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Individual Research |

This course is designed for the graduate course students to do their own research works independently under supervision of their advisors. The
graduate students are encouraged to set the objectives of their research works and to do development of theories and methodologies to
achieve the objectives. At the end of semester, the students must give the reports in a technical paper form to their advisors for grading.
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This course is designed for the Ph.D. course students to do their own research works independently under supervision of their advisors. The
Ph.D. students are encouraged to set the objectives of their research works and to do development of theories and methodologies to achieve
the objectives. At the end of semester, the students must give the reports in a technical paper form to their advisors for grading.
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This course is designed for the Ph.D. course students to do their own research works independently under supervision of their advisors. The
Ph.D. students are encouraged to set the objectives of their research works and to do development of theories and methodologies to achieve
the objectives. At the end of semester, the students must give the reports in a technical paper form to their advisors for grading.
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Individual Research IV

This course is designed for the Ph.D. course students to do their own research works independently under supervision of their advisors. The
Ph.D. students are encouraged to set the objectives of their research works and to do development of theories and methodologies to achieve
the objectives. At the end of semester, the students must give the reports in a technical paper form to their advisors for grading.
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=) = Advanced Microwave Theory

This course covers microwave transmission lines, microwave circuit method, discrete structure, analysis and application of periodic structures,
and scattering theory.
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SA=2U=Y Advanced Optoelectronic Engineering

=Enis 29

In this course, basic semiconductor electronics, theory of electronic band structures in semiconductors, electromagnetics, light propagation in
various media, optical waveguide theory, waveguide couplers and coupled—-mode theory, optical process in semiconductors, and semiconductor
lasers will be studied to provide a more thorough understanding of semiconductor and optoelectronic devices, including waveguides,
semiconductor lasers, modulators and detectors.
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SA=2U=Y Semiconductor Fundamentals

This course provides the student an understanding of the fundamental semiconductors and devices. The basic knowledge that you will learn in
this introductory course will make up the foundation to understand the operation and limitation of the three primary electronic devices: 1) PN
junctions diodes, 2) bipolar transistor, and 3) MOS field effect transistors.
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Electromagnetics

This course deals with the fundamental elements of electromagnetics from basic to advanced levels. The key elements include Maxwell's
equations with their boundary conditions, Poynting theorem in field and circuit versions, Wave reflection and transmission for TE and TM cases,
various transmission lines, radiation problems, scattering problems, and so on. Special projects may be included.
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This course gives the treatment of probability theory for analysis of the system that inherently exhibits randomness. Covered topics include
probability theory, random variable, probability distribution and density function, correlation and spectral density function, and random processes.
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Advanced Digital Communications

=Enis 29

This fundamental course is a graduate—level introduction to the fundamentals of digital communication. The course includes a brief review on
signal-space concepts; digital modulation schemes; optimum receiver architectures for digitally modulated signals; system performance in terms
of error probability and spectral efficiency; introduction to channel coding techniques; and a concise discussion of communication over
band-limited and fading channels.
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SA=2U=Y Advanced Wireless Networks

This lecture is intended to provide knowledge on various aspects of modern wireless networks, including wireless network architecture, wireless
ad—hoc networks, and cellular network systems. Through this lecture, students are expected to be able to understand technical details of
operation, architecture, and evolution of wireless network systems.
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Advanced Digital Signal Processing

This lecture provides the advanced technology of digital signal processing such as concepts of signals, systems and processing. On the basis
of these concepts, it covers classification of signals, frequency approach for signal analysis, various filter design and A/D conversion.
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This course helps the students to understand the difficulties in CMOS analog designs. The students will learn the approaches currently taken to
optimize analog designs. As a final project, they will be looking at, DAC, ADC, and PLL closely and try to reproduce the circuits with most of
the pitfalls covered.
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VLS| Systems Designs

