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University Canada West Canada — ~ B R
. RPRFRIEABEICRICEDY
2 Albania COLOMBO CENTER ALBANIA |Technical University Vienna Austria —
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University of Nottingham England 84 16 16 16
3 | Bangladesh MACES University of Glasgow Scotland 65 10 10 10
&t — 320 320 320
Kyung Sung University Korea — 70 70 70
4 | Bangladesh WISDOM EDUCATION Jeju University Korea — — 100 100
it — 200 200 200
University of New York in Prague Prague = 30 30 30
5 Belarus Countour-LAMN Kozminski University Poland — 30 30 30
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Universitat Autonoma de Barcelona Spain 188 13 13 13
_ _ Reagent's University England — 10 10 10
6 Brazil NM Intercambios
University of Westminster England — 6 6 6
it — 750 750 750
University of Cambrid England 6
i YES - Young Education IVTEIES) OIS et KREFFIFEM I3 AL
7 Brazil N A University of Oxford England 5
Studies Intercambio —
&t — 170 170 170
IPU New Zealand New Zealand — . 5 7
. . . 20174 A1
8 Brazil GX High Education Asia Pacific University Malaysia 1 1
&t — — 20 20
University of Greenwich England — - N
) ) MR ORI g 20174 RIS - ASABIEEM (2SR
9 Brazil Intercambio Help Birmingham City University England =
&t — — 3 4
Universite of Twente Netherlands | 172 — 25 25
10| Bulgaria | ERLANTA - Education Abroad [~ —— e % % %
ulgaria —
g (Bulgaria niversity of Southampton nglan
it — 520 600 680
University of Amsterdam Netherlands 57 _ B
RERFMEERAE ISR EDS
11 Ecuador SLI ECUADOR University of Waterloo Canada 163
= — 40 40 40
IESEG School of Management France — 2 2 4
12 Georgia PRIME STUDY International Business School IBS Hungary — 2 2 2
it — 25 27 30
. . . |University of Northern British Columbia Canada = 100 100 100
. Kapri Education & Immigration
13 India N Capilano University Canada — 100 100 100
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Southern Cross University Australia — 5 5 5
Naresy International Education |Griffith University Australia — 5 5 5
14 Indonesia
Consultant Melbourne Polytechnic Australia — 10 10 10
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15 Italy English Bus School - - - 20184FRIZ - FIMBALE
it -
Polytechnic University of Milan Italy — 20 20 20
16 | Macedonia EAC D.0.0. Skopje Ca' Foscari University of Venice Italy — 20 20 20
it — 100 100 100
St George's University Granada = _ N
20174 AUZE - KRR IS4
17 | Malaysia Transnational Education  |University of Chester England = SRR p LR AL
&t — — 5 10
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Southern Cross University Australia — 10 10 4
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. Beihang University China 491 KEROFHMIAFEICHICEDT
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University of California, Berkele: USA 27 ~ _ N
X Corps of Executives - Far East g —— g KREFOFHMIEERBEICHICEDT
23 Russia Oregon State University USA 450
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: _ »
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Swiss Federal Institute of Technolo Switzerland 7 - N
. Lincoln Management il 4 i EY s EztilEe: L8
28 Taiwan University of Exeter England 154
Et = 265 [ 265 [ 265
Washington State Uni it USA 391 - N
OH! Study Education cchington Slae Tniversty KRS
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Tadayuki Imai, Kazuo Oki, Koichi Nakamura, Shigeru
Horii, Hiroaki Fukushima, Alberto Castellazzi, 157
Takahiro Namazu, Masayuki Nishi, Ryousuke N
Matsumoto, Ippel Kishida, Ryo Takahashi, Yoshihiro
Sato, Fuat Kucuk, Salem Ibrahim Salem , Liang Zilu

Capstone Project 2




Course Title

Instructors

Laboratory Project 1

Osamu Tabata, Hiroshi Kawakami, lan Piumarta,
Tadayuki Imai, Kazuo Oki, Koichi Nakamura,

Shigeru Horii, Hiroaki Fukushima, Alberto
Castellazzi,

Takahiro Namazu, Masayuki Nishi, Ryousuke
Matsumoto, Ippei Kishida, Ryo Takahashi, Yoshihiro
Sato,

Fuat Kucuk, Salem Ibrahim Salem,

Marctin Luther a, Liang Zilu

Laboratory Project 2

Osamu Tabata, Hiroshi Kawakami, Ian Pilumarta,
Tadayuki Imai, Kazuo Oki, Koichi Nakamura,

Shigeru Horii, Hiroaki Fukushima, Alberto
Castellazzi,

Takahiro Namazu, Masayuki Nishi, Ryousuke
Matsumoto, Ippei Kishida, Ryo Takahashi, Yoshihiro
Sato,

Fuat Kucuk, Salem Ibrahim Salem,

Martin Luther Sera, Liang 7Zilu
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Course Title

Startup Seminar A

Credits

2

Corresponding year /

Ist year, ist semester

Semester
Course Category Exercise
Mandatory / Elective Mandatory

L.anguage

Japanese for Japanese speaking students, English for English speaking students

Instructors

Osamu Tabata, Hiroshi Kawakami, lan Piumarta, Tadayuki Imai, Kazuo Oki,
Koichi Nakamura, Shigeru Horii, Hiroaki Fukushima, Alberto Castellazzi,
Takahiro Namazu, Masayuli Nishi, Ryousuke Matsumote, ippei Kishida,
Ryo Takahashi, Yoshihiro Sato, Fuat Kucuk, Salem tbrahim Salem,

Martin Luther Sera, Liang Zilu

Course Description

Startup seminar A gives students an opportunity to acquire the basic skills needed for
study and research in universities. The skills acquired include the ability to investigate,
understand, and present information.

The seminar consists of a sequence of practical activities: problem finding in everyday
life, knowledge acquisition and sharing, group discussion, problem-solving by
brainstorming, implementation of a solution, verification of the solution, presentation,
and reporting,

Activities are carried out in Japanese.

Course Gosls

On completion of this course participants will
« have experience of group work and understand its effectiveness; and

= have invented a feasible, novel, and topical solution for a given problem.

Course Topics

|inspiration-1: icebreaking, introduction, and schedule

2{inspiration-2: input (problem to be soived), and explanation of method
3iinspiration-3: problem-finding practice and reformuiation of problem
4|ldeation-1: insight (sharing insights about reformulated problem)
5lideation-2: download (sharing relevant knowledge)

Giideation-3A: brain storming

Titdeation-4A: rapid prototyping

8ildesation-3B: brain storming

9lideation-4B: rapid prototyping
10|ideation-5A: idea refinement (feasibility, novelty, and topicality check)
11jideation-58: idea refinement (feasibility, novelty, and topicality check)
12{Implementation-1A: prototyping
13{implementation-1B: prototyping
14{implementation-2: cresaling presentation material
151Presentation and review

Grading

An overall grade will be calculated based on the scores obtained for reports (50%) and

the final presentation (50%).

Preparatory Study

None.

Requests to Students

None.

Text Book

Will be provided in-class, as required.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Wil be introduced in-class, as required.
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Course Title

Startup Seminar B

Credits

2

Corresponding year /

1st year, 2nd semester

Semester
Course Category Exercise
Mandatory / Elective Mandatory

Language

lapanese for Japanese speaking students, English for English speaking students

instructors

Osamu Tabata, Hiroshi Kawakami, lan Piumarta, Tadayuki Imai, Kazuo Oki,
Koichi Nakamura, Shigeru Horii, Hirgaki Fukushima, Alberto Castellazzi,
Takahiro Namazu, Masayuki Nishi, Ryousuke Matsumoto, Ippel Kishida,
Ryo Takahashi, Yoshihiro Sato, Fuat Kucuk, Salem Ibrahim Salem,

Martin Luther Sera, Liang Zilu

Course Description

Startup seminar B gives students an opportunity to acquire knowledge of, and practice
skills associated with, knowledge acquisition, discussion, presentation, and reporting.
The practical activities are carried out in English, This seminar fosters students’ skills

in areas such as communication, feadership, and cooperation.

Course Goals

On completion of this course participants wilf
= have experience of design work and understand its effectiveness;
- have invented a feasible, novel, and topical solution for a given problem; and

- have acquired skills for conducting group work in English.

Course Topics

1llnspiration-1: icebreaking, introduction and schedule

2{Inspiration-2: input {problem to be solved), explanation of method
3{inspiration-3: problem-finding practice, reformulation of problem
ditdeation-1; insight (sharing insights about reformulated problem)
5lldeation-2: download (sharing relevant knowledge)

6}ldeation-3A: brain storming

Tildeation-4A: rapid prototyping

8lideation-3B: brain storming

Stideation-4B8: rapid prototyping
10[ldeation-5A: idea refinement {feasibility, novelty, and topicaiity check)
11|Ideation-5B: idea refinement (feasibility, novelty, and topicality check)
12{implementation-1A: prototyping
13]implementation-1B: prototyping
14i{implementation-2: creating presentation material
15iPresentation and review

Grading

An overall grade will be calculated based on the scores obtained for reports (50%) and
the final presentation (50%).

Preparatory Study

None.

Requests to Students

None.

Text Book

Will be provided in class, as required.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Wiil be introduced in-class, as required.
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Course Title

Introduction to Mechatronics Engineering

Credits

2

Corresponding year /
Semester

1st year, 1st semester

Course Category

Lecture

Mandatory / Elective

Mandatory

lLanguage

Japanese for Japanese speaking students, English for English speaking students

Instructor

Osamu Tabata

Course Description

This course introduces students to the overall curriculum of the Department of
Mechanical and Electrical Systems Engineering, and some of the social and study
skills they will need as undergraduates. Students will understand the importance of
each of the fundamental or specialized courses they study, and gain vital context for
their learning through an appreciation of the relationships hetween the various
courses. This course also explores the value of the students’ eventual contributions to
society as engineers, the opportunities that will be availabie to them after graduation
in a professional or advanced academic career, and some of the real-life ethical issues

that affect practicing engineers.

Course Goals

On complation of this course participants will

o understand the content and importance of each of the subjects that they will study;
e have gainad important context for learning, by understanding the relationships
hetween the subjects they will study; and

= he able to build an effective 4-year study plan with foresight of their opportunities
and professional responsibilities after graduation.

Course Topics

Curricutum overview

Quttine of fundamental subjects, specialized subjects, and experimental subjects (1)

Outline of fundamental subjects, specialized subjects, and experimental subjects (2)

Qutline of fundamental subjects, specialized subjects, and experimental subjects (3)

Outline of fundamental subjects, specialized subjects, and experimental subjects (4)

Qutline of fundamental subjects, specialized subjects, and experimental subjects (5)

Outline of fundamental subjects, specialized subjects, and experimental subjects (6)

Outline of fundamenta! subjects, specialized subjects, and experimental subjects (7)

Qutline of fundamental subjects, specialized subjects, and experimental subjects (8)

Outline of fundamental subjects, speciatized subjects, and experimental subjects (8)

e |
OO0 I D Bo ]

Outline of fundamental subjects, specialized subjects, and experimental subjects (10)

12

Relationships among subjects, and the course tree

13

Career paths after graduation

14

Engineering and ethics

15

Discussion and review

Grading

An overall grade will be calculated based on the scores obtained for reports (100%).

Preparatory Study

Before attending this class, students should read the course descriptions of the
relevant syllabi.

Requests to Students

Will be provided in class, as required.

Text Book

Sylabi and course descriptions (for preparatory study) will be distributed during

admission.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be provided in-class, as required.
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Course Title

Engineering Physics 1

Credits

4

Corresponding year /

1st year, 2nd semester

Semaster

Course Lecture

Mandatory / Elective Mandatory

Language English

fnstructors Shigeru Horii, Ryousuke Matsumoto, Ryo Takahashi

Course Description

Mechatronics is a comprehensive engineering discipline that encompasses various
sciences and technologies such as mechanical, electrical, and electronic engineering.
As a primary approach to learning these subjects, it is indispensable to cultivate a
working knowledge of general physics.

This course consists of lectures on classical dynamics, vibration, waves, and
thermodynamics. Over the course of 30 lectures, students will learn about motion in
simple dynamic systems, motion with periodicity, and the concepts of temperature,
heat, and work. Short exercises will be provided to confirm the depth of understanding
for each participant, as necessary.

A companion course, Engineering Physics 1 (Exercises), provides participants with a
hands-on approach to developing their working knowledge of the subjects listed

above.

Course Goals

On completion o
« mathematically explain the motions and positions of substances using coordinates;
- explain the relationship between force and mation using the equations of motiorn;

« demonstrate a working understanding of the concept of energy;

- explain the basic phenomena of oscillations using equations;

= explain the propagation of waves using equations;

« explain the first and second laws of thermodynamics; and

= explain state changes of ideal gases using equations.

Course Topics

Introduction; the international systems of units

AL

Motion along a straight line (1): motion, position and displacement

Molion along a straight line (2): velocity, acceleration and free-fall acceleration

Vectors

SRR

Motion in two and three dimensions (1)

Motion in two and three dimensions (2)

~ | Gy

Force and motion (1)

forse and motion (2

Force and motion (3)

Force and motion (4)

Work and power (1)

it | | s
N | O W00

Work and power (2)

e
L2

Energy by motion (1): kinetic energy

—
o

Energy by motion (2): general variable energy

Energy by motion (3): conservation of energ

Equifibrium

Oscillation and simple harmonic motion {1}

Oscillation and simple harmonic motion (2)

Forced oscillation and resonance

Waves (1): transverse and longitudinal waves

Waves (2)

traveling waves and standing waves

ZiWaves (3): sound waves

Waves (4): interierence and the Doppler effect

Thermodynamics: temperature and heat

The first law of thermodynamics

The kinetic theory of gases

Molar specific heat and adiabatic expansion of an ideal gas

Entropy

The second law of thermodynamics

Efficiency of real engines




Grading

A final grade will be calculated based on the scores obtained in the mid-term

examination (35%), final examination (35%) and quizzes (30%).

Preparatory Study

Will be provided in-class, as required.

