal-to-
noise ratio (SNR) and, consequently, the availability of PS. 
More advanced data-driven techniques have been proposed 
and widely implemented, including the joint removal of 
topographically correlated atmospheric effects when an 
external Digital Elevation Model (DEM) of the scene is 
available [4]. Furthermore, more sophisticated data-driven 
approaches that operate across both spatial (within each 
interferogram) and temporal (long time-series) domains 
have also been introduced [5-6]. 
 
However, in the case of natural scenes, the application of 
PS technique is less effective due to the lack of strong 
scatterers. More importantly, the low SNR associated with 
the non-PS pixel would also degrade the effectiveness of 
the data-driven approach in the subsequent atmospheric 
compensation step. 
 
In this paper, we investigate the application of the 
Distributed Scatterer (DS) techniques developed for the 
processing of spaceborne SAR data [7]. The DS-based 
method is used when stable scatterers are sparse, such as in 
natural terrain. It works by collectively processing groups 
of pixels with high similarity, enhancing the SNR of the 
underlying deformation signal. The DS-based method has 
rarely been applied in GB InSAR due to the inherently high 
SNR in GB measurements, making the PS-based approach 
sufficient in most cases. Additionally, GB InSAR is 
predominantly used for infrastructure monitoring, where 
PS availability is generally high due to the presence of 
natural or artificial high-reflection targets (e.g. [8], [9]). 
 
In this article, we review the performance of the DS-based 
method for observing natural terrain using GB InSAR. The 
review also considers how this approach could contribute 
to the subsequent atmospheric compensation step, which is 
crucial in GB InSAR since atmospheric effects are the 
dominant noise source in these measurements. 
 
3. Methodology 
 
3.1 PS Selection for GBSAR Interferometry 



 
DS are defined as pixels that exhibit similar temporal 
characteristics to nearby pixels within a specified local 
window. In the early development of the DS technique, 
pixel similarity was determined based on the amplitude 
time series. This approach was inspired by the earlier PS 
technique, which reliably identifies PS pixels with good 
phase stability by analyzing amplitude dispersion. The use 
of amplitude instead of phase was necessary due to the high 
sensitivity of phase data to noise, including atmospheric 
effects and topographic errors. Additionally, phase data can 
experience temporal phase wrapping, which hinders 
reliable stability measurements. These factors justify the 
application of amplitude-based methods, particularly for 
spaceborne SAR data. 
 
However, in Ground-Based SAR (GBSAR), the risk of 
temporal phase wrapping is significantly reduced due to the 
short temporal baseline, which can be as brief as a few 
minutes. This short baseline also minimizes phase noise, 
including atmospheric effects. Furthermore, in GBSAR 
measurements, the sensor typically remains fixed in 
position, effectively eliminating topographic errors in the 
phase data. Therefore, we propose a modified DS 
technique that evaluates pixel similarity based on their 
phase time-series. Consider a stack of Single Look 
Complex (SLC) images containing  pixels. Each pixel is 
represented by a complex signal vector denoted as 
 

 (1) 
 
with  being the total number of the SLCs and  as the 
time at -th SLC acquisition already in chronological order 
( ). To have the desired phase time series 
we can first take the increment of the phase component in 
a daisy chain approach such as 
 

, (2) 
where 
 

.  
 
Subsequently, the desired phase time series of each pixel, 
which is free from temporal phase wrap, can be generated 
from the cumulative summation of  with the phase of 
the first SLC set to be zero, i.e. the first SLC is set as the 
reference. We can have the cumulated phase time-series 
vector expressed as 
 

 (4) 
where 

 
 
(5) 

and . With this procedure,  can be 
considered to be free from temporal unwrapping, 
considering the GBSAR short temporal baseline, and can 
be used for the similarity test needed to identify DS. The 
selection of DS pixels is performed by conducting a 
similarity test on , comparing each pixel with all 

neighboring pixels within a specified window. Following 
[7], the similarity test is conducted using the Kolmogorov-
Smirnov (KS) two-sample test. Once the test has been 
performed for all pixels, each pixel is assigned a value 
representing the number of pixels it is statistically similar 
to based on the KS test. A pixel is then classified as a DS 
pixel if the number of similar pixels exceeds a specified 
threshold. The set of pixels that are similar to a given pixel, 
based on the conducted test, will hereafter be referred to as 
the Spatially Homogeneous Pixels (SHP) of that pixel for 
clarity. 
 
3.2 Phase Optimization of DS pixels 
 
The phase optimization in [7] is performed using a 
procedure known as the Phase Triangulation Algorithm 
(PTA). This involves: (1) computing the temporal 
covariance matrix for each DS by using each 
corresponding SHP, and (2) optimizing the covariance 
matrix so that the off-diagonal elements, which represent 
the spatially filtered interferometric phase for all possible 
SLC combination pairs, remain consistent with one 
another. This ensures that the interferometric phase 
between times  and  is equal to any possible combination 
that should produce the -to-  phase difference, e.g. 

, hence the name 'triangulation. This phase 
inconsistency is mainly caused by the applied spatial 
averaging on the complex value instead of the phase data 
directly, especially when the phase dispersion is high. The 
process to average phase from the complex value was 
introduced in the early development of InSAR algorithm 
[10] and has become a staple since then due to the increased 
robustness towards speckle and noise. However, we can 
argue that for DS, the speckle has been minimized because 
all pixels belonging to a pixel’s SHP have already passed 
the similarity test. Additionally, in the GBSAR case, the 
noise has also been reduced. Averaging directly on phase 
value also has the advantage of preserving spatial phase 
discontinuity or high spatial frequency component on the 
phase signal [11], which can be more likely attributed to 
the sought displacement signal. 
 