This course covers the basics of SoC (CMOS VLSI) design in system perspective. Topics are reviews on CMOS basics, combinational logic and
sequential logic designs, SoC design methodologies and tools, data path design, memory design, testing and verification, and special purposed
design. Front-end and back-end design projects using CAD tools are included.
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Sensor—based Mobile Robots

=Enis 29

This course covers all aspects of mobile robot systems design and programming from both a theoretical and a practical perspective. The basic
subsystems of control, localization, mapping, perception, and planning are presented. For each, the discussion will include relevant methods
from applied mathematics. aspects of physics necessary in the construction of models of system and environmental behavior, and core
algorithms _which have proven to be valuable in a wide range of circumstances.
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Advanced Mathematics for Physicist

This course covers mathematics and computation methods for graduate student to study electromagnetism, physics of semiconductors, optics,
lasers, microwaves, etc.
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To acquaint the student with the application of the principles of quantum mechanics in Optics. The course includes: review of foundations of
quantum mechanics, solution to time-independent Schrodinger’'s equation, time-independent and time-dependent perturbation theory, field
quantization, lasers, electrooptic effect, and photodetector and optical receivers.
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Microstrip Circuit Design

This course covers transmission line theory, network analysis methods (such as Z, Y, S, and ABCD parameters), RF passive devices (power
divider, coupler, filters), and periodic structures from basic to advanced levels. Students will experience many design examples.
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This course first deals with fundamental antenna engineering theory (radiation mechanisms, antenna-related parameters such as efficiency,
directivity, gains, radiation patterns, etc), dipole and loop antennas, microstrip antennas, broadband antennas. Then, it covers the area of array
antennas. Students will experience many design examples.
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Solid State Electronics

This course covers crystal properties, energy band theory, crystal imperfections, therodynamics, equilibrium distributions, transport properties,
scattering properties, optical properties, excess carriers, heterostructures, and surface structures to understand the physical properties of
semiconductiors.
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In order to make students understand the basic concepts of unexpected effects such as difficult electromagnetic field coupling, radiation, and
inducing, circuit theory will be predominantly adopted in this course rather than field theory and every student will carry out one research
project as a term paper. After introducing EMI/C (Electromagnetic Interference and Compatibility), various techniques minimizing noise generated
in circuits and systems, electrical (capacitive) and magnetic (inductive) coupling phenomena will be explained for cabling method.
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Micro—electromechanical System

This class provides the introduction of Micro—electromechanical system (MEMS) and its application. MEMS is a technology building
electro—-mechanical structure susing various semiconductor fabrication technology. Optical and bioapplication of MEMS will be introduced in this
class.
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= Advanced Mobile Communication

To understand the mobile communication system, this lecture covers the characteristics of wireless channel, the concept of cellular system and
the architecture of mobile communication system. It includes the key technologies of next generation mobile communication system.
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This course provides selected topics in wireless communications for adaptation to the advent of new theories and technologies. The topics may
be selected from recent research areas such as multiple=input multiple—output communications, multiuser communications, orthogonal frequency
division multiplexing, advanced coding theory, etc.

==1U=4g AFRHUERI AMAE ds=4
St+HS EE746 - s 3 o2 3 5= 0
=) = Performance Evaluation of Computer Network Systems

This lecture is intended to provide various methods of stochastic analysis on computer network systems. Primary coverage includes Poisson
process, Markov chain, queuing theory, renewal processes, etc.
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N A= DHEY  Mobile Multimedia Network =

This lecture provides mobile services such as WiFi, WiBro, USN/NFC, RFID, ITS (Inteligent Tranportation System), Visible Light communications
and so on. It includes cross—layer approach in which 7 layers of network protocols are cooperated for optimized service of multimedia. It
provides diverse mobile network technologies and application services.
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This course studies optimization problems that include linear programming, nonlinear programming, and convex optimization theory. Main goal of
this course is to develop a working knowledge of linear and nonlinear optimization such as the skills and backgrounds needed to recognize,
formulate, and solve optimization problems. This course includes convex sets, convex functions, formulations of convex optimization problems,
linear optimization, duality theory, the Lagrange dual problem, and KKT optimality conditions in theory. In addition, this course includes
practical optimization problems for communication systems and networks.
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This course offers an introduction to the theory of information and its applications to reliable and efficient communication systems. Topics
include mathematical definition and properties of information, optimal lossless coding, noisy communication channels, channel coding theorem,
the source channel separation theorem, Gaussian noise, and time-varying channels.
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Embedded Memory System Design

