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A Study on Performance and Functionality Improvement of Interior Permanent
Magnet Magnetic Gear

Yuma MIZUANA
Supervisor: Kenji NAKAMURA

Magnetic gears can transmit power without any mechanical contact. Therefore, acoustic noise and vibration are
lower, and maintainability is higher than mechanical gears. In particular, a flux-modulated type magnetic gear is
expected to be put into practical use due to higher torque density in comparison with conventional magnetic gears.
In this study, we discussed performance and functionality improvements of interior permanent magnet (IPM)
magnetic gear. Various examination for the torque and efficiency improvements of IPM magnetic gear are carried
out by using finite element method (FEM), and the validity is proved by experiment. In addition, a novel
induction/synchronous magnetic gear with a cage rotor bar is proposed in order to improve the restarting

performance of magnetic gear after stalling. The prototype tests and analysis using FEM are conducted.
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Gear ratio 6
Inner pole-pairs 2
Outer pole-pairs 12

Number of pole-pieces 14

Axial length 24 mm

Air gap 1.5mm x 2
End ring length 2 mm

Core material 35A250

Bar material Aluminum

Pole-picce material 35A250
Sintered Nd-Fe-B

Magnet material
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Outer pole-pairs 31
Number of pole-pieces 34
Axial length 25 mm
End ring length 4 mm
Core material 35A250
Bar material Aluminum
Pole-piece material SMC

Magnet material Sintered Nd-Fe-B
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Face Image Analysis and Face Recognition Using Deep Learning

Hiroya KAWAI
Supervisor: Takafumi AOKI

The performance of face recognition has been dramatically improved by Convolutional Neural Network

(CNN), while more performance improvement is required for practical use. To improve the performance of

face recognition, it is important to focus on face-specific features extracted from face images. In this paper,

we propose novel face recognition methods and face image analysis methods related to face structure, face

attributes, and face features: data augmentation using face parsing, face attribute estimation using multi-task

CNN, and privacy protection based on embedding face features. Through a set of experiments using public

face image datasets, we demonstrate that the proposed methods are effective in improving the performance

on face recognition and face image analysis.
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£ 1 T 2IETFEZ & OFEHREE O K
Accuracy [%)]

Method AgeDB  CPLFW
baseline 90.42 83.78
w/ Cutout 87.98 85.13
w/ RandomErasing ~ 88.68 84.83
w/ FSErasing 90.08 85.23

TRGAEEZ IR T 2 &, WThOFEE Hv
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CIE XN B FEAREIRE AT X — R HWTEAD
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Layer 2> 5Hi 1 X%, Merging Weight %@ O H
BT R — R L [RIFFICEENC D W TRt S 5 2
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Cover Face
image image
c )
Method De-id image ASR [%] SSIM
b3
MIM 56.7 0.935
LGC 58.5 0.935
Proposed 71.0 0.963
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Similarity Index Measure (SSIM) %W TR X
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A study on multisensory integration in high-level perception of reality

Shota ABE
Supervisor: Shuichi SAKAMOTO

In daily life, people receive various impressions from objects and events in their environment using

inputted foreground/background information. This ability can be expressed as high-level perception of

reality. Although the high-level perception of reality enriches our daily life, the perception process is

still unclear. Multisensory integration is likely to play an important role in this process. Therefore,

in this study, I examined the relationship between the high-level perception of reality and multisensory

integration. The impressions induced by foreground /background information, such as the senses of presence

and verisimilitude, were used as indices to evaluate the high-level perception of reality. As a result, it was

found that the degree of perceptual correspondence among the characteristics of multisensory information

affects the senses of presence and verisimilitude. Based on these findings, the process model of the high-level

perception of reality including the multisensory integration was proposed.
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R 1. BFESEMN EE, WRSEE RGO (ERE2HT)

HIAE HIZE HIZEE
AO %o VO &Moo A&V D
BOEIRE L ~ov FORIRE L ~ov SRS L~V
ARHZ A [EEAEETZESA R ATETZERA TEE (R Rk
79 R4 - 0.23%
EESA 0.037* - 0.059%
Vv —T AR -0.16% - -0.23%
AOVEB TA N 5 MR (1 R) - -0.059*
AOVEB Y TA T 5 LR (2 R) -0.26* - -0.21%
SHEVIROEENE S -0.13% -0.053
SEHEMRND A 77 4 L
71 —DKEZ DA 0.17* 0.12*
REBEOF T T4 HNTH—
DK E XD 0.23* 0.028*
ViLA 0.61% 0.56*
IER ADGERE R 0.64% 0.64%
*:p < .05
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Visual output \

Projector
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12T 272012, EHMOADIERE T 554 (Audio
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EER e LT, BiEEEYA 3 H» 52000
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1920 X 1080 pixel, 7L —XAL— FA330 fps, HiH
izowTiX, Bk y M16 bit, TV v
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SWHHI LIz, AT, Farr Y oEHEHR» S
2EIRENEHR ( Vibration from low-frequency audio
: VILA 4) 2R L, RO SIREIER: LT
FH LUz, AR 2B REFEROZRTFLE v M
%16 bit, B> 7V IREBENE8 kHz TH o7
EEEREEZX 1IORT. ANy PRV TIREREINS
Baryrryo AREEEL M T5 [dB] TH -
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IR THEORERZRLE (p<.05). MXT, 7
TV RRR, ¥ —TFRA, 2RDRAVEHPRT T+
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A Study on Flexible Recognition System for Customer Activity
in Retail Environments
Jiahao Wen

Supervisor: Takuo Suganuma, Research Advisor: Toru Abe

With the advancement of Industry 4.0, cutting-edge technologies such as Internet of Things (IoT), artificial intel-
ligence (Al), and machine learning (ML) have been incorporated into retail stores to gather in-store information,
including customer activity (CA). These technologies have facilitated improvements in marketing, staff manage-
ment, inventory control, and order management. As store operations evolve, target CAs and store environments
may undergo changes, necessitating adaptations in the methods and models employed. Traditional customer activity
recognition (CAR) systems, which integrate various recognition techniques based on ML and end-to-end (E2E)
models, are specialized for specific scenarios, resulting in limited flexibility in adapting to these changes. To ad-
dress this issue, we proposed a primitive-based customer behavior recognition method (CBR) designed to adapt to
target changes. This method recognizes customer behavior (CB), an important type of CA, through the combination
of primitives. Additionally, we introduced a hierarchy-based CAR system that organizes various CAR methods
within a hierarchical structure to adapt to environment changes. The experimental results demonstrate that incorpo-
rating the proposed primitive-based CB recognition method into our hierarchy-based CAR system achieves signifi-
cant flexibility in adapting to target CAs and environment changes. This indicates a substantial contribution to the

development of smart retail and the ongoing progression of Industry 4.0.

1. Introduction

The emergence of Industry 4.0 has marked the be-
ginning of a new era of digitalization and automation,
characterized by the incorporation of technologies
such as IoT, cloud computing, Al, and ML. These
advancements have transformed industries across the
board, with smart retail being a prime example. The
smart retail” concept includes the use of 1oT and data
analytics to optimize various retail solutions, such as
store management, market planning, and security. The
rapid development of online shopping has prompted
traditional retail stores to introduce smart retail solu-
tions to obtain market growth.

One of the crucial parts of smart retail is the recog-
nition of customer activity (CA), which refers to var-
ious types of customer's situations in store spaces,
including customer location, moving route, and be-
havior, etc. CAs can be classified into different levels
based on the degree of abstraction of the information
they provide. The accurate and flexible recognition of
CAs is essential for various retail purposes, such as
marketing and shoplifting prevention. However, cur-

rent CAR systems, which mainly rely on ML-based
models, face challenges in adapting to changes in tar-
get CAs and retail environments. These challenges,
denoted as target change and environment change,
necessitate the development of a more flexible CAR
system.

The primary objective of this study is to design a
flexible CAR system capable of adapting to both tar-
get and environment changes. We identify two main
issues to address: (P1) hard to adapt to target changes,
particularly in the case of CB which is one of the CAs,
and (P2) hard to adapt to environment changes, such
as changes in store layout or product supply.

To tackle these issues, we propose two solutions:
(S1) a primitive-based CBR method, which recogniz-
es customer behaviors through the combination of
primitives, and (S2) a hierarchy-based CAR system,
which organizes CAR methods into different levels,
from lowest to highest, by the level of their output
CAs.

To sum up, this study positions itself in the CAR
research, emphasizing the importance of flexibility in

© 2023 FALRAESGBETZERT
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smart retail solutions. By addressing the challenges of
adapting to (C1) target changes and (C2) environment
changes, we aim to develop a flexible CAR system
through (S1) and (S2) to support a wide range of retail
purposes, thereby fostering the growth of smart retail.
2. Primitive-Based CBR Method

Since CB is one of the most important CAs, CBR is
crucial for smart retail as it provides valuable insights
into customer attitudes, needs, motivations, prefer-
ences, and the impact of marketing strategies or man-
agement operations?. Target CB changes frequently
due to different customer-product interactions and
retail purposes. Existing research on CBR has identi-
fied some common CBs, including viewing the shelf,
pick product, return product, etc. No single method
can cover all some common CBs, indicating the lack
of flexibility of current methods. Current CBR meth-
ods mainly rely on visual data obtained from surveil-
lance cameras and use ML-based models, such as
Hidden Markov model (HMM)?, convolutional neural
network (CNN)¥, and dynamic Bayesian networks®.
Although these models have improved CBR accuracy,
they share a common limitation in terms of flexibility
when dealing with target CB changes because they
require re-collection of training data and re-training
the model, which takes lots of time. This section aims
to address the issue of flexibility in CBR methods
with good accuracy.

We propose (S1) a primitive-based CBR method
that recognizes CB from videos captured by in-store
cameras. This method recognizes CBs by combina-
tions of primitives, each of which is the motion of an
entity or the relation between two entities in each
frame of the video. An entity can be a body part,
product, and any other object relevant to retail store
services. First, we utilize existing methods to detect
entities' bounding boxes in each frame and track their
trajectories. Then, we identify primitives for each
frame based on the trajectories. The identified primi-
tives form a sequence, which is used to recognize
target CBs by matching the sequence and predefined
CB combinations.

A primitive is written using an expression that typ-
ically consists of three elements, which can be repre-
sented as:

subject verb object,
where subject and object is the name of the entity that
performs verb or is related to another entity. verb de-
scribes the motion of subject or the relation between
the subject and object. For instance, a primitive rep-
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# of frames count| Pr (%)| Re(%)| F1(%)

viewing 132 (3.8%) 9 849 | 894 | 87.1
browse| 2149 (61.4%) 54| 984 97.8 | 98.1
walking 80 (2.3%) 8 854 950 | 899
select(l hand)| 524 (15.0%) 27| 89.7| 89.7| 89.7
select(2 hands) 60 (1.7%) 4] 898 883| 89.1
pick 323 (9.2%) 47( 96.0 | 96.0 | 96.0

touch 6(0.2%) 1{ 100.0 | 83.3| 90.9

return 227 (6.5%) 31| 96.0| 952 | 95.6

Total 925 91.8| 92.0

Figure 1 Results of laboratory dataset

# of frames| count{Pr (%) Re (%) F1(%)
inspect shelf | 32674 (27.8%) 836 889 841 864
inspect product | 40984 (34.9%)| 302 73.3 | 96.0 | 83.1
reach to shelf | 20145 (17.2%)  918| 94.4 | 84.1| 889
retract from shelf | 23552 (20.1%)| 928| 998 62.7| 77.0
Total| 891 81.7] 839
Figure 2 Results of MERL dataset

resenting a hand moving to a shelf can be written as:
hand move_to shelf, where hand and shelf correspond
to subject and object, and move_to is verb. By com-

bining and sequencing multiple primitives, we can
create a pattern that represents a more complex CB,
called CB definition.

To identify primitives from input trajectories, we
use an LSTM®-based model as a classifier for verb.
To recognize CBs, we design BM”-based algorithms
to match the pattern of each pre-defined CBs in the
sequence of identified primitives. This primi-
tive-based CBR method allows flexible adaptation to
(C1) target changes by redefining new target CBs
using combinations of primitives.

We evaluated our proposed method for its flexibil-
ity and accuracy on a laboratory dataset and the public
MERL? dataset. The method demonstrated greater
flexibility compared to existing ML-based methods,
requiring significantly less time (2-3 man-hours) and
fewer parameters to adapt to changes in target CBs. In
terms of accuracy, as shown in Figure 1 and Figure 2,
our method achieved an average F1-score of 92.04%
on the laboratory dataset and 83.86% on the MERL
dataset by merely changing CB definitions, indicating
that our approach is both flexible and accurate in rec-
ognizing customer behaviors in different retail situa-
tions.

3. Hierarchy-Based CAR System

CAR in smart retail is essential for optimizing store
management, marketing planning, and providing val-
uable insights”. A CAR method is a specific approach
used to recognize a particular type of CA within a
CAR system. A CAR system is a collection of inter-
connected CAR methods designed to recognize vari-
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Figure 3 Proposed hierarchy-based CAR system
ous CAs in retail spaces. It typically involves data
acquisition, data preprocessing, feature extraction, and
behavior recognition. A CAR system can incorporate
multiple CAR methods to recognize different types of
CAs and can adapt to different retail environments.

Existing CAR methods focuses on spatial features
(human and object detection), temporal features
(tracking), and behavior recognition, etc. Methods
employed for these tasks include conventional ap-
proaches like Histogram of Oriented Gradients and
advanced techniques using CNN®. The common
structure of existing CAR systems involves running
multiple machine learning-based complete CAR
models in parallel with the same input video, leading
to performance and flexibility issues. Spatial features
extraction, such as human detection, often employs a
combination of multiple sensors, like top-view and
RGB-depth cameras. Temporal features, including
tracking tasks, use methods like the Kalman filter,
particle filter, and Intersection over Union tracker.
Behavior recognition methods, which mainly focus on
customer-product interactions and indirect behavior,
use models like HMM?, Dynamic Bayesian Net-
works®, and Support Vector Machines (SVM)?).

Current CAR systems"'? run several CAR methods
in parallel with the same input video. This structure
makes the CAR systems struggle to adapt to the ev-
er-changing retail environment, such as introduction
of new product types, cameras view alterations, and
store layout adjustments. The overlapped processes
between CAR models in the system leads to reduced
performance with the increased number of CAR mod-
els. When the input video changes, the high coupling
between inputs and CAR models leads to the modifi-
cations of all the CAR models. These two problems
results in the inflexibility of existing CAR systems.

We propose (S2) a hierarchy-based CAR system
designed to improve flexibility when adapting to retail
environment changes. The proposed system includes
four levels: Spatial, Temporal, Primitives, and Be-

Proposed CAR System Existing CAR System

Method in Chapter 2 CB Model 3
Method in Chapter 2

Entity Trajectory
Sort

ot
iti Yolova YoloV4
Yolova Entity Position Yolov4 olo’

Input Video

_Inpul‘VidED
Figure 4 Implementation of two CAR systems

havior, as depicted in Figure 3. Each level is respon-
sible for abstracting information from its lower level,
allowing for the replacement of CAR methods at any
level to adapt to different retail environments. Level 1
(Spatial) processes input video to extract spatial in-
formation in each camera frame. The main task at this
level is to detect entities' bounding boxes. In level 2
(Temporal), temporal features are derived by ab-
stracting spatial features from consecutive frames.
The extracted features include pixel-level features
such as optical flow, and entity-level features like
trajectories. This level is responsible for tracking tasks,
using outputs from level 1. Level 3 (Primitives) iden-
tifies entity's motion or inter-entity relationships in
each frame, and outputs a sequence of primitives.
Level 4 (Behavior) recognizes CBs by matching pre-
defined target CBs and the sequence of primitives
from level 3.

The proposed CAR system effectively addresses
the issues of overlapping processes and high coupling
between inputs and CAR models, resulting in two
significant advantages. Firstly, the hierarchical organ-
ization of CAR models separates the functions of
models across different levels, minimizing processing
overlap. Consequently, the system maintains robust
performance even when environment changes neces-
sitate the addition of new levels or models. Secondly,
the different inputs for each level enable partial modi-
fications rather than modifications of all CAR models
to handle environment changes that impact inputs.
This modular design allows for independent modifi-
cation of each level, enhancing the system's flexibility
to changing environments.

We implemented the proposed hierarchy-based
CAR system and an E2E ML model-based CAR sys-
tem, both using video input as shown in Figure 4. Our
proposed system employs YOLOv4'" and Sort'? for
object detection and tracking, while the existing sys-
tem consists of three complete CAR models. We used
the MERL® shopping dataset and our laboratory da-
taset, both containing entity bounding box and CB
annotations.

To evaluate the system's performance when adding
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Figure 5 FLOPs results

CAR models, which reflects the ratio of overlapped
processes between CAR models, we increased the
needed CAs from only needing Level 1 CA to needing
all the CAs, which leads to the addition of CA levels
or CAR models. We measured the FLOPs and param-
eter size during the experiments. Results depicted in
Figure 5 and Figure 6 demonstrate that the perfor-
mance of existing CAR system decreases when the
number of CAR models increases, while our proposed
system experiences minimal performance impact.

Besides, although the Fl-scores of our proposed
CAR system on both datasets, 83.9% for the MERL
dataset and 92.0% for the lab dataset, are lower than
those of the ML-based system, 87.4% for the MERL
dataset and 95.6% for the lab dataset, the accuracy of
our system can be improved by employing better
methods or extracting additional features at lower
levels. Therefore, proposed CAR system is flexible to
adapt to (C2) environment changes.
4. Conclusion

By combining (S1) a primitive-based CBR method
with (S2) a hierarchy-based CAR system, the study
achieved a flexible CAR system that can effectively
adapt to (C1) target changes and (C2) environment
changes in smart retail. A flexible CAR system is ca-
pable of handling a wide range of CAs, managing
various sensor inputs, and maintaining performance
even with increased CAR models, which significantly
contributes to the development of smart retail. Future
research directions include adding more primitives to
describe orientation information, enhancing CB pre-
diction capabilities, expanding higher CA level, and
making the hierarchy compatible with additional sen-
sors in retail environments.
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Study of Reserve Markets for Maintaining
Reliable Operation of the Power System

Keita KATO
Supervisor: Hiroumi SAITOH

In Japan, the power system has two main electricity markets: the spot market for energy trading and the balancing
market for reserve trading. The existence of these two markets has resulted in challenges related to the shortage of
power supply and reserve procurement. These challenges have not been quantitatively discussed. Therefore, we have
formulated a decision-making mechanism for reserve providers who own dispatchable generators that can bid in both
the spot marketand the reserve market. We have discussed the power supply capacity characteristics ofa dispatchable
generator based onreserve provider decisions. Our findings indicate thatreserve market prices can lead to areduction
in power supply. In our numerical analysis, we have also identified the corresponding reserve market price required
to maintain reliable operation. Additionally, we have explored the use of a local reserve market to address
procurement shortages. We have examined the potential benefits of a local reserve market and analyzed how changes
in market participants' decisions can affect the reliability of electricity systems.
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Study on Observation of Water Trees Occurrence and
Evaluation of AC Loss Current in 60kV Class Removed XLPE Cable

Tsubasa KOGURE
Supervisor : Hiroumi SAITOH, Research Advisor : Masafumi YASHIMA

When XLPE cables are operated for several years to several decades, an insulation degradation phenomenon called
water-tree occurs, which significantly degrades the insulation performance of XLPE cables. In this study, we first
observed the occurrence of micro bow-tie trees in three 60kV class removed XLPE cables that were subjected to a
pre-breakdown discharge detection test and an AC loss current measurement test, based on the analysis for slices of
the insulation layer cross sections. Next, the observed micro bow-tie trees are simulated by an electric field model,
and the AC loss current, the third harmonic component are analyzed and compared with the diagnostic results of the
AC loss current measurement test conducted on the removed cable. Furthermore, we will attempt to estimate the
breakdown voltage of the cable by analyzing the maximum electric field value at the tip of the micro bow-tie tree.
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Study on effect of Si composition on magnetization dynamics of
various thick Fe-Si polycrystalline films
Ye Jiang
Supervisor: Yasushi ENDO

This master thesis describes study on effect of Si composition on magnetization dynamics of various thick Fe-Si
polycrystalline films. For every film thickness, the in-plane effective damping constant (@) decreased and then
increased as the Si composition was increased. @, decreased slightly and then increased markedly as the saturation
magnetostriction (4s) was increased, suggesting that a, was correlated with s was observed for Fe-Si films. This
tendency is similar to that of Ni-Fe films. On the other hand, the out-of-plane effective damping constant (a ) kept
almost constant except some Si compositions for every film thickness. The a, values almost became lower than
those of oy, regardless of Si composition or thickness, which might be derived from only the intrinsic damping. On
the basis of these results, it is suggested that particular attention should be paid to considerable changes of
magnetoelastic properties and directionality when adjusting the in-plane effective damping constant of magnetically

soft films.
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Study on Estimating the Arrival Direction of Partial Discharge Signals
in Box Housing Power Facilities Utilizing Multiple TEV Sensors
Yukinori SHIRAISHI
Supervisor : Hiroumi SAITOH, Research Advisor : Masafumi YASHIMA

Many number of Japan's electric power distribution facilities are aging. Thus, there are elevated expectations for a
deterioration diagnosis method using simple sensors. In this study, we are investigating a method to diagnose degradation
by capturing the partial discharge (PD) signal with multiple TEV sensors. Specifically, we attempted to estimate the arrival
direction of the PD source by using the following three points of interest : (1) detection time difference, (2) wave height
value, and (3) frequency component ratio. As a result, we were able to confirm the attenuation due to the distance between
the TEV sensor and the PD source at three focus points, which we found to be helpful in estimating the arrival direction.
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Method for Suppressing Control Performance Degradation due to Communication
Delay in Load Control for Frequency Stabilization of Power System

Kengo Sekiai

Supervisor: Hiroumi Saitoh

Currently, the introduction of renewable energy sources is being promoted on the background of environmental
problems. As the amount of renewable energy sources introduced increases, their output fluctuations may adversely
affect the power quality of power systems. Therefore, load control, which contributes to frequency stability by
varying the power consumption of demand-side load equipment, is attracting attention. One of the problems in
controlling demand-side load equipment is communication uncertainty, which may cause large delay times and
communication losses depending on the communication environment. Therefore, the purpose of this study is to
clarify the effect of communication quality on the control performance of load control and to seek measures to
reduce the control performance degradation of load control even under poor communication quality conditions.
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Effective Inertia Power Supply Method by VSG
for Power System Frequency Stabilization
Hiromasa TAKAHASHI
Supervisor: Hiroumi SAITOH