Requests to Students

Students should bring writing materials and their own scientific calculator to every
class. Students should take Engineering Physics 1 Exercises concurrently with this

course,

Text Book

David Halliday, Robert Resnick, and Jear! Walker, "Fundamentals of Physics" (10®
edition), John Wiley & Sons, Inc.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be introduced in-class, as required.
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Course Title

Engineering Physics 1 Exercises

Credits

2

Corresponding year /

1st year, 2nd semester

Semester

Course Category Exercise
Mandatory / Flective Mandatory
Language English

Instructors

Shigeru Horil, Ryousuke Matsumoto, Ryo Takahashi

Course Description

Mechatronics is a comprehensive engineering discipline that encompasses various
sciences and technologies such as mechanical, electrical, and electronic engineering.
As a primary approach to learning these subjects, it is indispensable to cultivate a
working knowledge of general physics.

This course cansists of exercises on classical dynamics, vibration, waves, and
thermodynamics. Over the course of 30 hands-on exercise classes, students will fearn
how to apply fundamental knowledge about motion in simple dynamic systems,
motion with periodicity, and the concepts of temperature, heat and work. Short tests
will be provided to confirm the depth of understanding for each participant, as
necessary.

A companion course, Engineering Physics 1, provides lecture classes corresponding to

the exercises performed in this course..

Course Goals

On completion of this course participants should be able to:

= explain mathematically the motions and positions of substances using coordinates;
« explain the relationship between force and motion using the equations of motion;

« demonstrate a working understanding og the concept of energy;

= explain the basic phenomena of osciliations using equations;

« explain the propagation of waves using equations;

« gxplain the first and second laws of thermodynamics,; and

= explain the changes in states of ideal gases using equations.

Course Topics

Alt classes consist of practical exercises for the indicated topic.

1|Introduction; the international systems of units
2{Motion along a straight line (1): motion, position and displacement
3{Motion along a straight line {2): velocity, scceleration and free-fall acceleration
4iVectors
5{Motion in two and three dimensions (1)
6|Motion in two and three dimensions (2)
T{Force and motion (1)
8|Force and motion (2)
9iForce and motion (3)
10]Force and motion {4)
11iWork and power (1)
12{Work and power {2}
13{Energy by motion (1): kinelic energy
14|Energy by motion (2): general variable energy
15[Energy by motion (3): conservation of energy
16|Comprehensive exercise covering topics learned in the former part of this course
17{Equililyrium
18]0scillation and simple harmonic motion
19]Forced oscillation and resonance
20Waves (1): transverse and fongitudinal waves
21| Waves (2): traveling and standing waves
22|Waves (3): sound waves
23| Waves (4): interference and the Doppler effect
24| Temperature and heat
25 [The first taw of thermodynamics
26{The kinetic theory of gases
27 1Molar specific heat and adiabatic expansion of an ideal gas
281 Entropy
2G| The second Jaw of thermodynamics
30| Efficiency of real engines

._11«-




Grading

A final grade will be calculated based on the resuits of short tests (100%).

Preparatory Study

Will be introduced in-class, as required.

Requests 1o Students

Students should bring writing matetials and their own scientific calculator to every

class. Students shouid take Engineering Physics 1 concurrently with this course.

Text Book

David Halliday, Robert Resnick, and Jear! Walker, “Fundamentals of Physics” (10™
edition), John Wiley & Sons, Inc.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be introduced in-class, as required.




BHB4%4 (Course Title)

WETEL

BATE (Credits) 6
BRI » HEH7 24 Bl
BEOTIE %

RAE - BIRO |

H¥#E4 (Instructors)

Wt W RA B S K2 BE &Y

AMBEE (100~2007F)

Course Descriptions

AHhrny AR TEPESETLER EOERARER SR EAETIRATLH¥ ThH
O, INEFETHECOERL UC, BEFOBMICNATINEMNZ 2T EHOMHE
BRRARTHD, ZORER B, HBETE] CORENTNLI BT RBIEE
AR CEREEOYE, BENOBFOREBENCETIEENOMRENS, AR
R EO LY HEMNRTT N COYEOEHRBE R OBE OEME, BEpBEEOEEC-
WCRET 2, ARERBINOEORECIRREL, BEERERBLITH, SHE0Y
WEEE LED B,
gﬁ%ﬁlliﬁﬂﬁéﬂé%ﬁiin?ﬁg’ﬂi\ IR EOWBEN OWCHEHARERRD D
BEET .

P

A

FIEEE (50-100%)
Course Goals

LR E CRETDHEA BT O V) Céof o

. TARAXEFROMRE BRI

EEROESAEMET L &,

. BiEOEMC W THERETA I L,

. ERESRVCERMEOMSYEMTIZ &,
BRTAMEDBH I DN TR E - TRRT B2 &

BIBED B DO T & - TRET /5
EAENOHHBETOREIFENISONTERT S
TREFHEOBEICOWTLERET 0)%7‘:“9‘ &a* DOBRE AT S &,

HE

0 SO Ol G5 Mo

WEBOWERF LA 2 b

Course Topics

HAF A B

AT v e LT R F— 1 RF, BIEHORE

TV PE R K 2 R~

B OES) | B RO & Hh e

RFROER 2 WHRET

PR iE

FERE e

B & B

(B8R 0D JER) = R —

BlEGOBEHEE—A X b, LY

GERLMEDTRNE—L 5

BEEEhOE D 2 EiT S BIEO A RN &

FHLEN

77 —DEil, e, ME. ATEE

BRERF LT 2

Bl B LR

B 27— OER]

Wi BRI

Hex RBENELES

—RREHTICEN B, A7 A0

B L SRR

B B EL B

4 AOWEH]

BEOBS

BB E O E A Y — LD

REsg & BROBE (2—L V)

B o< BREF 1 EREBE, 7 VDR

BN DES2 - YV /A Fafn

MEORE - TRbiE, REME, BN

ME OB 2 BEH A

BIMEHC DN T

B ORI Bk

Ya LT 4 v H—HERK 1

SalF 4 o H—HRR

BAERDEHEFOLDFE

[ P TIRE) 1

BEAN OB TR 2

BRABERER

SRDEF 1

SBEOET 2

SROET3

PR L

HHE 2

ikin, FEE

5| B




FE(B 71k Gradings

CHIRBER (60%) RUMERR (40%) OFFHA (100AWR) Cx L THELT
2o

fﬁﬁfow Study MR E W bW (BT (BETYRE 2RIET52 L,
P AT REBAERO T I AR 5 WBLEIRE 2HET 5L, &
i BERRO b, BRHADEN KBS L HETH L,

i (FRARN)
Text Book

%A ks : [Fundamentals of Physics] (10th Edition)
¥ : David Halliday, Robert Resnick, Jearl Walker
HARAE : John Wiley & Sons, Ine.

b (BE W)

Reference Book

HERE Introduction to Solid State Physics]
## : Charles Kittel
AR : John Wiley & Sons, Inc.

M (2o

Supplemental Materials

ERICTEEETT D,




Course Title

Engineering Physics 2

Credits

6

Corresponding year /

2nd year, 1st semester

Semester

Course Category Lecture
Mandatory / Elective Mandatory
Language English

Instructors

Shigeru Horli, Ryousuke Matsumoto, Tadayuki Imai, lppei Kishida

Course Description

Mechatronics is a comprehensive engineering discipline that encompasses various
sciences and technologies such as mechanical, electrical, and electronic engineering.
As a primary approach to learning these subjects, it is indispensable to cultivate a
working knowledge of general physics,

This course consists of lectures on classical mechanics (extending what was learned
in Engineering Physics 1), basic electromagnetism, and fundamental solid-state
physics. Qver the course of 45 lectures, students will learn about more realistic models
that describe the motions of objects including rigid bodies, the fundamentals of
electric and magnetic fields, and the behaviors of electrons in a solid lattice. Short
exercises will he provided to check the depth of understanding for each participant, as
necessary.

A companion course, Engineering Physics 2 (Exercises), provides hands-on exercises
{0 help participants fearn how to apply the fundamental knowledge gained in this

course.

Course Goals

On completion of this course participants should:

» understand the concept of the conservation of energy,

- understand the concept of linear momentumy,

- yndarstand the motion of a rigid body,

- understand the concepts of electric and magnetic fields;

< be able to explain, using equations, the electric fields formed by electric charges;

« be able to explain, using equations, the magnatic figlds formed by electric currents;
- understand the behavior of free electrons in & solid; and

< ynderstand the roles of electrons in the functioning of electronic materials,

Course Topics

Introduction; the purpose of this course

Potential energy (1): characteristics of conservative forces

Potential energy (2): the energy conservation law

Systems of particles (1): center of mass and linear momentum

Systems of particles (2): conservation of lingar momentum

Elastic collision

Inelastic collision

Rotation

Kinetic energy of rolling motion

Moment of inertia and torque

e
=ioiwliiNlojo] il

Kinetic energy and force of rolling

12

Angular momentum of a rigid body rotating about a fixed axis

1

L2

Space and gravity

14

Kepler's laws, planets, satellites, and artificial satellites

15

Electromagnetics

1

<

Electric charge (1): conductors and insulators

17

Electric charge (2): Coulomb's law

18

Electric field and electric field lines

19

Electric fields formed by various charges

20

Charge in a uniform electric field and Gauss' law

21

Elzctric potential and equipotential surfaces

2

o

Electric potentials formed by various charges

23

Qhm's law

2

N

Magnetic fields




25{Magnetic fields and Biot-Savart's law

26| The Larentz force

27 [Magnetic fields formed by electric currents {1): Ampere’s law
28|Magnetic figlds formed by electric currents (2): solenoidal coils
291Magnetics {1): ferromagnetism, diamagnetism, and paramagnetism
30iMagnetios {2} magnetic materials

31|Electronic materials

32|Electrons as particles and waves

33| The Schrédinger equation {1)

34{The Schrédinger equation (2)

35{The behavior of electrons in solids

36|Lattice vibration {1)

37|Lattice vibration (2)

38|Mid-term examination

39]Electrons in metals (1)

40}Electrons in metals (2)

41}Flectrons in metals (3)

42|Semiconductors (1)

43]Semiconductors (2)

44]Insulators and dielectric materials

45{Superconductivity

Grading

A final grade will be calculated based on the scores obtained in the final examination
(60%) and quizzes (40%).

Freparatory Study

This course builds on knowledge and skilis acquired in Engineering Physics 1.
Students should have already taken Engineering Physics 1 and Engineering Physics 1

Exercises before this course.

Requests to Students

Students should bring writing materials and their own scientific calculator to every
class. Students should take Engineering Physics 2 Exercises concurrently with this

course.

Taext Book

David Halliday, Robert Resnick, and Jear! Walker, "Fundamentals of Physics” (10"
edition), lohn Wiley & Sons, Inc.

Reference Book

Charles Kittel, "Introduction to Solid State Physics”, John Wiley & Sons, Inc.

Supplemental Materials

Will be introduced in-class, as required.
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Course Title

Engineering Physics 2 Exercises

Credits

2

Corresponding year /

2nd year, 1st semester

Semester

Course Category Exercise
Mandatory / Elective Mandatory
Language English

Instructors

Shigeru Horii, Ryousuke Matsumoto, Tadayuki Imai, Ippei Kishida

Course Description

Mechatronics is a comprehensive engineering discipiine that encompasses various
sciences and technologies such as mechanical, electrical, and electronic engineering.
As a primary approach to learning these subjects, it is indispensable to cultivate a
working knowledge of general physics.

This course consists of exercises on classical mechanics (extending what was learned
in Engineering Physics 1) and basic electromagnetics, Over the course of 30 exercises
classes, students will learn how to apply their fundamental knowiedge of realistic
models of motion, such as a rigid bodies, electric and magnetic fields and the
behaviors of electrons in a solid lattice. Short tests will be conducted to check the
depth of understanding for each participant, as necessary.

A companion course, Engineering Physics 2, provides lectures corresponding to the
practical exercises undertaken in this course.

Course Goals

On completion of this course participants should:

« understand the concept of the conservation of energy;

< understand the concept of linear momentum;

* understand the motion of a rigid body;

« ynderstand the concepts of electric and magnetic fields;

* be able to explain, using equations, the electric fields formed by electric charges;

« be able to explain, using equations, the magnetic fields formed by electric currents;
* understand the behavior of free electrons in a solid; and

» understand the roles of electrons in the functioning of electronic materials.

Course Topics

All classes consist of exercises associated with the indicated topics.

—

Introduction; the purpose of this course

N

Potential energy: characteristics of conservative forces and the energy conservation law

Systems of particles (1): the center of mass and linear momentum, and the conservation of

linear momentum

41Elastic collision
Klinelastic collision
GiRotation and the kinetic energy of rolling motion
7|Moment of inertia and torque
8iKinetic energy and force of rolling
S Angular momentum of a rigid body rotating about a fixed axis
10[Space and gravity, and Kepler's laws
11|Mathematics required for studying basic electromagnetics
12}Electric charge: conductors and insulators; Coulomb’s law
13jElectric field and electric field lines; Electric fields formed by various charges
14]|Charge in uniform electric field, and Gauss’ law
15]Electric polential and equipotential surfaces; electric potentials formed by various charges
16[0hm’s law
17iMagnetic fields and Biot-Savart's law
18|The Lorentz force
191Magnetic tields formed by electric currents: Ampere's law and solencidal coils
20| Magnetics: ferromagnetism, diamagnetism, paramagnetism, and magnetic materials
21 Electronic materials: the elactron as particle and wave
22| The Schradinger equation (1}
23| The Schrodinger equation (2) and the hehavior of electrons in sclids
24{l.attice vibration (1)
25| Lattice vibration (2)
26{Electrons in metals (1)
27|Electrons in metals (2)
281Semiconductors (1)




29]Semiconductors (2)

30|Insulators, diglectric materials, and superconductivity

Grading A final grade will be calculated according to the scores obtained in short tests (100%).

This course builds on knowledge and skills acquired in Engineering Physics 1.
Preparatory Stugy Students should have already taken Engineering Physics 1 and Engineering Physics 1

Exercises before this course.

Students should bring writing materials and their own scientific calculator to every

Reguests to Students _y ) ) ] .
class. Students should take Engineering Physics 2 concurrently with this course.