This course offers the students the opportunity to understand various types of memories such as SRAM, DRAM, Flash memory, and future
memories such as PRAM and FeRAM. Also, by understanding the strengths and weaknesses of these memory configurations, the students will
be able to discern a good memory type and architectures for a given embedded applications.
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RF Integrated Circuit Design

=Enis 29

The course starts with a brief introduction of RF/analog circuit theory and semiconductor fabrication to provide background for other course
topics. Modeling and fabrication of active and passive devices fabricated on silicon CMOS process are presented to use in wireless circuit
design. Basic building blocks for wireless communication front-end such as low noise amplifier, mixer, VCO, and power amplifier are studied
using example circuits published on journal articles. Finally, system design concepts such as cascaded gain/noise, sensitivity, dynamic range of
wireless communication front—-end design issue are examined.
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The course starts with an erratic history of radio and surveys the passive components normally available in CMOS such as resistor, capacitor,
and inductor. It provides a quick review of MOS device physics and modeling and examines the properties of lumped, passive RLC networks.
Then extends into the distributed realm. It provides an important bridge between the traditional RF plumber’s mind-set and the IC designer’s
world view by presenting a simple derivation of the Smith chart. It takes a detailed look at the problem of designing high—frequency amplifiers,
both broad- and narrow-band.
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This course focuses on the front-end and back-end VLS| design methodology including hardware description languages, hardware synthesis,
simulation and VLS| design environments.
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==Y System—-on-Chip Design Methodology

