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Emergent Magneto-Inductance Effect in Ferromagnetic Thin Films at Room Temperature

Emergent magneto-inductance (EML) is a non-classical inductive effect arising from the
interplay between spin dynamics and charge transport. Unlike traditional inductance, which
originates from current-carrying coils, EML is driven by spin motive force (SMF) generated
through time- and space-dependent magnetization dynamics, particularly magnetic domain wall
motion. Notably, this emergent inductance increases as the cross-sectional area of the magnetic
thin film decreases, in contrast to traditional inductors. This inverse size dependence opens up
promising opportunities for miniaturization and integration of spintronic components.

This thesis investigates the EML effect in ferromagnetic thin films at room temperature,
aiming to clarify its underlying quantum mechanism and enhance its performance for future
spintronic applications. In contrast to earlier investigations that relied on complex spin textures
such as skyrmions or helical spins in bulk systems, this study reveals that EML responses can be
realized in simple single-layer ferromagnetic thin films with uniform magnetic configurations,
without requiring specific spin textures.

Chapter 1 describes spintronic backgrounds and the objectives of this thesis.

Chapter 2 describes the theoretical foundation of EML, tracing its origin from classical
electromotive force to SMF induced by domain wall motion, and introduces key models such as
Volovik’s and Barnes-Maekawa’s theories.

Chapter 3 describes the fabrication of ferromagnetic thin films on glass and flexible
polyimide substrates, as well as characterization techniques including atomic force microscopy,
transmission electron microscopy, energy-dispersive X-ray spectroscopy, magneto-optical Kerr
effect measurements, and inductance measurements using a precision LCR meter.

Chapter 4 describes EML in NiFeCu-based thin films on glass, demonstrating significant
inductance variations dependent on film geometry and composition, with Nig2FeisCux exhibiting
strong responses compared to that of NizsFesoCusMoo.

Chapter 5 describes EML enhancement in NigiFe17Cuz and NizFesCusz films on flexible
ultra-smooth polyimide substrates, showing improved performance through reduced magnetic
hard-axis anisotropy and domain wall pinning.

Chapter 6 summarizes the findings and discusses future prospects of EML-based flexible

magnetic devices.
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Mechanisms of metamorphosis initiation in Ciona revealed by live-imaging and optogenetics
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Quantum-enhanced estimation of physical properties
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Auxiliary Supervision from Existing Resources for Urban Scene Understanding: Multi-Task
Learning for Semantic and BEV Segmentation
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Polymer Waveguide Based Optical Tactile Sensor Fabricated by the Mosquito Method

Tactile sensors are crucial for applications such as human-machine interaction, touchscreens,
and biomedical applications. Conventional tactile sensing technologies primarily rely on
electromagnetic signals and are prone to interference and material degradation. Optical tactile
sensors, on the other hand, are inherently immune to electromagnetic interference. However, in
most conventional optical sensors, the sensing element is often composed of optical fiber, such
as fiber Bragg gratings. Complex fabrication and one-dimensional wiring of these sensors limit
their use in distributed sensing. Furthermore, to achieve mechanical flexibility, such fiber
sensors are often soft-encapsulated, which lead to delamination of fibers from the surrounding
soft material during long-term use. To address these issues, this research presents a novel
polymer waveguide tactile sensor that combines mechanical flexibility with a single-step
fabrication technique, the Mosquito method, in which optical waveguides are directly wiring
into flexible materials. This technique is advantageous for realizing distributed sensing and
enhancing core-cladding adhesion. The proposed sensor provides a route to flexible optical
tactile sensing systems suitable for human—machine interfaces, wearable devices, and
biomedical applications.

In Chapter 1, background and purpose of this research is outlined.

In Chapter 2, the author outlines the basic principles and classification and fabrication
methods of optical waveguides, and the basic principles of optical waveguides tactile sensors.

In Chapter 3, it is demonstrated that the Polydimethylsiloxane (PDMS)-clad waveguides
fabricated using the Mosquito method can be applied to a tactile sensor. By combining
simulations and experiments, the author clarifies how key parameters such as core size,
numerical aperture and core height in the cladding, affect sensor performance, then confirms
that the sensor operates mainly via macro bending loss, and further explores its potential for
motion recognition.

In Chapter 4, distributed pressure sensors based on multi-channel polymer waveguides are
created, including both single-layer and dual-layer structures. The single-layer one is designed
by applying numerical simulations and material optimization, and their sensitivity, repeatability,
and multi-channel distributed sensing performance are experimentally verified. Building on this
design, a grid-structured dual-layer waveguide is fabricated to achieve pressure mapping, and its
capability to identify both the magnitude and location of applied loads is evaluated.

In Chapter 5, the author summarizes the results of polymer optical waveguide tactile sensors
focused on this research, and then put forward the future development and application
directions.
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Large-scale urban redevelopment in Tokyo’s neighborhoods: Socio-economic change

and public contestation in Musashi-Koyama, Tsukishima, and Shimokitazawa

Tokyo’s postwar neighborhoods were shaped by loose zoning and incremental development, resulting
in a fine-grained urban fabric containing small-scale commercial amenities. This morphology,
supported by local train stations, sustained a remarkably egalitarian distribution of services and
employment across neighborhoods. Since the 1980s, however, deregulations of Japan’s urban
planning has transformed these neighborhoods, culminating in a wave of large-scale redevelopments
since the 2000s. Though often justified on the grounds of economic revitalization and disaster
preparedness, these redevelopments face growing public opposition for accelerating spatial
disparities, revealing key limitations in Japan’s planning process. This thesis examines the uneven
effects of post-1980 urban transformation, including recent redevelopments, across three mixed-use
Tokyo neighborhoods—Musashi-Koyama, Tsukishima, and Shimokitazawa.

Chapter 1 introduces the research background, aim, and relevance, situating Tokyo’s urban
redevelopment in the context of global trends and national planning reforms.

Chapter 2 outlines key demographic and commercial trends since the 1980s in Tokyo’s 23
wards through statistical analysis of census data.

Chapter 3 compares the three case studies through census data and historical mapping to
clarify transformations since the 1980s. It shows the decline in commercial amenities, which
increasingly became larger and less diverse. The extent of this decline depends on whether recent
large-scale redevelopment adapts to the preexisting neighborhood structure (Musashi-Koyama), or
whether it erases it (Tsukishima), or preserves it (Shimokitazawa).

Chapter 4 compares the three case studies to examine public engagement in recent
redevelopment projects, using ward assembly meeting minutes. Musashi-Koyama authorities
dismissed calls for broader public input by residents, Tsukishima authorities limited input to
rights-holders, while Shimokitazawa authorities shifted from top-down planning to community-led
engagement.