Text Bool David Halliday, Robert Resnick, and Jearl Walker, "Fundamentals of Physics” (10™
ext Book
edition), John Wiley & Sons, Inc.

Reference Book Charles Kittel, "Introduction to Solid State Physics", John Wiley & Sons, Inc.

Supplemental Materials |Will be introduced in-class, as required.




B4 (Course Title)

BBy L RS T

AP (Credits)

4

EMER - P 1% %
BREOWE s
ME  BIRDF]

s

HHFL (Instructors) [FH  Bi—, BF B

MHRWME (100~2005)

Course Descriptions

MOMGERRBRBHE SV CEN L OEMERE2E L, BTROB LD 505
TR EDN D RPN Y~ L LTOMSSY - BHBREO0H & HEHELBET S,
SORIDIRBICEEY | BIS -~ P AOEARUE, IR OMSER RSk, 175 -
ﬁﬁ%ﬁ@f% %’%’(L\iﬁ%%’?‘é & EBIT, BAERANT Y 7 b U o PMATLABR BV i BHE Rk
ot R

BlEAE (50-1007F)

Course Goals

FHE CRESTDHEBEIIUTOREY Th s,
- —REBROMSERORSE, 175 - TR 0OREL BT 5,
- MATLABZ V= S & OBEEHEE - INBAHEN X 3,

HBOMF LKA b

Course Topics

ER, BB, MK

WAREIE T ES

NI b NT MDA PR, P - SR R

Y ML EBO S EOHE

AT P FFOEE, VEHOARTTH

IO E

MATLABAFH, MATLABIZ L B8 atE

TFROER EWH, 2T25 R USITSFIDITIIADHE

Wico[~3d o] feofoo |

TH D LA, 1150

WEERITIROHE, RETEHR

LR H LIRS S 2 —~ R BAOREE

12|27 7 AADRHK, ERIITE, 75|

L FTI DR

14MATLABIZ L A 4TI D EHE

1S|FFSINOIR, FrBk A ToIR

16T B OMTHINICBI B U A A 2 A

LT R TSRS A

1838, ERoESN . B

191 BTN, SIE

20|~ BRBIER O, FHERIRE, PRHEOEE

21| DI B D5y

2UPEMBOBRHES, aLOFEE

23IMATLABIZ &£ 5 B sy

UEHEOER, v VOEHE

B\ TAT—DER, w20V OEE

26| MBI TR

UER Sy, BN

28IMATLABIC £ 2 B ERY

20|k, RN, SIUE

30| Bk OB, ~EEE

FFli 5% Gradings

HRHE (T0%) BURETONT A b (30%) OHARICIE - Cimd 5,

ﬁﬁig Mo e P

Preparatory Study HWE. RT3,

EFEE~DEYZ B LREASI BELRERG L, TET5I L,

1%5{ }3(;52 i E. Kreyszig, “Advanced Engineering Mathematics” 10th Ed. (Wiley)

M (BE )

Reference Book

H. Anton et al., “Calculus” (Wiley):
G. Strang, “Introduction to Linear Algebra” (Wellesley~Cambridge Press):
TOMBE, BECEREERT S,

Brr (Zof)

Supplemental Materials

BE, BECHEMLEMNTD,




Course Title

Caleutus and Linear Algebra 1

Credits

4

Corresponding year /

1styear, 2nd semester

Semester

Course Category Lecture
Mandatory / Elective Mandatory
language English

lnstructors

Koichi Nakamura, Ryousuke Matsumoto

Course Description

This course introduces students to the fundamental topics of calculus and linear
algebra. Students will acquire both knowledge and practical skills allowing them to use
calculus and linear algebra as mathematical tools in many fields of science and
engineering. Over the course of 30 lectures students will study functions, vectors,
differentials and integrals of ong-variable functions, and calculations using matrices
and their determinants. Students’ practical skills will also be developed by practicing
corresponding techniques in the numerical computing environment MATLAB,

Courge Goals

On completion of this course participants will

- understand differentials and integrals of one-variable functions;

< understand calculations of matrices and their determinants; and

« have acquired practical skills in numerical computation, by applying the {opics
covered using MATLAB.

Course Topics

|| Trigonometric, exponential, and logarithmic functions

N

Other elementary functions

Vectors, norm and inner product of vectors; fundamentals of plane and solid

geometries

K

Geometric calculations using vectors

>

Numerical vectors; the definition of a matrix; various matrices

j=2

Calculations involving matrices

~

Introduction to MATLAB and matrix computation using MATLAB

Definition and characteristics of determinants; calculating determinants of 2x2 and 3

X 3 matrices

=]

Elementary operations on matrices; the rank of a matrix

10

Calculations of high-order determinants and cofactor expansion

11

Solving simultaneous linear equations with the sweep-out method

12

Cramer’s rule; regular matrices; the inverse matrix

13

Calculation of inverse matrices

14

Computations of determinants and inverse matrices in MATLAB

15

Products of determinants and special determinants

1

f2]

Various formulas of matrices and determinants

17

Applications of matrices and determinants

18

Real numbers; continuity of real numbers; numerical sequences

19

Limits of numerical sequences and accumulated values

20

Limits of single-variable functions; continuous functions; the intermediate value

theorem

2

-

Differentials of elementary functions

2

B

Higher-order differentials of elementary functions and Rolie's theorem

23

Numerical differentiation in MATLAB

24

Mean-value theoram and I'Hépital's rule

2

(&

Taylor's theorem; Maclaurin's theorem

2

f22]

Indefinite integrals of elementary functions

27

Definite and improper integrals

28

Numerical integration in MATLAB

2

€L

Series; absolute and conditional convergence

30

Sequences of functions; power series

Grading

An overall grade for the class will be calculated based on scores obtained in the final

exam (70%) and in-class guizzes (30%).

Preparatory Study

Will be introduced in-class, as required.

Requests to Students

Students taking this course should also take Calculus and Linear Aigebra L Exercises.




Text Book E. Kreyszig, “Advanced Engineering Mathematics” (10™ edition), Wiley.

H. Anton et al,, “Calculus”, (Wiley)
Reference Book G. Strang, “Introduction to Linear Algebra”. (Wellesley-Cambridge Press)
Other reference material will be introduced in-class, as required.

Supplemental Materials {Will be provided in-class, as required.
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Course Title

Calcutus and Linear Algebra 1 Exercises

Credits

2

Corresponding year /

1st year, 2nd semester

Semester

Course Category Exercise
Mandatory / Elective Mandatory
L.anguage English

Instructors

Koichi Nakamura, Ryousuke Matsumoto

Course Description

This course provides students with a series of practical, hands-on exercises covering
the fundamentals of calculus and linear algebra. Students will develop their practical
skills in using calculus and linear algebra as mathematical tools that can be applied to
all fields in science and engineering. Over the course of 30 weeks, students will
practice fundamental calculations involving functions and vectors, differentiating and
integrating of single-variable functions, and calculations using matrices and their
determinants, Students will develop these skills using the numerical computing
environment MATLAB, preparing them to apply their skills to realistic engineering

problems.

Course Goals

On completion of this course participants will

= understand differentials and integrals of one-variable functions;

« understand calculations of matrices and their determinants; and

= frave acquired practical skills in numerical computation, by applying the topics
covered using MATLAB.

Course Topics

All classes consist of practical exercises, using MATLAB where indicated.

Elementary functions (1)

Elementary functions (2)

Vectars and geometries (1)

Vectors and geometries (2)

MATLAB: Introduction (1)

MATLAB: Introduction (2)

Matrices

MATLAB: matlrix computation

iwlNiomicglaluwing s

3% 3 determinants

=]

Elementary operations of matrix

Higher-order determinants

MATLAB: computing high-order determinants

Simultansous linear aquations and Cramer's rule

Inverse matrices

MATLAB-exercises: computing inverse matrices

Calculating matrices and determinants by various formulae

MATLAB: advanced techniques for matrices

Numerical sequences

Accumulated values

Limits of one-variable functions

Differentials of elementary functions

Higher-order differentials of elementary functions

MATLAB: numerical differentiation (1)

MATLAR: numerical differentiation (2)

Limits of functions by I'Hapital's rule

Indefinite integrals of elementary functions

Definite and improper integrals

MATLAB: numerical integrals (1)

MATLAR: numerical integrals (2)

MATLAB: advanced techniques for differentials and integrals

Grading

An overall grade for the class will be calculated based on the scores obtained in report

assignments.

Preparatory Study

Wilt be introduced in-class, as required.

Reguests 1o Students

Students taking this course should also take Caloulus and Linear Algebra 1.

Text Book

E. Kreyszig, "Advanced Engineering Mathematics” (10™ edition), Wiley.




Reference Book

H. Anton et ai., "Calculus”. (Wiley)
G. Strang, “Introduction to Linear Algebra”. (Wellesley-Cambridge Press)
Other reference materials will be introduced in-class, as required.

Supplemental Materials

Will be provided in-class, as required.
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Course Title

Calculus and Linear Algebra 2

Credits

4

Corresponding year /
Semester

2nd year, 1st semester

Course Category Lecture

Mandatory / Elective Mandatory

Language English

Instructors Koichi Nakamura, Ryousuke Matsumoto

Course Description

This course continues the development of students’ knowledge of calculus and linear
algebra as tools in all fields of science and engineering, building on the knowledge
gained eariiar in Engineering Mathematics 1. Students will deepen and broaden their
knowledge by studying topics that include differentiation and integration of
multivariable functions, linear mappings, and eigenvalue problems. Practical kill in
applying this knowiedge is developed using the numerical computing environment
MATLAB.

Course Goals

On completion of this course participants will

« understand differentials and integrals of multivariable functions;

= understand how to solve eigenvalue problams; and

- have mastered skills of numerical computation and application of their knowledge
using MATLAB.

Course Topics

Limits and continuity of multivariable functions

Partiat differentials and partial derivatives; fotal derivatives

Higher-order partial derivatives: order of partial differentials

BN R E SRR

Partial derivatives of composite functions

&)

Tayior's theorem in multivariable functions

implicit functions; Jacobian matrices; envelopes

Mumerical differentiation of multivariable functions in MATLAB

Integrais of multivariable functions; multiple integrals

OO0~ PO

Iterated integrals; order of integration

Change of variables in mulliple integrals

11

Coordinate transformation in two- and three-dimensional systems

1

A

Applied calculations of surface, volume, center of gravity, and moment of inertia

1

[~

Numerical multiple integrals in MATLAB

1

'S

Line integrals; Green's theorem

15

Advanced topics in calculus

16

Vector spaces; subspaces

1

~

Linear combination of vectors; linear dependence and independence

1

oo

Basis and dimension in vector spaces

19

Definition of linear mapping; image and kernel; matrix representation of linear

mappings

20

Metric vector space; Cauchy-Schwarz inequality

21

Orthogonal complement; Gram-Schmidt orthonormalization

N

Orthogonal transformation; unitary transformation; cross product of vectors

Diagonalization of matrices; eigenvalues and eigenvectors

Secular equation; multiplicity; eigenspaces

Diagonalization of matrices in MATLAB

3{ The Cayley-Hamilton theorem

Diagonalization of normal and real symmetric matrices

Normal form of real normal matrix; Hermitian form

Applications of matrix diagonalization

Advanced topics in linear algebra

Grading

An overall grade will be calculated based on the scores obtained in the final exam
(70%) and in-class quizzes (30%).

Preparatory Study

Students should have already taken Calculus and Lingar Algebra 1 and Calculus and

Linear Algebra 1 Exercises before taking this course.

Requests to Students

Calculus and Linear Algebra 2 Exercises should be taken concurrently with this course.

Text Book

E. Kreyszig, “Advanced Engineering Mathematics” (10" edition), Wiley.

.,_..27.,




H. Anton et al., “Calculus”. (Wiley)
Reference Book G. Strang, "Introduction to Linear Algebra”. (Wellesley-Cambridge Press)
Other reference material will be introduced in-class, as required.

Supplemental Materials |Will be provided in-class, as required.
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Course Title

Calculus and Linear Algebra 2 Exercises

Credits

2

Corresponding year /

2nd year, 1st semester

Semester

Course Category Exercise

Mandatory / Elective Mandatory

Language English

Instructors Koichi Nakamura, Ryousuke Matsumoto

Course Description

This course uses axercises to develop students' practical skills with calculus and
linear algebra as tools for use in all fields of science and engineering, building on the
skifls acquired in Engineering Mathematics 1 Exercises. Students will further develop
their skills with fundamental calculations involving differentials and integrals of
multivariable functions, linear mappings, and eigenvalue problems. Exercises make
use of the numerical computing environment MATLAB, preparing students to apply
their knowledge to engineering problems.

Course Goals

On completion of this course participants will

» understand differentials and integrals of multivariable functions;

» understand how to solve eigenvalue problems; and

- have mastered skills of numerical computation and application of their knowledge
using MATLAB.

Course Topics

MATLAB: advanced techniques for differentials and integrals (1)

N

MATLAB: advanced techniques for differentials and integrals (2)

Limits of multivariable functions

Partial derivatives

Taylor's expansion of multivariable functions

lacobian matrices and envelopes

~ POy T e | LD

MATLAB: numerical differentiation of multivariable functions (1)

MATLAB: numerical differentiation of multivariable functions (2)

[tel gl

Iterated integrals

ot
<

Multiple integration by change of variables

11

Coordinate transformation

1

]

Surface, volume, center of gravity, and moment of inertia

13

MATLAB: numerical multiple integration (1)

14

MATLAB: numerical multiple integration {2)

15

MATI.AB: advanced calculus topics

16

MATLAB: advanced matrix techniques {1)

1

~

MATLAB: advanced matrix technigues (2)

Linear independence and dependence

19

Matrix representation of linear mappings

2

<

Calculations in metric vecior spaces

2

—

Orthonormalization of matrices by the Gram-Schmidt method

2

N

Unitary transformation and cross product of vectors

MATLAB: orthonormalization and transformation

nNo
a~

Secular equations

Eigenvatues and eigenvectors

MATLAB: matrix diagonalization (1)

MATLAB: matrix diagonalization (2)

The Cayley-Hamilton theorem

Applications of matrix diagonalization

MATLAB: advanced linear algebra topics

Grading

An overall grade for the class will be calculated based on the scores obtained for

report assignments.

