Abstract of Doctoral Dissertation

Title: Study on GNSS Precise Positioning for Centimeter
Augmentation and Millimeter Displacement Detection

Doctoral Program in Advanced Electrical,
Electronic and Computer Systems
Graduate School of Science and Engineering

Ritsumeikan University

7YY auk
ASARI Koki

In this thesis, high-accuracy positioning methods of Global Navigation Satellite
Systems (GNSS) are proposed for centimeter augmentation and millimeter displacement
detection, and its accuracy and convergence performances are validated.

The author has been developing a prototype centimeter-level augmentation service,
which was adopted from the Quasi-Zenith Satellite System (QZSS) of Japan’s Cabinet
Office(CAO). In the proposed mathematical structure of the GNSS high-accuracy
positioning augmentation system, accuracy and convergence time of the GNSS were
improved by using the characteristics of 5G mobile communication networks.
Compared with QZSS specifications, the root mean square improved from 3 cm to
approximately 1 cm, and the convergence time decreased from 60 s to approximately 3 s.
These improvements can contribute to safety and mobility performances of automated
navigation.

A novel algorithm was proposed for achieving millimeter displacement detection.
Orthogonal functions are used in the proposed algorithm to retrieve measurement data
from noise and detect the occurrence time of displacement, and the performances of the
proposed method was validated. This method can reduce the displacement measurement
time from the current 24 h to approximately 1 h in quasi-real time to promptly warn of
impending landslide disasters. Thus, the proposed method can save many lives and
considerable property.

A brief introduction is presented in Chapter 1. In Chapter 2, the structure and
mechanisms of the developed centimeter augmentation system and its algorithms have
been presented. This method is adopted to 3rd-Generation Partnership Project (3GPP) of



mobile communication standards and can become the foundational technology of
automated mobility and smart societies in the future. Chapter 3 describes the
performance validation of the proposed high-accuracy positioning system though
experiments using real data.

In Chapters 4 and Chapter 5, the author applied the high-accuracy GNSS positioning
technology to millimeter displacement detection retrieved information of a fine
displacement from observation with noise. Thus, the results revealed that novel the
algorithm can be used prevent landslide disasters and structure collapses.

Thus, a realtime centimeter augmentation and semi-realtime millimeter
displacement detection method with high-accuracy and short observation span can be
obtained proposed by using GNSS systems and the proposed method. The proposed
method can be a fundamental technology that can enable automated navigation and
high-accuracy positioning, safe and manageable spatial migration and disaster

management, and improvement of the quality of life.
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