Chapter 5 summarizes and discusses the findings. The observed decline of small-scale
commercial amenities is a broader trend in the 23 wards, with large-scale redevelopments accelerating
it by concentrating amenities. Growing criticism of these redevelopments reflects public demand for
more transparent, participatory planning to counterbalance the negative externalities of market-driven
change and restore local authorities’ role as neutral arbiters between citizens and developers to

preserve quality of life in these neighborhoods.
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Edge Intelligence for Aerial Communication Systems: Single HAPS 3D-Aware
Beamforming and Collective UAV Federated Learning

The evolution toward Sixth Generation (6G) networks necessitates the development of
ubiquitous connectivity and distributed intelligence, particularly through the deployment of the
Space Air Ground Integrated Network (SAGIN). By integrating High Altitude Platform Stations
(HAPS) and Unmanned Aerial Vehicles (UAVs) into the network architecture, SAGIN aims to
provide seamless coverage for underserved regions and support the massive connectivity
demands of the Internet of Things (loT). This architecture mandates a transition from traditional
data relaying to Edge Intelligence (El), where computation and decision-making capabilities are
deployed directly at the aerial network edge. In this emerging paradigm, aerial platforms are
expected to not only sustain reliable air—ground links, but also learn and optimize in a

privacy-preserving and communication-efficient manner under dynamic environments.

Nevertheless, the realization of this integrated vision faces significant technical challenges
across both the physical and application layers. A critical issue in the physical domain is the
inadequacy of conventional channel abstractions, which fail to capture the complex
three-dimensional (3D) topology of urban environments, leading to inefficient resource allocation
and severe signal blockage for ground users. Simultaneously, in the intelligence domain, the
statistical heterogeneity of aerial data disrupts the convergence of distributed learning
algorithms, while the scarcity of annotated data and continuous data turnover in UAV networks
limit the applicability of supervised training methods. Conventional optimization and learning
strategies are therefore insufficient for addressing these multi-dimensional constraints,
motivating a synergistic cross-layer design that ensures both deterministic connectivity and

robust distributed learning.

Chapter 1 provides a comprehensive introduction to the research context, outlining the transition
from terrestrial networks to the multi-layered SAGIN architecture and the necessity of Edge
Intelligence. The chapter establishes the research motivation, summarizes the primary
challenges in physical connectivity and distributed learning, and outlines the contributions of this

dissertation.

Chapter 2 presents a comprehensive review of existing literature regarding non-terrestrial
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networks and distributed machine learning. The chapter highlights how prior studies have
addressed beamforming control in HAPS communication systems, data heterogeneity in
Federated Learning (FL), and Federated Unsupervised Learning (FUL) in UAV—IoT systems.
This review establishes the technical foundation for the proposed methodologies and identifies

the specific research gaps this thesis aims to bridge.

To address the physical-layer challenges, Chapter 3 proposes a 3D-aware beamforming
strategy for HAPS that integrates explicit environmental priors into the control loop. Unlike
traditional approaches that rely on stochastic flat-earth assumptions, this chapter constructs a
high-fidelity propagation model that accounts for building layouts, shadowing effects, and
heterogeneous blockage conditions. A Deep Reinforcement Learning (DRL) controller is
developed to dynamically optimize antenna parameters, including azimuth and elevation tilts,
under realistic 3D map-based simulations. The method further introduces a fairness-oriented
reward design that prioritizes users in the throughput tail, thereby improving service quality for
disadvantaged users. Extensive simulations demonstrate that the proposed approach effectively
mitigates urban blockage impacts and achieves a superior balance between coverage, capacity,

and fairness compared to conventional 2D methods.

Addressing the algorithmic instability in decentralized learning in UAV-enabled edge networks,
Chapter 4 considers a federated learning setting where UAV/IoT clients collect data under
heterogeneous sensing conditions and limited communication resources. In such scenarios,
client participation can be intermittent due to mobility and link variation, and the resulting data
exhibit pronounced label- and feature-skew Non-IID distributions, which amplify local drift and
weight divergence. To mitigate this, Chapter 4 proposes a regularization framework based on
Centered Kernel Alignment (CKA) for Non-Independent and ldentically Distributed (Non-1ID)
data. Standard aggregation strategies often fail in aerial edge learning due to weight divergence
induced by heterogeneous local datasets. To overcome this, the proposed method shifts the
optimization focus from rigid parameter proximity to deep representational consistency. By
aligning the internal correlation structures of feature maps between local and global models, the
framework treats the global model as a structural reference that stabilizes local training.
Experimental results indicate that this structural alignment reduces client drift, accelerates
convergence, and improves global accuracy, thereby enhancing communication efficiency for

resource-constrained aerial edge devices.

Recognizing the limitations of supervised learning in dynamic environments, Chapter 5
proposes a FUL framework for UAV scenarios with limited onboard storage and continuous data

replacement. In this chapter, the instability arising from transient data streams and
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First-In-First-Out (FIFO) buffering is explicitly addressed. The proposed solution combines
client-side self-supervised learning for extracting informative representations from unlabeled
short-term data with representation alignment and model-correlation constraints to prevent
collapse under small and evolving datasets. On the server side, a divergence-aware hybrid
aggregation strategy is introduced to estimate client utility and stability, and to perform robust
global updates under dynamic Non-lID distributions and irregular participation. The results
demonstrate that the proposed framework decouples learning from human annotation and
static-data assumptions, enabling aerial agents to consistently extract generalized knowledge
from transient unlabeled data streams and to achieve robust performance under stringent

communication and memory constraints.

Chapter 6 concludes the thesis by summarizing the major findings, analyzing the implications of
the proposed cross-layer framework, and discussing future research directions toward scalable

and reliable 6G aerial edge intelligence.
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Thesis Abstract
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Thesis Title

Contactless Cardiac Biometrics: Open-set Radar Identification and Radar-to-ECG
Reconstruction

Contactless sensing of cardiac dynamics and biometric identification via physiological signals have
attracted increasing attention in scenarios such as in-vehicle monitoring, privacy-aware access
control, and ubiquitous health sensing. Among these, radar offers a compelling solution by capturing
subtle chest-wall motion without physical contact, thus overcoming the limitations of wearable and
vision-based systems in terms of user burden, lighting sensitivity, occlusion, and privacy. In contrast,
the electrocardiogram (ECG) remains the gold standard for clinical cardiac assessment, offering
interpretable morphology and robust diagnostic utility. Bridging radar and ECG opens up the
potential for contactless systems that retain clinical relevance, but it also introduces new challenges

in signal processing, representation learning, and interpretability.

While recent methods show promising results, key challenges persist in bringing radar-based cardiac
biometrics into real-world use. Radar signals are susceptible to respiratory interference, motion
artifacts, and clutter, which impair both signal reconstruction and subject discrimination. Moreover,
most prior work assumes a closed-set identity space and neglects out-of-distribution rejection,
limiting robustness in access-control and open-world deployments. Furthermore, only a few studies
have directly mapped radar to ECG, restricting interpretability and compatibility with clinical tools.
This dissertation addresses these challenges through a unified framework for contactless cardiac

biometrics that supports both open-set identification and direct radar-to-ECG reconstruction.

Chapter 1 introduces the motivation and application contexts of this work, highlighting the benefits of
radar-based vital-sign sensing. It outlines the core radar signal processing pipeline, including
range-angle focusing, phase demodulation, and respiration suppression, and formulates the two

main tasks: open-set identification and ECG reconstruction.

Chapter 2 surveys prior work on radar cardiography, ECG biometrics, and open-set identification, as
well as relevant deep learning methods for sequence modeling and metric learning. It identifies the

limitations of existing systems in robustness, generalization, and lack of radar-ECG alignment.