Preparatory Study

Students attending this course should have already completed Calculus and Linear
Algebra 1 and Calculus and Linear Aigebra 1 Exercises.

Requests to Students

Students taking this course should also take Calculus and Linear Algebra 2.

Text Book

E. Kreyszig, “Advanced Engineering Mathematics” (16 edition), Wiley.

,,30._




Reference Book

H. Anton et al,, “Calculus”. (Wiley)
G. Strang, “Introduction to Linear Algebra”. (Wellesley-Cambridge Press)
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Course Title

Ordinary Differential Equations

Credits

2

Corresponding year /

2nd year, 2nd semester

Semester

Course Category Lecture
Mandatory / Elective Elective
Language English

Instructors

Martin Luther Sera, Koichi Nakamura

Course Description

This course builds on knowledge gained in Calculus and Linear Algebra 1 and Calculus
and Linear Aigebra 2, introducing students to ordinary differential equations (ODEs)
which are widely used in mechanical and electrical engineering. During this course
students will acquire both the knowledge and practical calculation techniques
necessary to understand their related engineering courses. In addition to reviewing
their knowledge and use of calculus and finear algebra, students will develop new
skilts associated with first- and higher-order linear ODEs, simultaneous lingar ODEs,

and nonlinear ODEs.

Course Goals

On completion of this course participants will

= have learned the principles of ordinary differential equations;

= be able to use ordinary differential equations to mode! simple physical systems; and
- be able to solve linear and nonlinear ordinary differential equations, bath manually

and with the of a computer,

Course Topics

Introduction to ordinary differential equations

™o

First-order linear differential equations

Examples of Ist-order linear differential equations

41

Higher-order linear differential equations

&

Particular and general sofutions

Examples of second-order linear differential equations

Wronskian determinants

Solution by variation of constants

Modeling of the bending of a beam

Simultaneous linear differential equations

Modeling of electrical circuits

Nonlinear ordinary differential equations

Series solution of ordinary differential equations

Numerical analysis of ordinary differential equations

Review of the course content

Grading

An overall grade for the class will be calculated based on scores obtainad in the final
exam (60%), in-class exercises (30%), and in-class quizzes (10%).

Preparatory Study

Students taking this course should already have taken Calculus and Lingar Algebra 1

and Calculus and Linear Algebra 2, and their associated exercise courses.

Requests to Students

Students taking this course should also take Ordinary Differential Equations Exercises.

Text Book

E. Kreyszig, “Advanced Engineering Mathematics” (10" edition), Wiley.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be provided in-class, as reguired,
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Course Title

Ordinary Differential Equations Exercises

Credits

1

Corresponding year /

2nd year, 2nd semester

Semester

Course Category Exercise

Mandatory / Elective Flective

lLanguage English

Instructors Martin Luther Sera, Koichi Nakamura

Course Description

This course provides students with practical experience of using ordinary differential
eguations (ODEs), which are closely reiated to mechanical and electrical engineering.
Students will further develop the skills they have gained in Calculus and Linear
Algebra 1 Exercises and Calculus and Linear Algebra 2 Exercises, by practicing
calculations and computational techniques of first- and higher-order linear ODEs,
simultaneous linear ODEs, and nondinear ODEs. Practical experience will be gained
using the numerical computing environment MATLAB, preparing students to apply
their knowledge to solving realistic mechanical and electrical engineering problems.

Course Goals

On completion of this course participants will

« have learned how to apply the principles of ordinary differential equations practically;
> be able to use ordinary differential equations to model simple physical systems; and
- be able to solve linear and nonlfinear ordinary differential equations both manually
and with the aid of a computer.

Course Topics

Basic examptes of ardinary differential equations

First-order linear differential equations

MATLAB: first-order linear differential equations

Review of eigenvalues and eigenspaces

Higher-order linear differential equations

R RN R R ]

MATLAB: second-order lingar differential equations

MATLAR: higher-order linear differential equations

Variation of constants

0o~

MATLAB: computing the bending of beams

1

f=

Simultaneous linear differential equations

11

MATLAB: simultaneous linear differential equations

12

Examples nonlinear differential equations

MATLAB: series solution

1

B

MATLAB: numerical analysis of ordinary differential equations

1

5

Review of the courss content

Grading

An overall grade for the class will be calculated based on the scores obtained for
report assignments.

Preparatory Study

Students taking this course should already have taken Calculus and Linear Algebra 1

and Calculus and Linear Aigebra 2, and the associated exercises classes.

Requests to Students

Students taking this course should also take Crdinary Differential Equations.

Text Book

£, Kreyszig, "Advanced Engineering Mathematics” (10" edition), Wiley.

Reference Book

Will be introduced in-class, as required,

Supplemental Materials

Will be provided in-class, as required.
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Course Title

Vector Calculus

Credits

2

Corrgsponding year /

3rd year, 1st semester

Semester

Course Category Lecture
Mandatory / Elective Elective
Language English

Instructors

Martin Luther Sera, Koichi Nakamura

Course Description

This course builds on knowledge gained in Calculus and Linear Algebra 1 and Calculus
and Linear Algebra 2, introducing students to vector calculus which is widely used in
mechanical and electrical engineering., During this course students will acquire both
the knowledge and practical calculation techniques necessary to understand their
related engineering courses. In addition to reviewing their knowledge and use of
calculus and linear algebra, students will develop new skills agsociated with vector
products, differentials of vectors, measurements of curved lines and surfaces,
gradients, divergences, rotations, and integrals of vector fields.

Course Goals

On completion of this course participants will

< be proficient in differential calculus of scalar and vector fields;

- be able to use vector calculus o describe physical systems and phenomena; and
- he able to simulate physical systems by calculating scalar and vector fields with a

computer,

Course Topics

Scalar product, vector product, and triple products

S

Derivatives of vectors and differential operators

Basic calculus for curves

Curvatures and torsions in curved lines

Surface areas and principle curvatures in surfaces

Introduction of scatar and vector fields

Gradients of scalar fields

Divergences and rotations of vector fields

WO~ O B

The Laplacian and Poisson's equation

oy
<

Applications of the Laplacian and Poisson's equation

.

1|Green's theorem and Stokes' theorem

1

N

Applications of Green's and Stoke's theorems

13

Numerical analysis of scalar and vector fields (1)

1

e

Numerical analysis of scalar and vector fields (2)

s
&

Review of the topics covered

Grading

An overall grade for the class will be calculated based on scores obtained in the final
exam (60%), in-class exercises (30%), and in-class quizzes (10%).

Preparatory Study

Students taking this course should afready have taken Calculus and Linear Algebra 1
and Calculus and Linear Algebra 2, and their associated exercise courses.

Requests to Students

Students taking this course should also take Vector Calculus Exercises.

Text Book

E. Kreyszig, "Advanced Engineering Mathematics” (10" edition), Wiley.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be provided in-class, as required.
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Course Title

Vector Calculus Exercises

Credits

1

Corresponding year /

3rd year, 1st semester

Samester

Course Category Exercise
Mandatory / Elective Elective
Language English

Instructors

Martio Luther Sera, Koichi Nakamura

Course Description

This course provides students with practical experience of using vector analysis,
which is closely related to mechanical and electrical engineering. Students will further
develop the skills they have gained in Calculus and Linear Algebra 1 Exercises and
Calculus and Linear Algebra 2 Exercises, by practicing calculations and computational
techniques involving vector products, derivatives of vectors, measurements of curved
lines and surfaces, gradients, divergences, rotations, and integrals of vectar fisids.
Practical experience will be gained using the numerical computing envirgnment
MATLAB, preparing students to apply their knowledge to solving realistic mechanical
and electrical engineering problems,

Course Goals

On completion of this course participants will

= be proficient in differential calculus of scalar and vector fields,

= be able to use vector calcuius to describe physical systems and phenomena; and
« be able to simulate physical systems by calculating scalar and vector fields with a

computer.

Course Topics

Real examples of scalar, vector and triple products

MATLAB: vector derivatives

Calcutus of curves

MATLAB: calculus of curves

MATLAB; calculus of surfaces

Examples of scalar and vector fields in physics

Exercises and MATLAB: gradients

Exercises and MATLAB: divergence and rotation

The Laplacian and Poisson’s equation

MATLAB: the Laplacian and Poisson's equation

Green's and Stokes's theorems

MATLAB: Grean's and Stokes's theorems

Numerical analysis of scalar and vector fields

MATLAB: numerical analysis of scalar and vector fields

Review of topics covered

Grading

An overall grade for the class will be calculated based on the scores obtained for
report assignments.

Preparatory Study

Students taking this course should already have taken Calculus and Linear Algebra 1

and Calculus and Linear Algebra 2, and their associated exercise courses.

Requests to Students

Students taking this course should also take Vector Calculus.

Text Book

E. Kreyszig, “Advanced Engineering Mathematics” (10" edition), Wiley.

Referance Book

Wilt be introduced in-class, as required.

Supplemental Materials

Will be provided in-class, as required.
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Course Title Fourier Analysis and Partial Differential Equations
Credits 2
Corresponding year /

3rd year, 2nd semester

Semester

Course Category Lecture

Mandatory / Elective Elective

Language Engiish

Instructors Martin Luther Sera, Koichi Nakamura

This course introduces students to Fourier analysis, a major mathematical tool, as well
as some other important topics in modern engineering mathematics. In addition to the
basic characteristics of the Fourier series, Fourier transform and Laplace transform,
Course Description students will become knowledgeable about several special functions frequently
related to partial differential equations and their engineering applications. Students
will also gain practical insights by studying the algorithm of the fast Fourier transform
and how it is applied.

On completion of this course participants will

= understand the basics of Fourier analysis and its application in the engineering
sciences;

Course Qoals = he able to solve partial differential equations manually or with the aid of a computer;
and

« know how to apply their acquired knowledge to computing the behavior of complex

physical systems, manually or with the aid of a computer.

Course Topics

Fourier series

An example: forced oscillation

The Fourier transform and its inverse transform

Application of the Fourier transform

The Discrete Fourier transform

G B QNS

f=2]

Introduction to partial differential equations (PDEs)

First-order linear partial differential equations

e~

Second-order finear partial differenial equations

O

Examples: the wave and heat equations

10]The Laplace transform and its inverse transform
111Solution of PDEs by use of the Laplace transform
12{Solutions of the wave and heat equations using the Laplace transform

13|Special functions

14iThe fast Fourier transform algorithm

15{Review of topics covered

An overall grade for the class will be calculated based on scores obtained in the final

Grading
& exam (60%), in-class exercises (30%), and in-class quizzes (10%).

Students taking this course should already have taken Calculus and Linear Algebra 1,
Preparatory Study Calculus and Linear Algebra 2, Ordinary Differential Equations and Vector Caleulus,
and thelr associated exercise courses.

Students taking this course should also take Fourier Analysis and Partial Differential

Requests to Students ~ . - .
Equations Exercises.

Text Book E. Kreyszig, “Advanced Engineering Mathematics” (10% edition), Wiley.

Reference Book Will be introduced in-clasgs, as required.

Supplemental Materials |Will be provided in-class, as required.
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Course Title

Fourier Analysis and Partial Differential Equations Exercises

Credits

1

Corresponding year /

3rd year, 2nd semester

Semester

Course Category Exercise
Mandatory / Elective Elective
Language English

instructors

Martin Luther Sera, Koichi Nakamura

Course Description

This course gives students the opportunity to practice applications of Fourier analysis
as well as some other important techniques of modern engineering mathematics.
Through hands-on exercises, students will develop their practical skills not only with
the basic characteristics of Fourier series, Fourier transform, fast Fourier transform
and l.aplace transform, but also with some special functions related to partial
differential equations. Concentrating on engineering applications, students will acquire
practical skills with computational techniques using the numerical computing
environment MATLARB, preparing them to apply their knowledge to real engineering

problems.

Course Goals

On completion of this course participants will

« understand the basics of Fourier analysis and its application in the engineering
sciences;

+ be able to sclve partial differential equations manually or with the aid of a computer;
and

« krnow how to apply their acquired knowledge to computing the behavior of complex

hysical systems, manually or with the aid of a computer,
y

Course Topics

Fourier series with examples

MATLAB: forced oscillation

3{Fourier transform with examples

MATLAB: Fourier transform

5|Partial differential equations with basic examples

TIMATLAB: first-order linear partial differential equations

MATLAB: second-order linear partial differential equations

1
2
3
4
5IMATLAB: discrete Fourier transform
6
7
8
9

Wave and heat equations

The Laplace transform with examples

MATLARB: the Laplace transform

MATLAB: wave and heat equations

Special functions

MATLAB: fast Fourier transform

Review of topics covered

Grading

An overall grade for the class will be calculated based on the scores obtained for

report assignments,

Preparatory Study

Students taking this course should already have taken Calculus and Linear Algebrs 1,
Calculus and Linear Algebra 2, Ordinary Differential Equations and Vector Calculus,

and their associated exercise courses.

Requests to Students

Students taking this course should also take Fourier Analysis and Partial Differential

Equations.

Text Book

E. Kreyszig, “Advanced Engineering Mathematics” (10" edition), Wiley.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be provided in-class, as required.
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Course Title

Complex Analysis, Probability and Statistics

Credits

2

Corresponding year /

4th year, 1st semester

Semester

Course Category Lecture

Mandatory / Elective Elective

Language English

Instructors Martin Luther Sera, Koichi Nakamura

Course Description

This course introduces students to further topics related to mechanical and electrical
engineering, including complex analysis and mathematical statistics based on
calculus. Students wili study the basic elements of statistics such as random variables
and probability distributions, practical examples of and procedures for sampling,
inference, and testing for data processing and estimation. Students will also develop
their knowledge of advanced analysis by studying complex functions, Caachy's integrat
theorem, Cauchy's integral expression, and the residue theorem.

Course Goals

On completion of this course participants will

= understand the essential elements of probability theory and mathematical statistics;
» be able to analyze and test statistical processes in the engineering sciences with the
aid of a computer;

- understand the fundamentals of complex analysis and appreciate its importance in
enginesring; and

- have deepened their knowledge of partial differential equations and how to solve
them manually or with the aid of a computer.

