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Summary of the Contents of the Doctoral Dissertation

Mining activities, i.e. excavation of the ground, extracting the resources from the surface and
underground, are human action which may affect the natural ground to become unstable.
Monitoring ground behavior is important to assess the stability of the ground. There are several
useful methods can be used to measure the ground surface displacement, for example,
geotechnical instruments, surveying methods and GPS. Those methods are useful. However,
those measure the ground surface displacements only at certain points installed the sensors or
targets, If the monitored area is huge, the number of required devices become increase very
much. It leads high-cost and inefficient. To solve these problems, an alternative methods/tools
are required.

The Differential Interferometric Synthetic Aperture Radar (DInSAR) has the potential to
solve the above limitation. On the other hand, there are still issues in practical applications of
this method for monitoring displacement in rock and geotechnical engineering projects, although
the fundamental DInSAR technology has been basically established.

This study aims to investigate the applicability of DInSAR to monitoring surface ground
displacements induced by mining activities.

The main purposes of this study are 1) to investigate the effect of Digital Elevation Model
(DEM) to the displacement measurement results obtained by DInSAR. 2) to evaluate the
applicability of DInSAR to monitor land subsidence induced by salt mining activities, and 3) to
assess the advantages and limitations of DInSAR in the cases related to landslide phenomena.

The dissertation is composed of seven chapters as follows;

Chapter 1 explains background, motivations, problem statements, and objectives of this
study. Theoretical background and literature reviews relevant to this study are given in Chapter
2.

In Chapter 3, the applicability of DInSAR to monitor the slope stability in open-pit mine is
investigated. DInSAR has the potential to be a cost-effective method for monitoring surface
displacements in such areas. DInSAR requires an appropriate DEM for its analysis. However,
since the topography of the ground surface in open-pit mines changes year by year, measurement
errors can occur due to the lack of an appropriate DEM. The effect of different DEMs on the
displacement results by DInSAR is investigated at a limestone quarry. And, the accuracy of
DInSAR is examined by comparing the DInSAR results with the results obtained by GPS
monitoring.

It is verified that the uncertainty of DEMs induces large errors in the displacement
monitoring results if the baseline length of the satellites is long. After comparing the monitoring
results of DInSAR and GPS, it is found that the root mean square error (RMSE) of the
discrepancy between the two sets of results is less than 10 mm, DInSAR can be applied for




monitoring the displacements of mine slopes with centimeter-level accuracy by using an updated
DEM and the selection of SAR data with short perpendicular baselines of less than 100-150 m.
(for L-band SAR data).

In Chapter 4, an advanced time-series analysis, Small Baseline Subset DInSAR
(SBAS-DInSAR) proposed by (Berardino et al.,, 2002) is applied for monitoring subsidence
induced by extracting salt water from underground salt deposits in Tuzla city, Bosnia and
Herzegovina. The main purpose of this chapter is to enhance the former studies of subsidence in
this city and to investigate whether the SBAS-DInSAR could be a better method for monitoring
the subsidence. The SBAS-DInSAR resuits are evaluated by the results of GPS survey. It was
found that subsidence obtained by GPS and SBAS-DInSAR are coincide within a few cm.

SBAS-DInSAR can be used as a cost-effective fool and sustainable ground subsidence
monitoring method. Recently, Sentinel-1A and -1B satellites provide the SAR data continuously
every 6-12 days. The main limitation of Sentinel-1 data is high decorrelated in the vegetated
area. It can be solved by combining the SAR data with longer wavelength provided by ALOS-2
data. However, the number of ALOS-2 data is very limited and only 3-5 SAR data covers this
area in a year. This is a limitation at present.

In Chapter 5, SBAS-DInSAR is applied to two cases of monitoring landslide displacements
located near residence area. In the first case, it was found that this method showed a good
applicability to monitor slow displacement behavior with a few centimeters in a year. However,
due to a geometrical relationship between the Line of Sight (LOS) of satellite and the
displacement direction, it has low sensitivity to measure the displacement of the North-South
direction. It was explained through comparison of displacements measured by SBAS-DInSAR
and GPS. In the second case, the SBAS-DInSAR is applied to a slope which the landslide failure
occurred, in order to investigate whether a sigh of the slope failure could be detected. 1t is found
that the SBAS-DInSAR could not detect a sign of the sudden large displacement and any sign of
the failure. The main reason of this limitation is that the amount of the displacement before the
slope failure was too small to be detected by DInSAR in this case.

In Chapter 6, a new fundamental equation of InSAR derived by the authors is presented and
it is verified by using a SAR data. The equation is newly formulated based on a different
concept from one of the original InSAR. A practical application will be a future work.

General conclusions of this study and recommendations for future researches are given in
Chapter 7. It includes the significant findings of this study and the remaining issues which
become future researches.
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