Chapter 3 proposes a deep learning approach for open-set person identification using radar-sensed
cardiac motion. A Doppler radar front-end is followed by a signal decomposition module to extract
heartbeat-resolved signals. These are fed into an embedding network trained with a Class Anchor

Clustering loss and hypersphere-based open-set rejection. Additionally, ECG-like reconstructions
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from ECGReconNet are used to enhance morphological alignment. Experiments show

state-of-the-art accuracy in both closed-set and open-set regimes on a public dataset.

Chapter 4 shifts focus to radar-to-ECG reconstruction. A new model, GOMR-ECGNet, integrates
multi-resolution wavelet decomposition, channel-gating via data-driven attention, and a neural ODE
refinement head. A multi-task Kendall-weighted loss jointly optimizes waveform fidelity and R-peak
heatmap alignment. Compared to previous methods, this approach improves ECG morphology

recovery and supports more interpretable cardiac sensing.

Chapter 5 summarizes the thesis contributions: a full-stack pipeline for robust radar cardiac
biometrics, a clinically-aligned radar-to-ECG pathway, and new benchmarks for open-set
performance and interpretable signal reconstruction. Future directions include personalization,

domain adaptation, and real-time deployment in edge systems.
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Ultrafast detection of single-photon level femtosecond photon echoes from
coherently controlled quantum dots
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Chemical Modification Effect and Tailoring Spin Alignment
in Quinoline-Based Nitroxyl Radical Crystals
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Laser-Induced Periodic Surface Structures on Hard Brittle Materials

Hard-brittle materials such as silicon carbide (SiC), gallium nitride (GaN), and diamond are
appealing for functional micro/nanostructured surfaces, yet their extreme hardness and chemical
inertness severely limit the use of conventional surface-processing methods. This study uses
femtosecond laser irradiation to form laser-induced periodic surface structures (LIPSS) on
reaction-bonded SiC, 4H- and 6H-SiC, GaN, and single-crystal diamond, and nanosecond
pulsed laser irradiation to generate microcone structures on reaction-bonded SiC. The formation
conditions of low- and high-spatial-frequency LIPSS (LSFL, HSFL), especially hybrid
structures where HSFL form on LSFL via excitation of surface electromagnetic waves are
clarified, and material-dependent trends across SiC, GaN, and diamond are explored and a
unified formation mechanism is proposed.

Chapter 1 provides a brief introduction to the materials and presents a literature review of
surface structuring on SiC, GaN, and diamond. It identifies knowledge gaps and discusses the
significance and objectives of this research.

Chapter 2 presents the generation of microcones on reaction-bonded silicon carbide (rb-SiC)
by nanosecond pulsed laser irradiation. The evolution of cone morphology with pulse fluence
and the resulting superhydrophilic surface characteristics are described.

Chapter 3 presents LIPSS formation on rb-SiC (SiC+Si composite). The relationship between
laser parameters and development of different LIPSS on Si matrix and SiC grains is
investigated. A preliminary mechanism for LSFL-HSFL hybrid LIPSS formations is discussed.

Chapter 4 examines hybrid LIPSS formation on single-crystal 4H and 6H-SiC to validate and
improve the proposed formation mechanism in Chapter 4. The influence of initial surface
roughness and effect of bandgap on the LIPSS threshold are clarified, and a parameter map was
constructed.

Chapter 5 studies the influence of bandgap and optical properties on hybrid LIPSS formation
on GaN, which is a wide bandgap, non-melting semiconductor. A process parameter map is
constructed, and additional phenomena such as self-focusing, beam collapse leading to crack
generation are analyzed.

Chapter 6 presents an extension of the hybrid LIPSS study on single crystal diamond as an
ultrawide bandgap material. Hybrid LIPSS formation conditions are identified and mapped.
Laser-induced phase transformation of diamond into a thin amorphous/graphitic carbon layer is
discussed in relation to the hybrid LIPSS formation mechanism.

Chapter 7 presents the overall conclusions, and possible directions for future work are
suggested.
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Al-based Instability Monitoring and Process Optimization for Electrical Discharge
Machining

Electrical discharge machining (EDM) is a non-contact manufacturing process that enables the
fabrication of complex geometries in electrically conductive materials independent of their
mechanical hardness. This makes EDM particularly suitable for machining hard and brittle
materials such as cobalt-bonded tungsten carbide (WC-Co), which are widely used in micro-parts,
precision molds, and high-performance tooling. However, EDM performance, especially in
micro-scale and deep-hole machining, is strongly constrained by discharge instability caused by
debris accumulation within the inter-electrode gap. Inadequate debris removal leads to frequent
tool retraction, unstable discharge conditions, reduced material removal rate, and increased
surface defects. Addressing these challenges requires an understanding of discharge dynamics
that cannot be fully captured through conventional static optimization alone.

Chapter 1 presents the motivation and objectives of this research.

Chapter 2 reviews EDM fundamentals, the machining characteristics of WC-Co,
powder-mixed and rotory EDM, and recent advancements in sensing and machine learning
assisted manufacturing.

Chapter 3 experimentally investigates the effects of adding conductive, semiconductive, and
insulating powders to the dielectric during micro-EDM of WC-Co. Although powder addition
enhances short-hole machining performance, severe debris accumulation and instability occur
during deep micro-hole machining. The roles of tool rotation and statistical optimization are also
examined, but these approaches are insufficient to capture the dynamic evolution of instability.

Chapter 4 analyzes electrical discharge waveforms using artificial intelligence (Al)-based
methods to identify discharge characteristics associated with instability. Heuristic detection and
classification, together with Random Forest and XGBoost models, are employed to extract key
features. Subsequently, a low-latency one-dimensional convolutional neural network (1D-CNN)
is developed for direct waveform-based discharge classification.

Chapter 5 investigates the dynamic nature of instability through phase-segmented and
temporal analysis to evaluate the influence of tool rotation rate. A temporal convolutional network
(TCN) is developed for early instability forecasting, and machine-learning-based models are
proposed to predict the evolution of machined profiles from waveform features. A control system
framework is proposed, and its offline validation is performed.

Chapter 6 presents the overall conclusions of this research. This study demonstrates that
integrating waveform-level monitoring with an auxiliary, adaptive tool-rotation strategy enables a

robust, generalizable framework for improving machining stability.
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Thesis Abstract
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‘KOU” No.6673 Name Liu, Yunxiang
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Thesis Title
Exploration of Fluorescent Carbon Dot-Based Films
for Luminescent Solar Concentrators

The continuous increase in global energy demand has led to extensive fossil fuel consumption
and excessive carbon dioxide emissions, thereby accelerating the development of renewable
energy technologies. Among them, solar energy is a clean and sustainable option, however,
conventional photovoltaic systems suffer from spectral mismatch and optical losses.
Luminescent solar concentrators (LSCs) offer an effective way to enhance the light-harvesting
efficiency of solar cells. Due to simple synthesis and environmental compatibility, carbon dots
(CDs) are promising fluorescent materials for LSCs. This study explores various CD-based
luminescent films for LSC applications and provides useful insights for future research.

Chapter 1 describes the purpose and background of this research.

Chapter 2 describes the experimental methods used throughout this study.