Course Topics

Introduction to probability

Basic formulas in probability; Baves' theorem

Random variables and probability distributions

Average and statistical dispersion

Statistical mathematics: sampling and inference

BiStatistical mathematics: testing of hypotheses
71Complex numbers and complex-valued functions
8|Cauchy-Riemann eguations
91Elliptical second-order linear partial differential equations
10[Basics of harmonic analysis

11]Applications in modeling physical systems

12{Cauchy's integral theoram

13{Cauchy's integral expression and the Laurent series

141 The residue theorem

15|Review of topics covered

Grading

An overall grade for the class will be calculated based on scores obtained in the final

exam (60%), in-class exarcises (30%), and in-class quizzes (10%).

Preparatory Study

Students taking this course should already have taken Calculus and Linear Algebra 1,
Ordinary Differential Equations, Vector Calculus, Fourier Analysis and Partial

Ditferential Equations and the associated exercises classes.

Requests to Students

Students taking this course should also take Complex Analysis, Probability and

Statistics Exercises.

Text Book

E. Kreyszig, *Advanced Engineering Mathematics” (10% edition), Wiley.

Refsrence Book

Will be introduced in-class, as required.

Supplemental Materials

Will be provided in-class, as required.
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Course Title

Complex Analysis, Probability and Statistics Exercises

Credits

1

Cotresponding year /

4th year, 1st semester

Semester

Course Category Exercise

Mandatory / Elective Elective

Language English

Instructors Martin Luther Sera, Koichi Nakamura

Course Description

This course provides students with an opportunity to apply their knowledge of
complex analysis and calculus-based mathematical statistics to problems relating to
mechanical and electrical engineering. Students will develop their statistical skiils
through exercises relating to random variables and probability distributions, practical
examples and procedures of sampling, inference, and testing for data processing and
estimation. Exercises will also cover practical applications of complex functions,
Cauchy's integral theorem, Cauchy's integral expression, and the residue theorem,
Computer-aided exercises will use the numerical computing environment MATLAB,

helping students to prepare for solving real engineering problems.

Course Goals

On completion of this course participants will

- understand the essential elements of probability theory and mathematical statistics;
- be able to analyze and test statistical processes in the engineering sciences with the
aid of a computer;

- understand the fundamentals of compiex analysis and appreciate its importance in
engineering; and

- have deepened their knowledge of partial differential equations and how to solve

them manually or with the aid of a computer,

Course Topics

-

Basic probability and examples

NN

MATLAB: basic probability

Random variables and distribution

R

MATLAB: averages and dispersion

5

Mathematical statistics

MATLAB: mathematical statistics

~§ O

Examples of complex numbers in electrical engineering

CO

Cauchy-Riemann equations

9| Elliptical second-order partial differential equations and examples
10|Exampies of harmonic functions in physics
11{MATLAB: applications of harmonic analysis
12{Cauchy’s integral theorem
131MATLAB: the Laurent series
14| The residue theorem with examples
15|Review of topics covered

Grading

An overall grade for the class will be calculated based on the scores obtained for

report assignments.

Preparatory Study

Students taking this course should already have taken Calculus and Linear Algebra 1,
Caloulus and Linear Algebra 2, Ordinary Differential Equations, Vector Calculus,
Fourier Analysis and Partiat Differential Equations and the associated exercises

classes.

Regquests to Students

Students taking this course should also take Complex Analysis, Probability and
Statistics.

Text Book

E. Kreyszig, "Advanced Engineering Mathematics” (10" edition), Wiley.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be provided in-class, as required.
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Course Title

Introduction to Numerical Analysis Programming

Credits

2

Corresponding year /

1st year, 1st semseter

Semester

Course Category Lecture

Mandatory / Elective Mandatory

Language English

Instructors tan Piumarta, Kazuo Oki, Salem tbrahim Salem

Course Description

Numerical analysis using computers plays an important role in contemporary
science and technology. MATLAB is a powerful software environment for numerical
analysis that is used in many scientific and engineering contexts. This course
introduces students to the essential programming knowledge and skills that are
needed for basic problem-solving using MATLAB. Students will use the skills they
acquire in this course to help them efficiently transfer their learning in other courses

and fields into efficient, working implementations.

Course Goals

On completion of this course participants will

» have discovered the capabilities of MATALB;

= understand the basic programming features of MATLAB;

= know how to accomplish a wide range of tasks using mathematical operations; and

< be able to present results using graphs,

Course Topics

1{introducticn to MATLAB
2{Constants, varisbles and expressions
3IMATLAB operations and saving files
4iVectors, matrices and arrays (1)
5{Vectors, matrices and arrays (2)
6{Structures and cell arrays
7i{Decision

8|Looping
9tAdvanced file input and output

101String manipulation

11{Functions

12]Graphics (1)

13Graphics (2)

14|Graphics (3)

15iProject

Grading

An overall grade for the class will be calcutated based on scores obtained in the final
examination (85%) and project work {15%).

Preparatory Study

Will be introduced in-class, as required.

Requests to Students

Witl be introduced in-class, as required.

Text Book

Will be introduced in-class, as required.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be introduced in-class, as required.
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Course Title

Information Literacy

Credits

2

Corresponding year /

1st year, 2nd semester

Semester

Course Category Lecture

Mandatory / Elective Mandatory

Language English

Instructors lan Piumarta, Kazuo Oki, Liang Zilu

Course Description

The ability to collect, organize, query, modify, share and protect information is an essential
element of any engineer's or scientist’s skill set. This course introduces students to the
skills needed to manage, exploit and share the information they use, effectively and safely.
Students will acquire, or further develop, knowledge and skills related to several standard

tools for information management and communication.

Course Goals

On completion of this course participants will

e be able to use standard authoring and data management applications including word
processing, presentation, and spreadsheets;

= understand and be able to use information storage and sharing technologies;

= be familiar with the command-line interface and appreciate the freedom and power it
offers for data management;

- know how 1o search, analyse and process data using command-line tools and scripts; and
« understand the essential concepts of computer networking, Web technologies, and online

security.

Course Topics

—

Professional communication tools

N

Text processing

(5]

Number processing

-

Presentation preparation

File system organisation

oY |

The command line

Command sequencing

Shell variables

Conditionals and loops

The Internet

Data mobility

The World Wide Web

Content creation

Web applications and cloud services

Safety and security

Grading

An overall grade in the class will be calculated based on the scores obtained in the final
examination (50%) and continuous assessment including in-class quizzes and homework

assignments {(50%).

Preparatory Study

Students who have never used a command line interface are encouraged to practlice with

one before attending the course.

Requests to Students

Students should bring & laptop computer to class, ruaning Mac 08, Linux, or Windows
with the Windows Subsystem for Linux installed.

Text Book

Will be introduced in-class, as required.

Reference Book

Will be introduced in-class, as required.

Supplemental Matarials

Will be introduced in-class, as required.
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Course Title

Algorithmic Thinking and Programming with Python

Credits

2

Corresponding year /

2nd year, st semester

Semester

Course Category Lecture
Mandatory / Elective Mandatory
Language English

Instructors

lan Piumarla, ippei Kishida, Salem Ibrahim Salem

Course Description

Information processing is the act of using algorithms to transform data, typically using a
computer to perform the algorithm. This course provides students with the necessary skills
and knowledge needed to process information and solve problems using algorithms
expressed in a general-purpose programming language. Scripting language knowledge and
concepts gained by students in previous courses are reviewed and further developed in the

context of a popular, interactive, high-level programming language.

Course Goals

On completion of this course participants will

- be able to decompose problems mathermatically and algorithmically;

- understand programming language elements such as values, variables, control flow
and abstraction; and

« know how to acguire, manipulate and analyse information using algorithms

axpressed in a general-purpose programming language.

Course Topics

Introduction to programming

N

Algorithmic thinking - concepts

L

Algorithmic thinking — applications

~

Programming language basics

Values, constants, and variables

Control flow

Collections and enumeration

Strings

Files

Data structures

Objects

Abstraction

Acquiring and storing information

Processing and visualising information

Meta-programming

Grading

An overall grade for the class will be calculated based on the scores obtained in the final
exam (50%) and continuous assessment including in-class quizzes and homework

assignments (50%).

Preparatory Study

Students should be familiar with a scripting system such as the command line shell
introduced in Information Literacy. Familiarity with another information processing
language, such as MATLAB introduced in Introduction to Numerical Analysis Programming,

would be beneficial.

Requests to Students

Students taking this class should also take Algorithmic Thinking and Programming with
Python Exercises,
Students should bring a laptop computer to class, with a working Python 3 installation.

Text Book

Will be introduced in-class, as required.

Reference Book

docs.python.org

Materials

www.pylthoncentral.io
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Course Title

Algorithmic Thinking and Programming with Python Exercises

Credits

1

Corresponding year /

2nd year, 15t semester

Saemester

Course Category Exercise
Mandatory / Elective Mandatory
Language English

Instructors

fan Piumarta, Ippei Kishida, Salem Ibrahim Salem

Course Description

Information processing is the act of using algorithms to transform data, typically using a
computer 10 perform the algorithm. This course provides students with the practice needed
to develop the skills needed to process information and solve problems using algorithms
expressed in a general-purpose programming language. Through a series of goal-driven
exercises, students will develop their practical aptitude for algorithmic thinking and

problem solving using computers.

Course Goals

On completion of this course participants will

« ynderstand what algorithmic thinking is;

« appreciate the importance of algorithmic thinking to information processing;
= be able to describe an algorithm with clarity and precision; and

< know how {0 express an algorithm using a general-purgese programming language.

Course Topics

o

Validating your Python interpreter

N

Problem solving and algorithmic thinking {1)

Problem solving and algorithmic thinking (2)

Representing algorithms as programs

Writing and debuagging programs (1)

Writing and debugging programs (2)

Processing collections of data

Processing textual information

Wi~ @i 4w

Using Files

Using dictionaries {0 organise information

11

Using abstract data types

12

Modeling real-world quantities and concepts as data

13

Information processing (1) dats acquisition and storage

1

N

Infarmation processing (2) data visualisation

"
o1

Information processing (3) metaprogramming

Grading

An overall grade (or the class will be calculated based on the scores obtained for in-class

assignments and project work {100%).

Preparatory Study

Will be introduced in-class, as required.

Requests to Students

Students taking this class should also take Algorithmic Thinking and Programming with
Python.
Students should bring a laptop computer to ¢lass, with a working Python 3 instaliation.

Text Book

Will be introduced in-class, as required.

Reference Book

docs.python.org

Supplemental Materials

www.pythoncentral.io
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Course Title

Introduction to C Programming

Credits

2

Corresponding year /

2nd year, 2nd semaster

Semester

Course Category Lecture
Mandatory / Elective Elective
Language English

Instructors

lan Piumarta, Martin Luther Sera, Kazuo Oki

Course Description

Information processing is the act of using algorithms to transform data, typically using a
computer to perform the algorithm. This course provides students with the necessary skills
and knowledge needed to process information and solve problems using algorithms
expressed in the C programming language. Students will build on their knowledge of high-
level programming, re-examining what they know at the lower level of abstraction used by
C programs. The elements of the C language are introduced and then mastered through
practical exercises, in both this course and the companion course Introduction to C

Programming Exercises,

Course Goals

Un completion ot this course parficipants will

* know how and why computer hardwarg can be organised in different ways depending on
puUrpose;

e know how a computer represents data and executes programs at the hardware level;

< understand how physical devices can be gueried and controfed by machine-level
instructions;

- understand some essential I/0 and communication techniques;

< know how to express algorithms related to the above using the C programming language;
and

- be able to read and write useful C programs for both deskiop and embedded

environments,

Course Topics

{Program structure

2|Fundamental data lypes
3{Expressions and statements
4{Functions
5]Positional number systems
6{Binary arithmelic and logic
7|Data representation in memory
8|Pointers
9linput/output
10{Structured data
11|Abstract data types
12{Library functions
13| Debugging
14|Scope and visibility of symbols
151Pre-processing

Grading

An overall grade for the class will be calculated hased on the scores obtained in the final

exam (60%) and in-class quizzes (40%).

Preparatory Study

Will be introduced in-glass, as required.

Requests to Students

Students should bring a laptop computer to class, with a working C compiler.

Text Book

Brian Kernighan and Dennis Ritchie, “The C Programming Language”, Prentice Hall. {ISBN

0131103628}

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be introduced in-class, as required.
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Course Title

Introduction to C Programming Exercises

Credits

1

Corresponding vear /

2nd year, 2nd semester

Semaster

Course Category Exercise

Mandatory / Elective Elective

Language English

instructors lan Piumarta, Martin Luther Sera, Kazuo Oki

Course Description

Information processing is the act of using algorithms to transform data, typically using a
computer to perform the algorithm. This course provides students with the practice needed
to develop practical information processing and problem-solving skills using algorithms
expressed in the C programming language. Through a series of goal-driven exercises,
students will further develop their practical aptitude for algorithmic thinking and problem

solving, and gain practical insights into the low-level operation of their programs.

Course Goals

On completion of this course participants will

s know how data is represented at the hardware level and manipulated using the C programming
fanguage; and

« be able to write useful C programs, including communication with external devices or

resources.

Course Topics

Running a program and exploring warnings/errors

Explaring basic data types

Using control struclures

Using functions and recursion

Manipulating data in memory

Using logical operators and predicates

PO [T R RS

Accessing data in memory

Moving data around in memory

O 5 oo

Using library functions (1) buffered input/output

ot
[

Creating structured data

11

Programming with abstract data types

12

Using library functions (2) low-level input/output

13

Error diagnosis and correction

i

B

Creating and manipulating libraries

15

Using the pre-processor effectively

Grading

An overall grade for the class will he calculated based on the scores obtained for

assignments and project work, performed in-class and as homework (100%).

Preparatory Study

Will be introduced in-class, as required.

Requests to Students

Students should bring a laptop computer to class, with a working C compiler,

Text Book

Will be introduced in-class, as required.

