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Landslides are destructive and ubiquitous natural disasters that result in high mortality,
economic loss, and social disruption. The number of rainfall-induced landslides is expected to
rise caused by a potential increase in rainfall due to climate change. To mitigate landslide
disasters, knowledge of locations where landslides may occur by estimating landslide hazards
is indispensable. Landslide hazards result from a function of triggering and susceptibility
factors. Landslide susceptibility, presenting the likelihood of occurrence, is determined by the
conditioning factors (e.g., vegetation, morphology, and geology). Generally, vegetation is
known to increase soil strength through its root system and reduce landslide susceptibility. Due
to the presence of large amounts of and deeper roots, forests have been recognized as playing
an important role in contributing to reducing rainfall-triggered landslides, and low landslide
susceptibility has been discovered. However, human activity or natural disasters often change
the condition of forests or from forests to other vegetation, which would alter landslide
susceptibility. Although many studies evaluated landslide susceptibility for forests, few studies
examined change in landslide susceptibility due to change from forests to fruit groves and
evaluated change in due to change in forest age distribution on the national scale. In Chapter 1,
these backgrounds, main objectives, and structure were described.

In Chapter 2, the contribution of forests and fruit groves to landslide initiation in part of
Uwajima City, Japan, in July 2018 has been examined. Fruit groves are widely spread in hilly
regions, as similar characteristics to forests, landslide susceptibility between them should be
compared. To examine it, maps for five conditioning factors were developed: slope gradient,
slope aspect, normalized difference vegetation index (NDVI1), land use, and geology. Based on
these five maps and a landslide inventory map, the landslide area density (LAD) among factors
individually and in combination were compared. The result revealed the highest LAD was found
in citrus groves than that in forests. In addition, ten logistic regression models along with
different rainfall indices (i.e., 1-h, 3-h, 12-h, 24-h maximum rainfall, and total rainfall) and
different land use (forests or citrus groves) in addition to the other four conditioning factors were
produced to examine the contribution of all factors. “Citrus grove” was a significant factor with
a positive coefficient, whereas “forest” had a negative coefficient. In Chapter 3, the effect of
changes in forest age distributions on the number of landslides was evaluated and quantified on




a national scale in Japan. Forest age distributions tend to change periodically due to forest
harvesting. To evaluate the effect of those changes, first, data from 21 studies in 11 sites in three
countries that reported a landslide susceptibility index (i.e., frequency ratio or landslide density)
were collected, and models of the relation between forest age and the normalized landslide
susceptibility index (NLSI) were developed. Using this relation and the area for each forest age
class, the change in landslide susceptibility at a national scale (NLSIjn) was quantified. The
generalized linear models (GLMs) using the annual number of landslides as the response
variable and the NLSI;n and a rainfall index for each year as the explanatory variables were
developed. The frequency of rainfall-induced landslides was simulated in the GLMs in 15
scenarios with different forest age distributions (i.e., mature age-, middle age-, and young age
dominations) and rainfall amounts (i.e., current rainfall, decrease of 10%, 20% and increase of
10%, 20% of mean rainfall). The potential change in the landslide frequency from young-age-
to mature-age-dominated forests was larger than that from increasing rainfall. The chapter
highlighted the changes in forest age distribution are significantly affecting the number of
landslides on the national scale.

Chapter 4 presented the general discussion and conclusion. The main results of this study
confirmed that changes in forests significantly affect rainfall-induced landslide susceptibility.
Although fruit groves are comprised of trees similar to forests, fruit groves have a higher
probability of landslide initiation than forests. The differences are probably caused by different
land treatments. In addition, the change in forest maturity potentially changes landslide
frequency more than a change in rainfall. Therefore, in a changing climate with potentially
threatening increases in rainfall, preserving mature forests is important for not amplifying
landslide susceptibility. This study did not consider root reinforcement as the most critical
mechanical factor in landslide susceptibility reduction by vegetation. However, as an evaluation
has been profoundly (i.e., comprehensive ways and different scales) conducted, likely
satisfactory results were obtained, and the conclusion may not alter even if we considered it. In
addition, the specific species of forest trees were not considered, if the relationship between
landslide susceptibility and changes in forests can be exhibited in various species types, the
effect of changes in forests on landslide susceptibility can be more clearly described. This study
suggests appropriate forest management by preserving forest areas and adjusting forest age
distribution that may effectively mitigate landslide hazards.
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A Study on Real-time Elderly Monitoring and Behavior Analysis
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The global rise in the elderly population is posing challenges to healthcare systems due to
labor shortages in caregiving facilities. While smart aging technologies such as robotic
companions and digital home gadgets offer a partial solution, limitations in data privacy, real-
time processing, and reliability often hinder their effectiveness. Therefore, this study proposes
a more effective approach for smart aging that prioritizes data privacy and real-time processing
capability. Our main goal is to support the elderly’s well-being and assist their caregivers. To
achieve this, we developed an activity monitoring system for the elderly and designed a user-
friendly interface for the caregivers.

This thesis is organized into six chapters. Chapter 1 establishes the overall research
background and the objective of the study. Our research, with the main objective of
implementing a real-time privacy-preserving activity monitoring system for elderly people,
involves a visual monitoring process utilizing stereo depth cameras. This study focuses on
analyzing common daily actions of the elderly, including sitting, standing, lying, and using a
wheelchair. Given the vulnerability of elderly individuals, the focus on transition states (in-
between actions such as changing from sitting to standing), which are crucial for assessing
potential risks is explained in this chapter. Then, Chapter 2 delves deeper into relevant research
areas, reviewing existing smart aging technologies, exploring indoor elderly monitoring systems
utilizing sensors and cameras, and examining prior research on elderly action recognition.