Chapter 3 describes the simple atmospheric synthesis of greenish yellow-emitting CDs from
p-phenylenediamine. The purified CDs exhibited a photoluminescence quantum yield (PLQY)
of 56%. When embedded into ethylene-vinyl acetate (EVA) copolymer, the resulting CDs@EVA
film showed strong emission at 540 nm and achieved optimal LSC performance at 0.05 wt% CD
concentration and 408 pum film thickness, mainly due to reduced self-absorption and efficient
photon collection. Compared with the device without film, the power conversion efficiency (7)
increased by a factor of 1.19 due to CD emission and light scattering.

Chapter 4 describes the tyramine-modified CDs (Tyr-CDs) to improve luminescent properties
and LSC performance. The modification increased PLQY from 56% to 68% by suppressing n—n
stacking through steric hindrance. The resulting Tyr-CDs@EVA film exhibited stronger
emission and increased the # value by a factor of 1.33 in the LSC device, compared with the
device without film.

Chapter 5 describes optical enhancement in LSC devices by incorporating TiO2 nanoparticles
into Tyr-CDs@EVA films. The TiO»-induced scattering effect promoted photon reabsorption
and emission within the LSC, leading to higher . By changing the TiO> concentration and film
configuration, the combined system achieved effective photon management and further
improved optical performance. The light scattering by TiO, increased the # value in the LSC
device by a factor of 3.27 at maximum, compared with the device without film.

Chapter 6 summarizes the results of this thesis and presents conclusions with future works.
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W 5. KIGEMONHEN R EZ @D D AT E U CHLE, Bk & KE5EH
ZAE DR TR KRG CEN S (LSC) NEAINTWD. F 2 TARMZE TIL,
Z D LSC HidDFLE/ew ekl e LT, GlDES CREEGMHEICENT -V —FR Y R
v b (CDs) ZMptLCTW\W5h. X512, CDs 40Ot A FA = LSC DESEHNE (1)
A ESELHFRERFTL TS,

F1ETIE, AMMEOYZEMHL, AIEO B ZRITWNS.

W2 ETIE, AR THWEERGEZRTNS.

FIETIE, p-7 ==L V7 I U bifkE I CDs & K5 TREIZERKT 5
TR RTWD,. A L7 CDs 1 56%0 8t &FINE (PLQY) %2/ ~L, Z® CDs
AT L UFEE =L (EVA) LEAEICHE L T CDs@EVA #06IEZ /ERL L T\ 5.
Z DI Z V2 LSC @ g fEIE, 0.05 wt%?D CDs JEE R 1 0408 um DOIRE Tk
E7p Y, MEIEFEHE LSC D nfED 1.19 5 THDHZ EH#HLMIT LTS,

54 TETIE, bR L LSC HiEZ SET 572D F 7 I L EHfi CDs (Tyr-CDs)
ERETL TS, ZORMEMICED, VAREEFICLD nn A% v X2 7 RHH S 4,
PLQY 7 56%75 68%I\Z[H] 3% Z &, Tyr-CDs % EVA (2471 L 7= Tyr-CDs@EVA Ji5
Z N2 LSC @ p i, FEIER#HE LSC @ p LV & 133 FHNd 25 2 L 25N
LTW5.

%5 B CIE, TiO 7/ ki+% Tyr-CDs@EVA EICE A5 Z & T, LSC T/3A A
BIFLBEONTFR LM ESEHZ E2MFT LTS, T72b5, TiIO T /R FIZ XL
2 EHELN R K » THhE Y O WL 22 L, 3 6iRE 2 Bk S, LSC @ g fE% M
Xz ERBNE LTS, TiO T /R HEE LFEOREL2ZEH TS5 LT,
NRA7LICOFNH &I CF RO M B2 G Lo/ R, Tio, 7/ kit & Tyr-CDs % EVA
o LTz A $54 L 7z LSC @ p fililg, FEIEHEHE LSC @ EL 0 b 3.27 583 %
ZEEHALMNILTND.

B6ETIX, AFEDOERELF L0, & SBOFIEREEZ R L TW5.

UL EEA 212, RKimCiX, CDs OREEMDEOLRER LA ThHhdH Z & 2R T
EL BT, CDs AR Y ~—ITH M LT-E%Z LSC IZ#HB#iT 2 = & THRESRZM LT
HZE, IOITENEICEEGEL T b2 H AT 5 2 & 23 LSC MEREM RICBRMTH
5HZ L HIFFEL, CDs #tEA 2 LSC OkEHER 2R L TH 0, @M EE T
DEIZBWTC, T%E, TE¥EFETDHLEZANDRLI RN, LoT, Kt LoHEH
L (T%) OFEZTIERPHLLDERDD.
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Thesis Abstract
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“KOU” No.6674 Name Hu, Haowen
Number

Thesis Title

Human Activity Analysis from Exocentric Multi-camera Surveillance to Egocentric
Vision: Tracking, Gaze Recognition, and Anomaly Detection

Video-based human activity analysis aims to utilize techniques of computer vision,
artificial intelligence, and pattern recognition to understand and analyze activities
performed by individuals or crowds of people. For example, some researchers focus on
the recognition of different kinds of actions or the prediction of future behaviors based on
videos or video clips. In this thesis, human activities are investigated from the
perspective of the view-type, discussing third-person and first-person videos and tasks.
In response to the following research questions: 1) How to research video-based human
activity analysis, interpreting human activities across both exocentric and egocentric
video perspectives, handling challenges like occlusions, viewpoint changes, and social
interaction complexity so that machines can interpret human behavior as flexibly and
contextually as humans do, and 2) Bridging diverse tasks: How to address the challenge
of bridging third-person and first-person vision to unify diverse human activity analysis
tasks under a single research paradigm, the contributions of this whole thesis are: 1)
Perspective-aware modeling of human activities: from external third-person views to
subjective first-person views, this thesis progressively deepens the understanding of
human behavior in varied settings, 2) Comprehensive use of various camera systems:
monocular, multi-camera, and wearable-camera systems are leveraged to record
human activities, 3) Diverse task coverage under a common theme: by tackling tracking,
RelD, social interaction analysis, and anomaly detection, the thesis demonstrates how
video-based systems can analyze human activities at different semantic levels, and 4)
Multi-modal and temporal reasoning: across chapters, models incorporate multi-modal
inputs and time-aware architectures (trajectory memory, temporal network
architecture, ...), emphasizing the importance of spatiotemporal representation.

This thesis first analyzes human activities with third-person videos, investigating
monocular pedestrian tracking and inter-camera multi-person re-identification (RelD).
Most existing methods cannot handle problems like pedestrian occlusions and low

distinguishability between individuals, and they treat monocular tracking and
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inter-camera RelD as two separate tasks. In this thesis, a method based on pose
estimation and trajectory clustering is proposed, conducting both tracking and RelD
within one framework.

This thesis then utilizes first-person videos in a third-person task, investigating abnormal
behavior detection in social interactions. In research regarding social interactions,
first-person video data is considerably popular due to its advantages in providing an
immersive and subjective view of participants. Therefore, a temporal network is
designed to detect abnormal human gazes, taking first-person video clips as input.
Different from most related works that focus on the gaze of the camera-wearer, it is the
communicative acts directed toward the camera-wearer that are investigated in this
thesis. In addition, this thesis also introduces optical flow data as a parallel input,
discussing different mechanics of cross-modality fusion. This method achieved

competitive results in the Ego4D “looking-at-me” Challenge and was awarded Second

Place in this challenge at the 2nd International Ego4D Workshop (ECCV 2022).