Reference Book

Brian Kernighan and Dennis Ritchie, “The C Programming Language”, Prentice Hall. (ISBN
0131103628)

Supplemental Materials

Will be introduced in-class, as required.
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Course Title

System Programming with C

Credits

2

Corresponding year /

3rd year, 1st semester

Semester

Course Category Lecture
Mandatory / Elective Elective
Language English

Instructors

lan Piumarta, Liang Zilu

Course Description

Information processing is the act of using algorithms to transform data, typically using a
computer to perform the algorithm. This course develops students’ knowledge of C
programming, exposing them to more advanced techniques and development
methodologies. Students will strengthen their programming abilities by studying several
important data structures and how those structures are used to implement some essentisl

algorithms. Students are also introduced 1o software development practices and tools, as

well as several topics that are importent in embedded and robot systems including

resource management and managing multiple tasks simultaneousty.

Course Goals

On completion of this course participants will

« know how to manage program development and maintenance;

= understand some principled techniques for increasing software retiability;

= be able to implement and use several important abstract data types and algorithms; and

« understand resource management and techniques that help to implement it robustly.

Course Topics

Program development

no | e

Abstract data types

L2

Recursive and non-lingar structures

Abstract structures

S

Resource management

Sorting

~ o

Searching

State machines

O F O

Algorithm analysis

Source coding systems

[ .
R ]

Channel coding systems

12

Communication

13

Device control

Asynchrony

ot
N

Concurrency

Grading

An overall grade for the class will be calculated based on the scores obtained in the final

exam (60%) and continuous assessment including assignments {40%).

Preparatory Study

Will be introduced in-class, as required.

Requests to Students

Students should bring a laptop computer to class, with a working C compiler.

Text Book

Will be introduced in-class, as required.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be introduced in-class, as required.
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Course Title

System Programming with C Exercises

Credits

1

Corresponding year /

3rd year, 1st semester

Semester

Course Category Exercise
Mandatory / Elective Elective
Language English

Instructors

lan Piumarta, Liang Zilu

Course Description

Information processing is the act of using algorithms to transform data, typically using a
computer to perform the algorithm. This course provides students with the practice needed
to develop practical skills in more advanced areas of C programming. In addition to
practicing sound software development methodologies, students will students will
strengthen their practical programming abilities by implementing and benchmarking several
imporlant date structures and essential algorithms. Students will also practice resource

management and similar lechniques thal are important in embedded and robot systems.

Course Goals

On completion of this course participants will

« be able to manage the development and maintenance of their programs;

 know how to apply some principled technigues that increasing software reliability;

« have gained experience of implementing and using several important abstract data types
and algorithms; and

= know how to manage rasources effectively.

Course Topics

Using a source-code management system

Hiding implementation

3 | RO §

Using recursive data structures

S

Using abstract data structures

33

Managing memory

=l

Sorting data

-

Searching dala

2=

Programming with state machines

(=4

Analysing the behaviour of algorithms

1

fe=l

Encoding data for efficiency

11|Encoding data for reliability

12|Communicating information remotely

13{Controliing devices

1

S

Multitasking (1) asynchrony

o
132

Muititasking (2) concurrency

Grading

An overall grade for the class will be calculated based on the scores obtained for
assignments and project work (100%).

Preparatory Study

Will be introduced in-class, as required.

Reguests to Students

Students should bring a laptop computer to class, with a working C compiler.

Text Book

Will be introduced in-class, as required.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be introduced in-class, as required.




#H4 (Course Title)

T4 P E MMEELE

BATIL (Credits) 2

B MR - B 3FE %M
BEOWE )

il EROT] B

HEFEL (Instructors) [ —HE. B W

FHREE (100~200%)

Course Descriptions

FE COESTEEORET LTI S EEE L TERETAN, TREBTEETRD
T g OEAMEMERSLETH S, AR B CRIEROT ¢ VI D ERER(E
BALHICHSONWCEYT D, BEAFETRL TN ESR 7o/ &Chd I L L FIBM
L. BT AEROY 7Y v FICOWTHBEED S, K2, 7 <ERE DL
I, JRICHET A ERERIIOVTEE T 5.

BEEE (50-100%F)
Course Goals

COBEORTRCN, FEBUTOENZEBEL VLI LE HiEET B

TR FEEREOLI T OEAERICERINE PEERT S,

- BERIGESL & FIESEROFNOAEWIC YO L S IBEE L TV A S, T L T--FO8EE
gi&%éhfb\%’){%%bi‘mjf@ﬁﬁiﬁ'éié:hfb‘é{é‘%!: FOLSRERININEERT

TR AT 4 A ORI S,
gmk%#éﬂw%ﬁmbf‘%%%&éiﬁi&lﬁ%&%%%*é%%%%ﬁf

HEONEF & RA 2 b

Course Topics

T 4 VEMEFREIZ OV T

NN YRR

ADC & DAC

BB AT b EBIHAR

[ A

DFT OIS

T — ) s GEIRRRE

Bl T — ) =

OO0 =IFON O b FOO FIND | ht

FOENTANE

[
=4

BRI T 4V F

[
o

FFTa Y a—ira

12

7V N N EIGAE

13

7V T EB T

14

R (1)

15

HBREE (2)

BPE IR Gradings

AR LL T OFIETIT ),

s b= 30%

- HARHER 70%

LLEOBET, RENHIKHET D,

HEEE

Preparatory Study

BEAATEAE L EFEEL TR L,
CHERT TS IS - ERYTF IV

- Python/m & 4 SCERIusIIvY
CCEHIRTF AT IS

&
Z

IOI—AEREHETHEE, TORETEARNBRICEET 3 EHORA XL HICT

o 0% f ;
RifE~ORL Gk, BUEMOT TS MERNSEEERETS - L,
[ Steven W. Smith, “The Scientist and Engineer's Guide to Digital Signal

ﬁ(i{ éo)olfx h) Processing” , California Technical Pub. ISBN 0966017633

i Free digital edition: http://www. dspguide. con/
B (85 30K) Alan V. Oppenheim and Ronald W. Schafer, “Digital Signal Processing” , Pearson
Reference Book Education.
sEE (2O Remote Sensing Society of Japan, Remote Sensing” , Maruzen Planet. Ordering
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information: https://www. rssj. or. jp/journal/remote-sensing-an-introductory-
textbook




Course Title Digital Signal Processing
Cradits 2
Corresponding year /

3rd year, 2nd semaster

Semester

Course Category Lecture

Mandatory / Elactive Elective

Language English

Instructors Kazuo Oki, Liang Zitu

Students will review their prior interaction experience with analogue guantities, deepening
their theoretical and practical understanding of sampling time-varying signals. They will

. o learn the relevant parts of information theory and their practical consequences. The
Course Description . . o ) L .
equivalence of time and frequency domains is introduced, leading to the Fourier lransform
and its discrete counterpart. The theory and implementation of digital filters is studied,

with exercises demonstrating practical applications of the technigues in several domains.

On completion of this course participants will

« know how analogue signals are represented and manipulated digitalty;

e understand the time and frequency domains, how they relate to each other, and how a
Course Goals signal representied in one domain is converled to a representation in the other;

e understand how digital filters aperate; and

« know how to apply their knowledge of DSP to solve a variety of practical engineering

problems,

Course Topics

Introduction

Statistics, probability and noise

Analogue to digital, and digital to analogue, conversions

The discrete Fourier transform (DFT)

Applications of the DFT

1
2
3
4|Linear systems and convolution
5
6
7

Fourier transform properties

§{The fast Fourier transform (FFT)

9lDigital filters

10|Moving average filters

FFET convolution

Digital image processing

Machine learning (1)

11
12
13{Fourier image analysis
14
15

Machine learning (2)
An overall grade for the class will be calculated based on the scores obtained in the final

Grading
examination (70%) and for short reports (30%).
Students taking this course should prepare by reviewing the knowledge and skills acquired
in
* Introduction to Numerical Analysis Programming,
Preparatory Study « Information Literacy,

» Algorithmic Thinking and Programming with Python,

* Introduction to C Programming, and

» System Programming with C.

Students taking this course should alse take Digital Signal Processing Exercises

Requests to Students o
concurrently with this course.

Steven W. Smith, "The Scientist and Engineer's Guide to Digital Signal Processing”,
Text Book California Technical Pub. (ISBN 0366017633)
Free digital edition: http://www.dspguide.com/

Rafarence Book Alan V. Oppenheim and Ronald W. Schafer, “Digital Signal Processing”, Pearson Education.

o . . Remote Sensing Society of Japan, “Remote Sensing”, Maruzen Planet. Qrdering
Supplemental Materialg

information: hitps://www.rssj.or.jp/journal/remote-sensing-an-introductory-texthook
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Course Goals
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fg;ﬁ%ﬂéiﬁ%&?&% L. SEXERERMRL D=7 ) I REEMRTE 5
X3 "D

HROMBEFLHEA b

Course Topics

MATLAB % # - THHUNICIMI L 127 7 = 7 & RIRIIC 7 55,

MATLAB®D F:4

VATLABIC & A #Eat &, BER, RO/ A XOHE

MATLABIZ & HADC & DACO

MATLABIZ & BB 2 R T ADEKEE L EHAH

MATLABLZ & BBER 7 — U B HOKY

MATLABIZ & HDFTOIGHOEE

MATLABIC . B 7 — U B 7 0 37 ¢ DiEH

OD\'I@U)AOJ[\D»—A

MATLABIZ L A Bl 7 — U T EHORE

©

MATLABIC L A5 U ¥ 7 4 L&~ AFES

s
=

MATLABLZ L 2B FH 7 1 /L ¥ DS HE

Il

MATLABIC L DFFTEIMAL-DEE

12

MATLABIZ & A7 U 4 VBB BOFE

13

MATLABIZ & 2 7 — U —E{@IEHT O E

14N

MATLABIZ L A8 Y oEE (1)

15

MATLABIC & SHM A E OEE (2)

FEAH % Gradings

BAREHRIILL T O HFIETIT 5,

C LR b 50%

- HREBR 50%

PEORE T, BEMIHET D,

BENBTHFARL I LEEE LTI E,

BEEE - T a5 1T CERVTT—
Preparatory Study «Python7/m /7 3 CCEBBT SIS
Cmn/ZTAVD 7GIVY
SE~DED OO AR FHT DA, h03&%’5#&7‘5@3%&5@@?‘6%Eﬁ%ﬁ@fix%lbéﬁ’llﬁ
o ki, ALEHOFIS EFRELRETD L,
b e e - Steven W. Smith, “The Scientist and Engineer’s Guide to Digital Signal

,ﬁi{ é;?A B Processing” , California Technical Pub. ISBN 0966017633

Free digital edition: http://www. dspguide. com/
#HH (BHIR) Alan V. Oppenheim and Ronald W. Schafer, “Digital Signal Processing” , Pearson
Reference Book Education,

Remote Sensing Society of Japan, “Remote Sensing” , Maruzen Planet. Ordering

B (xofl)

information: https://www. rssj.or. jp/journal/remote-sensing-an-introductory—

Supplemental Materials

textbook




Course Title

Digital Signal Processing Exercises

Credits

1

Corresponding year /

3rd year, Znd semester

Semester

Course Category Exercise
Mandatory / Elective Elective
Language English

Instructors

Kazuo Oki, Liang Zilu

Course Description

This course gives students an opportunity to practice applying the theory they learn in the
theoretical course Digital Signal Processing. Students will use MATLAB to develop their
practical skills of working with sampled time-varying signals. Experiments will demonstrate
the practical consequences of the relevant parts of information theory, the time and
frequency domains, and the Fourier transform. Practicai skilis are further developed

through the implementation and use of digital filters for various applications.

Course Goals

On completion of this course participants will

e understand how to represent and manipulate signals digitally;

« he able to convert signal representations between time and frequency domains;

» know how to implement and use digital filters; and

= be able to apply their knowledge of DSP 1o solve a variety of practical engineering

problems.

Course Topics

fach class is a hands-on session using MATLAB 1o practice techniques related to the

fevnlad Fomin
icated topic.

Basics of MATLAB

~S |

Statistics, probability and noise

Analogue to digital, and digital to analogue, conversions

Linear systems and convolution

The discrete Fourier transform (DFT)

Applications of the DFT

Fourier transform properties

The fast Fourier transform (FFT)

Digital filters

-

Moving average filters

OO0 NI O W

s

FFT convolution

12

Digital image processing

13

Fourier image analysis

14

Machine learning (1)

15

Machine learning (2)

Grading

An overall grade for the class will be calculated based on the scores obtained in the final

examination (50%) and for short reports (50%).

Preparatory Study

Students taking this course should prepare by reviewing the knowledge and skills acquired
in

< Introduction to Numerical Analysis Programming,

« Information Literacy,

¢ Algorithmic Thinking and Programming with Python,

» Introduction to C Programming, and

= System Programming with C.

Reguests to Students

Students taking this course should also take Digital Signai Processing concurrently

with this course.

Text Book

Steven W. Smith, “The Scientist and Engineer's Guide to Digital Signal Processing”,
Califarnia Technical Pub. (ISBN 0966017633)
Free digital edition: http://www.dspguide.com/

Reference Book

Alan V. Oppenheim and Ronald W. Schafer, “Digite! Signal Processing”, Pearson Lducation.

Supplemental Materials

Remote Sensing Society of Japan, “Remote Sensing”, Maruzen Planet. Ordering

information: hitps://www.rssj.or.jp/journal/remote-sensing-an-introductory-textbook
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Course Title

Machine Design

Credits

2

Corresponding year /

3rd year, 1st semester

Semester

Course Category Lecture

Mandatory / Elective Elective

Language English

Instructors Hiroshi Kawakami, Takahiro Namazu

Course Description

The ability to read and draft machine designs is an essential skill for mechanical
engineers. This course introduces students to the Japan Industrial Standards (JIS)
rules and method for drawing machine designs. Students will acquire knowledge of
various elements and characteristics of machine designs and their drawings, in
particular those relating to mechatronic systems. A companion course, Machine
Design Exercises, provides students with practical experience in using the JIS method
with computer aided design to draft parts and assembly drawings of mechatronic

systems,

Course Goals

On completion of this course participants will

¢ be able to read drawings compliant with JIS rules;
- be able to draft parts drawings; and

= know how to draft assembly drawings.

