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ABSTRACT 
 
TerraSAR X-band (TSX) data can provide a high resolution 
of 1m, short revisit period of 11 days, and sensitive ground 
subsidence information. Permanent Scatterers (PS) 
technology was developed as a powerful tool for extracting 
the ground displacement information from TSX images. In 
this work, we exploit the potential of TSX for monitoring 
ground subsiding for the urban area in Hong Kong. A total 
of 57 TSX images and 11 TanDEM-X (TDX) images 
acquired between 25th October 2008 and 4th May 2012 were 
used in the InSAR time series analysis for retrieving 
subsidence in the study area. A Corner Reflector (CR) 
validation test is conducted in the area to quantitatively 
analyze the performance of PS analysis, and the result 
indicates that the analysis can achieve millimetric accuracy 
for its monitoring the ground subsidence.  
 

Index Terms— TerraSAR-X; subsidence monitoring, 
Hong Kong; InSAR 
 
 

1. INTRODUCTION 
 
One of the most important criteria for constructing large-
scale man-made features is to monitor severe ground 
subsiding of adjacent wide area, so a technology is needed 
that calls for all-time, all-weather and wide-area to monitor 
ground subsidence. In recent years, Synthetic Aperture 
Radar Interferometry (InSAR)[1][2] technology have been 
proved to be a powerful tool that can provide high resolution 
information on topology and ground displacement[3]. 
Furthermore, in order to overcome the limitations of InSAR 
technology, namely the spatiotemporal decorrelation and 
atmospheric disturbance displacement[4][5], Permanent 
Scatterers (PSInSAR) technology[6] was proposed. It has 
been proved that 1 mm accuracy for deformation monitoring 
can be achieved[7]. Since then, the technology has been 
applied widely in ground displacement monitoring[8][9][10].  
In this study, we studied the ground deformation of the area 
of interest (AOI) in Hong Kong urban area by means of 
PSInSAR technology with multi-temporal techniques. 

Furthermore, we investigated the accuracy of the technique 
for ground monitoring. In order to do this, a set of corner 
reflectors are deployed in our monitoring area, the height 
will be adjusted manually, and the result will be used for 
comparing with the result of PS analysis. The PSInSAR 
analysis applied in this study is implemented by the 
processing software SARPROZ[11], developed by Daniele 
Perissin. 

 
 

2. STUDY AREA 
 
The monitoring area belongs to urban area in Kowloon, 
Hong Kong. The studied AOI is shown in Figure 1. A total 
of 57 TerraSAR-X (TSX) images and 11 Tandem-X (TDX) 
images acquired between the end of 2008 and May 2012 
were exploited for the study. The deformation map and 
Permanent Scatterers were generated and geocoded in 
SARPROZ[11] and displayed in Google Earth. 

 
Figure 1. Spatial coverage of TerraSAR-X and our study of interest 
 
 

3. METHODOLOGY 
 

The case can be divided into two steps: PS analysis and CRs 
validation test. 
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3.1. Linear Deformation Map 
We firstly choose a reference image known as ‘Master’ of 
the datasets. In the following analysis, the displacement of 
the radar targets is retrieved as a function of time with 
respect to the Master image. The datasets is applied for 
PSInSAR analysis in SARPROZ. By processing the phase of 
SAR images with PSInSAR algorithm, two results can be 
retrieved: the three dimensional localization of Permanent 
Scatterers (PS’s) with 1m precision, and the estimated 
millimetric displacement of PS’s along the satellite line of 
sight. The PS analysis will be updated continuously by 
adding newly acquired images, and improved by the 
supplemented CR tests. The final result will be displayed in 
Google Earth. 
 
3.2. Corner Reflector Test 
In order to evaluate the performance of PSInSAR 
monitoring techniques and the accuracy of ground 
monitoring results with artificial targets, a set of CRs are 
deployed in the monitoring region. For the validation test, 
the CRs are either lifted or lowered manually, and its 
displacement is recorded by optical leveling. We will then 
evaluate the accuracy of PSInSAR monitoring by comparing 
the displacement detected by SAR images and by optical 
leveling.  
 