This thesis ends with self-activity analysis with first-person videos, detecting abnormal
activities of the camera-wearers themselves. To address the problem that it is expensive
and time-consuming to collect and annotate first-person video recordings of different
kinds of human activities, and the imbalance of sample numbers, which is considerably
common in abnormal activity detection, an unsupervised neural network along with a
KL-divergence-based regularization method is proposed, taking continuous first-person

frames as input.
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FEDEF

WS H %6674 & K 4 Hu, Haowen

AOCEAHNE . A BERSUCHEER mE () Wk o

AlEE  BERBRTER L (T K B

BERAA R Wt (T%) )l R

BERBRFER mE (I%)  #FA 26

1+ (T5) &+ (T.52) Hu, Haowen E 2 H O 55K m SC %, THuman Activity Analysis from
Exocentric Multi-camera Surveillance to Egocentric Vision: Tracking, Gaze Recognition, and
Anomaly Detection (Z AMZHLET A Z3H— AHE T A T & TEIEH L7 ARNEEMAENT @ K
Ty X7 BREREE c BRORFEKE) ] LEL, 6 ETHR I TV,

VT A= 2O NENEENENT Cld, Bl 2 750 = AFEA (Exocentric) &7 =7 77V
A ZEHED— NFA (Egocentric) DM~ G, MM ELE W o T Z ik L, Feikno
SRS U7 ATBN R 24T 95 2 E 3RO SN TV D, AfisCiE, 245 O O8O & BRI )
ITZDDF LGN T XA LARE L, BIRRye 2 27 L UTEBN, SfGEER. B JORFEHm
WCIEFEZEA L, TOREIMEEZRRGE LTEERICONTEEDTZHEDTH D,

B 1 BT, AGRSCCHER L2 ANBNEBIENT OB R & T DR OTZD DR a2 27 MO
WTRA, = ARG & — AFRAG 2 5t A AR O AT U o 7 OEEME & | KR SC O
TR KT DAE ST 2R LT D,

F2ETIT, VTN ATITED ANWBEF, — AP CTORBTERE. 3 JOREIEEI
BT 2 —_A PRSI N TN 5D,

%3 BT, S ARMLEIZEBW T AYLER & B A TR AYT#E] (RelD) Z#A L, ~/F 0
AT L DLW LY 7 A2 ) U IS FEZREL WD, 2L T, £20FED
AR L, FIEE VI ERDOZWREE ST U A& O PRl SR IC SO\ TR R T B,
ZOEBRICEY | BBEFEN~IVTF AT ORMZHFK ZRINSTERT 5 Z ik > TR &
D bIEH B MO S RelD OPEREAZEH T 5 Z L 2R LTV D,

B4 FETIE, AP G 2 VT, EEEICKHT 2 B0 A OUHE (Looking-at-me) %
Wi T 272, RGB & AT T 4 AN T a—%WHANET DT 2T VF ¥ ROREET VEtz
ZLTWD, — AWHBLAEBE DO KRBT — 2 &~ & EgodD Z AW ERERICL Y, BEFIEN
EFEH e _X e Fw— 7B THMD TEWHEEZ#ERK (ECCV 2022 Ego4D Challenge
Looking-at-me #F9%55 2 (L 2 ME1F) L7 RIZ OV TRL TV,

FHETIE, EAEFEAFOFEHFNTE LT, iR L=2—F 4Ry FT—ZIZKL ¥ A N—Y
=V AZEDSIEANEFELZ A LT BE R FEZRE L 0D, PR IR OFRIZ XD |
T T —=varyaX hEMAo0, YTV REE L — AFFABEIC BT 1RO
HMFECHEA_NTEVEELZ I TEL 2L 2R LTS,

RBIZH 6 ETIIATML THONT R LA £ &, ZRRER TIRE SNl AiEHN L
TR NS OfFNT %2 FIREIC 5 2 AT A OEBLUZ T T2 5% OFRBEIZ DWW Cikam L TV 5,

PLEZEF DICARZEE, S A D — ARIZE 2 Z AR OBGAE 2 HE A IS 5 72D OFT
7ol HiEZRRE L, REFIEOFEEFM L7 NBTEEET O 72D O LWFIEEZ R L, 1RO
BHEIZ T ABHE, SRR AR PR, d6 X ORI & W\ o 7o NENEENRAT O 72 8 DB H
OMREM LETEDLZLERLELDTHY, LELEFET DL ZARDIRIR,

LoT, KX oFEFIIE L (T%) OFNEZTHIERPHL LD LED D,
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A fast and portable TCP/IP stack
(FE N DR —2 772 TCP/IIP A% > 7))

AT, EEP»OR—H 772 TCP/IP A% v 7 OFEBICH T -, = >0
TZAFGEIC DN TR S,
— O HDOWRIETEICEYT D TCP/IP A% v 7 Okt v N ¥ A FEIETH S dip
[ZDOWTik %, TCP/IP A% v 7 4% & BT O FAEN TR T X EEEDOER O REH
LZATV, dip MDY AT LA EEGITHENFRETH D & & bITHEVIERR A RBET 5
L EFEEICT D AP ZRET D,
TOHOMZEIT TREICHEYT DN VO HEICE R T 5, $RED 7 v b 1O Ktk
VLK T 2 #ilK0 2 B8 UBARM) 7o MERE 2 BB T & D AIREMEZ @ D720l B
DTy b 10 BEOFIH 2 AR — b2 HEIC O W TEmT o & & bid, iip TOE
LTI Z 7 > b 1O #iE Z & O APL O 2R 2T 2 M8 LT T 20T
UV
ZOHOZEIT EBICHLTET T g URRBED RO T D FEIEITE S A
MThH, BEMICIE, FEICET D2I0EERES LT, 22—V —2MIcB W\ Tiip & %E
T35 X0~ AV Zethom bx BiEE LI AT U 7 7 & AR %
Memory Protection Keys (MPK) & FEIZIL D/ n— R 7 = THEREZ VTR T L & b
.M “bﬁf“@ﬁﬁ%j’fﬂiéﬁ%ﬂﬁ%%iﬂ“é
I =oDW5EEE LT, TCPIP WEICEEGET Y 7 My T ZEIcnE+oE L
BIZARTy hTF—=ZDEZOD AT abt—=RN%EL R 5B a2 RET D &V D REHTH
BT, ZORFFFICEIY, FEBLIOTFTRICEBN I y MU EZEr a2 —T
19 Z LN ATRERRREE R S, R E LT EBIET D AT Y 7 7 & AR
BIZBWTAEY at—%2HlT 527 ODHMMAEEANT HZ LB AREE RoTc, 2D
R I, WREORBIE R AR —Z B U T ¢ OEBUTB W THIL & & 2 R & &
HiZ, ATV A —DHIEBMERRDOM FIZH ST 5 LW Anb, Sl R —F 7L
2 TCPNIP A% v 7 LFFEDEm NS D TH D,
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FEDEF

WEEE 56675 = K 4 7 E—
NCRAMYE . TH B JHE 35 B it (PR WP
RS B JE 3 B it (T%) [
B JE 35 B it (T%) Wa =k

TT 4 NGRS I (BOR - AT 4 T7) A% ik

T REERT), BL BOR - AT 4 7) BIE-FEOFPAFERH L, TA fast and portable
TCP/IP stack (& DOHR—Z 7))L TCP/IP A% v 7)) LBL, &5FETHEEINTVD.