Assuming that the amount of renewable energy power sources will further increase in the future, VSG will be
used to improve frequency stability. Many VSG control logics have been presented in previous studies, all of which
aim to improve the stability of the power system. It has also been pointed out that VSG control may destabilize the
output of inverters. However, there is little literature that quantitatively clarifies the grid conditions under which
VSG is needed and how much VSG is required. Therefore, the author analyzed the effect of VSGs on the frequency
stabilization when they are introduced into a power system, and aimed to clarify through numerical simulations
how much VSGs should be introduced to maintain frequency stability when disturbances occur in multiple power
system states. In addition, since the grid voltage must be properly protected for the VSG to effectively supply
inertia power when it is introduced into the grid, the author attempted to propose a control scheme to improve both
voltage and frequency stability by coordinating with the renewable energy source on the VSG power supply side.
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Thermodynamic property of non-maxwellian electrons expanding
in a magnetic nozzle

Kosuke TSUKUDA
Supervisor: Akira ANDO, Research Advisor: Kazunori TAKAHASHI

The expansion of plasma in a magnetic nozzle includes important physics for the development of a magnetic
nozzle (MN) radiofrequency plasma (rf) thruster, which is a candidate of a high-power space propulsion system.
The purpose of this study is to investigate the thermodynamic expansion process of non-Maxwellian electrons in
the magnetic nozzle, including the tail and beam components, and to discuss the electron energy probability
function providing a good conversion efficiency from the electron energy to the thrust energy, leading improvement
of the propulsive performance of MN rf thrusters. From the experiments, it is found that the tail component of the
electrons undergoes adiabatic expansion, while the beam electrons show a significant cooling during the expansion.
The investigation of the azimuthal and diamagnetic currents also demonstrates that the diamagnetic currents do
work to the magnetic nozzle when the electrons adiabatically expand in the magnetic nozzle. It is demonstrated that
the diamagnetic current is enhanced by a small amount of the tail component. Furthermore, it is found that the
diamagnetic effect of the beam component is smaller than that of the tail component, not contributing to the thrust

component to the magnetic nozzle.
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Study on Evaluation Method of Leakage Current Generated Considering Surface
Hydrophobicity and Weather Conditions of Polymeric Insulator for Power Distribution
Kazuaki TSUJI
Supervisor: Hiroumi SAITOH, Research Advisor: Masafumi YASHIMA

Compared to conventional porcelain insulators, polymeric insulators are easier to work because of their lightness,
and have better withstand voltage performance under discharge, rain, and polluting conditions due to their higher
hydrophobicity. On the other hand, the use of polymeric materials for the outer coating raises concerns about their
deterioration over time and clarifying the long term performance in the polluting and humid environment unique to
Japan is an important issue for practical application. In this study, based on the results of voltage applied exposure
test for polymeric insulator, we developed prediction models of leakage current generation and analyzed
meteorological conditions which affect leakage current generation.
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Analysis of Strain Sensor Operation by Local Anisotropy Measurement

Keigo TOYODA
Supervisor: Kazushi ISHIYAMA, Research Advisor: Taichi GOTO

We have been studying strain sensors based on the inverse magnetostriction effect. In our previous research, we
have evaluated the sensitivity characteristics of the entire sensor by measuring the change in the direction of
magnetic anisotropy when strain is applied to the strain sensor as an impedance change using a network analyzer.
When the directional change in magnetic anisotropy occurs simultaneously across the entire sensor when strain is
applied to the strain sensor, the impedance change becomes steeper and the sensitivity improves. Therefore, in this
study, the change in local magnetic anisotropy when strain is applied to the sensor was obtained from the local BH
loop obtained using the Kerr effect, and the uniformity of the local magnetic anisotropy was evaluated. As a result,
it was confirmed that the magnetic anisotropy varied from place to place when stress was applied. Since
quantitative evaluation of local magnetic anisotropy and strain was possible through the local BH loop
measurement using the Kerr effect microscope, it is expected that this measurement can be used to further increase

the sensitivity of the sensor.
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Development of Radiofrequency Plasma Source toward
a Large-Diameter and High-Power Helicon Plasma Thruster
Thanatith NAKUL
Supervisor: Akira ANDO, Research Advisor: Kazunori TAKAHASHI

A large-diameter radio frequency (rf) plasma source is developed and two operational rf driving frequencies of 2
MHz and 13.56 MHz are employed under an expanding magnetic field. Plasma properties and rf power transfer
efficiency are investigated, and a target thrust measurement is conducted. Efficient plasma production inside the
source is obtained with the 2 MHz case. The radial density and ion saturation profiles having a center peak are
observed both in the source and in the expanding magnetic field region for the 2 MHz case; it does not show the
conical density structure, while the conical structure is observed for the 13.56 MHz case. This implies that central
electron heating is dominant for the 2 MHz case while electrons are peripherally heated in the 13.56 MHz case.
These features imply that a large 7 could be obtained in a 2 MHz source and a large 7 could be achieved in a
13.56 MHz source as demonstrated by the thrust measurement. Therefore, it can be proposed that a 2 MHz source is
suitable for an ICP plasma thruster where 7 is the main contribution while a 13.56 MHz would suit a magnetic

nozzle.

1. Introduction

Since the erosion of electrodes and the performance
degradation of the neutralizer over time in
conventional electric propulsion (EP) devices limit
the lifetime of the system, the development of a
helicon plasma thruster, which is the electrodeless
system and could be operated at a high electric power
level, is now under investigation". The previous
models and experiments have demonstrated that the
thruster performance of the helicon plasma thruster
can be improved by enlarging the source diameter.
However, enlarging the source diameter makes it
difficult for the rf electromagnetic field to penetrate
through the center of the source, resulting in the
hollow peak profiles in the cross-section plane when
operated with the commonly used 13.56 MHz rf
driving frequency??. Accordingly, in this study, a
14-cm-diameter rf plasma source operated at 2 MHz
toward the development of the large diameter
magnetic nozzle (MN) rf plasma thruster is chosen for
central electron heating, and experiments directly
compared with a 13.56 MHz source is conducted to
investigate the effect of skin depth on the thrust.
2. Experimental device

Figure 1(a) shows the schematic diagram of the
experimental setup. The plasma source consists of a

14-cm-outer-diameter Pyrex glass tube wound by a
water-cooled seven-turn and double-turn rf loop
antenna, for the 2 MHz and 13.56 MHz cases,
respectively. A solenoid provides the expanding
magnetic fields, where the calculated magnetic field
strength on the z-axis is plotted in Figure 1(b) when a
dc current of /3= 5 A is supplied.

(@)

Matching
Box

diffusion chamber

Ar LP
e

BEEE000,

= |RFEA

glass tube /

rf antenna
solenoid

®) 200 —Mm@—————————————

(G
5\
o
LI I

TR R A1

0 TR T I S L L L !
-20 0 20 40 60
z (cm)

Fig. 1 (a) Schematic diagram of the experimental setup.
(b) The calculated magnetic field strength on the
z axis for the solenoid current of /5 =5 AY.
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3. Comparison between a 2 MHz and 13.56
MHz source

Figures 2(a) and 2(b) show the radial profiles of ion
saturation current (/i) at z = -10 and 10 cm,
respectively. Since plasma density is proportional to
I, Figure 2(a) implies that the electron heating and/or
the efficient plasma production inside the source can
be obtained in the 2 MHz source. Figure 2(c)
demonstrates  that  there is a  relatively
high-temperature region around ||~3 c¢cm for the 13.56
MHz case. The presence of the high-temperature
region at the 13.56 MHz case implies that electrons
are heated in the skin layer for high-frequency cases,
while the major heating region for the 2 MHz case
would be the central region of the source. However, as
shown in Figure 2(b), /;; for 13.56 MHz is higher in
the diffusion region where the relationship is the
inverse of that inside the source. Furthermore, the
peaks of the peripheral high ionization region at |r|~10
observed indicating that peripheral
high-energy electrons are transported and stimulate
the ionization along the magnetic field lines.
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Fig. 2 (a) and (b) show radial /s profiles of a 2 MHz
case (dot) and a 13.56 MHz (rectangle) for z =
-10 and 10 cm respectively, and Fig. 2(c) displays
electron temperature for Py = 100 mPa, Pyr=2
kW and Iz =5 A.

4. Thrust measurement

In this study, the thrust is measured by the
pendulum target method® and it is confirmed that the
presence of the target does not change the plasma
production. The thrust as a function of /, for both 2
MHz and 13.56 MHz cases, is plotted in Figure 3.
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Figure 3 shows that when /» increases thrust for the
13.56 MHz case also increases while for the 2 MHz
case remains roughly flat implying that the Lorentz
force due to the radial magnetic field and the
azimuthal electron current (73) is dominant
component for the 13.56 MHz case while for the 2
MHz case is the force from the electron pressure (7).

e S B R R
% — ] S o o e o ¢ °
3 2T [e2 vz
E - D13.96 MHz| p, =326 mPa
0 l l l l l l l l l
0 2 4 6 8 10

g (A)

Fig. 3 Thrust, for the 2 MHz case (dot) and 13.56
MHz case (rectangle), as a function of /z for
P4-=326 mPa and Py=2 kW.

5. Conclusion
To work with the development of high-power
electric propulsion devices a large diameter rf
frequency source is developed and two operational rf
driving frequencies are adjusted in the Lab. The
efficient plasma production inside a 14-cm-diameter
is obtained in the 2 MHz rf driving frequency case.
Based on radial profiles, central and peripheral
electron heating is dominant for the 2 MHz and 13.56
MHz case respectively. These features imply that a
large T could be obtained in a 2 MHz source and a
large 73 could be achieved in a 13.56 MHz source.
Therefore, it could be proposed that a 2 MHz source
is suitable for an ICP plasma thruster where 7 is the
main contribution while a 13.56 MHz would suit a
magnetic nozzle.
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A Method for Improving Transient Stability of Power System
under N-1 Generation Control

Yuta Nishikiori

Supervisor: Hiroumi Saitoh

In recent years, the introduction of renewable energy sources has been expanding in Japan due to the demand for
a low-carbon society. Currently, one of the challenges for the mass introduction of wind power generators into the
existing power system is the lack of available capacity in the grid. One way to increase the available capacity is to
increase the size of the grid through transmission line transfers or line upgrades, but this is time-consuming and
costly. Therefore, it is important to make effective use of the existing power system.

The Organization for Cross-regional Coordination of Transmission Operators, JAPAN (OCCTO) is studying and
implementing operational rules to solve the shortage of available capacity in the power grid. One such rule is N-1
generation control (. The N-1 generation control is to reduce quickly the outputs of renewable energy sources such
as wind farms in order to avoid line overloading when a fault occurs on a grid. The control will affect transient
stability of power systems in Japan because the power systems have radial configuration of networks for
transmitting large amounts of power over long distances. Therefore, the authors focus on the effects of the N-1
generation control on the transient stability of the power system.
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A study on the sensory characteristics related to the use of head-tilted vestibular
sensation prompting system
Tomoaki FUKUSHIMA
Supervisor: Norihiro SUGITA

Virtual reality (VR) systems can sometimes cause VR sickness, similar to motion sickness, due to the mismatch
between visual, vestibular, and proprioceptive inputs. To counteract this, motion-based (MB) systems, which
simulate the movement of the real world by tilting the user's chair, are used. However, these can be expensive and
not practical for home use. As an alternative, the authors have created a head-mounted display that induces
vestibular sensation by tilting the user's head, allowing for the simulation of the inertial force experienced in VR
images. Experiments using VR images with centripetal force showed that the system effectively reduces VR
sickness and the patterns of onset time and beneficial effects are equivalent to MB systems. Future research will
explore the factors affecting the system's effectiveness and the relationship between user characteristics and system

effectiveness.
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A Study of Permanent Magnet Reluctance Generator Control Strategy

Siyuan BAO
Supervisor: Kenji NAKAMURA

In today's society, more and more attention is paid to distributed power supply. Especially in wind and hydro power
generation, there is an increasing demand for distributed power sources. There are three main requirements for
distributed power supply: high efficiency, low price and easy maintenance, A novel generator PMRG(Permanent
Magnet Reluctance Generator) which is very suitable for distributed power supply is presented in the preliminary study.
The structure of PMRG is very similar to that of SRG. Both stator and rotor are made of iron core, and permanent
magnet is loaded into the stator of SRG for excitation. The stator pole is wrapped with a coil. When the external force
pulls the rotor to rotate, the magnetic flux in the stator coil constantly changes and induces the electromotive force. At
this time, if the stator coil is connected to the loop, the electric energy can be emitted. PMRG has the advantages of
simple structure, solid structure, no need for excitation power supply, and can be used normally in high temperature
environment. The pilot researchers built a test machine that uses a diode rectifying loop as an output loop and has an
efficiency of up to 92 percent. But on the other hand, diode rectifier circuit is not controllable, the output power and
power factor of PMRG can not be control. In this study, vector control is used to control PMRG. The finite element
analysis and Simulink simulation model were used to simulate the PMRG . In addition, an experimental system is built
to compare the output power of PMRG in diode rectifier loop and that of PMRG in PWM converter. And it proved our
hypothesis .In order to solve the problem that PMRG is not sinusoidal, a solution of FFT filter is given. The filtering
problem of PMRG has not been completely solved, and the algorithm and code of FFT filter will be further optimized.
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Stator pole width 8mm
Rotor pole width 9mm

Gap length 0.2mm
Number of

winding/pole 152turns
‘Winding

resistance 0.72Q

Core material 35H300
Magnet material FB9B
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Study on the Effect of Annealing Temperature on
Structure and Magnetic Properties of High-purity Fe Ribbons

Xiaotong MA
Supervisor: Yasushi ENDO

This master thesis reports study on the effect of annealing temperature on structure and magnetic properties of
high-purity Fe ribbons with various thicknesses toward the creation of next generated soft magnetic materials in
power electronic devices. At lower annealing temperatures (7%) between 873 —1173 K, the crystal orientation of
high-purity Fe ribbons maintained as the rolling texture to some extent. soft magnetic properties were improved
as T, was increased, which might be attributed to the residual stress relaxation. On the other hand, at higher T,
between 1273 —1573 K, the crystal orientation changed to random as the 7, increased, which might be due to the
secondary recrystallization. Besides, the soft magnetic properties of these annealed Fe ribbons improved
independent of 7,, which indicate that the changes in both crystal orientation and grain size affect their soft
magnetic properties. Therefore, these results demonstrate that the high-purity Fe ribbons after annealing are one of
the candidates for soft magnetic materials in next-generated power electronic devices.
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Study on Circuit Modeling for over 100 GHz band CMOS Amplifiers

Takumi AOKI
Supervisor: Noriharu SUEMATSU

It is very important to accurately model the transmission lines used in matching circuits when designing circuits using CMOS

processes. If a transmission line model is not provided by the foundry, EM(electromagnetic) simulation model is often used. The

problem is that EM simulation is time consuming due to the tuning of the length of transmission line in matching circuits. Using

scalable transmission line models efficiently obtains transmission line characteristics of arbitrary length. However, there are no

examples of verifying the scalable model in over 100 GHz band, where the frequency dispersion characteristics are large. In this

paper, the validity of the scalable transmission line model is verified by applying it to a 130 GHz band CMOS amplifier
fabricated in 65 nm bulk CMOS process. The scalable model for over 100 GHz band are investigated and existing scalable

models are surveyed. Then useful models were selected from the surveyed scalable models and transmission line TEGs were

used to create the model.
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A Study on Radiation Pattern Measurement
System for Millimeter-Wave On-Chip Antenna
Teru ISHIMORI
Supervisor: Noriharu SUEMATSU

A V/H planes radiation pattern measurement system for millimeter-wave on-chip antenna was developed. In
this system, an RF probe, a probe positioner, a wafer chuck, and the frequency extender of VNA are placed on
the same stage. By rotating the stage, this system enables to measure the radiation pattern of both H-plane and
E-plane without handling of the rigid cable. To reduce the reflection from the surroundings of the stage, the
wafer chuck has been made from acrylic material and the size of RF probe positioner has been reduced. Using
this system, the measured radiation pattern and antenna gain of the 100 GHz-band on-chip patch antenna shows
a good agreement with the simulation results. From these results, we confirmed that the developed millimeter-
wave on-chip antenna measurement system is capable to measure radiation pattern.
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A Study on Frequency Allocation Considering Downlink
Interference among Multiple Small Cell Base Stations
Eisuke ITO
Supervisor: Hiroki NISHIYAMA

The use of high-frequency bands is being considered to meet the ever-increasing communication requirement.
Based on the characteristics of radio waves, base stations are classified into macro cell base stations (MBS) and small
cell base stations (SBS) according to cell size. In addition, temporary base stations are deployed in areas with
communication difficulties to accommodate user equipment (UE) in emergencies such as disasters or large-scale
events. Since the frequency used by temporary base stations is the same as that of SBS, inter-cell interference occurs.
In this study, we proposed a method to selectively allocate the frequencies used by temporary base stations according
to the situation. Simulation results show that the minimum throughput of UEs can be improved by selective frequency
allocation considering the number of UEs and path-loss between base stations.
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Deep Learning based Accurate Side-channel Analysis on Common Key
Cryptographic Modules
Katsumi EBINA
Supervisor: Naofumi HOMMA, Research Advisor: Rei UENO

This paper presents a side-channel analysis (SCA) for AES-CMAC which is used in the Controller Area Network
(CAN) protocol for in-vehicle networks. The AES-CMAC is difficult to apply conventional SCAs focusing on a
single round of Sboxes as in the AES-CTR, because the AES input values are unknown to the attacker due to its
structure. In contrast, the proposed method focuses on the Sboxes of the first three rounds of AES continuously, and
obtains the secret key by sequentially estimating the intermediate values using first-order SCA. Our method can be
applied to all versions of the SecOC standard (SecOC_00610/00620/00630) for securing CAN protocols. In this paper,
we apply a deep-learning-based SCA to implementing the proposed attack, in addition to conventional correlation
power analysis. We demonstrate the effectiveness of the proposed attack through an experiment using AES-CMAC
software implemented on the PASTA (automotive security evaluation platform), which is compliant with the SecOC
(Secure Onbord Communication) standard defined in AUTOSAR (AUTomotive Open System ARchitecture). The
result shows the proposed attack successfully reveal the secret key of AES-CMAC with about 50 side-channel traces

in the inference phase.
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Research on high-speed solution for large-scale combinatorial optimization
problems based on stochastic operations
Kota KATSUKI
Supervisor: Takahiro HANYU, Research Advisor: Naoya ONIZAWA

I design and evaluate stochastic-computing simulated annealing (SC-SA) for solving a large-scale combinatorial
optimization problem. SC-SA is designed using stochastic computing, where the computation is realized using
random bitstream, resulting in fast converging to the global minimum energy of the problems. The designed SC-SA
is compared with a typical SA and existing simulated-annealing (SA) processors on the maximum cut (MAX-CUT)
problems, such as K2000 that is a complete 2000-node optimization problem . The simulation results show that
SC-SA realizes hundreds of times faster than a typical SA. In addition, SC-SA achieves better MAX-CUT scores

than other existing methods.
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Study on data access performance of high-capacity distributed storage

Yuki KAWADA
Supervisor: Yoichiro TANAKA , Research Advisor: Yoichiro TANAKA

We studied the improvement of data access performance of large capacity storage using CephFS. The study
showed that parallelization of HDDs and distributed placement of data can achieve the same performance as SSDs
when HDDs are used as the main device for large size data. Placing and allocating metadata and DB/WAL on SSDs
increased write performance by up to 6x and reduced read time by about 4.5% in reading real data. Using the SSD
hierarchy or cache improve the performance up to twice as high as HDD for smaller data. Using SSD hierarchy
when data is dispersed within a file and using cache when data is concentrated locally improved the access
performance with capacity efficiently. It should be noted that the computation execution time significantly reduced
by selecting an optimal data path among the network including an SSD hierarchy, cache, and client-side storage.
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Study on Squeezed Light Source Using a Silicon Optical Waveguide

Shogo KIMURA
Supervisor: Hirohito YAMADA, Research Advisor: Nobuyuki MATSUDA

Squeezed vacuum is an indispensable tool for photonic quantum information science and technologies. In this
study, we generated single-mode squeezed vacuum (SMSV) via spontaneous four-wave mixing using a silicon-wire
waveguide as a nonlinear medium. The SMSV was successfully generated using a dual-wavelength picosecond
optical pulse extracted from a broadband optical pulse using a programmable optical filter. The output SMSV
exhibited the self-intensity correlation function g (0) greater than 103, showing the high degree of non-classical
property of the field. Optimization of stop band isolation, compensation for the group delay generated in the fiber
patch codes were the key for the large S/N of SMSV. We obtained maximum photon flux with the squeezing parameter
r of 0.52, showing the applicability of our source to quantum chemistry calculations using Gaussian Boson sampling

(GBS).
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A Study on Relay Node Selection for Improving Data Arrival Probability
in Delay/Disruption-Tolerant Networking

Akira SAITO
Supervisor: Hiroki NISHIYAMA

Delay/Disruption-Tolerant Networking (DTN) is a technology that relays data through direct communication
between devices to achieve data forwarding to distant devices, and is useful for information collection in
disaster-affected areas where network infrastructure has been damaged. However, data arrival probability and the
delay in data delivery to the destination depend on the movement characteristics of relay nodes. In this paper, we
assume a two-hop relay between fixed devices and propose a technique for selecting relay nodes at the source to
improve data arrival probability and reduce the delay time. This technique considers the duration of communication
with the source and the estimated probability of delivering data to the destination. Simulation results show that this
method improves the data arrival probability in a shorter time, i.e., reduces the delay, compared to other more

straightforward methods.
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Study on Coherently-Linked Optical and Wireless Transmission

Taisei SATO
Supervisor: Toshihiko HIROOKA

An economical mobile fronthaul (MFH) that can efficiently deliver large-capacity data signals to multiple antennas

is essential in the next generation high-speed radio access network (RAN) such as advanced 5G and 6G. For such an

MFH, we have proposed a coherently-linked optical and wireless transmission system using an optical injection-

locked carrier frequency conversion circuit (IL-CFC). The IL-CFC made it possible to realize heterodyne detection

with a high SNR, and to increase the loss budget of the transmission system by 6 dB compared with that obtained by

employing a conventional self-heterodyne method. With the IL-CFC and 42 dBi high gain horn antennas, a 64 Gbit/s

256 QAM signal was successfully transmitted over a 10 km single mode fiber (SMF) and 40 m wirelessly in the 61

GHz band. In addition, I applied the coherently-linked optical and wireless transmission system to the 28 GHz band
that has been practically employed in 5G, and succeeded in 16 Gbit/s, 256 QAM optical (10 km SMF) and wireless
(3 m) transmission using a practical compact microstrip array antenna.
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Study on Graphene FET Gate Stack Process Technology
and its Application for Fast and Sensitive THz Detection

Koichi TAMURA
Supervisor: Taiichi OTSUJI

The author has elucidated that phototermoelectric rectification effect occurs in response to terahertz (THz)
radiation incidence in asymmetric dual-grating-gate graphene-channel field effect transistors (ADGG-GFETs).
Furthermore, we found that plasmonic detection also occurred, and the co-existing of these two mechanisms
contributes to a fast response and highly sensitive THz-wave detection. The author also clarified the problems of
the gate stack process in the GFET fabrication and developed a new device prototyping process flow to improve
these problems and obtained a prospect for future advancement of the graphene device process technology.
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v, (V)

3 ALD ¥ % FV = GFET it i & Rk

6. ¥R

AFFFEDOFEFHEL T, ADGG-GFET (28 C PTE
DREBLTNDHIEEF AL, =R —J8 O &
PTE WM& EBILT. SHIZ, FIXE=y 7O
FHBHMERZIL, 2D OO JFEEARIRFIZ IR T
HZETEY THz RO BEEALIC T 5L TndD
LRI LI, FT2, VT 7 2 T AL AT ae AR
Z DR AEMAL, INASETHHT/eT SAA
RIET o ex7n—%2BRL, 5% DT TT7 TN
AATBRAFEE LA~ BB L ES7-.
Xk
1) T. Otsuji, IEEE Trans. THz. Sci. Tech. 5, 1110 (2015).
2) J.A. Delgado-Notario et al, APL Photon. 11, 519 (2022).
3) X Caietal.,, Nature Nanotechnol. 9, 814 (2014).
4) S. Hayashi et al., Sci. Rep. 4, 5045 (2014).
5) K. Tamura et al., APL Photonics 7, 126101 (2022).