3.2.1. Design and Deployment of Corner Reflector 
A CR should be easy to point, light to carry, easy to mount, 
difficult to be reached by unauthorized people, well fixed, 
resistant to all weather conditions. Additionally, in particular 
for the experiment we carried out, the height must be 
adjustable. To meet the above requirements, the CR is 
designed to be cubic shape and made of aluminum. The side 
panels are holed.  The CR is fixed onto a concrete basement 
on the ground with four anchors and screws (to fix and 
adjust its height). The advantage of this type of target is that 
it does not require any complicated pointing procedure. 
When deploying the CR, one simply turns the mouth to the 
satellite viewing direction. A prototype of the CR is shown 
in Figure 2. 
An ideal place for placing CR’s is an area that presents a low 
background radiation to facilitate identifying the CR and to 
guarantee good phase stability. In addition, in order to 
demonstrate the PSInSAR capability of detecting millimetric 
changes with CR, it is suggested to place all the CR within a 
certain distance, in order to avoid possible unexpected 
relative motions and to keep the atmospheric noise as 
limited as possible. In general, this distance should not 
exceed 100m. In this experiment, as shown in Figure 3, we 
deployed four CRs in an area where the background 
radiation is considerably low. The four CRs are within a 
range of 200 meters so that the atmospheric noise is kept to 
a low level. One of them is selected as the reference target 
for the process, which means it will stay stable for all time. 
 

 
Figure 2. Schematic of Corner Reflector deployment. 

 
Figure 3 Upper: the location and intensity of the four CRs on TSX 
images. From the image we can see that the background radiation 
in that area is very low, and the intensity of CRs is considerably 
high. Down: the location of CRs geocoded to optical image. The 
location is near the sea that is identical for its low intensity in 
RADAR images.  
 
3.2.2. Displacement of Corner Reflector 
To estimate the displacement of the CRs, we exploited the 
intensity of the SAR images and the height measured by the 
ground survey. Radar images are in fact two-dimensional, 
and one cannot retrieve the highly accurate height 
information by analyzing only the intensity of the radar 
signal.  
In this paragraph, we proceed analyzing the phase of the 
SAR signal reflected by the CRs. 
First of all, the interferometric phase can be decomposed 
into the following terms: 

displacement height atmosphere noise� � � � �� � � � � � � � �  (1) 
In sequence, the four parameters are possible displacement, 
height of targets, atmosphere and noise. 
The height of a target is usually unknown, and it must be 
estimated by the PS technique. In our study, the 
interferometric phase term depending on the relative height 
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of the CRs is removed by exploiting the height provided by 
the survey team. 
The phase term linked to the atmospheric delay is neglected 
since the 4 CRs are placed relatively close to each other. The 
CRs displacement can be retrieved from the interferometric 
phase exploiting the following equation: 

displacement height atmosphere noise� � � � �� � � �� �� ��  (2) 
Assuming a low noise level within CRs, one can write: 

0atmosphere noise� �� � � �   (3) 
So the phase of displacement can be computed as: 

displacement height� � �� � � � �   (4) 
Where 

4
d

�
�

	
� �    (5) 

And 

4 4
height displacementd

� � �

� �

� � � �
� 
    (6) 

The displacement retrieved from the interferometric phase is 
along the Line Of Sight (LOS) of the satellite. The vertical 
displacement is linked to the LOS displacement d by the 
following relationship, 

cosvertd D ��    (7) 
where Dvert is the vertical displacement, �  is the inclination 
angle between the LOS and vertical direction, 37.36 degrees 
in this case of the TerraSAR-X dataset acquired in Hong 
Kong. In our dataset, the conversion factor cosθ is equal to 
0.795. 
The displacement retrieved from the interferometric phase is 
ambiguous. In particular, the following equations hold: 

� 2 1, 2,3,...k k� � �� � �   (8) 

� 1, 2,3, ...
2

d d k k
	

� � �   (9) 

For the TerraSAR-X, the wavelength λ equal to 3.1cm, the 
displacement retrieved from the interferometric phase will 
be 

� 15.5 1, 2,3,...d d k mm k� � �   (10) 
Given the theoretical framework, we can then approach the 
real data of our case study. 
 