AFSCX, ZHERBRESCHBIZE W TEWEEMEREZEK TE 5 TCP/IP A ¥ v 7 OFEB A HIE
W2, B g FiEo 3 DlcpE{k Lz TCPIP 2% v 7 DFNFNDEEIZ DO\ T OBFFE R
ZELDTWS. £, TCP/IP A% v 7 % 1) TCP/IP JLFR A0 Y4 % g, 2) FITEREIKME L
Ry IO TH D TIE,3) 77U r—3 a o IR O 72O ORSRETLIE R X o gz 4yE
T 5. EOBEMREEER T D701, BIEMREICHIRZIET - LR ZNEhoBEEHKAET 5
VENBD., ZOXIRREETRETHIHFRIZINETICHFDITHRF ENT IR 72, Kis
TIHZORIZHERL, BEMEEICHEZEST < RaLTiRET 5.

F1ETIE, ZHELRESCHBRICBODTEVEREZ KT D52 ENTE D TCPIP A v 7 D
BUCIE, M SNTBEEEDFR A FTIENEE TH Y 208 5 HoICRat S TunZan 0N 821 5
MZT 5. SHIT, KgwsUT EE - T - TROKBIZESZ Y T =2>O RN bR S
TEY, X7y b T —ZIZOWTHOAETY abt—RB0ELRLEERETHZ LT, HEKTFZE5]
TRIFT IR EBOHAEAREICT S Z L %, K CBIEORER & I TR TN S,

B2ETIE, ZEOIbLOFEE LT TCP/IP ALFLAH4 42 TCP/IP A X v 7 ~HE 5% Y T,
TCP/IP A X v 7 FEAERFRMT R BERE L B DB E T 2 F2EIC L 0 IRk SN D REBED R
DORELE, EVPEREOREICME /L BERIZOWT O ZIARL LT, TCPAP A¥ v 7 3K —
ZTNTHY, PIOREBEDRENES THORND, POEVWEREEZERT 5 2 L 2 AREICT 5
APIFGFHEATH & L BT, 7'vr N A TEIETH D iip EFEIEILD TCP/AIP A X » 7 2DV Tk T
W5, FTo, dip OFEEE AW ERIZEW T, APLEGH T OMERE~OEE SR S ALz MERERHHI O
RN SN Z2HE LTV,

BIWETIE, B0 B TFRBICNLET /37 v b IO MEIZFEE L, TCP/AP A X v 7 FHENHE KL
DOy N TVO ORI ZYR— 322812k 0, BED/ v b 1O BEIC X VRS
FRA[EDEET 2 & & BT, Bix RBRECHIBIZIHE O THARR e A FIE TX 2 hEE 2 L& H 5
T e, dipllBITHFEELITITERL TN D.

TATETIE, ZBOHID EEICEST LT 7Y r—y g UOHRICEA OFEEICTESZ Y TTn
5. BEMICIF—Y =M Tiip ZFETT 256241, ATV EZeMEEm ET AT T
T AHIPRIEAE 2 YEIRRERE & L CHRET D HiEEZ TS, & 51, T OMRES iip < iip ZFH$
L7 7V r—a SR FOFEEIC L CHERIIZE T 5 kB X O, £ OKREICENT 5
PHREDIR T2 M H kA EZ R L TV 5D,

FBHETIE, —20BENZENUCOVWTOMEMREOERIBLY, AEY abt —B0NELRD)E
ZIRET D E W) FEEFENCHIY, KL o7a hF A T TEFTFRETAEY a B —RNRELE
HREZIT TR, EBICBWTERS AT a v —BHIE O 72 O %8 A 5 S0
LN EWOHRAERRD & &b, HEOSHDFRPEIC OV TiEam L T\ 5.

PLE, AG@SCEX TCPAP A% v 7T 2 EERMAZRMT LI DO THY, ZOHEMIZI TS E
HET DL ZANDRBRV. KoT, KX oFEFITEL (LF) OF 22T L2EBHLH
DERDD.
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Learning-based Pose Estimation with Multimodal Sensing and Physics-based
Modeling for Practical Human Motion Capture
(FER—ADERIHEEL R L LIew VT E—F Nt v 7 LU — A
TV U T XD FER 7 N EMERHAD

NEOEEET X2 NALT HE—v a X 7F v (MoCap) Hiffilx, AR—YF5,
INEY T =gy, alRT 47 A ESRRIR 60T 2 Bl & U CEEMEZ
LCTWb, LL., kD MoCap v AT AMIZEDOH AT HMEL L, &2 A e
REBREICRE RGN D D=0, HHEAIEER CTIAIERT A Z &ITEkAR L L TR
Th b, AFIEIE. HEEREICE W CTERSE D OE MO & A B ERH 2 B 5
ZEEHBE L, 2RV EX VT o RIEA L 4 SDOT7 T u—F 2 KRR
7,

BT 7a—F Tk, EED AT O il Ol O MBI ST 5720, T
HIEERIORRERT A T %D MoCap FiEEMEET L, A\ Ty NERZEH
T O ET LD, BEREICBW T HERE /2T 3 IRTEEHEE & /eI T
5, FH_OT7 Fa—FTlE, ERIAKMICRH ArEEMER BT 0 B LA FER
HNCBASGT A4 X b AT E2FA LT FEE R, (KBERECEHENE L W o 727
KD RGB I AT NR\E AR TICENTEH, BBBLOVIBRE EREICHE TX,
AR NT—=ZDOEIMEEALNNIT D, F=07 Fa—F Tk, BEEETOSTE)
TEOffE R BfG2 B L L, NI S 720 o EEE o3 (IMU) [HH» o4
H TR WEE T DA% T, B/ NROEE O Y —Fpk & . BRFFEFHAINC S
T HRREEM A RRET A L0 . B ERBITRT-CEINE =421 v 7 ~D%
HAEmo b, BUOT 7a—F T, 2O =7 770 etz I =
—Ta AL, WHEREAME A 272 MoCap #1727 D7 L—AhU— 7 ZHEH
T5, AV— U v FRAY— A Y= SELN D ER N - JIRERE b
Lz, B VI BB AMEET ARYELY I 2 L— X —NTEIEEZ BT 5,
N7 Fa—FiE, GBI, MBS, EEA., MEZLM S W o o 2w
7R FANRRRE IS L CENENVMNL L CHME 23— T, B HERSE X Y 7 1
HEE R ER AR BAR SR CHERE T D, RERIICIZ, RIS CToIns &l &1 TR
4252 LT, BHEEBREEIZEBIT S MoCap 12RO HnD NEE ERMEMEO® L) 2 X0
BVVKHETEB LS D, FUCLD, EXE - ERE - MR OB TR E=H
U v TROMEBERTAN & 3 2 D AR L L CoREIZ R L L bio, EHiIcznkot
2= T VAN A R R T 4 7 ADEBIA~ LIRS D AR RO,
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FEDEF