—66— =R S ALIRIEMLEL D F226 12 BY 5~ B T 72

B am e (S5 43 H)

e RS B LR BB LB 0D F2HE 1T B 2 IF 58
AT A5t
FREEE AR ®3C,  WREREHEE . BYF G

Implementation of Encrypted Data Processing based on Stochastic Computing
Yuki TAMURA
Supervisor: Naofumi HOMMA, Research Advisor: Rei UENO

Secure computation is a technology that enables computation while keeping data encrypted. It is attracting attention
as a technology for both utilization and protection of sensitive data, such as data sharing between organizations and
statistical analysis. This paper describes the design and evaluation of Homomorphic Encryption for Stochastic
Computing (HESC) hardware. HESC is a cryptographic scheme that can compute stochastic operations, called
stochastic computing, on encrypted data. Compared with the conventional homomorphic encryption schemes, HESC
allows for a significant reduction in computational complexity at the expense of computational accuracy while HESC
has been evaluated only on software. In this paper, we present a design of HESC hardware based on BFV and CKKS
which are representative homomorphic encryption. We then apply the HESC hardware to computing various
polynomial functions and oblivious inference using neural networks, and show the effectiveness of the hardware in
comparison with the corresponding software on the present high-end CPU. HESC hardware achieves execution time
reductions of several tens of percent for software implementations.

1. ®E

BRI T — 2 DR SR A R FF L2 E E
AT AN ORI THS. Mk coT —2 A,
Mol ERO BT — 2 OIEH REE
WS T2 E L THEH SN T D, HEF R =
(HE:Homomorphic Encryption)i 3% 5154 3283
HREFR BT O—>ThS. HE IR 5 LE2HE S
T HZEREHATELAMER = Thb, FEHLATHE
R R OMRIC L > THESND. e aEREIR 5
(FHE:Fully HE)IZHF =L S 7 — 22t L O
ERBEOM ST OFTREATIZLINTEDLN, XLt
LT3 B O RIRGH R A — /N =~ KRR TH
5. CHR1] T, IEREIRO—FTHHAN AT ¢
/iR %% HE \Zii F L7k 5 A% — A (HESC:HE
for Stochastic Computing) 233244172, HESC TlE
WD HE L, SERIEHRICEDRREN AT D
HOOD, FHEROHEA MM A2 REYUEETED. L
L, BEAESCHClE, HESC OVYERERHEZ Y 7 by =
TERKIETOHITHTRY, N—Ry=T7 FETEB L
2 OPEREFHIZ DWW TI RSN TR o7, A
FSCTIL HESC O LA AT H e/ N — R =
7 DG EMERERATIZ DUV TR D,
2. HESC LR FIFEDREICETIERNEZE

HESC I3 HE & SC (Stochastic Computing) % #H
AR S AX—ATHS. SC 120 & 1
DT UK NI Yy NIITTRIL S U7 2 % 5l
LTS . SC CIIINE Ll 4 —ikiip Rl

ROVFE R R EOBEE & g L TR Ic R
BIF[EETH 5. HESC Ik THF 51233 < HE %
HAWDZ &, HEADRNIZEBTED. KT
I B3 I S W Th 0, BERZS
(NTT: Number Theoretic Transform, INTT: Inverse
NTT) & PR 2 RIRZEAER EORF O &
EROITEEEZERT S, KBRS TIRZ OGh
EEPFHFEEOKIM D E EDHT20, V7 vy =
T, = RU =T O IFIZB TR 7 F2EE N
WBEETHY, 73U XA EFELEE TR K
AT TV 5.
3. HESC N—Fz 7 DEkEt

AoN— Ry = TIZHEAT D575 X—AD
HESC I, fREr722HEEAIRS 5 BFV, CKKS % H
WTHEIT 5. HESC D/RT A—HF, 5fGin— R
VT EBEL, VT Ry =2T /N R =T Dy
El, BREEITONLENDD. HESC OREALEF I
AN AT 4 v 7 FKEEH (B2S/S2B), FF kit
. (Encode/Decode), H51E % (Encrypt/Decrypt),
YE[RIAUFTAM (Evaluation) T 5. %14 FPGA 1%
Xilinx Zynq UltraScale XCKU040 ,  Vertex
UltraScale+ XCVU9P @ 2 i T 5. NTT/INTT
DFEATICNIEIRNE 7 T4 2= hO a7 HL
XCKU040, XCVU9P TENEH 8, 32 W5, 1
VSO a7 I1ZEnE 16, 32 WHITHS.
ek, FEELIN—RU T EZNEI 8 NTT
Units, 32 NTT Units & £t 1 5.

© 2023 FALRAESGBETZERT



SHS54ETH FALK T ARG Sy Ro sk FI2HE 1 5 (July  2023) —67—
F1:arolEky y—2 #2: AN—"T" Iop/s]
Core Name LUTs FFs DSPs Device NTT INTT  Dyadic Mult
Mult 1050 2983 G4 CPU[24] 7222 7568 36931
NTT/INTT 1262 1882 28 8 Nl?T Units 74157 TA15T 793333
(This work)
S2NTT Units  9g1404 294404 1294118
(This work)
SEN N =]
3+ AR T 5 0D AT SR [ms]
2 3 [ 5 ] 7 5 0 10
BFV W 18640 36.757 53198 66.532 BLOIT  96.312 105232 130408  143.236
CKKS SW 6819 14551 16820 26032 20020 32417 34817 53627 56.858
HESC w/ BFV SW 1572 1936 2350 2926 3040 3677 431 4730 5.463
HESC w/ CKKS SW 1509 L89S 2300 2707 3632 3438 4190 1899 5585
HESC w/ BFV HW 0.645 0.800 0.968 1.195 1.206 1.453 1.689 1935  2.207
(This work @ 8 NTT Units)
_If ESCw/ CKKS HW —  cen 1002 1320 1l4s2 1091 1.849 2407 2,819 3174
(This work @ 8 NTT Units)
. .}.IESC wf. EFV HW 0.313  0.380 0.460 0.552 0.592 0.694 0.813 0.883  1.002
(This work : 32 NTT Units)
HESC w/ CKKS HW ¢ 00y 1037 1251 1399 1.805 1738  2.283 2,681  3.022
{This work : 32 NTT Units)
F 4 7 A HERR O AT FEER [ms)
[IS/3X3 Encode Encrypt FCl ACT FC2 Fusicn Decrypt Decode  Separation Total
BFV 8W 0.278 G244 LI5M1 14454 112328 1438 0.158 245,551
CEEKS 8W 0706 4.123 46.7E0 4549 2256 0053 0.356 - TH.E2L
HESC w/ BFV W 2751 0552 (LB 082 008d LASH 0666 5650 1515 2527 19.532
HESC w/ CKKS 8W R0 00,7003 0.742 018G 004 1.583 G918 26407 - 44T
HESC w/ BFV HW 2.751 02E2 0185 0020 0038 0100 0356 1048 1515 2537 REED
{This waork : & NTT Units)
HESC w/ CKKS HW 10600 07 0169 0020 0.038 0191 0.240 26407 8564
(This wark : 8 NTT Units]
HESC w/ BFV HW - . o
This ek 42 NTT ety 2751 0021 0072 0001 0021 004 0213 0462 0143 2527 6826
HEEC w/ OIS HW 10596 0T 0063 0011 0021 0.104 0158 26.807 38254

i This work : 32 NTT Units)

4. YEEEETE

N—= Rz T OEEY ) —A, ANV—T"v hD
B DEMEELITS. £ 1LIZHOWT, Mult =27,
NHE T T4 2=y hEZ, DSP #%&HK/MbT 5
LG AT TV D, £, £212n=4096
BT HAV—""y NERT. CPU &EEEL,
NTT TIEAK 41 1%, INTT TldA K 39 1%, Dyadic
Mult Tiiek 35 54 #Emk L.

foe U T 25 T A BE BB T 15 B 0 B SR B D
TRT. R 3 IFBEEEL xf (2 < i < 10) &Rk L
7= & EOFATHMONRTH H. HESC THWW D
A RNDAT 4 v 7 EAEOFERIL 2048 THY, vV
7~ = 7 OFELTHRERNCE LTI 100 B0 SFEfE
ZAERE LTHWTW A, SHTRRIE, SER
% 8 NTT Units Tl% 231 MHz, 32 NTT Units C
[X242MHz & L, FHEFEBEIZD DD LA T U V%
BH L TA% LIZE% A=, HESC w/ BFV SW
125k L CHK 82%, HESC w/ CKKS SW (2%} LT
I K 46% D FATREFI O BN fiAD 5.

FKAIWZHESC N— R =7 % 7 ¥ A Bl
WH LG E0RTMERT. R xry 7T
% % Decrypt & Fusion Z/~— R = 7 CIEITTX

L7128, =R = 70T & B FEATRERT O BN
DR TE 5. HAIRHESC Y 7 b7 = 7 3235
BWTHEHETH S HESC w/ BFV SW 126 L Ti
K 67%D FATREM DHITBA RiA D % .
5 5
AGFWICTHE, HESC /~— N7 =7 Og%at & 14ERE
Pl A2 1T > 2. HESC O E#EE OB,
NTT/INTT 28 DEE 2 7 OZWHN A 7T A Ak
kDA b EEFEB L. £72, £
TR D RAE IR 55 X OV v A 4y $ i e o ik
EHmOREM 2@ LT, RITREROBEND
HESC N— R =7 OFEYMEZ R LIz, 5%D
BEL L LI % 4 - HESC &R D/~ —
R =7 ke, #HliAR— K ETOHW A FFx 2L
BUBEMHERAR S 26T B s .

3XHR

1) Koseki, Ryusuke and Ito, Akira and Ueno, Rei and
Tibouchi, Mehdi and Homma, Naofumi,
“Homomorphic  encryption  for  stochastic

computing,” in J Cryptogr Eng, 2022.
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A Study on Polarization Independent Optical Injection Locking
Hikaru NAGAYA
Supervisor: Toshihiko HIROOKA

Optical injection locking has been attracting attention as a high-precision phase-locking method. However, in

conventional optical injection locking, because of the polarization dependence, the polarization axis of the pilot tone

(PT) injected into the laser diode (LD) as an optical phase reference signal must match the polarization axis of the

LD waveguide. Since this requires, an automatic polarization control circuit, polarization independence of the

injection locking circuit is desirable for simple and low-cost configuration. The aim of this study is to realize

polarization-independent optical injection locking. By using an optical amplifier to realize locking even with an

extremely weak PT and by limiting the maximum power of PT using gain saturation, I achieved optical injection

locking independent of input polarization within £600 MHz of the detuning frequency between the PT and LO. I also

evaluated the locking range characteristics of various LDs with different structures and found that the phase-shift-

free DFB-LD is suitable for polarization-independent operation, where polarization-independent operation within

+200 MHz is achieved.

1. [XL®IC

T UL A —L N RIEICBIT DT —2{E 5L
SRR D E R R 7 ML AR R Al & LT e A
HADE R SIUTWD, LU, JJREELTH
W5 KL —F(LD: Laser Diode) 2138 IR 5% €
— NI LT R AR T E D FE T D, ZDT2DHE
Sed i AFIAFEIFE T, LD~ A3 % pilot tone
(PE DRIk ll% LD ORIRET—R ORI (TE
) 1 — B S 2 fl i il A8 [ 8 23 AR W] R L7225 C
WD, ARAFZETIL, (DPT 155 (& —K38) & Ol
R EE O3 FH e ON2)EEE fR%E LD oz >
THEE AR O I A A7 b 2 FEBLL | fili T3
PO EWF P L ab—L 2 ME S A e A R
AT LOWENIZ BIE LT,
2. PT (EEENHFIHEROBEAICKSIEAR
DfmiREEAFIE

B UIARTEERIZIB W RS LD ELCTHWE 1.5
um 7 EsEH 77 L /4 phase-shift DFB-LD D3>/
VDR TTH 5, MiEfilid DFB-LD i /136E PT @
BESR S 9 25, BRI TE Rk o PT (8 5 OME CTH
Do IROFHRER T L E AR Z B CE D%
A PR DE o3 LRI ISR LA D EIk 27~ LT
W5, BiERZY 0 Hz 354, TE RO PT OFREHME
M-6~-41 dABm OFLPH CLE/RIFEA R ZEL T2
ZENTED,

AW TN T 7 A MBRESIVTEZ PT O
{HEEA 30 dB SAHEL AR OREREED PT (8

ECiE:]

Frequency deturning [GHz]
o & A KN o N » o

L
B
0 40 30 20 A0 0 10
Injection Power [dBm]

=0 A P e

F@ATRE TERL/I-EDFAZ X BHYSvLELTHA

[ LT

Pol. | PM-EDFA Att.(-29 dB) |

P loeein
P e, A

Tre: '=0----2 out _ !
TERS OiFlE

2 JEFE Uy Z g

Fe, —EOIREED TE RIS &L+ 20 E
TV R AR LT, KRR Z WL Z 81280,
LERFEANEMEER T HMEE2H$5 TE Wt
PT {5 5 & 2/R% LD ~FEAL, PT O IZHKLF
L7ZeW A RSN EA SEBLL 72,

2 % EDFA(Erbium-Doped Fiber Amplifier: =—
VBT BRI 74 738 igas) ORI S fn 2R H L
B HVIVZREIE DO ThH D, ik 14
EDFA HiB DRI TAVFIZI o> THER ORI RED
PT 15575 TE i ahhil 4%, filitiL7z TE
R R A RIS E RN O S CEfESE7- EDFA T
MR . Z DB ST T F—F Tl 758 ~if
L, B¥E LD ~EALTWD, KEEETIL, R7T

Ppr=10dBm PG
—_—
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SHSETH

AVHIBHZHB W T PT {5 5% 10 dBm ~HIHEL T
%, ¥£7-. EDFA OFIfF1E 9~36 dB (A J) 7 & i
-20~10 dBm) | fafnH /1581 19 dBm CTho7z, K
FTIAVIZANEND PT G HOMENTELEIC T™M
g E7p o T2 B A Iz BN TH , AR B [E N HIT
-13.5 dBm @ TE R PTZ 5 & )1 T2 L8 Tx
Do
ARIEEONFEEH 3 (R Tae—L MR E
B R E RO CEEI L 72, 2615 #8751 2 Gbaud
QPSK 1575 &3 v V-V A I 50 5 15 GHz iR L7
PT 55 L5, ZAETTIL PT (55487
AVHTHI L, Yo NIy EE~ATI 55, A
RO IEND TE @ PT {5 5% A /4 phase-
shift DFB-LD ~iE AL TW5, ALAHFEIHIL 72
LD HH773t& AT QPSK T —HE5&~T XA
UREEL . A/D KON DSP Z W TEFIEITL TV 5,
¥, ZOR, LBV X B RTEIC R E LR
K =1~ a—F(PC: Polarization Controller)z V>, 3
Ty AMBEIRN I DRI A A I 52T
W5,

Po Pin=TrePo
Tre: TERA OEBE
3 EIEHFERR

4 IIERRHEDDFEM L, PT 5 BIRE (Pi=
Tre X POIZK T 200X FL U PHRHECTHD, (a),
OIEENENNE VI A, 728055
METHD, 22T, Por (TARTTAPF~DANSI/RT—
T ZRTTAF @I 5 TE Ky DFZBRTH D,
BV Z & NS LT T, [RIIHFE 2 RS
. RTTAPIZATIEND PT 15 B DIRE D72
T™M (R L7272 35A B O THEERE R 22 600
MHz DUNIZEWCEEREANFRZFEBLICE T

2
1 1 4
¥ / F |/ kmssE
{_,.n.s ’ E 08 ‘q
Soor JEEMIRE - H
- RIsES
oz . d 02
£ | 7 mEs &
of- <25 20 15 10 -5 0 <25 20 15 -0 -5

RSSAYEERT HTERMS D 3 [dB] RIFIYEBRY STER S DL [dB]
@BV S GBI S
B4 AR

3. B LD OEBRELICEILTARTOMRE
&EE

VA S ot AV AN R Va4 AvaY i
W AR A TN R (B 6 2 2B 57200 | fiied THK

ALK B RS SRSk

(July  2023) —69—

972 PT A5 S ICH RIS AT RE e, B J %8 LD
3 H 2R LT,

—IZEANR O a7V (TR E I 5
I8) 13R% LD OILREREH RIS LBl
PT {5 59 (2 B3 2B 0395 D, F7-, SMHH
5 PT (5 B & R L% LD ~EA L. Za g
THI2DIIE AFHRO S EMEL, RO EN
LD 23 CdrD, SHIT, AR 0% E B /EE
EPLRT D223, B%E LD @\ Ehkd R aE Ok
I AT RAEGE) TEIESELZENEELW, UL
DI G a2 R T H//5 LD ELTANFRETIE
1.5 um 47 Phase-shift-free DFB-LD Z£¢HL7=, [X] 5
IIA LD OuyF 7L DT, A /4 phase-
shift DFB-LD &L, myd o 7L OmEL R
ZEBEE LM/ N CWAZEN b, A LD %
JRFEIRELTHW, K 3 DEBRRICTRYF I
Y DIRIARAENE 2 R L 72, ARGt 1Y
XA S AEEORIIRED PT (55
DFREZIALEE | 2% B $% Phase-shift-free DFB-
LD ~FEARML D, X 6 1318 JHRE DR
L7z, PT [ 5 EIZk T ory X Z L DRRET
D, TITATIRF A EHNHI LR, 200 MHz
DB RN I LA 3 WO TR I R A T E A 2R
L7

6 T T T
P GE!] oy
T AR §o
5 2f N B
én é X
1, . £
3 N\ § g*
£ ) H
P sEEE Y i
E.e, Il ] | AN w
-q?F“’ 2515 B T [

RS54y &BiART STERS D13 [dB]

6 R R

Injection power [dBm]

5 ayd IR

4, F&H
KBV ZEEEAE WD Z XD, B 5
73+600 MHz LINIZEWTC PT OIRECIRIEICKLTF

LRV E AR A SEBLL 72, RIS, IR SR 0 A

U, A, IR IRER O R A B 35 Phase-shift-

free DFB-LD 723tV E AR DR R AE LI @ L

TWAHZEZHALNICL, R LD #HWTT 774778

HHEFEANDZ L2 200 MHz OBfERRJE 3 2L

WIZ 31T DA kA7 Y AR 2 28 LT,

Xk

1) R. Lang, “Injection locking properties of a
semiconductor laser,” IEEE J. Quantum Electron,
vol. 18, no. 6, pp. 976-983, (1982).

2) WHZE—, gARME, FIRERE, “T/1bevh
SeHIE &5 OFFAAF 2 H 72 1o 22 'k
VU NUBEA~DIGH”, RN HEE TS
W SCEE, Vol. T 74-C-1, (1991).
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Security Evaluation of Post-Quantum KEMs Module
Yutaro TANAKA
Supervisor: Naofumi HOMMA

This paper presents a side-channel attack on Post-Quantum Cryptography Key capsulation (PQC).First, we propose
a general side-channel attack on Fujisaki-Okamoto (FO) transform used in PQC Key Encapsulation Mechanism
(KEM) to satisfy Chosen Ciphertext Attack (CCA)-secure. The proposed method uses the side-channel information
during the execution of FO transform to guess the plaintext and performs Key Recovery Plaintext Checking Attack
(KR-PCA) from the guessed plaintext. As FO transform is used in almost all PQC KEMs, the proposed method has
high generality for PQC KEMs where KR-PCA is indicated. Then, we show that inference of plaintexts using side-
channel information of FO transform is feasible using a classifier based on deep learning. We show that the proposed
attack is feasible against most of NIST PQC KEM final candidates, and that full recovery of key values is possible
with 576 traces against Kyber-512, one of the leading PQC KEM candidates.