Course Topics

Basic methods of drawing and their formats (1)

Basic methods of drawing and their formats (2)

Drawing objects (1)

LI

Drawing objects (2)

o1

Dimensioning

<

Tolerance

-~

Surface properties

<o

Joining machine elements

=]

Shaft and bearing elements

10

Power transmission elements

11

Shock absorbers and control elements

12

Joint elements

1

L3

Plumbing elements

1

S

Assembly drawing (1)

s
(5l

Assembly drawing (2)

Grading

An overall grade will be calculated based on the scores obtained for reports (100%).

Preparatory Study

None.

Reguests to Students

None.

Text Book

“Handbook of mechanical drawing compliant with JIS", Ohmsha.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be introduced in-class, as required.
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Course Title

Maching Design Exercises

Credits

1

Corresponding year /

3rd year, 1st semester

Semester

Course Category Exercise
Mandatory / Elective Flective
Language English

instructors

Hiroshi Kawakami, Takahiro Namazu

Course Description

The ability to read and draft machine designs is an essential skill for mechanical
engineers. This course gives students an opportunily to acquire practical skills for
creating mechanical drawings. Students will develop their skilis using three-
dimensional computer aided design (CAD) systems to draw mechatronic system parts
with specific functions. In addition to acquiring practical drawing skills, students will
become familiar with the operation of one of the major tools used by professional

designers.

Course Goals

On completion of this course participants will

~ be able to create 3D models for given mechanical parts;

< be able to convert 3D models into to 20 mechanical drawings;

= be able to create 3D assembly models for given systems; and

= know how to create 3D models for original mechanical parts and analyze their
strength.

Course Topics

Basic operations of three-dimensional CAD

[XCR

Basic operations for sketching

Creating 3D models

£ 0

Creating assembly models

o1

Creating surface models

Converting 3D models to 2D drawings

~io

Using conventional tools of 3D CAD

Strength analysis

[

Designing original parts of mechatronic systems (1)

-t
=

Designing original parts of mechatronic systems {2)

11

Designing original parts of mechatronic systems (3)

1

Ny

Designing original parts of mechatronic systems (4)

1

0

Using conventional teols on original parts

N
b

Strength analysis of original parts

Generating data for the final report

Grading

An overall grade will be calculated based on the scores obtained for reports (L00%).

Preparatory Study

None.

Requests to Students

None.

Text Book

Wilt be provided in-class, as required.

Reference Book

Will be introduced in-class, as reguired.

Supplemental Materials

Will be introduced in-class, as required.
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Preparatory Study HE, 7T 0,

ZHE~OEY SWBOMICT I X POMYEHREREATIRLE

Bt (7%A L) Peter Corke, ‘“Robotiecs, Vision and Conrol” (2nd edition), Springer.
Text Book

o (BE )

Reference Book

G. Erdman et al., “Mechanism Design: Analysis and Synthesis” (4th edition),

Pearson.

Bt (Zofh)

Supplemental Materials

A K. Mallik, A. Ghosh, and G. Dittrich, “Kinematic Analysis and Synthesis of

Mechanisms” , CRC Press.
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Course Title

introduction to Mechanisms and Mobile Robots

Credits

2

Corresponding year /

3rd year, 1st semester

Semester

Course Category Lecture
Mandatory / Eiective Elective
Language English
Instructors Yoshihiro Sato

Course Description

Robots are the mechatronic systems that have been widely used in many industrial
applications, such as production lines and material handling. [n the near future their
use Is expected to expand into various other fields, including homes and urban
environments. This course introduces students to robotics, which is the science of
designing and controlling robots. Students will learn about the elements of a robot, the
foundations of mechanics, and the analysis of planar link mechanisms. Students
turther develop their knowledge by considering the example of a mobite robot, learning
ahout environment recognition using sensors, robot localization, navigation, and

vision-based control.

Course Goals

On completion of this course participants will
- have acquired basic knowledge about the mechanical elements:
- understand the controf algorithms of & general-purpose mobile robot; and

srstand the basic of computer vision
9

Course Topics

introduction to robotics

B K

Foundations of mechanisms

Planar link mechanisms: types and characteristics

Analysis of planar link mechanisms

o]l Ww

introduction to mechanical elements

Gears

Quiz {45min.}; mobile robots (45min.)

Navigation

Wi~

Localization

Simulation of a mobile robot

11

Computer vision: light and color

12

Computer vision: image formation

13

Computer vision: images and image processing (1)

14

Computer vision: images and image processing (2)

15

Robot control using computer vision

Grading

An gverall grade for the class will be calculated based on the scores obtained in the
quiz (50%) and for reports (50%).

773,-




Preparatory Study Will be provided in-class, as required.
Students should read the relevant part of the text hook before attending the

Requests to Students ) o
associated class.

Text Book Peter Corke, “Robotics, Vision and Conrol” (2" edition), Springer.
Reference Book G. Erdman et al., “Mechanism Design: Analysis and Synthesis” (4" edition), Pearson.

AK. Mallik, A, Ghosh, and G. Dittrich, * Kinematic Analysis and Synthesis of

Supplemental Materials )
Mechanisms”, CRC Press.
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Course Title

introduction to Robotic Manipulators

Credits

2

Corresponding year /

3rd year, 2nd semester

Semester

Course Category Lecture
Mandatory / Elective Elective
Language English
Instructors Hiroaki Fukushima

Course Description

Robotic manipulators play important roles in many different applications, such as
automated manufacturing, space exploration, and robot-assisted surgeries. This course
introduces students to the motion analysis and control of robotic manipulators. Students
will acquire knowledge relaling to the representation of position and orientation, coordinate
transformations, forward-inverse kinematics, and velocily kinematics. Students will also
develop their knowledge of dynamics, position control, and force control of robotic

manipulators.

Course Goals

On completion of this course participants will
< understand kinematics and the dynamics of robotic manipulators; and

« understand position and force control of robotic manipulators.

Course Topics

Introduction

Representing position and orientation in two dimensions

Representing position and orientation in three dimensions

Time and motion

Forward kinematics of robotic manipulators

tnverse kinematics of robotic manipulators

Velocity kinematics: fundamentals

Velocity kinematics: applications

WHICO I~ NI ] WiN]—

Independent joint control

Dynamics of robotic manipulators: Euler-Lagrange formulation

11

Dynamics of robotic manipulators: Newton-Euler formulation

.
N

Multivariable control: joint space inverse dynamics

13

Multivariable control: task space inverse dynamics

14

Force control: impedance control

15

Force control: hybrid impedance controf

Grading

An overall grade for the course will be calculated based on the scores obtained for the
final examination (75%) and in-class quizzes (25%).

Preparatory Study

Will be provided in-class, as required.

Requests to Students

Wilt be provided in-class, as required.

Text Book

Peter Corke, “Robotics, Vision and Control® (2™ edition), Springer.

Reference Book

M.W. Spong, S. Hatchinson, and M. Vidyasagar, “Robot Modeling and Control”, Wiley.

Supplemental Materials

Will be introduced in-class, as required.
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Course Title

Introduction to Scientific Measurement

Credits

2

Corresponding year /

3rd year, 2nd semester

Semester

Course Category Lecture

Mandatory / Elective Elective

Language English

Instructors Kazuo Oki, Salem fbhrahim Salem

Course Description

Understanding measures and measurement is an essential part of any practical
engineering or scientific discipline. In this course, students are introduced to the principles
and practice of measurement. Students will acquire fundamental knowledge of
measurement and the units of measure in mechanical and electrical domains. Students will
continue to broaden their knowledge of the field by studying measurement uncertainly and
its evaluation, correlation in measured values, data processing, curve fitting, and the

acquisition of measurement information using remote sensing.

Course Goals

On completion of this course participants will

= understand the characteristics, technical challenges, and the trend of scientific
measurement;

= be able to draw on their knowledge fo explain all of the above; and

+ be shle to select and apply the most adequate measurement technique for a given

application.

Course Topics

Fundamentals of measuremeant

R

Fundamentals of data analysis

L2

Measurement of length

Measurement of mass

Measurement of pressure

Measurement of time

Measurement of temperature

Measurement of humidity

Measurement of flow velocity and How rate

Optical measurement

Measurement of Thermal radiation

Remote sensing (1)

13

Remote sensing (2)

14

3D measurement

15

Meassurement of position

Grading

An overall grade for the class will be calculated based on the scores obtained in the final

examination (70%) and for short reports (30%).

Preparatory Study

Will be provided in-class, as required.

Requests to Students

Will be provided in-class, as required.

Text Book

Will be introduced in-class, as required.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be introduced in-class, as required.
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Course Title

introduction to Sensors

Credits

2

Corresponding year /

4th year, 1st semester

Semester

Course Category Lecture
Mandatory / Elective Elective
Language English

instructors

Osamu Tabata, Salem tbrahim Salem

Course Description
p

Sensors are devices that measure something in their environment. We interact with
many of them every day, often unaware of their existence. Mareover, they are the
foundation for the environmental awareness and interaction abilities of modern
mechatronic systems. In this course students will learn the basic principles of sensors
and how they ‘transduce’ physical or chemical parameters into electrical signals.
Students will further develop their knowledge of the field by studying the the practical
applications of sensors in mechanical and electrical systems engineering.

Course Goals

On completion of this course participants will

= understand the basic characteristics of sensors;

- understand the applications in which sensors are used; and

- he abie to select the most appropriate sensor for a given measurement application,

Course Topics

Sensors and systems

Classification of sensors

Operational principles of sensors (1)

Operational principies of sensors (2)

Operational principles of sensors (3)

Characteristics of sensors {1): static characteristics

Characteristics of sensors (2): dynamic characteristics

Sensors and energy

Sensors and communication

o
[

Application of sensors (1): robotics

.
"

1} Application of sensors (2):

automotive

s
N

Application of sensors (3): environmental assessment

jod
[

Application of sensors (4): environmental assessment {continued)

-
B

Application of sensaors {5): medical

—
2]

Sumnary

Grading

An overall grade for the class will be calculated based on the scores obtained in the
final examination (70%) and for in-class quizzes (30%).

Praparatory Study

Students taking this course should already have taken Introduction to Scientific

Measurement.

Requests to Students

Will be provided in-class, as required.

Text Book

Will be provided in-class, as required.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be introduced in-class, as required.
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Course Title

Classical Control Engineering

Credits

2

Corresponding year /

3rd year, 1st semester

Semester

Course Category Lecture
Mandatory / Elective Elective
l.anguage English

Instructors

Hiroaki Fukushima, Yoshihiro Sato

Course Deascription

This course introduces students to the analysis and design of control systems.
Students will learn about methods to represent dynamical systems using transfer
functions and block diagrams. Students will learn about system analysis in terms of
stability, transient responses, and steady-state errors, Students will further develop
their knowledge by studying control analysis and design methods in the frequency
domain, including frequency response methods, the Nyquist stability criterion, and

lead-lag compensation,

Course Goals

On completion of this course participants will

- understand methods for representing dynamical systems using linear
approximations, transfer functions, and block diagrams; and

- understand methods for analysing and designing control systems based on transfer

functions.

Course Topics

fntroduction

Linear dynamical systems

The Laplace transform

Transfer functions

Block diagrams

Time response of dynamical systems

Steady-state error of feedback systems (1)

Steady-state error of feedback systems (2)

Stability of dynamical systems

The root locus method

PID controllers

Freguency response methods

The Nyquist stability criterion

o
N

Stability margins

-
w

Control system design in the frequency domain

Grading

An overall grade for the class will be calculated based on the scores obtained in the
final examination (80%) and in-class quizzes (20%).

Preparatory Study

Will be provided in-class, as required.

Requests to Students

Will be provided in-class, as required.

Text Book

Richard C. Dorf and Robert H. Bishop, “Modern Control Systems”, Prentice Hail.

Reference Book

Gene F. Franklin, J. David Powell, and Abbas Emami-Naeini, “Feedback Control of

Dynamic Systems”, Pearson.

Supplemental Materials

Will be introduced in-class, as required.
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Course Title

Modern Control Enginesring

Credits

2

Corresponding year /

3rd year, 2nd semester

Semester

Course Category Lecture
Mandatory / Elective Elective
Language English

instructors

Hiroaki Fukushima, Yoshihiro Sato

Course Description

This course introduces students to analysis and design methods of control systems
based on the state-space approach. The state-space approach, often called "modern
control”, has advantages that include the tractability of MIMO {multiple-input and
multiple-output) systems and the ability to design control systems that are (in some
sense) optimal. Students will develop their knowledge of system analysis based on
controllability, observability, and stability, as well as design methods such as pole
placement and optimal controf,

Course Goals

On complation of this course participants will

= understand the methods for representing dynamical systems using state-space
models; and

« understand the analysis and design of controf systems based on state-space
methods.

Course Topics

—

Introduction

N

State space equations and transter functions

Time responses and state transition matrices

System interconnection

R R

Coordinate transformation

o

Controllability

Observabifity

Stability (1)

W oo )~

Stability (2)

Pole placement

Optimal control

Observers

Contro! using observers

Control of servo systems

Robust control

Grading

An overall grade for the class will be calculated based on the scores obtained in the
final examination (80%) and in-class quizzes (20%).

Preparatory Study

Will be provided in-class, as required.

Requests to Students

Will be provided in-class, as required.

Text Book

Richard C. Dorf and Robert H. Bishop, "Modern Control Systems”, Prentice Hall,

Reference Book

Joao P. Hespanha, "Linear Sytems Theory”, Princeton University Press.

Supplemental Materials

Wil be introduced in-class, as required,
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Course Title

Digital Control Engineering

Credits

2

Corresponding year /
Semester

4th year, 1st semester

Course Category Lecture
Mandatory / Elective Elective
Language English
Instructors Hiroaki Fukushima

Course Description

The control systems of today mostly use digital devices, such as microcontrollers, to

perform the controi actions. Contrary to the continuous-time systems that are taught
in Control Engineering 1 and 2, these control systems are discrete-time systems. This
course further develops students’ knowledge of control systems by introducing them

to the methods required to design and analyze digital controf systems.

Course Goals

On completion of this course participants will

- understand several important tools to deal with digital control systems including the
z-transform, discrete-time transfer function, and state-space model; and

< understand analysis and design methods for digital cantrof systems.