In this course, system-on—chip design methodologies are discussed for very complex system level chip design.
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Digital Systems Design
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For understanding and developing advanced digital systems, knowledge of state-of-the—art computer system architecture and digital signal
processing architecture is a must, since most digital systems include CPU cores and the signal processing systems for multimedia and mobile
signals. This course addresses digital system design architectures such as parallel processing, pipelining, retiming, folding, unfolding and
strength reductions. Also, the updated coverage of design issues such as power and reliability are included.
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Advanced Digital Systems Designs
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For understanding and developing advanced digital systems, knowledge of state—of-the—art computer system architecture and digital signal
processing architecture is a must, since most digital systems include CPU cores and the signal processing systems for multimedia and mobile
signals. Topics on RISC CPU architecture, memory systems, and multiprocessor are focused during first half of semester. Also, updated
coverage of design topics such as power, reliability, and availability are included. Digital signal processing is used in numerous applications
such as video compression, digital set-top box, cable modems, DVD, portable video systems, multimedia and wireless communication, speech,
processing, etc. Also, this course addresses the methodologies, algorithms, and architecture needed to design DSP systems.
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Laser Engineering
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This course provides introduction to lasers and how they work, including quantum transitions in atoms, stimulated emission and amplification,
rate equations, saturation, feedback, coherent optical oscillation, laser resonators, and optical beams. In addition, it emphasizes dynamic and
transient effects including spiking, Q-switching, mode locking, frequency modulation, frequency and spatial mode competition, linear and
nonlinear pulse propagation, short pulse expansion, and compression.
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This course provides selected topics in wireless communications for adaptation to the advent of new theories and technologies. The topics may
be selected from recent research areas such as multiple=input multiple—output communications, multiuser communications, orthogonal frequency
division multiplexing, advanced coding theory, etc.
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Understanding the basic concept of the satellite communication and experience its application areas. The lecture will include satellite link
analysis, transmission technology, multiple access, satellite communication service.
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The subject of adaptive signal processing constitutes an important part of statistical processing. The primary aim of this course is to teach the
mathematical theory of various realizations of adpaptive filters with finite—duration impulse response (FIR) and do the development in a unified
manner wherever possible including adaptive beamforming.
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This course introduces a variety of optimization applications encountered in electrical and electronic engineering fields, including control,
inference, signal processing, imaging, and machine learning. By focusing on application examples and numerical techniques, students will be
able to formulate their own research problems in optimization problems and learn practical techniques to efficiently solve them.
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Fundamentals of Machine Learning
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This course covers fundamentals of machine learning. The topics include supervised and unsupervised learning, regression and classification, a
variety of loss functions, outlier rejection, overfitting and regularization, neural networks, and so on. Students will work on practical examples
and numerical techniques to familiarize themselves with the covered topics.
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Technology for Silicon Semiconductor IC (Integrated Circuit) chip which is the basis of modern electronic systems, will be covered, focusing on
its historical background, structures of modern semiconductor devices, and fabrication processes. Current and future trends of semiconductor
IC technology will also be discussed
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In this course, memory structures that allow low power operation are analyzed. In particular, memory structures that allow efficient
processor—-memory architecture suitable for deep learning computation will be explored
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In this course, computing architectures for deep learning will be analyzed. In particular, the mechanizm behind deep learning will be analyzed in
terms of circuit efficiency and various techniques employed to achieve the efficiency will be studied. The focus of this course will not only be
on optimized hardware for inference, but also on learning.
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In this course, variety of renewable energy related convergence semiconductor implementations will be analyzed and their applications will be
studied. In particular, suitable structures and methods to apply the renewable energy for wearable applications will be explored in detail.
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This lecture earns the concept, purpose, and components of reinforcement learning based on the Markov Decision Process
(MDP) . The prediction and control are studied to learn the optimal policy in Markov Decision Process(MDP) using BelIman
equation. In order to train the optimal policy from the actual episodes, starting from the Monte Carlo method., Q-learning,
SARSA, and Time Difference (TD) are studied. Algorithms such as DAN, AC, and A3C are learned to apply reinforcement
learning to actual tasks which are non-MDP situations.
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Sensor devices and circuits
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In this course, we try to understand the sensor manufacturing process and the principle of the sensor, various sensors based on
physical, chemical, optical mechanism and its noise. We will also study amplification and circuits applied to sensors, data
transmission and reception In this lecture, we aim to understand various technologies related to sensors and their roles in
the big data era, such as sensor fabrication, peripheral circuits, operating principle, data collection and transmission
scheme, and noise of sensors.
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This course presents an overview of AgeTech—Service in the development and expansion of AgeTech—-Service industries, including the big data,
Al, and IT. This course focus on the active and independent life of healthy older adults and life in need of care of the elderly with various

technological industries and research trends.

AgeTech-Service Capstone
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This course is applying the knowledge acquired in the AgeTech-Service Convergence Major to social problems. This course also cultivates the
application skills, problem-solving skills, and reasoning skills through creative design suitable for the needs of the field.
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This course introduces the research methods for planning, development, usability evaluation, and implementation of AgeTech-Service, and
teaches the recent research method.
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Students analyze the theory and cases of AgeTech-Service planning and evaluation through the course. Also, students learn about service
design thinking in real life about AgeTech-Service. They study concepts, processes, performance indicators, and measurement methods of
AgeTech-Service.
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Also, this course Introduces a variety of technigues for older adults and caregivers (mobile application for caregiver's health, transfer robot in a
care facility, etc.) and study how to improve their technology utilization.
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AgeTech—Service and Living Lab
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This course introduces several living lab research focuses on AgeTech-Service. Students also learn recent research skills and methods in the
real-world living lab.
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The goal of this lecture is to understand in detail of the structure, function, and aging process of the human body to which aging technology
and services are applied.
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This lecture will provide knowledge of the effects and principles of natural product formulations and supplements, and will review the
developmental process of novel drugs to provide practical and professional knowledge to become a developer.
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This lecture will discuss in detail how aging tech service can actually contribute to the health promotion of the elderly, and suggest the future
direction of anti-aging technology through the advantages and disadvantages of existing technologies.
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Students will be able to relate theories to reduce health care costs for management and prevention of chronic diseases and to enable
personalized nutrition management using ICT. This course will help to improve critical thinking skills to compare and evaluate various wearable
devices, food visualization data, and nutrition_management apps.
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In the course of the life cycle, students will learn about changes in old age specially in point of physiological and nutritional changes. Students
learn about physiological changes in old age, changes in the amount of nutrients required to control and supplement them, and problems and
countermeasures for_special nutritional disorders.
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Due to rapid changes in population structure such as aging, various changes in food materials and product processing are required. The
spread of ethical consumption trends such as sustainability, animal welfare, eco—friendliness, and health oriented food market is growing
rapidly. This course will help students to acquire the latest information to proactively prepare for the formation of a new food market in line
with these needs.
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This course presents an overview of sensor fusion in practice and research with topics including vision, audio, touch, motion, and inertial