1. [FC&HIZ

INBRSERE B TR BH R, BB A
IR 272 am s O EBUILE R AR ThD.
— TR e R A T — M T E AT
DERDINBASERT B Cdh D RSA 55088 M i 5
BRI R CED AREMED B LD, BT
F% T2 i et ~ DIl D & D it B 1 FH R A%
PR 5 (Post-Quantum Cryptography : PQC) D& «
EHEAL NSRRI TS, PQC ITAEHE L%, &I
RO R E L\ -G CEH S L
NTRENDTZD, WA T LERHD.
W5 B DL A MERHIE T L O R Clh B ) 7 B
T D3RI 5 LB % (Chosen Ciphertext Attack :
CCA) & FT P HEZR B BEHFH 1 L Th R a2 g fR
T HTDIT, TERDABHIGER 5 ORFET LTY R L
Td? PQC KEM (Key Encapsulation Mechanism :
KEM) D% & A & T id 8 IR 32 B % (Chosen
Plaintext Attack : CPA) (Zxt L CE& A2 7o 3 i &
TSNP EERE 5 A% — 2 (Public Key Encryption : PKE)
{Z FO (Fujisaki-Okamoto) Z:#1% JH\ \C CCA Z4%
72 R T A BRI S AL TUD. FO A
AN LR OSZ A ERATEETHY, S A
IR UTZ B IE A SO ok ELH T =T DY
SLEAE 3%,

PARF ¥ RPN T T A ARSI 5
EY 2 L NEEL B IR T AR T
¥ ARG WA HACT A ANE TR DI T DL
EMaHEET I HETHD. VART ¥ LB
BHOKEET L TIIFLILDO TEROEFE O

AR ATRE TH D28, ANH i Z -3
WG B HE LRI OB B2 L Th A 2%
DRIV TWDIEF IR LB THS.

ARFFETIE PQC KEM DI 57 LAY R ANICHE
FESITWD FO EHRENEREDOY AR F v /U1
PO VT a7 2 LT BRICE B L CTRLRD
WSLEHERIL, PKE ~O R IRIE 5 3% V72 48
305 % (Key Recovery Plaintext Checking Attack :
KR-CPA) #FHL3%.
2. FO =k CCA B4 PQC KEM

PQC KEM /& Shor D7 /L= R 1A FIUNTh R AigAs
R Z ~_— 2 LTS L TERY, fREFIEL
TG 55, o5, RIS 5 Hi
5. LIl CCA A% /BS54 Bl L
FTHIEFHELNZEDNMSN TS, T2 TELD
PQC KEM TiI LRt & 11 DdH 5 R~ — Al
L7z CPA “Z4%57= 3 PKE ZHEEEL, ZORF 512 FO
THETHEMNTHIET CCA Za&T-LTWA. FO
BHUTE S L CTEOND ESCE B BbL, A5
SCE TR AL RO F A A R FE T H 2 & TR 53T
FOSRS A OFEL BN TD. FO I
J L PR R L N B A AR MTFAE T DB D
D, ZIHD TR TIEFER 51L& EMMEREEE Vo 72
FO B IGROT AT 7 O FITHERSI TS,

3. fEF PKE ~M KR-PCA

FE2ETHKR-PCA DHEL THEE DS - X— 2]
J O 5 —20D PKE (%L Cilli FH Al fE7: KR-
PCA OFNEEMHFALL-RFE T T5. PKE 12
B HHES XOE BB CIIRE 5 X OE 5% ICT
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a—RALEECHDH DCD %17 C PKE O 5%
55, #F_—2D KEM (2815 DCD ALFRFTD
PKE 18 5#& RI3E L& m, PKE D/3F A—Z DR
#tk, MhisitisEe, e’ 2 IV CECD(m) + ke + ¢
LRTIENTED. S —AD PKE H 57 /132
AL TIXZOMEIZ DCD % FH S MR ii ke +
eHRETDH. T —AD PKE ILZOWUNR3E7E
ke + ' BNHHEMEY JV/INSWAITEImETSS.
—J7Tke + ' BEEYLL ETHHEH A, mEiT B2
LSRG HN, HEIZ T 5.

2R T D KR-PCA (TR TR 1 LIE Y 7l 5
ST INRFRAZE R N Z e AR IERE B3¢ = ¢ + 6
BT A TIN5, ZORSIZ PKE TO AT
5 3 &5 DCD B> PKE 18 5k i3
ECD(m) + ke + €' + §&725. DCD #FATL7ZEIC
CHRMITIE B ENDT-DITITA Ly ThDHke +
e+ 8Ly DR ke +e' + 5 < y&iiT-T
WENDHD. — i Tke +e' +6 =2 y&mi-T54,
WERERIIMNEOND. TEEIZSOEZFEL
TS B IRE B AT I AT )BT ST B D
B EREREMBIENTENIZke + ' + 65 = yED
SERDHIENHETHD. Bt TH Y
DESTe, e,y XD/ RTA—=H2THD. LIZR->T
WEH Tke+e' + 6 =y&ilil=d 6% RDHIET
WL BT — kT ke + ' + 6 = yZ&KfiR
AIRELRY, A #EDEIE R RELRD. 2D KR-
PCA OFNEIX Guo HAMERLIZIXE VA X—RLL
TEY, XR—=2RLLTWHES PKE AFX—AIZL-5
TV DENDHH, ALK 5 S5
s RATRS TS84, NIST PQC Ao T
W3 I RITESTE 9 S0 KEM D9 b F_R— 2
KEM @ Kyber, Saber, FrodoKEM, NTRU,NTRU
Prime, 745~ —A0 HQC,BIKE, [FlffH5 f~—=
@ SIKE ® 8 > PKE |Z KR-PCA % [l FRETH 5.
4. EREBABRERAWNVESASVILRRFE

P ART v RV E B SCRIEA T 7 v %
T D720 OHBIRRE VAR T v 1V 3R 75 L I
5. FO ZHZIBWT PKE H BT LTVALTED
MDA T o & BBEE ~D ATy (F721%
FED 1 D) eled. EFIETIIZORLEL T A
BNERE DY AR T v RV A W E 75 1
FESHAR T X RNV EAREE T 5. DT~
ISR DMER LT B33t e 975 30 Th
5. WK AT LTI O 53 Bk S & Foain ok
% L7= NN (Neural Network) % F V" CHEH L - 304)
EATINEFBT 5. R TFIETIE NN ORFERN
WG A T SO RN B & VAT 7
NT 7R AD(GEMEZ R ESE5. BREFETIEL
JEE LA E A O T BRI B kS L S-S EA T 7
AW s RO B . FTERR L 72k B 2o

ALK B RS SRSk
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# 1 REFLETREERPEEICLEREIEE
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SIKE 10,980
FrodoKEM 2,804
HQC SHAKE 735
0.9992
BIKE 256 18,111
Classic McEliece 58,536
NTRU N/A
NTRU.Dec | 0.9999
NTRU Prime 174
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LLTHE->TWD 9 DD EMELE %4 LLT-. PQC
KEM fgfifi & L TEET BTV VD Kyber 21305, KR-
PCA 234:%& FLo Classic McEliece #Fr< 8 DIZxfL
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HIZ2 I A CI BN TR T D M o3 oTz.

6. £&&H

PQC KEM |ZFEH#E SN T\ D FO EHDH A K
F v XA D T— RO @WK F LA
R L. NIST I2X > T PQC KEM 7 /L= X
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T DIEF =X, FFHN—RA, FHEGH
AN—Z KEM (280 TEEM R TH R 2 5
ITRRETH D Z L s LT,
3R
1) Q. Guo, J. Thomas, and A. Nilsson, “A key-

recovery timing attack on post-quantum primitives
using the Fujisaki-Okamoto transformation and its
applica-tion on FrodoKEM,” in CRYPTO, 2020, pp.
359-386.

2) Lui et al., “Effective Deep Learning-based Side-
Channel  Analyses  Against,” IEEE 20th
International Conference on Trust, Security and
Privacy in Computing and Communications, 2021
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A Study on Implementation Theory of Memory Encryption Scheme
Hiromichi HANEDA
Supervisor: Naofumi HOMMA, Research Advisor: Rei UENO

In recent years, Non-Volatile Memory (NVM) has gained attention due to its ability to store data permanently without
standby power. NVM is power-saving and byte-addressable like the DRAM. Therefore, it is expected that NVM
will be adopted as the main memory to replace DRAM in the foreseeable future. However, there are security and
system-specific issues when using NVM to replace DRAM. Specifically, these are attacks such as tampering and
invalid insertion, and data consistency issues. Countermeasures against attacks can be achieved by building a tree
structure with encryption and Message Authentication Codes(MAC). However, a Parallelizable Authentication
Tree(PAT), an adopted tree structure in recent years, suffers from data consistency problems in intermediate nodes at
the recovery time from events such as crashes. In this paper, these problems are solved by using MACs' incremental
property. Specifically, we propose a consistency guarantee method for NVM systems by focusing on the intermediate
and leaf nodes of the tree structure, which achieves both performance and security by using incremental MAC.
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1) Zubair, K. A. and Awad, A.: Anubis: ultra-low overhead
and recovery time for secure non-volatile memories,
Proceedings of the 46th ISCA, Phoenix Arizona, ACM,
pp. 157-168 (online), (2019).
2) Huang, J. and Hua, Y.:Root crash consistency of SGX-
style integrity trees in secure non-volatile memory
systems, Proceedings of the 29th HPCA (2023).
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Study on GAWBS Noise Characteristics in Multi-mode Fiber
Takaaki HIRAI
Supervisor: Toshihiko HIROOKA

Internet traffic has been increasing by 50 % per year, and so the demand for a larger transmission capacity in a
single optical fiber has been rapidly growing. However, the capacity per fiber is approaching its limit. As a
breakthrough approach for overcoming this limit, “3M technology” — multi-level, multi-core, multi-mode— has
been proposed. In a quadrature amplitude modulated (QAM) signal transmission, it has recently been found that
guided acoustic-wave Brillouin scattering (GAWBS) degrades the transmission performance. GAWBS is non-
stimulated scattering in a forward direction that occurs as a result of the interaction of light with a transverse acoustic
vibration. In this paper, I present the theoretical and experimental analyses of GAWBS phase noises generated in

multi-mode fiber (MMF) and clarify the mechanism.
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A Study on Wi-Fi Backscatter Receiver for Wireless [oT Sensor Node Detection

Yuki FUJIYA
Supervisor: Noriharu SUEMATSU

In order to realize smart factory for Society 5.0 and Industry 4.0, wireless Internet of Things (IoT) becomes a key
technology. In the smart factory, many wireless devices exist in a closed area and radio interference becomes severe.
A receiver architecture for Wi-Fi Access Point (AP) that detects Sensor Nodes (SNs) using 5 GHz band Wi-Fi
backscatter and self-mixing has been proposed. In the AP receiver, the received backscattered signal is down-
converted by the transmitted (Tx) Wi-Fi signal, i.e., self-mixing, therefore the pure SN's clock signal which is used
for On-Off-Keying (OOK) modulation at the SN can be replied. In this study, the difference in Tx Wi-Fi signal
modulation schemes between single-carrier and multi-carrier, and the influence of leaked Tx signal are described
analytically. Moreover, Signal-to-Noise Ratio (SNR) considered the delay time of the backscattered signal is
calculated as well. The results show that the line spectrum is obtained at the clock frequency of the SN, but the noise
floor rises using the multi-carrier-modulated Tx signal because of subcarrier intermodulation. Especially, the leakage
of the Tx signal causes the rise of the noise floor in the frequency range that is lower than Wi-Fi bandwidth. In
addition, the symbol time dependence of the signal power and the noise power density is made clear analytically.
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Skin gas measurement based on mid-infrared spectroscopy

Takayuki FUSE
Supervisor: Yuji MATSUURA

We attempted to detect gases emitted from skin containing volatile metabolites using infrared spectroscopy. We
constructed a mid-infrared spectroscopy system in which a cavity that serves as a gas cell is placed on the upper
surface of an attenuated-total-reflection prism, and measured the absorption characteristics of the skin gas
accumulated in the cell by sealing it with an object to be measured, such as a fingertip. Heating the gas cell after the
measurement enables the removal of residual moisture, which shortens the measurement time to about 5 minutes.
Using this system, skin gases were measured on the palms, and absorption peaks were detected that were thought to
be caused by ammonia. Multiple regression analysis using the absorption spectra of the components emitted from
ammonia solution showed good agreement with the obtained skin gas spectra, suggesting that ammonia in skin gas

can be detected by this method.
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Analysis of blood components by mid-infrared photoacoustic spectroscopy using
a quantum cascade laser

Masanobu MAENO
Supervisor: Yuji MATSUURA

Photoacoustic spectroscopy (PAS) using mid-infrared light is expected to be a non-invasive method for tissue
analysis. In this study, we fabricated and evaluated a compact PAS system for blood component analysis. The system
is composed of a quantum cascade laser as a light source and a highly sensitive photoacoustic cell with very small
cell volume. Using this system, we measured the skin on the wrist and succeeded in obtaining stable spectra with
absorption peaks attributable to various biological components. Then we attempted to estimate blood glucose levels
by measuring spectra associated with blood glucose levels obtained by blood sampling and performing multivariate
analysis. The results showed that the blood glucose level was successfully determined as high or low as 130 mg/dl

with a correct response rate of higher than 70%.
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A Study on Frequency Allocation Considering Clusters
in Radio Access Network Disaggregation

Kosuke MASHIO
Supervisor: Hiroki NISHIYAMA

In the fifth generation of mobile communication system (5G), much attention has been focused on virtualization
and split of base station function. In this study, we investigate the deployment of a temporary wireless access network
by deploying vehicles equipped with virtualized and split base stations in areas where disaster disrupted existing
wireless communications. Also, users will be clustered by directional antennas and frequency reuse will be used to
improve the communication rate. The problem is that when an appropriate frequency allocation is not performed
according to the communication condition, some users will have significantly low communication rates. Therefore,
this research aims to improve the minimum rate of users, and we propose two allocation methods based on the
information obtained under the information constraint due to the base station function split.
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A Study on User Equipment Accommodation and Bandwidth Allocation in
Environments with Radio Access Network Disaggregation

[zumi MATSUZAWA
Supervisor: Hiroki NISIYAMA

In recent years, the demand for wireless communications has increased dramatically with the launch of 5G
services. Next-generation communication systems must be able to cope with exploding communication demands
and form flexible networks. Therefore, efforts are underway to divide conventional base station functions and to
virtualize base station functions using general-purpose hardware. This study focuses on a scenario in which a
vehicle base station is used in a disaster environment in a next-generation communication system. In the event of a
disaster, all UEs are required to receive communication services, and it is important to ensure fairness in
communication. Therefore, we propose a control method that achieves high fairness in consideration of information
restrictions during a disaster and evaluates the effectiveness of the proposed method through simulations.
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A Study on Radio Resource Partitioning in Integrated Access and Backhaul

Takuya YASHIMA
Supervisor: Hiroki NISHIYAMA

Integrated access and backhaul (IAB), which is cost-effective and has the potential to allow the construction of
more flexible networks because the use of the millimeter-wave technology can provide high-speed and high-capacity
wireless backhaul and replace fiber backhaul with wireless backhaul. However, only a limited number of studies have
analyzed radio resource efficiency of IAB by introducing radio resource partitioning ratio in IAB of 3GPP Releael7
resource multiplexing. Therefore, the purpose of this study is to derive radio resource partitioning ratio, to maximize
radio resource efficiency and to analyze its characteristics taking into account the UEs' minimum rate guarantee and
the signal-to-noise ratio (SNR) of each channel. Our results show that the ratio is dependent on the UEs' minimum

rate guarantee and the SNR according to a certain rule.
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Synthesis of chain-like iron nanoparticles using an external magnetic field

Eiji AKAHOSHI
Supervisor: Shin SAITO, Research Advisor: Tomoyuki OGAWA

The Fe nanoparticles synthesized under the influence of an external magnetic field were investigated and the
formation of partially chain-like structures was confirmed. As the strength of the magnetic field was increased, the
ratio of these chain-like Fe nanoparticles also increased. The shape of the particles became increasingly complex,
and while shape control was not achieved, it is believed that the magnetic field played a role in promoting
adsorption between particles. Further enhancement of the magnetic field is necessary to achieve unidirectional
chain formation. As the heating time increased, an aggregation of particles was observed. This is believed to be a
result of preferential aggregation of the chain-like Fe nanoparticles. No significant variations were observed when
the starting phase was altered, indicating that the formation of chain-like Fe nanoparticles occurs after the particle

growth process has been completed.
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Study on Radio Wave Transmitting and Receiving Functions of Graphene on SiC
for Monolithic Integration of Next Generation Communication Devices
Tomoya ISHITA
Supervisor: Shigeo SATO, Research Advisor: Hirokazu FUKIDOME

I developed an antenna using graphene grown on SiC. The antenna consists of a coplanar waveguide (CPW) and
antenna elements. The characteristic impedance Z of the CPW was matched to the characteristic impedance of the
measurement system (Zs = 50 Q) to minimize return loss. The k-dependence of Z, was investigated and found to be
Zo =50 Q when k = 0.556. The return loss (RL) and transmission power efficiency of this CPW from 300 kHz to 9
GHz showed that RL < -37.3 dB and transmission power efficiency = 99.97%. This means that a very low-loss
CPW was fabricated. In addition, this is the first successful fabrication of the graphene antenna on SiC resonating at
40.7 GHz. Si1 was found to be -15.51 dB. This means that the transmission power efficiency of 97.19%. The
transmission power efficiency at the resonant frequency is 90% in the previous report. Our antenna is more efficient
by 7%, compared to that in the previous report. This demonstrates the capability of the graphene antenna on SiC for

communicating in millimeter-wave frequencies.
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Investigation of Initial Responses in Plants Exposed to
Plasma-Synthesized Dinitrogen Pentoxide

Hiroto IWAMOTO
Supervisor: Toshiro KANEKO, Research Advisor: Shota SASAKI

Dinitrogen pentoxide (N,Os) is a promising chemical, but it has not been used widely due to the difficulties of its
production and storage. Our new air atmospheric pressure plasma (APP) device/method enables in-situ production
and supply of N>Os with easy handling. Here, we explored the applicability of the APP-generated N>Os in agriculture.
While ozone (O3) exposure can reportedly induce systemic acquired resistance in the phytohormone salicylic acid
pathway which generally causes growth retardation, we newly found that N,Os exposure can induce plant defensin
genes such as PDF1.2 that follow a jasmonic acid (JA) pathway without growth retardation in Arabidopsis thaliana.
As an early response, cytosolic Ca®* concentration was increased in a single leaf directly exposed to N,Os and the
Ca’" signal propagated to non-exposed leaves within 1 min. The Ca®" response is similar to a wound-induced response,
which elicits a systemic defense response by JA. We also found that expression of JA-related genes were significantly
induced in both exposed and non-exposed leaves. These results indicate that the APP-generated N>Os exposure
provokes a systemic defense response without growth retardation.

1. LI

TSROy T SASHE TG E R - KRR (RONS)
\ZF DG EHARE 72 I R RE 7 7 X~ Bl
DEE STV D. I, o TZER[0 0 ffE
fEZZEHF (N0s) ZEWRILTY 7 X~ EX
BT 5 Z EICtt R THO TRE LT [1].
N2Os 13, L< i RONS TH DAY > (03)
R —fRbEEHE (NO) & LT, Wb TEvk
Bt rd L L b, 2=—7 72t - =
AR Z AT 5720, RIEVIERARHIREEH
TWAWETHD. — T, NOs DERME &
IR W 2 i CINERIC L TR Y, T
L COBERTAEETITRL, B TOZOHA KK
MUY ETHDLE N D, BT, N,OsD
PERGRIEIL, fERMRZ BB EZERT D b
DTHoT128, LW EB T 2HEHI
FEAERL, BRxOMBIPY ~ T RZEBT D
APEFIEER T L BIORTE E > TV D [2].
KW, fB{EICZ DA L7- N.Os 2 4
W, BESIITRIT D NoOsTEIEZERT S
e, 7T RAYEKNOs ZET MEY TH D v
2 A X)X (Arabidopsis thaliana) \ZHa 5 L7z
RED, W D FHEE & F A~

1 7T RAVER N0s DY m A XF AFIT
x4 % 2L WG & — KO BE~D RFTIR A

2. EBAE

TTAMR NoOs (2Kt 9~ DA O B IS B Z AT 2
72, MR T IR E NS T LA T
= Z N (GCaMP3) ZiE AL mA XS
ZFIZ 49200 ppm D N,Os % 30 s FREF L=l
N NI DATARE ([Ca®ley) EfbAlLE
L7z, NoOs S, fRET T 2185 T2/ CTE
RIS L7212, 28I, RT-gPCR 1L TEIR
TIBURNTAAT 072

© 2023 ALK B SGBETT LT

3l



SHSETH

3. ISATAR NO; T DD Ca? it &

NoOs ZAEM AR H IR 35L |, K 2(b) iR
IO, BED 10 BEINIZ, [Ca?fley O _LHZBH
G HIENHIBALTZ. E5IZ, 1 BDIEIZDH NLOs
EHRETHE, K 2R T I RS HE T[Ca> Jene
N ERL, ZOBIFBPE~L[Ca® )y EH VT T
DMEPEL T ZERH DN/ o T, 28 FT
RFOTRICERE N T, A%, ERTEH
W [Ca?f oy DHEFESN CODER TR AL, 2
D Ca¥ > 7 F IARHRERREIL, Je I TRFZE CIADD 70
ST\ S G 5% 52 T TR I AR U DI B &
FEFILLBm->TND [3]. DI, WG EEZ T
ToRR R RIS B2 HE T 52850, 5HF)
5 10 S ANICBIC B o AL £ D—oT
SO AT (JA) BEEE T ORBIAH LT
HZENIIHEN TS [3]. TZTKRIZ, NOs ST
B OBIR T HBLE T,

X 2 IR D@b)RE, () HDHEIZ(a)ZEX,
(b,c)N20s % JREF L 725 0D Ca? I

4. N,O;B5HZ&S JA HEEEFOHRE

N,Os BBEIE 10 021238005 JA Bl s+
(OPR3, JAZ5)D¥Bl% RT-qPCR 5% VT~ 7=
(F ). ZOFERIT, JA B EE G BT TR~ B
NOs DIBFHZ K> CTHEICHEES NI %2R T
Y, NoOs 23 JA BRI B 20 5 IS & A 78
AR REMEARIR S T2,

5. NO; BSHZ KA EEEFDRE

W D4 B P ROGIE, EISYHUFLVER (SA)
RS A D2 B AP (SAR) &, JA Lx=F L
v (ET) R Z L EL gt (ISR) @ 2 &
FNIHBN TS, RFFETIE NoOs FEHZED
JA BIEORBESIEHAL T2 FREMENE | LR
SNT=ZEDD, ISR IZBH 59 HHLE -~ 7 7 K B
51 Ch% PDF1.2 O IBEMITLIZ. D
FER, £ 2 IRTHY, TTAA R NOs 1TIALT

FALK - R R Ek

(July  2023) —93—

HIRF D 3 BRI LANICIZA B IZ PDF1.2 D¥EBL%
BEL, 2L TORED 24 BRI PDF1.2 DR
FEHLEHMERFT AL HBILTZ. ZRDDOFE RN,
FF A=Ak NoOs 13 ISR 12 B0 L5 i 2%
AT ATREME A VU RIBE LT

F 1 ZER, NoOs S D 10 3212817 5 JA
BB (R - DA XA 72 FEBU(/UBQ10)

Treated gas OPR3 JAZ5
Air - -
N,05 ++ +H

F 2 725, NoOs BE 3, 24 BRR#%ICBIT 5
PDF1.2 DX} 7255 BU(/TUB)

Treated gas 3h 24h
Air - -
N,Os + +
5. F&&H

N,Os DEZEISHIZINT T, 7T X<EGA N2Os
MUK 2 O BRI E 2 fFR 325 2 & %
HINCEBRZIT o7, WEWIE T 7 X~ EH N2Os
RIS E, ENERML, 10 BLUAIC
[Ca® ey EH-ZFHE L, NOs HURZEN & IEHRHZE
D [Ca¥ley V7 T NMEHEERTHZ 25
MLtz F, 77 X~EA NoOs 2 L7
HERIZEBWNT, JA BEEE T OF B RFEBLN
10 SREETHEL, B ~24 FFHE &V D BRI
R & — VTR O 2 By B OIS B0 5 ik
RTF Ri&f5 T PDF1.2 OB ERBHNFHE SN
HZENELNETRY, DT 30 LD R
M N,Os JLHIZ L - C, R oMY hE &%
AL CTE D ATREME A R 4Tz

XHR

1) S. Sasaki, K. Takashima and T. Kaneko, Int. Chem.
Res., 60, 798 (2021).