WEE S 56676 & K 4 I

AOCEAHNE . A BEREUCHEER mE (1) Tk Sk

AlEE BERBARTER EE (FWRY)  E AW

BRGNS W (D7) L RERT

PERBANRAAIZERT Tl (1) EZ

(L%, L (I ¥ WA EREOPALGE K X, [Learning-based Pose Estimation
with Multimodal Sensing and Physics-based Modeling for Practical Human Motion Capture (&
BHAR—2ADEBREZ TG L LI~ N TE—H NV T BRIOWEAR—RET Y V72 L D
FEAR NHEMERHRD | L, 7TETHRIN TN D,

ANEOBE& 2TV bT 5E— a3 rF v 7F v (MoCap) FHfffid, AR—YRELY ~E
UVTFr—vay, a7 47 A EOFBEAT L UTHEEEZHE L TWDN, 1ERODY AT ATiRE
BB A M, EDOAH L Vo R LORIKNRE L oo T\ D, KimE, b oifE%
fRRT D722, 2R Y EL ) T 4 DIERM EWEN—2ADET Y 72BN LT LWESS
HEEELZRE L, EfE TEBMEO mVEIFHIOG ML BEE LI R E E O bDTH D,

F 1 BT, AR CTHER LI P EAN— 2O RBHEEIT I 5 MR & & DR D 78 O HAR
A7 MIOWTHA~ BENFRICK T DALE ST 2R LTV D,

H2ETIE, ARt B IOIEER B 2 HWTEREBHEERA & BRI S EBIE T
U 7T D IR — A RSN TV D,

%3 ETIL, EEN A T OMERME AR T D720, FEEEEFNT A T & W2 LR E
FEZRRELTND, BRENCED I vy FMERAZTEH LTERFEEET VL, RAL ¥y
v PO LD Ly NAERKRT AT ALEZEATHZ & T, AEAGREICBIT LY
RIS NI W 2 3 OB HEENWRETH D Z L 2R LTV D,

%4 B TIL, 7E2kD RGB 71 A 7 TGS N T o o 7o AR R EEBREE o mndl B ERFIZ 6 1T 2 HEE
Wz LS 5720, MEZRAIERINHRA D24 X M AT ERWEFEELREL TWD,
B ICHE5E L 72 EventPointMesh Dataset (EPMD) % FHWZ3HIIIC L W . A X MERDE O
G 245 s L TE R R TFIED IR SRR - TRIROHEEN WRETH D Z L 2 RFEL T D,

%5 ECIX, AEZRATEHIORMEME: 2 &0 272, MUZEDIA AT OEMEFHl2 = » |

(IMU) OHEFWEHITEBHTE 7 L— LT — 7 ZRE L TWD, BERBEEOREIZEY, &
R OF BN CHREAZEORBEEZ MG L, B VEESSEY OEVIC L BT 52 &
T, BENRE=2Y 7128 T 2 E RN FEEL TR L TV D,

%56 BT, HEER ROWBNRBEEMEATHRT 5720, V=T 77t ey I 2 b —
arERGLEFEEZRELTND, A= U+ v FRAT— b V= A0 BN 5ET)
Bz Mo, Wy I 2 L—2RNOANMET Va2 M7 RE S5 2 & T, WEREANCFJE L
N EER KA EBTEL L 2R LTV D,

RBIZE TETIIARM L THRONIER L a £ L O, Kin X TRE LYV TFE—FNRT
Ta—FB AT OENNY A RuRT 4 ANTFET L AR L SR OREL FER L T D,

VARG 2I1CARWFSE %, AREEFHANC 31T 2 BREEHIF 01 o ORI WERE RS o K AN
LWV T RERRE A RIS D12 O 5 iEE RE L, EFIEOFHE L L 22 o
RIZ L5 mERENTFIEZ R L, $REFED B EAEIGREICB W TH RIS & RN A [l T &
LDAEEMEART LI LZRLIEbOTHY, LFEEFLGT DL AR,

FoT, K XoFEF I L (LF) OFNEZITLIERPHL LD LERDO D,
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Molecular Dynamics Simulations of Biomolecular Interactions toward Multilayered

Mechanisms of Transcriptional Regulation
(R BN 36 1T 2 Z B8 WIRAs O BEARIZ a1 1) 72 53 T8 /1 5 L D ARy TR ALAR
FREHT)

2 50%, DNA ICREER SN EBIEHRS RNA 28T 2R THY, BRI
BOWTHEZRT L LELIZ, DAZEDRABIZEG TSI TnS. DNA 2EDH
B, COEE, WORRE T 5L, SRR IR X0 BESICHIE S Tn s,
RS T OMEERITHENEZ ORI CTH Y, BEHEICE L TiX, £Eo oG
A LT R R 70 05 il &, FERFRMMAERZ LIcACERBLG L W) ZHD
BGn, BEERYBEILFECHS. v Iab—ra i, 29 LEAKS O
MEERZRF - 51 LIV T2 TETH D0, 550 LR 72 dil g %
FEHNCFRIET B2 D — R Y 2 2 b— a3 U HTEB KO $HIM S Sh T
720N ARBFETCIE, EEHIEIC T D 2B O BARIZ AT, B IFEIC LY
R TR EAER 2 T3 2 FiEim O 2 B &9 5.

51 W=, Ab5ni X OB L P e 987 = & H9E B i &2 iR 7z

B2 ETIE, o rEIEO RN IR BRI &k Tz

%3 ETIE, BRI WT, ARg 7 & /Ng O EM 7SS TR
HTH DLW IFEICH LT, A stttz B S EIC T 28 FEE2 e L
7. RGN+ T % Bromodomain-containing protein 4 MD>%¥ X8, 10 F¥ED
FLEAZ S ST EERORICH L TRE o a7 R 2 5 Lz, RETEE
TN ERWTZRITHTBIEIC XV, Z o R EOREE R v ML offigEd & T DEN %
3252 & C, il LfEEDRE SRt L m<HEET s 2 2R LT,

B4 FETIE, HOEABIRIZL VRS NDETERGIAN, BEFOMM Ly R 78
ETNOHTIEHHRINRNE VI FREICK LT, i RNAET VAR L. #H
EZIICDETEI 7 ahMEE R o T v 7R, IEEEMOMEERZ Ny 77X
TUHRIZKY, BT ANRTA—FEFE L. ZOFT VT RNARLEOMHAIER &,
HUNRTEEDHDHEEEEERMICHBI T L2 RLEZ. 618, MEKRT
Mediator 1 & RNA ZiE& L2/ FE) ¥ 5HE CIIIBEERRA DSBS iz & & b,
IR BRERIRIC L B &2 R 7 B AR RS RNA IBE IS U CE b5 2 L &R LT,

% 5 T TCIE, EEHEEENEIRD S D0 RIS EE OMEITICE Y LA TS, 2 TR D EEE IR

(Mediator 1 @ C Kz EaEikds L O Fused in Sarcoma @ N RugZSMEfEK) (2, 6
FEEH O G R IR 2 RS LT 5R THAUE 2 FEV ) PR E 2 550 U 7. Bk & dis
BIRF OFEBAEM 2T U, 85N F OBl E DBRLSIEF— 7 24t LT AEAFEH
IV Lo THRBEI SN Z L HZHALMNC L. &5, FONEMEmE2 T 2 /7 BREC
6 TR 5 FELRFRRE L, MRER THRIES AL TWD X 7 HESE > ks O53HEd
iz E I TRITE S22 L 2R LT

56 ETIX, AMEIZL > THELNTREZRMimE LTE LD, SBRORBELZB .
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NCRAMYE . TH B JHE 35 B [t (T%) &R BEE
RS B2 HESS AN TSR Ph. D. ok, Fx

BERBRTFHER  mE (T%) WA fkh

BERBNEE AR B @) 0 K&

ot (%), &+ (%) ZH—&E OFEERG T Molecular Dynamics Simulations of
Biomolecular Interactions toward Multilayered Mechanisms of Transcriptional Regulation (#55-HIH11Z 35 17
% Z RS @ BRI O BRI AT 72 00 F B D AR K D AR R EAERIfRIT) | CEL, 6 DR
RS TND.