sensors. In course projects, students construct sensor fusion system which are processed by various micro—controllers, with each project
reinforcing the basic principles developed in lectures. This course will also expose students to some of the contemporary happenings in
sensors, which includes current research, applications, sensor contests and sensors in the news.
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This course teaches theory and techniques fo the artificial intelligence (Al) for analyzing the various data, including image, generated at aged
persons’s environments. Especially, in order to learn and practice the contents and techniques of deep learning that is applied in various fields
recently, students implement the CNN based deep learning program with Python/TensorFlow. Using the implemented program, students practice
image recognition and classification for MNIST image set or Cifuri10 image set.
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In order to develop techniguesproviding convenient movementsof aged persons, this course teaches the reinforcement learning that would be a
fundamental method for tracking the optimal path in adaptation to aged person’s living environments. We learn the dynamic programming based
on Monte-Carlo and Temporal-difference learning class, and then learn Deep—Q Netwok (DQN) and Actor-Critic (AC), which are important
techniques for reinforcement learning. Students will practice the reinforcement learning method finding the optimal movement for aged person’s

wheelchairs.
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In this course, you will understand the characteristics of personalized medicine for the health care and disease treatment process needed in an
aging society. Understand the health management method to prepare for an aging society through precise medicine that emerges as a medical
treatment in the 4th Industrial Revolution era, and understand lifecare management and disease management in the process of applying it.
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eHealth is the use of information and communication technologies (ICT) for the efficiency, accessibility, and quality control of health service. In
order to support the independent activities of daily living and health promotion for the elderly in the super—aged society, this course aims to
understand new paradigm of eHealth system and consider the aspect and the role of rehabilitation service in the future.
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Advanced Studies on Planning of Elderly Housing Facilities
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In order to support the independent living for the elderly in the super—aged society, this course highlights the importance of the elderly living
environment and provides the case study of various housing options for the active and fragile elderly. This course aims to enhance the
knowledge about the architectural space planning, interior design and universal design guidelines considering the psychological and physical
characteristics of the elderly.

_ ==Y oIZk= Al &3 _

St : i 8 o2 3 AL 0
A2 U2 Human-centered Design

FHEAW =20l &= technology MBIA JfE Dt IZb= 4 A gAlg Soll 2I2F HENSt

t2E <o, €H & SHOUAM 2t AFS S22 of=
=

= A
usability?l OIHE T206t= +=LO0ICt. SMSE2 02 AtAIEZAIE Soff AH Mo te s=4

This course aims to enhance understanding of human behavior and usability through a human-centered design approach that involves human
perspective in all stages of planning and designing of built environment to develop and apply technology service for elderly living. Through an
investigation of a wide range of theories and case studies, students will provide a solution to a problem relevant to real life.
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This course provides a comprehensive understanding of future housing and research methods relevant to future housing studies. A wide range
of future housing project will be investigated and analyzed.
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