2) W.M. Diggle and J.C. Gage: Br. J. Ind. Med., 11,
140 (1954).

3) M. Toyota, et al., Science, 361, 1112 (2018).

4) D. Tsukidate, K. Takashima, S. Sasaki, S. Miyashita,
T. Kaneko, H. Takahashi, and S. Ando, PLOS ONE,
17, 0269863 (2022).

E i

AW ELED DT, EWE R D BREHAN
B, BRA R EAR AR L T R T AR BT
JERE B WA EESAE L U NITEE O R
RS EHI N2 LR



—9%— 77 AE 2 OWBIN CVD 12 & B8kt v — MR O R EE

L2 R R SCER (R 43 H)
7T A= 1E M OB CVD I X 2Rk — kot — ME D

e in B AR
aA HhIK
REHE e RRS,  WFEEREHEE N A2

High Quality Synthesis of Functionalized 2D Sheet Materials by Plasma Assisted
In-Situ CVD

Yuta IWAMOTO
Supervisor: Toshiro KANEKO, Research Advisor: Toshiaki KATO

Transition metal dichalcogenide (TMD), two-dimensional material, is expected to be promising candidates for
novel transparent flexible devices because of their excellent electrical and optical properties. In terms of the industrial
applications, there are still remained several issues to be solved in the growth stage of TMDs. Improving the quality
of TMD is one of the most important issues, which can be overcome by clarifying the synthesis mechanism of
monolayer TMD. We have recently succeeded in developing the in-situ monitoring CVD for the first time, which
proposed the possibility that the nucleation mechanism of WS, follows non-classical nucleation. In this study, we
focus on the lateral growth stage of monolayer WS, after the nucleation. The detailed crystal morphology and
uniformity are investigated by comparing time-evolution information of crystal growth obtained by in-situ monitoring
CVD and PL-mapping information measured after the growth. It was found that the growth speed of monolayer WS,
was changed by varying local substrate temperature controlled by spot heater. Furthermore, PL intensity and its
uniformity were strongly influenced by growth speed. WS, grown by fast-speed mode shows relatively low PL
intensity in the center region of crystal, while high and uniform PL intensity can be obtained for WS, grown by slow-
speed mode. These results suggest that there may be a correlation between growth rate and the introduction of sulfur
vacancy.
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Theoretical Study of Novel Superconducting Borides
by Random Structure Searching

Kenya UEHARA

Supervisor: Masafumi SHIRAI,

Research Advisor: Kazutaka ABE

Since the discovery of superconductivity of mercury in 1911, various substances have been discovered in the
field of superconductors. In this study, looking for new superconducting borides, we theoretically investigate the
possibility of metal borides MB, (M=K, Na, Rb, Cs) with n being 1 through 6, where ab initio methods and random
structure searching are used. Also focusing on Pm3m structure in hexaboride from the results of the above
substances, we investigated the possibility of the Pm3m structure of MBs (M=Lu, Hf, Ta, W, Re, Os, Pb, Nb, V) as
a superconductor. As a result , relatively high 7. (10.5K) is obtained for RbBs(Pm3m). Although the Pm3m RbBs
is thermodynamically unstable at ambient pressure, its formation enthalpy becomes negative at high pressures above
about 2GPa. These results suggest that the Pm3m RbBs has potential as a superconductor.
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Study on Microscopic Evaluation of Al,Os/Diamond
Interface using Scanning Nonlinear Dielectric Microscopy

Yu OGATA

Supervisor: Masafumi SHIRAI,

Research Advisor: Kohei YAMASUE

We investigate the microscopic interface charge states at Al,Os/diamond in real space through local capacitance
measurement by time-resolved scanning nonlinear dielectric microscopy. By using local deep level transient
spectroscopy based on this microscopy method, we show that interface defect density has spatially non-uniform
clustered distributions at the Al,Os/diamond interface. In addition, we find that the spatial fluctuations of the local
capacitance-voltage (CV) characteristics at the AlLOs/diamond interface are much higher than those at a
hydrogen-annealed SiO./Si interface. These high spatial fluctuations of the interface charge states possibly give
significant impacts on the channel mobility of diamond-based power devices.
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Formation of (W-Zn) oxide composite thin film and its photocatalysis

Sho KAKUTA
Supervisor: Shin SAITO, Research Advisor: Takeru OKADA

In this thesis, the formation of ZnWO4/WO; films by co-sputtering of ZnO with W and their photocatalytic
activity were studied. Bilayer-like structure of ZnWO./WQj films can be formed by time evolution of the
sputtering yield due to temperature change of the target. Photoluminescence and x-ray diffraction analyses
indicate continuous composition change in the thickness direction originates from the W concentration.
The composite films show clear photocatalytic activity, resulting from the suppression of carrier
recombination due to heterojunction formation and the band gap change due to oxygen defects.
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A Study on Detection and Classification of Gait Change
Using an Inertial Sensor for Daily Monitoring

Kento KATAYAMA
Supervisor: Takashi WATANABE

Falls are a serious problem for the elderly and hemiplegics. One of the causes of falls is a decrease in balance and
walking abilities. When these abilities decline, the gait is considered to change from the usual stable gait (reference
gait). Therefore, in this study, only the individual’s reference gait data measured by a single IMU was used to detect
minor gait changes, without using the gait data after the gait change. Also, a classification of the type of gait change
was investigated. The Local outlier Factor was used to evaluate the average detection rate for the 7 attached IMUs
and 6 subjects, and the detection rate was more than 96.5% in the gait of a healthy subject and more than 89.3% in
the gait of a simulated hemiplegic subject. Although it is difficult to judge gait changes visually, high detection
rates were obtained even for non-monotonic gait such as that of hemiplegics, suggesting the effectiveness of the
proposed method. The accuracy of the gait change classification using a Feed-forward Neural Network was more
than 97.6% for both healthy and simulated hemiplegic gait in the intra-subject evaluation, but the accuracy was low
in the inter-subject evaluation conducted by Leave-One-Subject-Out Cross-Validation. In the future, experiments
with actual hemiplegic patients and improvement of the accuracy of classification are issues to be considered.
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Microstructure and Softmagnetics of
Nanocrystalline Assemblies Prepared
by Cold Spraying in Inert Atomosphere
Yuhei KURUMIYA
Supervisor: Shin SAITO, Research Advisor: Tomoyuki OGAWA

1. Introduction

Recently, research on highly efficient soft
magnetic materials, amorphous and Fe-based
nanocrystalline materials, has been actively conducted
toward the realization of a decarbonized society. In the
current process, saturation magnetization is reduced
due to the inclusion of nonmagnetic elements to
suppress coarsening of crystal grains. Therefore, there
are growing expectations for Fe-based nanomaterials
that have saturation magnetization equivalent to that of
Fe and low coercivity. However, since the Fe
nanoparticles that make up Fe-based nanomaterials are
very small, it is difficult to achieve high density due to
frictional forces between the particles.

Therefore, we investigated the formation of high-
density films by using the cold spray method (CS
method), a technique in which material particles are
injected into a high-pressure gas stream at a lower
temperature than the melting point of the material and
accelerated, and the film is formed by the impact force
generated by the collision with the substrate. The CS
method is expected to improve soft magnetic properties
by reducing the effective magnetic anisotropy energy
due to the very small grain size while maintaining the
high saturation magnetization of Fe. In this study,
magnetic properties, crystal structure, and packing
ratio of the fabricated Fe nanoparticle assemblies were
evaluated in order to verify the microstructure and soft
magnetic properties.

2. [Experimental Methods
First, since Fe nanoparticles have a very large specific
surface area relative to their volume, we developed an

environment for forming Fe nanoparticle assemblies in an
inert atmosphere using a CS apparatus. The molding
conditions for the Fe nanoparticles with surfactant
adsorbed were as follows Carrier gas temperature was
fixed at 100 °C and injection pressure was fixed at 0.5
MPa. On the other hand, particles without surfactant
adsorption were molded at a carrier gas temperature of
500 °C and carrier gas pressure of 0.7 MPa. Other
conditions were as follows. For Fe nanoparticles with or
without surfactant, the spray travel speed was 30 mmy/s,
the number of layers was 30 times, the distance between
the spray nozzle and the substrate was 10 mm, and the
substrate was cooled at -5 °C during the molding. The
fabricated Fenanoparticle assemblies were post-annealed
to remove the surfactant and to eliminate crystal lattice
distortion. The heat treatment conditions were as follows.
First, vacuum heat treatment was performed at a vacuum
of 10 Pa or less. Subsequently, heat treatment was
performed in H, gas. As a control experiment for CS,
pressed Fe nanoparticles were prepared at a pressure of 40
MPa. The structure of each sample was evaluated by
transmission electron microscopy (TEM), density by
liquid weighing, crystal structure by X-ray diffraction
(XRD), and magnetic properties by a sample vibration
magnetometer (VSM).

3. microstructure of Fe nanoparticle assemblies by
CS method

Fe nanoparticle assemblies were successfully
prepared by the CS method. For Fe nanoparticles
without surfactant adsorption, multiple small pieces
were fabricated due to cracking and chipping during
the molding process. On the other hand, Fe
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nanoparticle assemblies with surfactant adsorption did
not crack or chip. This may be caused by the surfactant
acting as a binder between the particles. Volume
fraction of Fe nanoparticle assembly without surfactant
adsorption was 98% packed by CS. And the volume
fraction of Fe nanoparticle aggregate with surfactant
adsorption was 35% packed. This may be due to the
small Volume fraction of Fe nanoparticles inside the
compact caused by the surfactant intervals inside the
aggregate. Therefore, post annealing was performed in
order to eliminate the surfactant. After the post
annealing, the Fe nanoparticle aggregate achieved a
high volume fraction ratio of 97%. From the above
results, it is considered that the CS method is useful for
the high density of Fe nanoparticles.

From the crystal structure evaluation, the Fe
nanoparticle assemblies were produced with and
without surfactant, and were composed of no-oriented
a -Fe nanoparticles assemblies with lattice constants
equal to bulk values of Fe . On the other hand,

for Fe nanoparticle assemblies with surfactant
adsorbed, crystallite size of 14.8 nm was obtained after
post annealing, whereas Fe nanoparticle assemblies
without surfactant Fe nanoparticles had a size of 24.1
nm. This may be due to suppressing the grain growth
by the surfactant during the post annealing.

From the microstructure evaluation, the Fe
nanoparticle assemblies can be considered densely
packed, with a nanocrystal occupied area

fraction of more than 90%, with or without
surfactant.

4. Soft magnetic properties of Fe nanoparticles
assemblies

Fe nanoparticles assemblies with surfactant
absorbed did not show any change in coercivity before
post annealing independent of the difference in
molding technique. This may be caused by the
magnetic isolation of the Fe nanoparticles by the
surfactant. After the post annealing, saturation
magnetization was the same as the bulk value of Fe
independent of the molding technique due to the
removal of surfactant. This indicates that more than
90% of the surfactant was removed by the post
annealing. And the Fe nanoparticle assembly prepared
by CS showed a 70 % reduction in coercivity compared
to the compacted compact. This indicates that CS is
superior in the fabrication of magnetic materials with
excellent soft magnetic properties. On the other hand,
for the Fe nanoparticles assemblies without surfactant
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adsorption, the coercivity of the CS compacts before
post annealing was reduced coercivity down to 1580e
from the coercivity of the as synthesized Fe powder. In
addition, post annealing further reduced the coercivity
down to 52 Oe.

5. Concluion

As shown Fig. 1, the magnetic properties of post
annealing Fe nanoparticle aggregates made of raw
powder with surfactant adsorbed, which have the best
soft magnetic properties in this study, with those of
general soft magnetic materials. The saturation
magnetic flux density, By, was 2.0 T, which is 90% B;
compared to bulk of Fe, achieving the target value. On
the other hand, the coercivity was 320 A/m, which still
remains a problem. This is thoughttobe that this may
be a decrease in the averaged ratio of anisotropic
energy due to a decrease in the number of crystalline
particles within a certain range by the CS method and
post annealing.
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A Study on Graphene Hetero-epitaxial Growth on Hexagonal Boron Nitride and
its Application to Devices
Roki KOHAMA
Supervisor: Shigeo SATO, Research Advisor: Hirokazu FUKIDOME

Hexagonal boron nitride (h-BN) is an appealing substrate dielectric for use in improved graphene-based devices.
The carrier mobility in the graphene on SiO, which is often used as a substrate for graphene is 1< 10*cm?/V. This
carrier mobility is much lower than theoretical values because of the surface roughness and charge traps of SiO;.
On the other hands, hexagonal boron nitride (h-BN) has a flat surface and few charge trap. So, The carrier mobility
in the graphene on h-BN improves up to 6 X 10* cm?/Vs. But now, it is difficult to use h-BN as a substrate for
graphene. Since the method to make graphene on h-BN is very tough process, Se;-in this study, we aimed to grow
graphene on h-BN. In fact, we succeed in the heteroepitaxy of graphene on h-BN. Furthermore, we controlled both

the thickness and stacking of graphene grown on h-BN.
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A Basic Study on Functional Electrical Stimulation Control of
Underhand Throwing Movement in the Sitting Position

Tomoki KONDO
Supervisor: Takashi WATANABE

The cerebrovascular disease causes paralysis on the extremities as an after-effect. Therefore, rehabilitation is
generally undertaken after the disease to recover motor function and prevent motor function decline. Conventional
rehabilitation has the problem of repetitive monotonous movements, lowering patients' motivation. As an approach
to this issue, this study proposes a rehabilitation method that combines FES (Functional Electrical Stimulation) and
sports for the disabled. However, the patient's own limited motor function is a barrier to sports participation. This
study examined the feasibility of movement assistance for participation in sports by utilizing FES, focusing on the
underhand throwing movement in the sitting position. First, the throwing movements were measured in order to
determine FES control movement to throw a ball farther in a sitting position. Then, FES control method to develop
the throwing movement was examined. The experimental results suggested that electrical stimulation of the
extensor muscle group slightly increased the velocity of the throwing movement and expands the range of
movement of the upper limb in the FES control. However, further improvement of the control method is needed to
increase the velocity of the upper limb.
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Study on Modulation Bandwidth Expansion
of Hybrid Modulation Semiconductor Laser
Takumi SHIMA
Supervisor: Hiroshi YASAKA

In this study, we measured and analyzed the small signal modulation response of an hybrid modulation laser (HML)
with a long cavity length of 625 um precisely. We confirmed that the HML showed high PPR frequency of 60 GHz
and had a wide bandwidth close to 80 GHz. We also designed and measured a HML with a shorter cavity length of
410 pm, which had high PPR frequency of around 120 GHz. By improving the measurable modulation frequency
range of the measurement setup, we confirmed that the short cavity length HML had wider E/O modulation bandwidth
than 124 GHz and demonstrated that the HML has potential as an ultra-high-speed DML.
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Characteristics of Power Generation at the Interface between
Graphene and Non-Thermal Equilibrium Fluid Phase
Hikaru TAKEDA
Supervisor: Shin SAITO, Research Advisor: Takeru OKADA

Power generation at flowing water and graphene is an effective way to reuse low-temperature waste heat. In this
thesis, the effects of flow conditions, including turbulent/laminar flow and temperature, on the power generation were
investigated. The origin of the electromotive force (EMF) is the electronic state change of graphene, resulting from
flow transition; from turbulent to laminar flow along flow direction. In the presence of non-thermal equilibrium flow,
the flow-EMF and the thermal-EMF were generated simultaneously, indicating the graphene-flow system has

potential for use of waste heat.
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Study on machine learning model of exchange interaction in
ferromagnetic/insulator junction
Yuya NAKAMURA
Supervisor: Masafumi SHIRAI, Research Advisor: Masahito TSUJITIKAWA

In this thesis, a machine learning model of exchange interaction at the interface of Heusler alloy XX’YZ/MgO
heterojunctions was constructed. For the XX'-terminated junctions, the correlation coefficient was obtained to be
0.49 and 0.52 for the first and third layers from the interface, respectively, while it takes a higher value 0.70 for the
second layer. On the other hand, for the YZ-terminated junctions, the correlation coefficient was obtained to be
0.10 for the first layer, while it takes higher values, 0.75 and 0.77, for the second and third layers, respectively.
In addition, the importance of the feature variables was calculated by using the prediction model, and the magnetic
moment of the bulk plays the most important role in the prediction of the exchange interaction at the interface.
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Development of Probe-Type Multifunctional Electrochemical Devices
Using Thermal Drawing Method

Rino NISHIMOTO
Supervisor: Tatsuo YOSHINOBU, Research Advisor: Koichiro MIYAMOTO

The brain, which is responsible for directing the internal functions of the body in all vertebrates, requires that the
proper ion balance and neurotransmitter function within it are always maintained. In particular, pH and dopamine are
important indicators of brain health since any abnormality in their control can cause serious diseases. In this study,
we developed a "probe-type multifunctional device" as a technology to monitor these indicators by direct
measurement in the brain. For the development of the device, we used fine composite bundle fibers fabricated by the
thermal drawing method. This enabled simultaneous measurement of up to 63 points in a small area and high spatial
resolution in pH measurement. In addition, by incorporating an electrode made of functional carbon composite
material into the composite bundle fiber, a dopamine concentration measurement function was successfully realized.
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Non-thermal Plasma Generation at Liquid Interface for Nitrogen Fixation

Ritsuki FUJITA
Supervisor: Toshiro KANEKO, Research Advisor: Keisuke TAKASHIMA

Nitrogen fixing reaction induced by gas-liquid interfacial plasma over high-speed liquid flow was experimentally

studied. A gas-liquid interfacial plasma supplying nitrogen atoms to high-speed liquid flow surface was developed

using high-frequency discharge and a three-electrode method. eveloped liquid sampling method using an air jet
ing high-freq y discharg d a th 1 d hod. A developed liquid pling hod using ir j

enables discussion on reactants generated at the plasma-liquid interface distinguished from gas-dissolved reactants

using the velocity difference between the liquid flow and the air flow. Comparison of the measured ammonium ion
and the other species at various delay for the air-jet sampling suggests that a significant amount of ammonia may be
a plasma-liquid interface reactant. Photographs of plasma discharges into the liquid flow showed interference of the

plasma with the liquid flow.
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Study on Optimization of Reservoir Neural Network Structure
for Sensorimotor Control

Arisa FUIIMOTO
Supervisor: Shigeo SATO, Research Advisor: Hideaki YAMAMOTO

In this study, to eliminate the trade-off between calculation cost and information processing performance of
recurrent neural networks (RNNs) and reservoir computing, we proposed a novel method for adjusting the random
matrix used in the reservoir layer of reservoir computing processing sensorimotor information based on the
mathematical characters of optimized weight matrix of RNN layer. First, we analyzed optimized weight matrix of
RNN layer and found that it tended to be more asymmetry compared with the Gaussian random matrix before learning.
Next, we generated random matrices possessing various degrees of symmetry and compared the reservoir computing
performance using these artificial matrices as the reservoir layer. These simulations revealed that the adjusting the
symmetry of the weight matrix to fit network dynamics into the frequency of the output signal is an effective method.
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Measurement of Viable Bacteria Concentration Using a Multi-Chamber Structure with
Automated Dispensing Mechanism and a Chemical Image Sensor

Yohta HORIE
Supervisor: Tatsuo YOSHINOBU, Research Advisor: Koichiro MIYAMOTO

Due to the growing consumer awareness of food safety and the internationalization of the food market driven by the

technological development in food production and transport in recent years, food testing is conducted in many

situations. The conventional method for quantitative measurement of bacterial count is the agar plate culture method,

but it requires a long time for testing. Therefore, we focused on the measurement of pH change caused by microbial

metabolism using a chemical sensor as an alternative to the agar plate culture method. By combining a chemical

sensor with a microfluidic channel with an automated dispensing mechanism, called “multi-chamber structure”, we

aimed for highly accurate measurements comparable to the agar plate culture method.
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High Rate Deposition of Oxide and Nitride Thin Films
by Heater-Assisted Hot Cathode RF Sputtering

Daiki MIYAZAKI
Supervisor: Shin SAITO

High rate deposition of oxide and nitride insulator thin films by RF sputtering is eagerly expected. According to
previous reports, the hot cathode method" is introduced as one of candidates of this matter. The deposition rate of a
powder-form MgO target applying the hot cathode method is faster than that of a flat-form one with the normal cold
cathode. However, it is not practical to use a powdered target. In addition, the mechanism of high deposition rate by
increasing the temperature of the material has not been clarified yet. Therefore in my Master’s thesis, I proposed
and developed a novel cathode for the hot cathode method which enables to heat the flat-form target to high
temperature. Furthermore, I elucidated the mechanism of high-rate deposition of the hot cathode method.