In this work, we propose a phase optimization method 
based on direct spatial averaging of the interferometric 
phase at pixels within an SHP. Essentially, this approach 
acts as a spatially adaptive filter based on phase similarity, 
reducing the influence of dissimilar phases within the 
filtering window and minimizing bias in the final averaged 
result as opposed to the conventional multi-looked 
interferogram from the complex coherence, which takes 
into account all pixels in the specified window. The 
optimization is applied only to the phase differences 
between consecutive SLCs, resulting in an optimized 
interferometric phase for a daisy-chain network of 
interferograms. Not performing the triangulation such as in 
the aforementioned PTA is justified by the applied direct 
phase averaging, which removes phase inconsistency and 
also the short, consistent temporal baselines inherent in 
GBSAR acquisitions. In contrast, triangulation in 
spaceborne InSAR is primarily used to enhance 



interferometric phase quality in scenarios with long and 
inconsistent baselines, improving phase inversion results 
by increasing connectivity between acquisitions. 
 
4. Results 
 
4.1 DS Selection Step: Phase vs Amplitude 
similarity 
 
The DS pixel set has been selected using the proposed 
approach, which accounts for phase time-series similarity. 
To highlight the advantage of using phase instead of 
amplitude, Figure 1 presents the time series of both phase 
and amplitude for all nine pixels within a 3×3 window. As 
expected, the amplitude time series of these pixels exhibit 
strong similarity (see Figure 1-(a)), primarily due to their 
close proximity. Performing the KS test on amplitude 
would likely result in all pixels being grouped into a single 
SHP set, which would then be used collectively in the 
subsequent DS operation. 
 

  
(a) (b) 

Figure 1. Amplitude (a) and phase (b) time-series of a 
pixel group within 3 x 3 window. 

 

 
Figure 2. The amount of SHP within the search 

window corresponding to each pixel resulted from the 
proposed DS selection approach. The y-axis is the pixel 

number in the range direction, while the x-axis in the 
cross-range direction. 

 
However, the corresponding phase time-series graph (see 
Figure 1-(b)) reveals that not all pixels exhibit the expected 
similarity. Notably, the purple line deviates significantly 
from the others. If this pixel were included in the SHP set, 
it would likely introduce bias into the final interferometry 

results. Therefore, performing the similarity test on the 
phase time-series instead is more advantageous, as it 
ensures that the outlier (the purple line) is excluded from 
the SHP set. 
 
The result of the proposed DS method is given in Figure 
2, which shows the amount of SHP in each pixel. The 
SHP search window size is set to 11×5 (range × cross-
range), as most coherent pixels are located in areas where 
the pixel length in the cross-range direction is larger than 
the range resolution. The DS are then identified as pixels 
with SHP greater than 25. 
 
4.2 Interferogram results compared with the 
standard multi-looking approach 
 
The final interferogram result comprising of 5 SLCs 
acquisition is shown in Figure 3. This interferogram 
comprised 5 SLC acquisitions with a total temporal length 
of 75 minutes. The dense result of the DS approach allows 
us to see the linear phase ramping in the range direction, 
which is a typical characteristic of the atmospheric effect. 
This makes the data-driven approach for the atmospheric 
compensation step still a feasible option to be used 
hereafter. 
 

Figure 3. The final interferograms comprised 5 SLC 
acquisitions. The axis is set to be similar to Figure 2. 

A comparison with the results obtained using conventional 
multi-looking, which basically a spatial boxcar filter, with 
the same window size, is shown in Figure 4. The 
interferogram being computed without applying any multi-
looking is also presented (see Figure 4-(a)) to have a clear 
visualization of the phase variability before any spatial 
phase averaging. As expected, the conventional method 
produces a more blurred result due to the indiscriminate 
spatial averaging window (see Figure 4-(b)). In contrast, 
the DS-based approach preserves some localized or high-
frequency spatial signals (see Figure 4-(c)), which is a 
result of DS-exclusive averaging and the averaging of 
phase values directly instead of the complex values. This 
characteristic can be beneficial in retaining localized 
signals, which may primarily correspond to actual 
deformation after the subsequent atmospheric 
compensation process. Since this process mainly accounts 



for low spatial frequency signals as atmospheric 
components, preserving localized signals could be 
advantageous. 
 
However, given that the interferogram's temporal length is 
only 75 minutes, no significant displacement should have 
occurred. Therefore, all observed signals are likely 
attributable to atmospheric effects. As a result, the 
localized signals in Figure 4-(c) could merely be enhanced 
speckles, which might reduce the effectiveness of the 
subsequent atmospheric compensation step. More 
consideration should be given to the choice of window size, 
ensuring that it is large enough to filter out speckles but 
small enough to preserve the expected localized 
deformation signal. 
 
5. Conclusions 
 
In this work, we presented the results obtained by applying 
the DS technique to a time series of GBSAR 
interferograms. It has been found that the DS technique can 
greatly contribute to identifying stable-phase regions in 
GBSAR and consequently generate an interferogram with 
dense reliable pixels despite the lack of strong scatterers in 
the observed area. The technique also appears to maintain 
high-spatial-frequency components, which could 
otherwise be removed when using the general spatial filter 
techniques. 
 

  
              (a)                       (b)                        (c) 

Figure 4. Interferograms comparison between 3 
techniques: (a) Simple phase differencing with no 
averaging, (b) with conventional multi-looking, (c) using 
the proposed DS-based approach. Only showing the DS 
pixels for easier comparison. 
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