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Landslides cause many problems in human life, property and constructed facilities,
infrastructure and natural environment. Mitigation is an urgent task to reduce effects from landslides.
Continuous monitoring is very important for predicting the displacement behavior and designing
countermeasure at a slope. The Global Positioning System (GPS) has been used for displacement
monitoring in civil and mining projects. Although GPS can measure three-dimensional
displacements with mm accuracy for baseline lengths of less than 1 km, the measurement results
includes the fatal errors for precise monitoring due to obstructions above the antennas and the
tropospheric delay caused by weathers conditions.

The objective of this research is to establish the method for precise slope monitoring by using
GPS. It includes

- Verify the applicability of the error-correction methods for reducing the influence of the
obstructions above the antennas and the tropospheric delays at a large-scale steep slope for
long-term monitoring;

- Discuss the mechanism of the unstable displacement behavior of the slope by numerical
analysis based on monitoring results;

- Investigate the performance of a new GPS receiver developed for high-dense temporal-
spatial displacement monitoring.

Chapters 1 and 2 describe the probleha setting in this study, organization of the dissertation, and
a literature review of GPS application for displacement monitoring. The outline of GPS is also
introduced.

In this study, the applicability of error-correction methods for reducing the effects of
obstruction above antennas and tropospheric delays has been investigated when using GPS for
displacement monitoring at a large-scale steep slope. An enhancement procedure with the error-

correction methods has been proposed and verified its applicability for improving GPS measurement
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results, as shown in Chapter 3. Furthermore, the validity of the enhancement procedure has been
shown in comparisons between the displacement results by GPS and by high precision techniques,
‘extensometer and Diffusion Laser Displacement Meter. It is found that the enhancement procedure
with the error-correction methods is effective to improve the original scattered monitoring results.

The GPS displacement monitoring system and the enhancement procedure has been applied
for long-term continuous monitoring at the large-scale steep slope, as described in Chapter 4. The
interpretation of the displacement results in plane views and vertical sections has provided useful
information for assessing the displacement behavior. Furthermore, the mechanism of the
displacement behavior has been discussed in considering both field measurements and numerical
simulations.

In order for GPS to be more widely used for displacement monitoring, it should be deploryed at
many points and shortened measurement session. The performance of a new GPS receiver developed
for high-dense temporal-spatial displacement monitoring has been investigated, as shown in Chapter
5. Experiments has been conducted by using two prototypes of the new GPS receiver. The field
application of the new GPS receiver has shown the applicability of the new receiver for high-dense
temporal-spatial displacement monitoring. Furthermore, an average process has been applied to
improve kinematic results when using the new GPS receiver.

Finally, Chapter 6 draws conclusions from the research presented within this dissertation and

proposes recommendations for future researches.
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Continuous displacement monitoring by using GPS and its application to a
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