1. Introduction

The deposition of oxide and nitride insulator thin
films is an essential fundamental technology for
realizing advanced electronic devices such as
semiconductor memory, magnetic recording and
spintronics devices. Generally, insulator thin films are
deposited by RF, reactive, and DC pulse sputtering
methods. Among them, since RF sputtering is superior
in terms of composition controllability, high rate
further high-rate RF
sputtering is eagerly expected. According to the
previous reports, the hot cathode method is known as

deposition for insulator,

one of solutions of this issue for fabrication of a MgO

Power (W)

250
- Target: MgO
: ; , 4inchdia, R
0 5 10 15 45
Time (min)

Fig. 1 Process flow of hot cathodic RF sputtering with
plasma emission and red-heat state of MgO target just
after discharge.

film. Surprisingly, the deposition rate of a powder-
form MgO target applying the hot cathode method is
about 30 times faster than that of a flat-form one with
the normal cold cathode. However, it is not practical
to use powdered material as a target to increase the
temperature of the material. In addition, the
mechanism of high rate deposition by increasing the
temperature of the material has not been clarified yet,
although the sputtering rate of the material will
change and
temperatures. Therefore, in my Master’s thesis,
developing the hot cathode method, I proposed and
realized a novel cathode to heat the flat-form target
material to higher temperature. Furthermore, I

sublimation will occur at high

elucidated the mechanism of high-rate deposition of
the hot cathode method by evaluation of the profiles
of temperature of the target surface and thickness of
the film.

Tip target (Insulator)
Earth shield (C)
Target holder(Mo)
Susceptor (C)

Insulating plate for heater(BN)

Heater (Ta)

Reflector(Ta)

Insulating ring (Al,O;)

Heater

Fig.2 Schematic of proposed hot cathode with heater.
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2. Outline of Hot Cathode Method

Fig. 1 shows plasma states of MgO sputtering
during discharge and red-heat states of the target just
after discharge by the hot cathode method. In this
experiment, disk-shaped high-density MgO with 130
mm? without a Cu backing plate was used as a target.
First, the plasma state during discharge shows a
gradual change from reddish purple (Ar emission) to
green (Mg emission) with increasing power input.
This suggests that the amount of Mg atoms sputtered
into the space drastically increases as the power input
increases, which means that the deposition rate of
MgO becomes significantly faster. Next, focusing on
the temperature of the target surface, it was confirmed
that the red-heat region expanded from the center of
the target as the power input increased from 500 W.

3. Proposal and Development of Novel Cathode
for High-Rate Sputtering

For further raising the temperature of the target
material, I proposed introducing a heater inside the
RF cathode with the hot cathode method. Fig. 2 shows
a schematic diagram of a novel proposed cathode
equipped with the developed heater. The cathode parts
were made of Mo with a low coefficient of thermal
expansion to prevent deformation due to heating. A
low pass filter, which blocks 13.56 MHz of RF, was
used to prevent the heater power supply from
malfunctioning. Fig. 3 shows the red-heat states and
temperature  distributions of the target surface
depending on the heating methods. In the case of
heating by the heater, the target surface showed
uniform temperature of around 520 °C. In the case of
heating by RF discharge (conventional hot cathode
method), the target surface temperature showed
671 °C at the erosion area and 1270 °C at the target
center. Finally in the case of heating both with the
heater and RF discharge, the temperature became
920 °C and 1420 °C at the erosion and the center,
respectively, which are higher than those of the
conventional hot cathode method. It is notified that
the area of the erosion does not show the highest
temperature in the target surface.

4. Mechanism of High-Rate Sputtering at High
Temperature

In order to consider whether the deposition
mechanism at high temperature is sublimation or
sputtering, temperature distribution and film thickness
distribution are compared. Fig. 4 shows (a)
temperature for each position on the target normalized

ALK B RS SRSk
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Fig. 3 Changes in target surface temperature due to
different heating methods.
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Fig. 4 (a) Temperature profile on the target normalized by
that at the position of -30 mm and (b) thickness profile of

the film normalized by that at the center of the substrate.

by that at the position of -30 mm and (b) thickness for
each position of the film normalized by that at the
center of the substrate. Comparing the temperature
and film thickness profiles, the temperature profile is
Bimodal-like, and enhanced with increasing the heater
current. On the other hand, the film thickness profile
is Gaussian-like. These results strongly suggest that
the dominant factor of high deposition rate at high
temperature is raising the sputtering yield of materials
rather than sublimation. It was confirmed that the
averaged deposition rate in 52 mm? was 10 times
faster than that of the conventional cold cathode.

5. Conclusion

In my Master’s thesis, I proposed and developed a
novel RF sputtering cathode with a heater for the hot
cathode RF sputtering method which enables to heat
the flat-form MgO target material to high and uniform
temperature of around 520 °C. During 1000 W
discharge with the heater, the temperature at the
erosion became 920 °C, so that the deposition rate
was 10 times faster than that of the conventional cold
cathode sputtering. This result is brought by raising
the sputtering yield of materials rather than
sublimation.
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A Basic Study on Physical Reservoir Computing using
Josephson Transmission Line

Kohki WATANABE
Supervisor: Shigeo SATO, Research Advisor: Hideaki YAMAMOTO

Reservoir computing is a machine learning framework that can be used to link high-dimensional dynamics of
arbitrary physical systems to information processing with relatively low computational costs. In this study, physical
reservoir computing was implemented using a superconducting device called the Josephson Transmission Line (JTL).
The performance of the JTL reservoir was investigated through practical tasks such as waveform classification and
image recognition. Simulation results show that the JTL reservoir with proper circuit parameters can classify
waveforms and images with accuracies of 95.0% and 80.0%, respectively. It has been confirmed that the proposed

superconducting circuit has potential to be practically applied to reservoir computing.
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A Study on Estimation of the Center of Mass Position
During Walking Using Inertial Sensors with Neural Network

Toshinori WATANABE
Supervisor: Takashi WATANABE

The center of mass (CoM) position during walking can provide useful information for gait assessment. This
study aimed to develop a CoM position estimation method for clinical settings, and an ANN approach based on
inertial measurement units (IMUs) was investigated. First, input signal combination and low-pass filtering for IMU
signals were examined by intra-subject cross-validation. Based on the results, inter-subject generalized models were
designed. The CoM trajectory estimated by long short-term memory network (LSTM) with IMU signals as the
input showed good agreement with the reference trajectory. In addition, the possibility of reducing IMU was
examined. The results showed the feasibility of estimation with a small number of IMUs but suggested that a single
IMU would not provide sufficient information for CoM estimation.
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A Study of Rotating Machines for Air Mobility Drive System

Emiri ASAHINA
Supervisor: Kenji NAKAMURA

Inrecent years, the development of electric equipment with high power density has been strongly required to realize
air mobility. Electric machines are no exception, and there are demands for these to increase torque density and power
density. The output is expressed as the product of the motor's torque and angular velocity. Therefore, less torque is
needed to produce the same output as a faster rotation speed. Furthermore, considering that torque is positively
correlated with the size of motors, higher speed contributes to the downsizing and lighter of motors. Moreover, there
are demands for gears that can operate at high speeds are also required as motors increase in speed. This study focuses
material of SR motor's coils for decreasing weight and increasing torque density, and aluminum is used as the coil
material. The winding space factor can be increased by using aluminum. As for the magnetic gears, they succeeded
in operating at an unprecedentedly high rotational speed of 80,000 rpm.
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A Study on High SNR High Speed Global Shutter CMOS Image Sensors and
Applications for Fluid Concentration Distribution Measurements

Tetsu OIKAWA
Supervisor: Kenji NAKAMURA

A demand for sensing technology using CMOS image sensor is highly increased for not only viewing purpose but
also analytical applications in various fields such as automobile, security, industry, machine-vision, medical field and
so on. In particular, visualization of concentration distribution of dynamically moving gases or liquids by non-
invasive/non-destructive manner is one of the promising technologies and required in variety of fields. In this study,
a global shutter high signal-to-noise ration (SNR) and high frame rate CMOS image sensor (CIS) for in situ fluid
concentration distribution measurements using absorption imaging are presented. The developed prototype CIS with
22.4 um pitch pixel exhibited 69.7 dB maximum SNR, 123 dB dynamic range and 1000 fps maximum frame rate and
successfully captured images of dynamic movements of NO» gas concentration distribution in the vacuum chamber

for 300 mm diameter wafers.
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A Study of Dynamic Hysteresis Model and Magnetic Characteristic
Measurement Method for High-Accuracy Magnetic Circuit Analysis
Masataka KAWAGUCHI
Supervisor: Kenji NAKAMURA, Research Advisor: Yoshiki HANE

The classical eddy current loss estimated by the FEM was compared with the ones obtained by the magnetic
circuit model that incorporates Cauer-equivalent circuit theory using various candidate definitions of the ladder
circuit parameter to verify the validity of the parameters of the ladder circuit, which express the classical eddy
current loss in the magnetic circuit model based on the Cauer's equivalent circuit theory. In addition, the validity of
the magnetic-properties measurement system for ring cores using a myRIO for waveform control was verified. The
measurement results with waveform control are compared to those without waveform control, conventional, to

evaluate the measurement accuracy.
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1) Y. Hane and K. Nakamura, "Dynamic Hysteresis
Modeling Taking Skin Effect Into Account for
Magnetic Circuit Analysis and Validation for
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Non-Contact Measurement of Blood Oxygen Saturation Using Facial Video

Soma SASAKI
Supervisor: Kenji NAKAMURA, Research Advisor: Norihiro SUGITA

Continuous measurement of percutaneous oxygen saturation (SpOz) enables early detection of diseases that cause
hypoxemia and monitoring patients' conditions in the medical field. The value of SpO; can be obtained
continuously with a pulse oximeter, but it requires the sensor to be in contact with the skin during the measurement.
Therefore, there is a need for a method to measure SpO, without skin contact. Several studies on non-contact
measurement of SpO, have been conducted using skin video images. However, in these studies, SpO» values were
estimated using a linear regression model that required true values obtained using a contact-type pulse oximeter. In
this study, we proposed new methods for non-contact SpO, measurement that do not require true values and
conducted experiments to evaluate their estimation accuracy. The experimental results showed that the proposed
methods could estimate SpO with a lower RMSE and a higher correlation compared to the conventional method. In
addition, the RMSEs of the proposed methods were within 4 % even in a room with normal ambient light.
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A Study of Expanding the Operating Range
of Axial-Flux type SR Motor for Compact EV

Kanta NAKAZAWA
Supervisor: Kenji NAKAMURA

In previous study, an axial-flux-type switched reluctance motor (AFSRM) was prototyped, and a compact electric
vehicle (EV) with AFSRMs for the in-wheel direct drive was developed. It was confirmed that the prototype AFSRM
satisfied the target torque for compact EV driving. However, the driving range of the developed EV was not large

enough since its output torque decreased at the high-speed region with a conventional instantaneous phase torque
distribution control (IPTDC) which is proposed in previous study. This paper presents an improved IPTDC to expand

the driving range of the EV. The validity and usefulness are proved by simulation and experiment.
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A Study on High Sensitivity Wide Dynamic Range Soft X-ray CMOS Image
Sensors and Low Noise High Efficiency Signal Readout Thereof
Shoma HARADA
Supervisor: Kenji NAKAMURA

This paper presents a backside illumination (BSI) pixel structure for high sensitivity wide dynamic range soft
X-ray CMOS image sensor (CIS). A BSI pixel structure with 45-um thick substrate and thin p+ pinning layer was
developed. The prototype CIS chip with the developed pixel structure exhibited over 80% quantum efficiency (QE)
under short penetration length lights. A wide dynamic range (WDR) of 128 dB with single-exposure global shutter
(GS) operation was achieved. In addition, low noise high efficiency signal readout technology was discussed.
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A Study on 3D Highly Integrated Structure and Non-destructive Light Intensity
Determination Function of High SNR Wide Dynamic Range CMOS Image Sensors

Hayato HORIE
Supervisor: Kenji NAKAMURA

We have developed CMOS image sensors that combine high signal-to-noise ratio (SNR), a wide discriminative
light range (wide dynamic range), and highly integrated pixels that can contribute to improving the capability of
image sensing to support a safe and secure sustainable society. By combining the two-stage lateral overflow
integration capacitor (LOFIC) technology that achieves high saturation performance for both high SNR and wide
dynamic range, and the three-dimensional stacking technology and highly integrated pixel structure for highly
integrated pixels, we have achieved the prospect of achieving a high saturation performance higher than that of
conventional highest performance high saturation sensors while achieving approximately eight times higher pixel
integration. Furthermore, a highly efficient signal readout technology that reduces the number of output signals by

two-thirds through non-destructive light intensity determination has been developed.
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A Study of Calculation Accuracy Improvement
of Magnetic Hysteresis based on LLG Equation

Itsuki WATANABE
Supervisor: Kenji NAKAMURA, Research Advisor: Yoshiki HANE

Quantitative analysis of iron loss taking magnetic hysteresis behavior into account is essential to development of
high-efficiency electrical machines. In a previous study, a magnetic circuit model incorporating the play model, which
is a phenomenological model of DC hysteresis, and the Cauer circuit elements that can represent the frequency
characteristic of complex permeability, was proposed. This model can perform fast and accurate analysis of magnetic
hysteresis. However, the derivation of play model generally requires measured data of a large number of DC
hysteresis loops with different maximum flux densities. In previous research, the derivation method of play model
by calculating a lot of hysteresis loops using simplified Landau-Lifshitz-Gilbert (LLG) equation with the minimum
necessary measured data was proposed. This paper discusses the calculation accuracy of the LLG equation with a
low coercive force permanent magnet used in a variable flux memory motor.
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A Study on Proximity Capacitance Sensors of Simultaneous Driving Cell Type
and Applications Thereof
Yoshiaki WATANABE
Supervisor: Kenji NAKAMURA

Proximity capacitance sensors, which measure the capacitance generated between electrodes in proximity, are
used in a wide variety of applications. In this study, a proximity capacitance sensor technology with simultaneous
operation of all cells was developed. A 1D proximity capacitance sensor with simultaneous all-cell drive was
developed. This sensor can operate at high speed by reducing the number of cells and demonstrated its high
performance in small capacitance difference measurement. Also, a global shutter proximity capacitance image
sensor was developed that can detect capacitance in all pixels simultaneously and have obtained the prospect of

realizing high-speed capacitance imaging. The technology is expected to be applied as a highly efficient
measurement device in a wide range of fields such as manufacturing, medicine, life science, information security,
and mobile devices, and is expected to make a significant contribution to the development of each field.
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Direct Mapping Architecture for Sparse-Ising-Model-Based
Quantum Annealing Simulation
Yuta OHMA

Supervisor: Masanori HARIYAMA,
Research Advisor: Hasitha Muthumala WAIDYASOORIYA

Quantum annealing is a probabilistic approximation method to find the global optimum of a combinatorial
optimization problem. Since the number of qubits in quantum annealers is limited, it is difficult to use those to
solve large-scale real-world problems. Therefore, quantum annealing simulation based on Ising model using digital
computers is necessary. Highly sparse Ising models require significantly low amount of computations while
allowing parallel operations among mutually independent operations. One the other hand, sparsity is not the same
and connections among spins are highly irregular for different problems. Therefore, it is very difficult to design a
hardware architecture that allows highly parallel operations. In this research, we represent the spins and connections
as OpenCL kernels and channels respectively. Since channels can detect data arrivals, the proposed architecture
automatically schedules the operations to perform with a high degree of parallelism. We implemented the proposed

accelerator on FPGA and confirmed the correct behavior.
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Person Authentication Using Iris and Periocular Images

Shokei KAWAKAMI
Supervisor: Takafumi AOKI

Multimodal biometrics, which is person authentication using multiple biometric traits, is highly reliable

and convenient person authentication compared to unimodal biometrics. This paper proposes a multimodal

biometric method using iris and periocular recognition. The proposed method extracts iris and periocular

features from a single image using Convolutional Neural Network (CNN). We combine iris and periocular

recognition by fusing matching scores calculated from each feature.

Through a set of experiments using

periocular image databases, we demonstrate that the proposed method exhibits higher recognition accuracy

than conventional methods.
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Research on Mobile Agent Framework for [oT Devices over LPWA

Kazuya SAKAMOTO
Supervisor: Go HASEGAWA, Research Advisor: Gen KITAGATA

In networks using LPWA and small-scale IoT devices, it is important to suppress communication traffic due to
the slow communication speed of LPWA. In the field of WSNs, a communication traffic reduction method using
mobile agents has been proposed for the suppression of communication traffic in networks with IoT devices.
However, these studies have not shown concrete implementations of mobile agents in small-scale IoT devices.
Moreover, studies aiming at implementing mobile agents in small-scale IoT devices do not discuss the
communication traffic generated by the movement of mobile agents and message communication. Therefore, this
paper proposes a mobile agent framework for [oT devices using LPWA. The proposed framework gives a concrete
implementation for small-scale IoT devices by reducing memory consumption. Furthermore, the amount of
communication generated by the agents is reduced by introducing a compression method that takes their respective
characteristics into account during agent movement and message communication. Experimental implementation of
the data collection application showed that the proposed framework can reduce the sensor data collection time by

21.4%~43.7%, confirming the effectiveness of the proposed framework.
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Performance Improvement of Fingerprint Recognition

Using Convolutional Neural Network

Nagisa SASUGA
Supervisor: Takafumi AOKI

In this paper, we propose a fingerprint recognition method using multi-task Convolutional Neural Net-
work (CNN) with multiple attention mechanisms. Multi-task CNN based on ResNet-34 extracts fixed-length

fingerprint representations which include texture and minutia information. We introduce multiple attention

mechanisms, which are effective in image recognition tasks, to multi-task CNN to improve its performance

with little increase in the number of parameters. Through experiments of performance evaluation using FVC

2004 DB1, we demonstrate the effectiveness of our method.
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Machine-Learning-Based Multi-Agent Simulation

for Purchasing Behavior Prediction

Kota SHOJI
Supervisor: Masanori HARIYAMA

The rapid development and spread of Internet tools such as SNS in recent years has greatly influenced and

complicated people’s purchasing behavior. In addition to media promotions and word of mouth of people

around them, reviews on SNS of favorite influencers and many other people are directly related to their own

purchasing intentions. Multi-agent simulation is often used to simulate complex human decision-making

in purchasing behavior. However, it is a very time-consuming task to create a highly expressive simulation

model. In this study, we aim to realize more efficient implementation of a highly expressive simulation

model by incorporating machine learning into multi-agent simulation.

1. &I

T4, YouTube % Twitter, Instagram, TikTok
WCREEINDE X5 REHEA VR —F v FY—DA
HCHRE- XL, HREEZHNE Ly =k L
THHEND ZeNZLRoTW5S. ZDRER, DU
METRAOQIRAT 4 7B EEPLELNS
BT 2 EEl A\ 4 DIEEEMIC O - TV
F2, A VR =2y MY =L E@ELaI s —
Ta YREENOMWA VI NI Y —DFEDE
EWRKELBRoTETVS.

BHL L7 A4 DIETEIR > I 2L —2a v T
B1DDOFED IO LTIANFI—Px by 3Ia
L—a ¥ (MAS) 32 5 5. KRS T
HiEERNRE LT, 41X —%y M RUHERRD
200 2 a2l — g e L CIREES R OTHE
FOIL—Y Y M EERT S THETHTHO
A 21T 5 .

—J7 T, MAS ETNVZIERT 2FZITB VT
AR=TG X =RDEZ L, BHTEVWRIID MAS
ETNAEREE LWV, 22T, RETTOEWENY:
BrIBH L MAS €7 U ER ORI HIES.
2. MAS EFILCHWEBETIL

iR k512, ¥Iar—vavigfryE—xv
MR UOHEEHRARD 2 oD TITbi, =T—Y =Y
MCIEME RS R O 3 O = —Y 2 v b (R b
I—%—, Fv 7RV — —RHEE) TER
35 (K1), 2y ba2—F-EFAX—%v T

sy BB L 18
1747»'7-74{17—-
[Zivin  [m  [EXERA]

2 g = feteit
® =00 .I £
Av2—2v b REHR

X 1. MAS EF L DOBRERE

RIS IEE T 2 %8RS, 2y b7 48
T =34 ¥ Z—% v b ETOWERDINE - fEEK
BEMANOEHROEERH S, £z, —~BINEE
A Y 2=y b SIEREES LR O—BHE
FHeE32. L, B EEEL—Y 2 b
LWIHSBAE A Y P 7+ n T — RO RIS E e
TIrrds.

AIFZETI, WETEIFHET 5 1B b AT
22 ) BEICLTVWS. ¥ Ial—varh, HEH
Fr—Y=zy bER (1) - T, EflseA V& —
Fv b ERECEAMOHEEE D SR T 2 1H 0%
EHT 5.

I(a, k) = I(a, k — 1) + {dp(a, k)P(a, k)mp
+ dg(a, k)G(a)mg

+dc(a, k)C(a)yme} x E

(1)

© 2023 FALRAESGBETZERT



SHSETH

=

5 =
A ge| (8%
b)) cE =R

=

R gou) X

c 3

3.2

=<

2. Za—I%y hU—2 DK

M 3. HEEEREY v —

X () ZBWT, o ZMEER, kiZyIal—va
VRAFyvTRELTED, PG, C 2> BDIRE
BTy b o OERZEICEDIEEZRT.
¥/, HEHXMESR» LR (2) O &S RHMAEES
5. 22T, W(g) 3 ERDY ¥ b g iZxd %%
PR RT.

U(a) = 0.66 - R*(a) - W(g) 2)

THHRAER [ MOMAE U = 2hzhigiloRiE
LIS 5 Z e TIEMEHE T 20 D hPVETS 5.
BTV R R 2 1RT. RIFSETIE, —a2—
Sty b= Z2RMAL, BEMHT 2 HEE
ReWhsws. b, BE7—XOINEIIREET
HE1DFERIEXI—T—2EHnsz T
5. 2y VU= B ONEEEER Pyy(a) &
s Z e CEWmAER [ KOMAME U i
hafEEZzhzAR (3), 1) DXIEXRT 3.
72721, 0, v i Rojers DENEF LD 2BE L L
THD, V B3HEE R EMEERE 2R LT
W5,

TNN = (1 — Pyy) - 35+ 30 (3)

THN ={(1 - Pyn)-0+7}- 4)

1
0.99V
3. YEZal—IarvrifE

P32l —raryTEK3IIRT X512, ARDE
RRA BN ORI A2 B8 U7e 28 & Bl & o tLik %z
TOBEERRIEZITS. TS HBEEL—Yx
VIRMEZOWTHRAT Yy FITH5Z28TyIal—ra
YBETT 5.