After that, Chapter 3 encompasses two key aspects: depth data acquisition and subsequent
processing. The first section details how real-world data was collected from the elderly care
facilities. The second section elaborates on the steps taken to refine the raw depth data captured
by the stereo depth cameras. This process aims to enhance data quality by addressing noise,
inconsistencies, and missing values within the data. Subsequently, Chapter 4 explores the
essential role of person detection in elderly monitoring systems using computer vision
techniques. It delves into the You Only Look Once (YOLO) detector and compares the model’s
performance. The evaluation process defines various metrics and utilizes two data-splitting
strategies to identify the effectiveness of the YOLO model for our specific application.




Then, Chapter 5 explores the proposed models for elderly action recognition. It explains how
these models utilize spatial and temporal features extracted from the person’s movement with
three main approaches. In the first approach, we extract motion appearance and motion history
features from the depth image sequences and represent them using a Histogram of Oriented
Gradients (HOG) descriptor. These HOG feature vectors are classified using single Machine
Learning (ML) algorithms and those combined with the stochastic Hidden Markov Model
(HMM) in the recognition process. In the second approach, we extract straightforward temporal-
dependent features from the sequence of segmented person masks, and a Support Vector
Machine (SVM) is used for classification. In the third approach, we extract spatiotemporal
features automatically using Convolutional Recurrent Neural Networks (CRNN). The system
achieved robust transition state recognition by leveraging the motion information derived from
body posture changes (inspired by the second approach) with CRNN. Finally, Chapter 6
summarizes the research, discusses the overall effectiveness of the proposed system, and
concludes by outlining its potential contributions and future directions.

Experiments revealed that the proposed optimal hybrid HMM model and the CRNN model
achieved remarkable accuracies of 84.08% and 99.42% respectively for real-time action
recognition. Notably, the CRNN model excelled in capturing transition states (F1-score:
83.39%) vital for elderly care. Compared to other related systems, our approach not only
prioritizes privacy and real-world reliability, but it also functions even in low-light conditions,
enabling constant monitoring for improved elderly care.
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Recently, SiR insulators have emerged as popular outdoor applications for high-voltage

overhead transmission and distribution lines. SiR insulators have various advantages such as
lightweight design, inherent hydrophobicity characteristics and mechanical strength. However,
the hydrophobicity property of SiR insulators may be degraded by multiple stresses and, it may
be recovered by low molecular weight (LMW) dispersion from the bulk to the surface. The
hydrophobicity losses and their recovery repeatedly occur over time, and eventually, it may lead
to dry banding arcing. Therefore, if the degradation degree of SiR insulators can be measured,
it may contribute to the long-term maintenance of SiR insulators. To collect aged SiR insulators
with different numbers of years in use, which is for developing a degradation diagnostic
technique of SiR, is difficult. Therefore, it is desired to make degraded SiR surface, which has
similar characteristics to the actual aged SiR surfaces. To realize the fabrication, the surfaces of
specimens cut out from 22 kV line post SiR insulators used in the coastal area for 10 and 20
years are first characterized. The results show that to introduce fine particles into the surface is
necessary for making degraded surface having the minute surface roughness. Additionally, it
was found that to activate the dispersion of LMW with foreign matters is also necessary.

Based on the results of characterization on aged SiR insulators, one fabrication cycle (1-
cycle test) of 24 h and two fabrication cycle (2-cycle test) are performed. In one fabrication
cycle, a red clay adhesion process, a UV irradiation process, a surface heating process, a heat
radiation process and a surface cleaning process are included. The effects of UV irradiation and
surface heating are evaluated, and then, it was found that a combination of UV irradiation for

breaking molecular structure and surface heating for promoting LMW dispersion play an

important role in adhering red clay to SiR surface. In addition, the decreased rate of chemical




structure on artificially degraded SiR surface made by 1-cycle test and 2-cycle test are similar
to those of 10-year aged and 20-year aged SiR surfaces, respectively. Therefore, it can be
considered that various degraded SiR surfaces can be made by changing the number of
fabrication cycle.

To grasp the degradation degree on actual aged and artificially degraded SiR surfaces, a
novel technique is proposed in which the surface discharge (SD) on SiR surface temporarily
decreased the surface hydrophobicity and then, the hydrophobicity recovery times are measured.
The SD treatments are performed against actual aged and artificially degraded SiR surfaces with
the treatment time of 5 s to 25 s. After each SD treatment, the contact angle is evaluated at
intervals of 10 min. As a result, the contact angle recovery times on actual aged and artificially
degraded SiR surface are longer than that on an unused SiR surface, ie., the contact angle
recovery time after SD treatment is useful for investigating the degradation degree. On the other
hand, based on the results obtained by scanning electron microscope (SEM) and attenuated total
reflection-Fourier transform infrared spectroscopy (ATR-FTIR) measurement, it is shown that
SD treatment doesn’t cause any physical or chemical damages to the surface of SiR specimens.
In addition, the observed maximum SD current did not significantly differ from that obtained
during the 20-time salt fog aging test. Moreover, it is confirmed that SD consists of filamentary
discharge. In measurement of optical emissions, emissions with wavelength of less than 291 nm
which can cut C-H bond of SiR aren’t observed. Therefore, it is thought that the direct energy

transfer from energetic particles with higher energy than the binding energy of C-H changes

chemical characteristics and decreases the contact angle on SiR surface.
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