 

4. RESULTS 
 
4.1. Linear Deformation Map 
Figure 4 shows the linear deformation map (corresponding 
to the average displacement trend) obtained by processing 
the dataset with the PSInSAR technique. From the figure we 
can read the values ranging from about 0 to -15mm/year. 
The west part of monitoring area shows an obvious trend of 
subsidence with a velocity of 0 to 5mm/year.  

 
Figure 4. Linear Displacement Map for PSs that have a height 
within the region of [-5,5] meters.  
 

Figure 5 shows a three dimensional representation of the PS 
location in Google Earth. The target shown is located at 
ground level along the coast, at ground level (height close to 
zero) and it shows clearly a linear displacement of the whole 
terrain on the selected PS: -13.4mm/year. The deformation 
trend on 4th May 2012 is -19mm, confirming the subsiding 
trend over the area.  

 
Figure 5. An example of one PS point located in our AOI.  
 
4.2. Displacement of Corner Reflector  and Deviation 
After the corner reflectors were being deployed, a series of 
test were conducted, and we can retrieve the results obtained 
from SAR images and ground survey. The result is listed out 
in Table 1. 

Date of 
Satellite 
Images 

Vertical displacement by 
SAR images (mm) 

Vertical displacement 
Surveyed (mm) 

No.1 No.2 No.3 No.4 No.1 No.2 No.3 No.4 
06/Feb/12 0 0 0 0 0 0 0 0 
17/Feb/12 8.4 8.9 4.4 0 10 10 5 0 
21/Mar/1

2 -5.2 19.6 9.6 0 -5 19 8 0 

01/Apr/12 -5.7 18.8 5.6 0 -5 18 5 0 
12/Apr/12 -0.3 26.9 -0.2 0 -1 26 -1 0 
23/Apr/12 2.1 19.3 8.5 0 3 20 8 0 

Table 1. The comparison of vertical displacements between SAR 
images results and surveyed results. CR No.4 is the reference CR 
thus it is not moved.  
 
Comparing the result from SAR images and optical leveling, 
we can see that the numbers are really close, and for most 
cases the deviation is less than 1mm. To analyze the 
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deviation between the two measurements, a linear regression 
is conducted, and the result is shown in Figure 6. For each 
target in this figure, the x-axis value indicates the vertical 
displacement measured by the optical survey, and the y-axis 
value indicates the vertical displacement detected by SAR 
images. The outcome of the linear regression is 

1.0159 0.08043y x� �   (11) 
Since the ideal model for the case should be y x� , thus the 
above equation (11) means a bias of less than a tenth of 
millimeter and a deviation from the linear relation of about 
1%. 
In addition, the correlation coefficient R2 is equal to 0.9909, 
stating univocally the linear correlation between the 
displacement detected by InSAR and by the optical survey. 
The root mean square error (RMSE) has a value of 0.94 mm, 
slightly lower than 1mm, which is the theoretical accuracy of 
optical leveling. In other words, the outcome of the analysis 
is slightly better than the best result that could be expected 
from such an analysis, revealing that InSAR can definitely 
reach the same accuracy of optical leveling, and maybe 
overtake it. 

 
Figure 6. A statistical analyses on the deviation between the dis-
placement detected by InSAR and by optical leveling measurement. 
 
 

5. CONCLUSION 
 
In this paper, we analyzed the ground deformation trend in 
Hong Kong West Kowloon urban area. The result shows 
clearly the local ground subsiding of about 5mm/year. To 
further validate the accuracy of the PS analysis, a corner 
reflector test is conducted inside our AOI. The results 
showed a very high coefficient between the displacement 
between the InSAR analysis and the ground survey result 
and a deviation of less than 1mm. The method is definitely 
showing the capability of achieving the same level of ground 
survey, meanwhile much more convenient than conducting 
ground survey in monitoring ground subsidence. 
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