ALK B RS SRSk

(July  2023) —157—

—— Dummy Value
Simulation Value
== difference

M 4. HHEOBBLEFTDER

YIal—yaUERIOWT, R (5) TREN
BB B EBHICEFI L2 b D DBER R
RI—F—Rrgss (K4).

) PESh DRI ER L =B B

DRRE = S rrosmmon ke
K4%2H2y, BETHOSENRIERZEDTH
BIehbhd. —HT, BENHN > TBHRI
BRI O Y — 7 (HETHEHE IR > TV Z ehb
5. XI—F—XTIZMAS D X5 LIEREOE
ErEREINTELT, HETHEIEHEEDOK
W EMERICEREEE T 2EMCHZ e
FERTHBEEZONS.

4. Fo

AWFZE T, BUETTSICE T 2 MEITEI D MAS
EFLRMEL, Il —ayER@E U THEBET
B PHNCE U CRMliZ T o 72, £72, MAS EFL
FEFUTHR L TH B 2 M 2 2 2 TR b 3h®Rm
7% MAS E7UERZ Hfg L7, BEITEITHlo8]
Mo, ERRENEED - —TiEED BT
OFERE I oTe. B EMAOBIAD 51, MAS
ETFUREEADIEANCIZAEN L7223, SHAP ¥ D
AUHIATRE ATY) 12 & o THEZS £ 7L 2 S e (L
XE D Z 8T XD IREN AR IO & T 5
ZYMNTES.
ik
1) EAsEs, SEHEisE, . HEEEET

B~ LS T —Y x> bETIL BE RS Z HA)

LT, HARE T AR Es, vol.57, No.5,

pp.451-469, 2006.

2) Ki#EE. "~—r 74 V7L HBEZTE, 64

B, 2002.

3) BUKIES, ”XAI (eXplainable AT) $fiif D%
g7, HAEF2U T 42T XY MEREE,

vol.34, No.l pp.20-27. 2020.




—158— PRI E & A 72mGoaefs 1F & 3 ITEIC~ OISR 2%
B am e (S5 43 H)
VR e T BSE  & 3 ST ETEA DI I BT 5
2 5V
REHE  HAR F

Image Correspondence Using Deep Learning

and Its Application to 3D Reconstruction

Shuhei HOSHI
Supervisor: Takafumi AOKI

In this paper, we propose a robust and accurate image correspondence method by combining SuperPoint +
SuperGlue (SP+SG) and Hierarchical Local feature matching with TRansformers (HLoFTR). The proposed
method finds corresponding points on regions with rich texture by SP+SG and those with poor texture by

HLoFTR since SP+SG exhibits high localization accuracy of image correspondence and HLoFTR exhibits

high robustness against poor texture regions. The proposed method can be used for image correspondence in

SfM to not only improve the estimation accuracy of camera parameters in SfM, but also to improve the recon-

struction accuracy and expand the reconstruction area in MVS. Through experiments on 3D reconstruction,

we demonstrate the effectiveness of the proposed method in SfM.

1. EL®IC

BT, avPa—XEYavicBunitds
FIRRRBEANHED 1 O TH 5. HBIKOHE K%
ERE ST 2 Z e AT EAUS, Structure from
Motion (SIM) {2 & D, SHEDH R FRT X =2 %
HET DL HIT, BR3INTHRHEEETLTS L
HTES. SIM TIZ, BT FEE LT, i
HIFETZ B EHGE 2 SBT3 % Z 8 AT E S Scale-
Invariant Feature Transform (SIFT)Y) 23—z
WHRTWS., SIFT I, 77 AF BN Z o7z
b, HZIHRESELL TV T2, FEA
DN ERDIEMEKT LD, ZbZdRHEAH
B WHERH 2. o OMERRIRT 572
BIZ, FEFEHEZHOWEFEI RSN TNS. K
WOSHHFIL SuperPoint (SP) 2 ¥ i~y F >
2Z'Fik SuperGlue (SG) 3 £ Z#lAGDLES Z LT,
SIFT & b @REEICEGE 20 sns. —7
T, SP+SG Tld, SIFT LT A7 F v ZL
WA SHGAT T 5 4720. Local Feature matching
with TRansformers (LoOFTR)Y 17 7 2AF ¥ DZ L
WS O ST T & 253, SR OMERDIEE
AR, AFRSCTIE, LoFTR ICREEREZEML 72
Hierarchical LoFTR (HLoFTR) & SP+SG DX
I FEREHAGDE S Z 2T, BHBROT 7 ZAF %I
IRAF L 72 O SR R GO T IR 2 1R T 2 0.

Middle-Level
Features

FA FB ‘ TFf Ff
'nn

Coarse-Level Fine- Level Features

Features

Coarse-Level ’ '
Module gyl
1 !
7 Ty | i Coa,:/Te(;toI Fme
R Middle-Level odule
Module ! !
e s .
A
*in xB, Poirvg =t

1 HLoFTR OHfH

REFIEE SIM DG ST ICHEHT 5 Z & T,
HRAITRTRA=ROWERErRET I DI, £
HRATLAD 3R ELREL, ZET
HFRIERT 5. BT — &1y bR R
FERZBLT, SIM EZHERAT L AITE T SRR
FEoOBMMERT.
2. FBEZERVEGIGMAT

HLoFTR O E %X 1 12/"3. LoFTR TlX, %f
R T HCTHREBEORL 2 2 MHOR M
i3 %725, HLoFTR TiX 3 HEORHEZ ML 3
5 EDIWCEET . FilEM U2 %E Middle-

© 2023 HALRY:



SHSETH

SP+SG+HLOFTR (CNN)

SP+SG+HLOFTR (T)
2 MVS OISR

Level Features ¥ L, Middle-Level Features ® A 7]
Se 2 L THI 7212 Middle-Level Module Z3iBM$ 5.
Middle-Level Module 12t%, Coarse-Level Module A
@ Transformer TH N INRHE 7 v TV v
2L C Middle-Level Features ¥ #5&5 L72d D% AJ]
T 5. ZAUT K o THIGORIEIRHE & R AT AR
BTSN I DARETH 5. X 51T, IREFIE
TlZ, HLoFTR ¥ SP+SG O3tz fHAEDE %
ZeTHERONERDEEL T 7 AF ¥ DZ LW
TN 3 2 WIS R ORIERE R ] L X € 5. Fi,
AL TLE, BEFHEE 3 X0UETLO L T 74 >
T&% COLMAPY 12#flAiATr. COLMAP @ 3 X
HIEIE, SIMIZE BH X 585 % —RHEFE L MVS 12
X 2 ERIGIRIETL O SN %28, SIM DG IS
R ERRFECTEEIZ 5 22T, MVS O
Exm L, BTz REE 5.
3. FBESHMERER

FEE M FEERTlX, COLMAP D&M 3 Joti
JCOMIR 7 v — DR, SIM DS EA 1 % 8 & 5
RIc ZOETEELMES 2. 7—&ty M,
Redwood3dscan ' 7 @ “chair (01193)” Z{fH$ 5.
LU i AN E Syl CHG AN N/ B
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Plankton Monitoring Based on Image Recognition

Ryotaro Yoshida
Supervisor: Takafumi AOKI

Aquatic ecosystem plays an essential role in providing food and water for organisms. Plankton monitoring

(PM), a survey of species composition and abundance of plankton, is important for observing and preserving

the aquatic ecosystem. Since manual classification and counting of plankton species requires expertise, time,

and effort, automatic PM based on image recognition has attracted much attention. However, the methods

proposed so far have not achieved sufficient performance. This paper proposes an efficient method of plankton

image recognition using CNN (Convolutional Neural Network) based on hierarchical classification of plankton

species. The effectiveness of the proposed method is demonstrated through experimental evaluation using a

newly developed plankton image dataset with hierarchical species labels.
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7 b VERT—&Ey b D BAIATVED, %
L OYE, HREONEMEL, SHEEIC 1 EHEO S
NV ULPEIRTOWRWEENIZE ALY THS. £
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BT 2 FER AT TIHRIBE S hTuizw,
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CNN) ZHW2FE 2 bIREIN TS, HED
BT 27707 FroiilicBntas Ly o
RMREE AT E TV,

P EORER RS 272012, AHKTE, S5
7 by OEYFR R EEREER LT T 7 b
VERONFEFIERERRT . TV bk, M
FIZBOVTED LNTWBEY 7L — T ORI
B TH 2 EBERICH SV TRENICHA ST

M1 F—&ty MCEENE 77227+ HEBDH

5. 777 brOREHIZESOWTHAIATY
ZHEENL NI, FHEENEERT S T
RERMET2eEZ6N0%. 22T, RiF%KTIE,
T N OREEREZERB L CNN E7 L%
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DR EFHLT-.
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=2 BT BREFEOEMIEE FEIEL /-
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E HER) 2HEST 2. R 1 KEFIEOREEE
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58T, 777 brEERBNCHETESZZ
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Faster R-CNN %) 93.2

%2 BFERONHREE
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Accuracy Improvement of Spoofing Attack Detection for Face Recognition

Kota WATANABE
Supervisor: Takafumi AOKI

Spoofing attacks are a serious threat to face recognition systems by malicious third parties since face images

can be easily collected from the Internet. In this paper, we propose a spoofing attack detection method using

Vision Transformer (ViT), which extracts features based on patches for extracting fine features from a face

image. We also propose a patch-wise data augmentation method and an attention-weighted patch loss to

improve the accuracy of spoofing attack detection. Through a set of experiments using public datasets, we

demonstrate the effectiveness of the proposed method compared with conventional methods.
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ORI E DTN ZRE T 2 FREAEE, Fl
ity ZEtEoEmE AR AAIATVE D, —
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H ORI S N7z Z 8" 5 Print-Attack
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A XWEEND =D, WYL EREEEZ T2
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ST, BHOZBSRADIZ D % LIEITH
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H1C, FHOLBIT TN PR 2175, £
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W BHT 570 DK EEA L, MAREE
ZlAEXES. KT — 21 b2 EREH

Print-Attack

Display-Attack
K1 BHRRES R T AT 2720 5% LK

FEhrz i U CIREFROAIMMEZ R
2. FEFVEEZRVEAEDTFE LKERM
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AT 5. DURTE, 7— XLk CBREBICOW TR
N5,

(i) /Ny FEAT— 2R
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Strategy of the memory game when players’” memory is limited

Tomoki URATA
Supervisor: Ayumi SHINOHARA

The literature has studied the optimal strategy of the memory game where the same character is printed

on two cards and players remember all the turned cards. This paper studies the game where four cards

may have the same character, like usual playing cards. We show the optimal strategy in a special case of

this game. Moreover, we analyze the optimal strategy of the game with a limited number of cards which is

played by a single player whose memory is limited. We also study the game played by two players whose

memory is limited.
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Research on generating domain-specific text compressors

Takashi EGAMI
Supervisor: Ayumi SHINOHARA

We propose a compression framework utilizing prior knowledge in grammar-based compression and

a corresponding compression algorithm. The proposed framework is divided into three stages: learning,

primary compression, and secondary compression.

During the learning phase, a domain dictionary is

generated from training data, used to perform primary compression on the input string, and followed by

secondary compression. We implemented a program following this framework and conducted experiments.

As a result, under the condition of compressing small files, we confirmed that our method operates faster

and achieves higher compression rates than existing methods.
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1) Setsuo Arikawa and Shuji Shiraishi. Pattern
matching machines for replacing several char-
acter strings. Bulletin of informatics and cy-
bernetics, Vol. 21, No. 1/2, pp. 101-111, March
1984.
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The Effects of Acoustical Physical Parameters on the Perceptual
Impression of Three-Dimensional Sound Space

Ayumu OKITA
Supervisor: Shuichi SAKAMOTO

There have been many studies to investigate the relationship between sound spatial impression and

physical parameters of auditory informations. However, most of the physical parameters used in the

previous studies were calculated from acustic signals measured by omni-directional microphones. In order

to investigate human perception of sound space in more detail, I focused on physical parameters related

to the directional pattern of incident sound at the sound-receiving point. In this study, I investigated the

correspondence between the directional pattern and sound space impression. The results of the experiments

revealed that physical parameters related to the directional pattern of incident sound at specific frequencies

strongly affect the impression of spatial sound.
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A Study on the Construction of Werewolf Game Agents

Using Deep Reinforcement Learning
Kaito KUDO

Supervisor: Xiao ZHOU

Research Advisor: Yuma TAMURA

Reinforcement learning is a machine learning technique in which artificial intelligence itself discovers

the best behavior under certain conditions through trial and error. In particular, the method that intro-

duces deep learning info the learning model is called deep reinforcement learning. In this thesis, to gain

insight into imperfect information games in which players may disclose false information, we construct

werewolf game agents using deep reinforcement learning. Then, we examined the effectiveness of time

series processing in this game.
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Inferring strings from position heaps in linear time

Koshiro KUMAGAI
Supervisor: Ayumi SHINOHARA, Research Advisor: Ryo YOSHINAKA

Position heaps are index structures of strings used for the string matching problem. They are rooted
trees whose edges and nodes are labeled and numbered, respectively. This paper is concerned with variants
of the inverse problem of position heap construction and gives linear-time algorithms for those problems.
The basic problem is to restore a string from a rooted tree with labeled edges and numbered nodes. In the
variant problems, the input trees may miss edge labels or node numbers. Moreover, we show the formulas

of the number of output strings and the algorithms for enumerating them.

1. Introduction

The string matching problem searches for a pat-
tern P in a text 7. It has been widely studied
for many years and many efficient algorithms have
been proposed. One of those techniques is prepro-
cessing 7" to create indexing structures. Moreover,
the reverse engineering of indexing structures has
also been widely studied.

In this paper, we discuss the reverse engineering
of other types of indexing structures, called posi-
tion heaps 2 3). The position heap of a string T
has two types, and both are rooted trees with la-
beled edges and numbered nodes. Ehrenfeucht et
al. 2 and Kucherov ) gave definitions of right-to-
left position heaps and left-to-right position heaps,
respectively.

2. Preliminaries

Let ¥ be a finite alphabet and the size of ¥ be
constant. Throughout this paper, strings are 1-
indexed. For a string w of length n, we let wli] be
the i-th letter of w, and w[i : j] be the substring of
w which starts at position 7 and ends at position j
for 1 <i < j <n. In particular, we denote w[i : n|
by wli :] and w1 : j] by wl: j].

(V,E,¥),
the partial mapping Sg: V »— V called the suffiz

For an edge-labeled rooted tree G =

links is defined by the following equation.
Sa(u) =
v st UH(r,u)[2:] = U*(r,v) if such v exists

undefined otherwise

where 7 is the root of G and ¥*(s,t) is the path
label from node s to node v. The linear-time con-
struction method of S¢ is well known. Suffix links
play an important role in the linear-time construc-
tion of position heaps.

For string T of length n, a position heap for T'
is an index structure with which one can efficiently
solve the pattern-matching problem. There are two
variants of position heaps. Both of them are edge-
labeled rooted trees whose nodes are numbers.

Ehrenfeucht et al. defined the right-to-left posi-
tion heap PHE(T') = (V, E, ¥) of T as the sequence
hash tree V) of (T[n :],T[n—1:],...,T[1 :]). We
define PHES(T') = (V, E, ¥, Spug(r))-

On the other hand, Kucherov defined the left-
to-right position heap PHK(T) = (V, E, V) of T as
the sequence hash tree V) of (T[1:],T[2:],...,T[n:
). To guarantee the well-definedness, 7" must
end with a unique letter, i.e., T[j] # T[n] for
all j € {1,...,n —1}. We define PHKS(T) =
(V,E, ¥, Spuk(1))-

The characteristic difference is that, we scan the
text from the ending for creating the right-to-left
position heap, but we read the text from the begin-
ning when construct the left-to-right position heap.

© 2023 FALRAESGBETZERT
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T[6:6] = c /@\
TH:6]= ac ( \\@
T4:6]=  bac ®/

T[3:6] = abac 2 <] ,C?

T[2:6] = babac oA

T[1: 6] = ababac @

a

o

Fig 1. PHES(ababac). Dashed arcs are suffix links.

T[1: 6] = ababac - £ \\\
T[2:6] = babac 3:’ N
T[3:6]= abac (22/ A \@
Tl4:6]= bac & o
TH:6)=  ac @ @j @

T[6:6] = c

Fig 2. PHKS(ababac). Dashed arcs are suffix links.

From the studies 2 %), we can construct both po-
sition heaps in linear time. We call 1" the source

text of PHE(T') or PHK(T).

3. Proposals

We study the following 8 problems. Since the
difference between problem definitions for left-to-
right and right-to-left position heaps is minimal, we
mark only the different words with angle brackets
when we consider left-to-right position heaps.

Problem E1 (K1). Given an edge-labeled rooted
tree (V, E,¥) with V = {0, - -
T such that PHE(T) (PHK(T)) =

,n}, answer a string

(V,E,T).

Problem E2 (K2). Given a rooted tree (V,E)
with V.= {0,--- ,n}, answer a string T such that
PHE(T) (PHK(T)) = (V, E, ¥) for some V.

Problem E3 (K3). Given an edge-labeled rooted
tree (V,E, V), answer a string T such that
PHE(T) (PHK(T)) = (V, E, ).

Problem E4 (K4). Gien a pair (G,S) of a
rooted tree G = (V,E) and a partial map-
ping S: V. — V, answer a string T such that
PHES(T) (PHKS(T)) = (V, E,¥,S8) for some V.

There are some solutions to Problems E2, E3,
E4, K2, K3, and K4. We show all problems are
solvable in linear time.

Particularly, in Problems E3 and K3, we show
the summary of solving those problems. By giving

ARG LR
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each arc of PHES(T') (PHKS(T')) the appropriate
multiplicity, we can construct the graph which has
an Eulerian circuit p that satisfies the following
properties.

1. T equals the string scanned the edge labels
along p.

2. Among the arcs from the same node, p con-
tains the suffix link at last (first).

Conversely, from an Eulerian circuit fulfilling the
second property, we can obtain a suitable string as
a source text by the first property. Since we can
compute appropriate multiplicities without refer-
ring to node numbers, we reduce problems E3 and
K3 to the construction problem of Eulerian circuits
where some arcs have priority order. This problem
is solvable in linear time by using the idea behind
the BEST theorem *.

Moreover, we present formulas for counting the
solutions. The number of solutions is at most n!,
but those formulas are computed in polynomial
time. In addition, we show efficient algorithms for
enumerating solutions in output linear time.

4. Conclusion

We studied four reverse engineering problems on
both right-to-left 2)
heaps. We showed that all problems can be solved

and left-to-right ) position

in linear time. Other possible variants would take
(V, E) as inputs. Moreover, studies on reverse en-
gineering of augmented position heaps, which are
modified position heaps, remain as future work.
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A Fundamental Study on Sound Content Spatialization Method

Based on Auditory Object Perception

Masaki KURIBAYASHI
Supervisor: Shuichi SAKAMOTO

To add spatial information to the sound content which does not include spatial information, some

methods have been proposed. However, it is difficult to place sound objects in positions that are consistent

with the listener’s knowledge and experience. Since the placement of objects would affect the perception

of the objects themselves and also presence of the listening experience, I experimentally investigated the

effects of semantic and spatial consistency on auditory object perception in order to realize the sound

content spatialization method based on auditory object perception. The experimental results suggest that
spatial consistency would affect auditory object perception. On the other hand, the results doesn’t suggest

any effect on semantic consistency.
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A Study on Fault-Tolerant Partitioning Problem of Graphs
Hayato SATO
Supervisor: Takehiro ITO

In this research, we introduce and study the fault-tolerant partitioning problem of graphs, which models the
situation where we wish to find a power distribution route (i.e., a partition) with fault-tolerance in a given
electrical distribution network (i.e., a graph). We analyze the computational complexity of the problem from
the viewpoint of graph structures. We first show that the problem remains NP-hard even for graphs having
simple structures, e.g., serial-parallel bipartite graphs of diameter 4. Then, we give several efficient algorithms

to solve the problem for restricted classes of graphs.
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Algorithms for Finding Ride-Sharing Assignment

Naoki SUGAWARA
Supervisor: Xiao ZHOU

Ride-sharing is one of the ways expected to reduce traffic congestion and environmental impact. In

the ride-sharing assignment problem, given passenger requests with origin and destination locations, and

available car locations, the task is to assign each cars to passengers such that the overall driving distance

is as small as possible. This problem is known to be NP-hard for general graphs, even if each car carries
exactly two passengers. In this paper, to obtain efficient algorithms, we assume reasonable constraints on
the locations of passengers and drivers. We design algorithms for path graphs and general graphs under

these restrictions.
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The Effect of the Implementation Method of Sound Source Separation

Algorithm Using a Spherical Microphone Array on the Separation

Performance

Wataru TAKEMOTO
Supervisor: Shuichi. SAKAMOTO

Beamforming using a spherical microphone array is a method of sound field analysis. It separates signal
from a certain direction using time difference between signals on microphones. Beamforming algorithm
using a spherical microphone array can be realized in two domains: spherical harmonic domain and time-
frequency domain. However, the performance of sound source separation depends on the implementation
of the beamforming in two domains because of the difference of their mathematical expression. In this
study, we aim to analyze the effect on the sound separation performance, caused by the difference of their
mathematical expression. Results of mathematical analysis and simulation revealed that the robustness
would be degraded when the beamforming using non-uniformly distributed microphones is implemented

in the spherical harmonics domain.
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Research on pattern matching using Vector Symbolic Architectures

Soh TANAKA
Supervisor: Ayumi SHINOHARA

Pattern matching is a problem to find pattern string in text string. Vector Symbolic Architectures

(VSA) are frameworks representing data using hyperdimensional vectors. There already exists research on

pattern matching using VSA. It it expected to work fast in hardwares whitch can process it in parallel.