#1503, DNAIZRCE SNZBEF RN D RNA Z AR T 2R TH Y, B FREIIZBWTHE
T L BT, PAEZELREBICEET 2L SN TWS. DNA 2RO 5 b EOHEEE VO
T 50, ZREERRHEEREIC X0 ISR S TV D, ARy FOMAERITMIN B D
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Graph-Based Modeling for Human Pose Estimation from Multi-Modal Sensor Data

Human pose estimation using device-free sensing has emerged as a privacy-preserving
alternative to vision-based approaches, offering robustness under adverse lighting and
occlusion conditions. However, accurate pose estimation from radio-frequency (RF) and
depth sensing modalities remains challenging due to sparse measurements, multi-path
propagation, sensor noise, and strong sensitivity to environmental variations. This
dissertation investigates graph-based learning frameworks for human pose estimation
using heterogeneous non-visual sensing modalities, with a primary focus on
millimeter-wave (mmWave) radar, LIDAR, and Wi-Fi Channel State Information (CSI).
The central objective is to exploit modality-specific inductive biases and relational
structures through graph representations, while enabling effective fusion across
modalities.

Pose estimation from mmWave radar forms a foundational component of this thesis. A
graph-based pose estimation framework is proposed in which mmWave radar point
clouds are represented as graphs with geometrically grounded node and edge features.
A graph attention network (GAT)-based architecture, termed mmGAT, is introduced to
model spatial dependencies within radar point clouds. Extensive evaluations on public
benchmarks demonstrate that the proposed approach significantly outperforms existing
methods, achieving up to 34% error reduction on human pose estimation over the
state-of-the-art approaches. Building upon this framework, a generalized point cloud
feature extraction method, PCFEX, is developed to jointly capture node-level and
frame-level representations using a set of statistical operators referred to as StatBox.
The PCFEx framework achieves consistent improvements across multiple datasets,
with pose estimation error reductions of up to 43%, and is further extended to support
temporal modeling for activity recognition, achieving an accuracy of 98.8% on a
benchmark dataset.

For LiDAR-based pose estimation, this thesis introduces an enhanced version of
PCFEX, referred to as Modified-PCFEXx, which adapts the graph-based framework to the
structural characteristics of LIDAR point clouds. Two complementary settings are
explored: a cross-modal approach that leverages mmWave radar measurements as
spatial priors, and a LiDAR-only approach without auxiliary sensing. By integrating
StatBox-based feature extraction with graph attention networks, along with
preprocessing techniques such as ground-plane removal and density-based clustering,
the proposed methods achieve significant performance gains. The mmWave-guided
approach yields up to 62% error reduction, while the LiDAR-only model consistently
outperforms existing benchmarks under diverse evaluation protocols.
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For Wi-Fi CSl-based pose estimation, a novel Dual-graph representation is proposed to
disentangle spatial-temporal and spatial-frequency structures of CSI measurements. A
space-time graph (ST-graph) and a space-frequency graph (SF-graph) are constructed,
where ST-graph node features encode spectral characteristics across subcarriers and
SF-graph node features encode temporal dynamics over rolling windows. Two parallel
graph neural networks process these graphs, their outputs are fused with frame-level
features to produce a unified pose representation. Experimental results on public
datasets demonstrate improved accuracy over state-of-the-art CSl-based methods, with
error reductions of up to 20%.

Finally, this thesis introduces a unified Modality Graph framework for multi-modal human
pose estimation, in which each sensing modality is treated as a node in a fully
connected directed graph. Modality-specific feature extractors, including PCFEx-based
models for point clouds and the Dual-graph CSI model, are integrated through graph
attention-based fusion to exploit cross-modal complementarities. The resulting
multi-modal framework achieves improved robustness and accuracy, yielding significant
error reduction compared to single-modality baselines and other multi-modal
approaches.

Overall, this dissertation demonstrates that graph-based modeling provides a principled
and scalable foundation for device-free human pose estimation. By systematically
progressing from single-modality graphs to multi-modal modality graphs, the proposed
methods establish strong benchmarks across diverse sensing modalities and highlight
the potential of unified graph representations for robust, privacy-preserving
human-centered sensing.
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Numerical Study on Fluid Flow Induced by an Elastic Plate with Different Trailing Edge
Shapes in Heaving Motion

Flying and swimming animals utilize flapping motion as a basic mechanism to generate the forces
required for their propulsion and maneuvering. Since the real-life flappers are not rigid, a certain
degree of flexibility of the flapper can have a significant influence on its aerodynamic or
hydrodynamic performance. In addition, the performance characteristics of the real-life flappers are
closely related to its kinematic condition such as flapping frequency and to its morphology such as
shape of wings or caudal fins. The current study provides a contribution to the experimental work for
achieving better understanding on the relation between caudal-fin shape and the frequency
characteristics of hydrodynamic performance. Since hydrodynamic performance results from the
interaction of the forces induced by the deformable body and those induced by the surrounding fluid,
the interaction between the fluid’s motion and the flexible caudal fin is key to understanding the
mechanisms of hydrodynamic performance. In this case, it is desirable to solve this problem as a
coupled problem through the interface of the fluid and the solid plate.

In the first part, we first perform a three-dimensional fluid-structure coupled simulation as a
preliminary study following the corresponding experimental studies using a simple geometry of
rectangle-shaped and square-shaped elastic plates. The objectives of the preliminary study are to
get insights into the role of resonance flapping frequency in the hydrodynamic performance of a
flexible flapping plate, and to ascertain the reliability and accuracy of the current methodology in
three-dimensional fluid structure interaction analysis of a flexible flapping plate.

In the second part, we present a three-dimensional fluid-structure coupled simulation of a
flexible caudal fin with different trailing edge shapes. The influences of caudal fin shape on
hydrodynamic performances are investigated by comparing the results of a simplified model of
square caudal fin with the forked and deeply forked caudal fins under a wider range of
non-dimensional flapping frequency,

0.6 < f* < 1.5, where f* is the ratio of flapping frequency to the natural frequency of each caudal fin,
i.e.,

* = f / f.. Numerical results show that the amount of forking in the geometry of caudal fin has
significant effect on the hydrodynamic performances. The deeply forked caudal fin has greater thrust
coefficients and higher propulsive efficiency in the frequency range higher than the natural frequency
of each caudal fin. These results may shed some light on understanding the hydrodynamic
performances of various caudal fin shapes and provide a suitable choice of caudal fin shape for the

robotic underwater vehicles.
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