In this research I defined hierarchical string and proposed the way to solve hierarchical pattern matching

using VSA.
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Research on Algorithms for Fault-Tolerant Distribution Routes in Electrical
Distribution Networks

Teppei NOZAKI
Supervisor: Takehiro ITO

Power distribution networks are usually designed to supply power from multiple routes. In this research, we
mathematically model the problem of finding a power distribution route in a given electrical distribution network
such that the restoration is possible without complicated procedures when a supply source is damaged. In this study,
we prove that this problem is NP-hard in general. We then propose heuristic algorithms to solve the problem, and

experimentally evaluate their performances.
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On the Decision Problem Determining the Existence of a Nash

Equilibrium for Competitive Diffusion on Graphs
Yudai MATSUZAKI

Supervisor: Xiao ZHOU

Research Advisor: Akira SUZUKI

Competitive diffusion is a game-theoretic model of diffusion of technologies, advertisements, or influence

through a social network. In this thesis, we investigate computational complexity of determining the

existence of a Nash equilibrium for competitive diffusion on a given integer vertex-weighted graph with the

number of the players. We show the problem is NP-complete even for cactus graphs with positive integer

vertex-weights. Moreover, we give a polynomial-time algorithm to solve Competitive Diffusion for forests

of weighted stars.
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Effects of Objective and Subjective Characteristics of Self-motion
on Sound Space Perception during Head Rotation
Soichiro Moribe
Supervisor: Shuichi SAKAMOTO

Many studies have investigated the effects of head movement on sound localization, but the effects

are not clear. In this study, we examined three experiments and investigated the effect of head rotation

on auditory spatial perception. Firtst, we equalized the binaural signals presented during the experiment

with/without head rotation. Next, the effects of physical parameters during head rotation on sound

localization were examined. Finally, the effect of active/passive head motion on sound localization was

examined. The results show that listeners can localize sound position accurately even when their head is

rotating.
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Optimization of Vertex-Coloring Under the Reconfiguration Framework
Yusuke YANAGISAWA

Supervisor: Xiao ZHOU

Research Advisor: Yuma TAMURA

The framework of combinatorial reconfiguration has been extensively studied in the field of theoretical

computer science. Recently, optimization variants of reconfiguration problems were introduced to resolve

difficluties in the original framework. In this thesis, we deal with the optimization variant of two coloring
reconfiguration problems, namely OPT-COLORING RECONFIGURATION and OPT-LIST COLORING RECON-
FIGURATION. We first obtain a complexity dichotomy for OPT-COLORING RECONFIGURATION with respect
to the degeneracy of a graph and the number of colors. In OpPT-LIST COLORING RECONFIGURATION, we
give FPT algorithms and hardness results from the viewpoint of structural parameters.
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A Fundamental Study on Synthesis of Humorous Voices

Yuki WATANABE
Supervisor: Shuichi SAKAMOTO

In this study, we tried to synthesize voices that make listeners humorous. To achieve this goal, we

manipulated acoustical features of voices and analyzed whether synthesized voices could induce humorous
to the listeners. As a result of the experiments, the listeners feel humorous when they hear the synthesized

voices with appropriate changes in FO range, speech rate, and pause length.
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Moving Object Detection Method Based on Spatio-temporal Information
for Various Speed Targets
Hiroto ENDO
Supervisor: Takuo SUGANUMA, Research Advisor: Toru ABE

Video surveillance systems can monitor a wide variety of objects. Considering the problems associated with an
increase in the number of cameras, it is desirable that a single camera can be used for multiple monitoring purposes.
To realize such a system, a process that selectively detects objects with specific movement speeds is effective.
However, conventional velocity estimation methods lose estimation accuracy due to apparent changes other than
movement, such as illumination changes, and then they cannot be used to select the object. In this work, we propose
a selective moving object detection method based on successive background subtraction results, which correspond to

spatio-temporal information.

1. [FL®IC

BT ALY AT NF AR & Tet G & A AT RE
Thod. L, ERABRIEIZEHOI AT %
FRE LB, 2 X FoWINENEEE DT
W, B AT B TEEORB~ORIER, £ DH

BOUYRNES R AT Ankbbns. LT,

DXV AT LEEBT L ETIE, HigZ L
WICHRBOBENHENRKE S B L) 800,
FREE OB L O % 52 2 @ INA IR H 5 5 et
NEIEEEZBEND.

ﬁk@im@¢®ﬁM@&mﬁiw%m@
HEREE D 2 DI b, B 217 ) TR
*%#“#%5@,%%&%&6%@%%1@&
THENIHE E, ZOFERETIIBELEEIC
L0 GORPIIRETH D, T-BEITONT
X R EORBENEE 2K 5 FiE WEFHLE
BARETHS. L, ZhBIMEGomEmC
FEOEHEEZAIT O 120, WIAZLEOBEILISNC
FT DA T AHEICHEER MK T 5.

= ZCARBIZE I, RFZE M ISR Y 3 2 i
L7278 B 2200l BT 5D BRI B B R HY
FIELZRET 2. BEFETIHYRESTHRHL
TR IR OB R O AL B HEE U 728 1 g
SE, FEHEOXMREZEIRT S, ZHIckb
BB LIS T D R 2T D20 i 5 73 9 HE O A
1TV, ZE LTS OIRINA e L 725 .
2. B=E

ol Il_r#io
“%@mb,@&%%

B [\ 275 5
ﬁ{% Dy&EAET 5.

.

HRESBERD,,), D,

ANERI,

Diyy, Doy &R : R
12 AJTEHBIC 3T B RTLEL Dt i
D%, Dinyk Doy&EZNEIIES DR Rey,
BILO Ry ZHEIT 5. 0%, WERPBEY
%Fﬁ%anifﬁkéﬁ7.

WIZ, X2 DX SN Reniy & Ryy THEWIED
HEENEL 0 D Sy BT BiEk, BLOE
NEEP LCE ﬁ@ﬁ%i3¢a®;5’%®ﬁ
WEERDBY b ZRDD. X 3D LI
Db VBELiE ﬁbtﬁﬁ@ﬁ%sua&
FENNS WS, V EMIROBE L HEETE 5.
PLbkoigimaiic, ()OO E B b vV E
K>, THEBIHWAOREL L TRD 5.

E = Znoy,jec Wi (Sty = Si)” M

ZIT, ClX 1 SOBEMWRD JE P,
L, ZOBEREETL Ry OEETHD. £, V
mﬁﬁww%M%ﬁKiDE%LOOﬁ@%K
HET D, TOk, SFoni-vVEFHL, 5%
7553 T@ﬁéﬂt5@@%%@$#%%m%ﬁ
DLOEXGE L TRIRT 5.

© 2023 FALRAESGBETZERT



SHSETH N R

R(/—l Yig R 0ij

X2 : %@%W@ﬁﬂﬂiﬁéﬁﬁﬁﬁ%

[ 3 : #5y b(£E)F L O b OB E(R)
3. =R

1. REHEESEE DT

TRETFIEORER TR E 2 FHIT 5 ET, Hx
PR A FREL U 724G o O B B A 0D 39 4 TE
EATolz. B RHIEEEIC L, P o T L—
LA TOBEMIEOHEEEE & REEOWE & DA
72D _FELPE SR FE RMSE % JHu iz,

$%Ti B4 4 &5 ISR B 2 mefs
1, 2, 3 T30 2 BLoD P HEE I L A 5 AT L 72 5%
%@W@k&@#%%r# AKERTI NG %
Ry LIz 2 F VIR E TIEIC K D i e
ExEATo 7. Fiz, WFHEE LT, HEKTO
58 O L (BEFE FE TVLLY, DeepFlow? kL U &
FOOFLEE FHOME L LR, BEFEL
@ RMSE D Lb# A 4T > 7.

FBRER AR VIR T . REFIETIEMYRIC
ofRM&Sik%<thL&#ot“_ﬂ/j%%
FEICE DRI b O EEZRE L, 1EL < #HiE
MAEMMCTE D TH D, —F, I TEEm
%2, 3 TRMSE MK L7z, LI kX BEDIA
DRDNTF DAL U D RILTIE, R B RS

etk 1 Motk 2 (Wefk 3 TIXIRBAA S
X4 : BIASRMORRDMED 1 7L —L4
1: %1, 2, 3128 54 FiEO RMSE[#5

ARG LR

/frame]
REFE | TVLI DeepFlow
g% 1 0.58 0.91 0.51
BRi% 2 0.57 5.52 3.38
A% 3 0.56 10.15 213

(July  2023) —195—

(o) TR

(b) =R L - B8k (c) BIR L - B EE
(3} X 10[[ B3 /frame] UL L) (R X 10[El 5 /frame] K )

X 5: A - EABEIT ARG L O o
MR DB ENV IR 2RI LoD 1 7 L — A

DR TRBEFEOTNEMIELEZBND.
—%, RUILIAA OS2 AT L, EFIEICK

S TG OB IR O E 2 HEET 5 T A

Tolel 2A, MEOIR, Hs, BEHMH, B

FOBEMREE O RIF O KR E SEIZ X - T

RMSE SR 25 2 L sminoie

3.2. BEIEEICES(HROBRMBRH

X 5a@)D & H1c, ABXOERAZZENHES S5,

15[ 55/ frame] CREEIT HME A HE L. Zhic

HRASZEMN L%, EFETROZEHS

23 10[1# 3 /frame] LA 72 VAR 0> TR ENMW IR GH

AR L= L 25, K 5(0), ()DL DI 7z

FWL T, ZNENHE LOANOLBBEIEK

T E LTI TS 2 EDRHRTE, IERTIE

TR D T HETE R BE 70> B b B2 A& SRR LT Mt AT 6

ThbrEZExbND.

4. FEER

ARFIE T, #fe L7 is JE i R o< 8k

REOBED IR FELRE L. FEREE RO

BT D BT OB E L D RWUSIB T D

RRFILEOANMEL L OREFIEIC L 2 B

BoWEmRILORSMEEZ R Lz, 5% OMEE L

T MEOTRCHEFEDOEIZ L > THEL D

RRFIEOHEE WL DOF %@ﬁﬁ#*f%ﬂ7
3k

1) J. Sanchez, et al. “TV-L1 Optical Flow Estimation”,
Image Processing On Line 3, pp.137-150, 2013.

2) P. Weinzaepfel, et al.
Displacement Optical Flow with Deep Matching”,
2013 IEEE International Conference on Computer
Vision, pp.1385-1392, 2013.

“DeepFlow: Large



—196— NA At 72 8 LRI 31 A Domain Folding 7V ) X 4 Ok

B am e (S5 43 H)

A R E W ic &R RICB T D
Domain Folding 7 /L= U X A DJLE

NI HhsE
REHE - | fiz, PAEmSCHREHE - KB Bz, Rl 5

Extension of Domain Folding Algorithm for Quantum Chemical Calculations
Using Bayesian Optimization
Yuki KAWASHIMA
Supervisor: Kazuyuki TANAKA, Research Advisor: Masayuki OHZEKI, Manaka OKUYAMA

In this paper, QMF and QCC energies for small molecules are calculated using the Domain Folding" algorithm.
The QMF and QCC energies are obtained by optimizing a sum-of-products system of trigonometric functions.
However, these energy functions have many extreme values, making it difficult to obtain a globally optimal
solution by a simple gradient method. Domain Folding, which simplifies the optimization of continuous variables
by providing auxiliary discrete variables to the trigonometric functions, was used, but since this method requires
optimization of discrete variables, we used Simulated Annealing (SA) and Bayesian Optimization in Combinatorial
Structures”? (BOCS). The results show that the success probability of global optimization per successive
optimization is improved by using Domain Folding for the QMF and QCC energies of LiH and the QMF energy of
H>O. In addition, BOCS outperforms SA when the dimensionality of discrete variables is small, and the
effectiveness of Bayesian methods in the ground truth energy search problem is demonstrated. On the other hand,
for HoO QCC energy, the optimization performance deteriorated with the use of Domain Folding, leaving the
problem of the problem dependence of Domain Folding and the computational complexity required for discrete
optimization to be solved.
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Research on Interior Design System Based on the Concept of Digital Twin

Yuki SONE
Supervisor: Takuo SUGANUMA

AR and VR are being actively used in interior design. AR and VR make it easier to understand in advance how
furniture is arranged and how a property will look, as well as to design spaces. However, there are issues in interior
design support using AR and VR, such as operability issues and the visual and sensory gap between reality and
virtuality. In this study, we introduce the concept of digital twin and propose an interior design support system that
combines AR and VR to strengthen the linkage between reality and virtual space. Then we verified the effectiveness
of the proposed method by conducting evaluation experiments using a combined AR and VR system.
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Effects of temporal structure in input series on synaptic weight space
formed through spatio-temporal learning rule

Daisuke KUMAGALI
Supervisor: Yoshihiko HORIO

In this study, I examined the effects of temporal structure in input series on synaptic weight space formed through
spatio-temporal learning rule. First, I focused on the the Hamming distance between random input patterns and the
dimension N of input vectors. The results showed that the distribution of synaptic weights was multimodal,
regardless of N, and the most significant multimodality was observed with a Hamming distance of roughly 10% of
N. These findings suggest that the spatio-temporal learning rule is sensitive to similar but slightly different data and
network can effectively learns. Next, I used a MNIST dataset as input and found that output patterns were well
separated because the averaged Hamming distance between was 0.417. It has been confirmed that a high
recognition capability can be obtained using spatio-temporal learning rule.
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A Study on Multi-agent Based Learning Data Sharing Infrastructure

Miku HONDA
Supervisor: Takuo SUGANUMA

The trend towards conducting online classes in schools has led to the widespread use of Learning Management
Systems (LMS) and Learning Analytics (LA) to distribute e-learning materials and visualize and analyze learning
data. However, the sensitive nature of the data requires privacy considerations, and the current control over public
disclosure of learning data is inflexible, which can lead to unnecessary data collection and misuse by third parties.
To address these issues, a new framework for data circulation is needed to collect and circulate learning data while
respecting the intentions of students and taking privacy into consideration. The proposed platform is based on
multi-agents, focusing on automatic negotiation for disclosure level adjustment of learning data and the concept of
Human-in-the-loop to improve the convenience of learners.
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A Basic Study on Simplification of Application Method of Feedback Error
Learning FES Controller

Shungo IGUCHI
Supervisor: Takashi WATANABE

This study aimed to develop a practical controller for functional electrical stimulation (FES) for paralyzed
patients to assist with activities of daily living. This study investigated an application method of a feedback
error learning (FEL)-FES controller. In the previous study, large number of measurements of responses of the
musculoskeletal system to electrical stimulation were required to create a musculoskeletal model. There were
also physical burdens and time constraints in those measurements. Therefore, a method of simplifying the
model was proposed, which was to adjust the static part using interpolation of responses to three types of
ramp waveform stimulation and the dynamics part of the second-order delay transfer function with a time
delay using a response of one type of step waveform stimulation. The controller trained with the model
adjusted by the proposed method was tested in controlling 1-DOF movement of the elbow joint in the sagittal
plane with healthy subjects. The results showed that the FEL-FES controller trained with the model using the
simplified adjustment method would be effective to improve time delay caused in a closed-loop control. In the
future, the closed-loop controller has to be improved for better control performance, and controlling
movements in the horizontal plane and multi-joint movements should be investigated for a more practical
controller.
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A study on indoor localization
by using Bluetooth radio waves without wearing a device

Yusuke UMEHARA
Supervisor: Noriyasu HOMMA

In recent years, the demand for indoor activity measurement has been grown to continuously monitor the elderly
people and to quantitatively understand daily physical activities. In this study, we propose a new device-free indoor
localization system by using ambient radio waves from home electronics. The proposed system estimates the
location of a person by machine learning techniques that utilize the person-location-derived fluctuations in
Bluetooth radio wave strength. The proposed system does not need any special transmission/reception procedures.
To ease the data acquisition effort for training the proposed system, we also adopted a robot equipped with a radio
wave absorber to emulate the changes in the person-location-derived radio wave fluctuations. The experimental
results with human subjects suggested that the feasibility of indoor localization of sub-meter accuracy by the
proposed system. It is thus expected that the proposed system with further improvement in the localization
performance will be helpful for realizing the continuous measurement of indoor activities without wearing of

devices.
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Highly sensitive gas measurement by mid-infrared absorption spectroscopy using
a long hollow optical fiber gas cell
Yusaku OMURA
Supervisor: Yuji MATSUURA

Since human exhaled breath contains hundreds of volatile compounds, and their composition and
concentration reflect the body's metabolism, breath analysis is expected to be applied to non-invasive
diagnosis. In this paper, we report the development of a compact and inexpensive system using a quantum
cascade laser (QCL) for ammonia, which is considered a biomarker gas for kidney failure, liver failure, gastric
cancer, and other diseases. We also aimed to improve sensitivity by increasing the optical path length utilizing
the high output power of the QCL. A distributed feedback QCL and a fiber with an inner diameter of 1 mm
were used for the measurement. The detection limit was 0.9 ppm when a transmission loss of 1.0 dB/m and a
4.4 m long fiber were used. Next, the transmission loss was reduced by reviewing the fiber fabrication process.
As a result, we succeeded in fabricating a fiber with a transmission loss of 0.75 dB/m and successfully
detected 0.3 ppm of ammonia. In fact, when we created and measured patient-level ammonia-containing

exhaled air, we succeeded in detecting 1 ppm.
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A Study on Local Radioimmunotherapy for Metastatic Lymph Node
Shizuki KURIU
Supervisor: Tetsuya KODAMA, Research Advisor: Tetsuya KODAMA

Lymphatic drug delivery system (LDDS) is novel technology that injects drugs into sentinel lymph nodes (SLNs)
in the early stage to treat metastatic lymph nodes (LNs) . However, further development is required to maintain the
long-term anti-tumor effect. Recently, it has been reported that immune checkpoint inhibitors (ICIs) have sustained
clinical efficacy compared to conventional anticancer drugs and that local irradiation alters immune responses and
tumor microenvironment. Therefore, local irradiation of LNs and ICI administration using LDDS may enhance anti-
tumor effects by stimulating T cells. Here we show that anti-tumor effects of local radio-immunotherapy to tumor
bearing LN using metastatic LN mouse model. Tumor cells were inoculated into subilliac LN (SiLN) ,and metastasis
was induced in proper axillary LN (PALN) and lung. Local irradiation inhibited lung metastasis and 1 Gy local
irradiation increased type I immunity in the spleen and lung. Furthermore, local radio-immunotherapy with 1 Gy and
anti-PD-1 antibody inhibited tumor growth in PALN and lung. Anti-tumor eftects of local radio-immunotherapy were
found to be higher than that of radiotherapy or immunotherapy alone. This paper shows that local radio-
immunotherapy has a synergistic effect, and suggests the possibility of a new treatment method with lower doses of
radiation and drugs.
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A Study on Particle Filter-based Estimation Method for Three-dimensional
Motion of the Internal Body Structures in X-ray Image Sequence

Takumi SHINOHARA
Supervisor: Noriyasu HOMMA

X-ray imaging is important for measuring target lung tumors moving with respiration during radiotherapy. Machine
learning-based estimation methods have been proposed to track the moving tumor obscurely captured in X-ray images
due to overlapping organs. However, these conventional methods often work poorly in various patient and imaging
situations not included in their training data. This study proposes a new method to estimate 3D target motion and
images from X-ray images. The proposed method adopts a particle filter with an explicit model that
represents the unobservable organ motion and observable images for covering various situations
without training data dependency. Experimental results showed that the proposed method could better estimate
the tumor motion and images in simulated images and the same potential for clinical images.
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2) R. Wei et al., “Real-time tumor localization with
single x-ray projection at arbitrary gantry angles
using a convolutional neural network (cnn)”.
Physics in Medicine and Biology (2020)
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A Study on Ultrasonic Measurement of Blood Pressure Dependence
on Viscoelastic Properties of Vascular Wall

Saki SUZUKI
Supervisor: Hiroshi KANAI, Research Advisor: Mototaka ARAKAWA

Previously, we proposed an ultrasonic measurement method of arterial wall elasticity for the early detection of

arteriosclerosis. Since vascular wall elasticity depends on blood pressure, in this study, the elasticity and viscosity

were estimated using the hysteresis loop determined between the incremental strain in the wall and internal pressure

by altering the lowest pressure in the phantom and in vivo experiments. Consequently, both the estimated elasticity

and viscosity increased with the minimum internal pressure. Moreover, the slope of each hysteresis loop was larger

than that of the approximated curve for the lowest blood pressures of the hysteresis loops with different internal

pressures, caused by the blood pressure changes in the order of several hertz within a single heartbeat. Hence, we

conclude that measuring both the blood pressure and the elastic and viscous moduli would be beneficial in
comprehensively investigating more vessel wall properties that change with the progression of arteriosclerosis.
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Characterization of the barrier function of a cell layer in terms of its impedance
measured in a microfluidic channel

Reina BANDO
Supervisor: Tatsuo YOSHINOBU, Research Advisor: Ko-ichiro MIYAMOTO

Barrier functions due to intercellular adhesion, called tight junctions, play important roles in biology and pathology.
The trans-epithelial electrical resistance (TEER) measurement, which has been conventionally used to evaluate the
barrier function, has a problem of not being able to perform position-selective measurement. In this study, we used a
method based on a semiconductor sensor. This method detects the impedance distribution of the cell layer formed on
the sensor surface in the form of a photocurrent generated by a scanning light and can measure the morphological
change of the cell layer in a position-selective manner. In this study, we aimed to observe changes in the barrier

function when the cell layer on the sensor was stimulated by a reagent.
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A Basic Study on Application of Gait Events Detection Method by
Deep Learning Using Inertial Sensor to Hemiplegics

Ken HIGUCHI
Supervisor: Takashi WATANABE

Hemiplegia is motor dysfunction caused by cerebrovascular disease, reducing the patient's quality of life and
therefore it is necessary to implement gait rehabilitation. Detection of gait events is necessary for various systems in
the quantitative evaluation of walking ability. Recently, gait events detection methods using deep learning have
been studied. However, the acquisition of learning data is a problem in the abnormal gait of hemiplegics with large
individual differences, and one or two types of gait events are often detected. Therefore, this study examined
methods for detecting the four types of gait events in hemiplegics without using the data of hemiplegic patients.
Multiple learning models were created using the gait of healthy subjects walking and simulated hemiplegic walking
measured by an inertial sensor and force-sensitive resistors attached to the foot, and the detection rate and timing
error of gait events for each detection model were verified. The model trained only on healthy gait data (Model H)
was found to have relatively good accuracy. Then, Model H was examined on an actual hemiplegic gait
(with/without AFO). The results suggest that Model H has good detection rates and detected timing errors,
especially for the hemiplegic gait with AFO. However, the standard deviations of the detected timing errors were
particularly large for the toe-off, and gait events tended to be detected earlier for hemiplegic gait without AFO. In
order to reduce such errors, the conditions for gait phase transitions and the input signals to the model need to be

investigated. Detecting the four gait events in hemiplegic gait could be applied to a variety of devices.
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