Course Topics

Introduction

The z-transform

Discrete transfer functions

Sampled-data systems

Design using discrete equivalents

Control system design using transform techniques: root focus method

Control system design using transform techniques: frequency response methods

Pole placement (1)

wilio|l~iojolelwind e

Pole placement (2)

s
[

Observers

i1

Regulators using observers

1

D

Servo systems

13

Quantization effects

1

S

Optimal control

1

1

Sample rate selection

Grading

An overall grade for the class will be calculated based on the scores obtained in the
final examination (80%) and in-class quizzes (20%).

Preparatory Study

Will be provided in-class, as required,

Requests to Students

Will be provided in-class, as required.

Text Book

Richard C. Dorf and Robert H. Bishop, "Modern Control Systems”, Prentice Hall.

Reference Book

Gene F. Franklin, J. David Powel, and Michael L. Workman, “Digital Control of Dynamic

Systems”, Prentice Hall,

Will be introduced in-class, as required.

Supplemental Materials
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Course Title

Fundamental Mechanics

Credits

2

Corresponding year /

2nd year, 1st semester

Semester

Course Category Lecture
Mandatory / Elective Mandatory
Language English

Instructors

Takahiro Namazu, Salem ibrahim Salem

Course Description

This course introduces students to the fundamental concepts of Newtonian
machanics for systems of masses and rigid bodies. Students will acquire an
understanding of the center of mass, the moment of inertia, and the rotation of a rigid
body. Students will further develop their appreciation of these topics by understanding
their relationships with the topics covered in Engineering Physics 1 and Mechanics of

Materials.

Course Goais

Cn completion of this course participants will understand how to
= calculate the center of mass of a rigid body;

= solve static equilibrium problems of forces and moments;

» calculate the moment of inertia of a rigid body; and

- solve rotation problems of a rigid body.

Course Topics

Review of physics: mechanics of a mass point

Center of mass (1): mass system

Center of mass (2): rigid body

Slwirnol—

Moment of force

Static equilibrium preblem (1): equilibrium condition

Static equilibrium problem (2): friction

Summary of the static equilibrium problem

Rotation of a rigid body

SO0~ Oy O

Moment of inertia (1): basic concept

oy
<

Moment of inertia {2): method of solution

1]Rotation around a fixed axis {1): fundamentals

12

Rotation around a fixed axis {2): applications

13

Mechanics of a rigid body (1): equation of motion, kinetic energy

14

Mechanics of a rigid body (2): planar motion

15

Mechanics of a rigid body (3): motion on a slope

Grading

An overall grade for the class will be calculated based on scores obtained in the final
examination (60%) and the mid-term examination (40%).

Preparatory Study

Students taking this course should already have a practical understanding of

Newtanian mechanics.

Regquests to Students

Students taking this course should also take Fundamental Mechanics Exercises
concurrently with this course. Students are expected to attend ail classes and to arrive

punctually.

Text Book

None.

Reference Book

David Halliday, Robert Resnick, and Jearl Walker, “Fundamentals of Physics” (10
edition), John Wiley & Sons, inc.

Russell C. Hibbeler, “Mechanics of Materials® (8" edition), Prentice Hall.

Supplemental Materials

Will be provided in-class, as required,
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Course Title

Fundamenal Mechanics Exercises

Credits

1

Corresponding year /

2nd year, 1st semester

Semester

Course Category Exercise
Mandatory / Elective Mandatory
Language English

Instructors

Takahiro Namazu, Salem thrahim Salem

Course Description

This course gives students an opportunity to use the theory learned in Fundamental
Mechanics for solving enginesring problems, Students will acquire practical skill at
applying the concepts of Newtonian mechanics for mass systems and rigid bodies, the
center of mass, the moment of inertia, and the rotation of a rigid body.

Course Goals

On completion of this course participants will be able to

- calculate the center of mass of a rigid body;

= solve static equilibrium problems of forces and moments;
« calculate the moment of inertia of a rigid body; and

- solve rotation problems of a rigid body.

Course Topics

Fach ciass consists of hands-on practical exercises relating to the indicated topics.

Review of physics: mechanics of a mass point

Center of mass (1): mass system

Center of mass (2): rigid body

Siwliro]—

Moment of force

Static eguilibrium problem (1): equilibrium condition

Static equilibrium problem (2): friction

Summary of the static equilibrivum problem

Rotation of a rigid body

W00~

Moment of inertia {1): basic concept

—
<

Moment of inertia (2): method of solution

11

Rotation around a fixed axis (1): fundamentais

1

N

Rotation around a fixed axis (2): applications

1

L2

Mechanics of a rigid body {1): equation of motion, kinetic energy

et
N

Mechanics of a rigid body (2): planar motion

Mechanics of a rigid body {3): motion on a slope

Grading

An overall grade for the class will be calculated based on scores obtained in the final
examination (60%) and the mid-term examination {40%).

Preparatory Study

Students taking this course should already have a practical understanding of

Newtenian mechanics.

Requests to Students

Students taking this course should also take Fundamental Mechanics concurrently
with this course. Students are expected to attend ali classes and to arrive punctually.

Text Book

Will be provided in-class, as required.

Reference Book

David Haltiday, Robert Resnick, and Jeart Walker, “Fundamentals of Physics” (10"
edition), John Wiley & Sons, Inc.
Russell C. Hibbeler, “Mechanics of Materials” (8" edition), Prentice Hall,

Supplemental Materials

Will be provided in-class, as required.
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Course Title

Mechanics of Materials

Credits

2

Corresponding year /

2nd year, 2nd semester

Semester

Course Category Lecture

Mandatory / Elective Elective

Language English

Instructors Ryousuke Matsumoto, Tekahiro Namazu

Course Description

Breakages in machine systems and structures endanger our lives and cause economic
losses. This course helps students to acquire the necessary skills and knowledge
needed to select an appropriate material and to define the dimensions of a structural
member such that it possesses both sufficient strength and reasonable weight.
Students are first introduced to the basic concepts and fundamental assumptions
used in the mechanics of materials. Students further develop thelr knowledge and
skills by studying the calculation of stress and deformation in bars and beams that are
subjected to external loads.

Course Goals

On completion of this course participants will

* be able to explain the definition of stress and strain, and their relationship;

» know how to calculate the stress and deformation of a bar subjected to tension,
compression, or torsion;

* know how to examine the shear stress, bending moment, and bending stress of a
simple beam subjected to bending; and

= know how to draw the deflection curve of a simple beam subjected to bending.

Course Topics

Introduction to mechanics of materials; review of basic concepts for this course

Various loads and support conditions; equilibrium of forces and reactions

Stress and strain; the stress-strain curve

A ] GO RO ] e

Uniaxial stress (1): tension and compression

Uniaxial stress (2): body force and thermal stress

Uniaxial stress (3): truss structures

Torsion of bars

Bending of beams (1): shear force diagrams (SFD) and bending moment disgrams
(BMD)

2=

Bending of beams (2): shear force diagrams {SFD} and bending moment diagrams
(BMD), continued

1

<

Bending of beams (3): bending stress and section modulus

11

Bending of heams {4): bending stress and section modulus, continued

1

N

Bending of beams (5): deflections of beams

13

Bending of beams (6): detlections of beams, continued

=

Principal stress and maximum shear stress

b
o1

Energy methods

Grading

An overall grade in the class will be calculated based on the scores abtained for the

final exam (60%), and for in-class quizzes and assignment reports {40%).

Preparatory Study

Students taking this class should have taken Calculus and Linear Algebra 1 and 2,
Engineering Physics 1 and 2, and Fundamental Mechanics.

Requests to Students

Students taking this class should

* take Mechanics of Materials Exercises concurrently with this course, to develop
practical skills corresponding to the theory;

* bring a scientific calculator and writing materials to every class;

« bring a PC to the class when asked to do so; and

» attend all classes, arriving punctually for every ciass.

Text Book

Parviz Ghavami, "Mechanics of Materials: An Introduction to Engineering Technology”,
Springer International Publishing (2015).

Reference Book

Akira Todoraki, "Fundamentals of Mechanics of Materials” (English edition), Kind
Engineering Book Publishing (2017).

Douglas W. Hull, "Mastering Mechanics |, Using MATLAR: A Guide to Statics and
Strength of Materials”, Prentice Hal! (1998).

Supplemental Materials

Will be provided in-class, as required.
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Course Title

Mechanics of Materials Exercises

Credits

1

Corresponding year /

2nd year, 2nd semester

Semester

Course Category Exercise
Mandatory / Elective Elective
Language English

Instructors

Ryousuke Matsumoto, Takahiro Namazu

Course Description

Breakages in machine systems and structures endanger our lives and cause economic
losses. This course helps students to acquire the necessary skills and knowiedge
needed (o select an appropriate material and to define the dimensions of a structural
member such that it possesses both sufficient strength and reasonable weight. A
series of exercises develops students’ practical skills corresponding to the theory
acquired in the companion course Mechanics of Materials.

Course Goals

On completion of this course participants will be able to

+ explain the definition of stress and strain, and their relationship;

« calculate the stress and deformation of a bar subjected to tension, compression, or
torsion;

« examine the shear siress, bending mament, and bending stress of a simple beam
subjected to bending; and

« draw the deflection curve of a simple beam subjected to bending.

Course Topics

Each class presents hands-on practical exercises covering the indicated topics.

Basic mechanics of materials

Loads and support conditions; equilibrium of forces and reactions

Stress and strain; the stress-strain curve

L Lo RS

Uniaxial stress {1): tension and compression

Uniaxial stress {2): body force and thermal stress

Uniaxial stress (3): truss structures

~l i

Torsion of bars

Bending of beams (1): shear force diagrams (SFD) and bending moment diagrams
{(BMD)

Bending of beams (2): shear force dlagrams (SFD) and bending moment diagrams
(BMD}, continued

=4

Bending of beams (3): bending stress and section modulus

-

Bending of beams (4): bending stress and section modulus, continued

~

Bending of beams (5): deflections of beams

(78]

Bending of beams (6): defiections of beams, continued

o~

Principal stress and maximum shear stress

o

Energy methods

Grading

An overall grade for the class will be calculated based on the scores obtained for the

assigned exercises.

Preparatory Study

Students taking this class should have already taken Engineering Mathematics 1 and
2, Engineering Physics 1 and 2, and Fundamental Mechanics.

Requests to Students

Students taking this class should

« take Mechanics of Materials concurrently with this course, to acquire the theoretical
knowledge needed to complete the exercises;

- hring a scientific calculator and writing materials to every class;

< bring a PC to the class when asked to do so; and

« attend all classes, arriving punctually for every class.

Text Book

Parviz Ghavami, “Mechanics of Materials: An introduction to Engineering Technology”,
Springer International Publishing (2015).

Reference Book

Akira Todoroki, “Fundamentals of Mechanics of Materials” (English edition), Kind
Engineering Book Publishing (2017).

Douglas W. Hull, "Mastering Mechanics 1, Using MATLAB: A Guide to Statics and
Strength of Materials", Prentice Hall {1998).

Supplemental Materials

Will be provided in-class, as required.
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Course Title

introduction to Physical Chemistry

Credits

2

Corresponding year /

3rd year, 1st semester

Semester

Course Category Lecture
Mandatory / Elective Elective
Language English

Instructors

Masayuki Nishi, lppei Kishida

Course Description

Electrochemistry is a branch of physical chemistry. 1t is essentiai for understanding
batteries that generate electrical energy from chemical reactions. In this course,
students will acquire knowledge of the phase transition and mixing of substances in
terms of equilibrium thermodynamics. This knowledge is the basis for understanding
chemical reactions {including electrode reactions) in terms of equilibrium
thermodynamics, which is an important topic of a subsequent course Introduction to

Electrochemistry.

Course Goals

On completion of this course participants will

= be ahle to explain the relation between the Gibbs energy and spontaneous change;
« ynderstand the chemical potential and the Gibbs energy of mixing,;

= be able to explain phase diagrams;

- understand thermodynamic activity;

» understand the Boltzmann distribution;

= understand the Boltzmann formula for entropy; and

- understand the fundamentals of crystal structures.

Course Topics

1HIntroduction to physical chemistry for batteries; enthaipy
21The Helmholtz and Gibbs energies; standard molar Gibbs energies
3|Properties of the internal energy; properties of the Gibbs energy
4|Phase diagrams of pure substances
5| Thermodynamic aspects of phase transitions
61 Thermodynamic description of mixtures
71The properties of solutions
8|Phase diagrams of binary systems: liquids
9{Phase diagrams of binary systems: solids; phase diagrams of ternary systems
10}Activities
11} The Boltzmann distribution
12{Molecular partition functions
13| The internal energy and the entropy
14|Crystal structure
15]Bonding in solids

Grading

An overall grade in the class will be calculated based on the scores obtained in the
final exam (70%) and for short reports {(30%).

Preparatory Study

Students should already have taken Engineering Physics 1.

Requests to Students

Students taking this class should take Introduction to Physical Chemistry Exercises

concurrently with this course.

Text Book

Peter Atkins, Julio De Paula, and James Keeler, “Atkins’ Physical Chemistry” (117
adition), Oxford University Press.

Reference Book

Will be intraduced in-class, as required.

Sugplemental Materials

Will be introduced in-class, as required.
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Course Title

Introduction to Physical Chemistry Exercises

Credits

1

Corresponding year /

3rd year, 1st semester

Semester

Course Category Exercisa

Mandatory / Elective Flective

Language Engtlish

Instructors Masayuki Nishi, Ippei Kishida

Course Description

Electrochemistry is a branch of physical chemistry. It is essential for understanding
batteries that generate electrical energy from chemical reactions. This course provides
students with an opportunity to practice the knowledge gained in the companion
course, introduction to Physical Chemistry, and to develop practical skills based on
that knowledge. These skills are the basis for a practical understanding of chemical
reactions {including electrode reactions) in terms of equilibrium thermodynamics,

developed further in the subsequent course Introduction to Electrochemistry.

Course Goals

On completion of this course participants will be able to solve practical problems by
applying their knowledge of

* the chemical potential and the Gibbs energy of mixing;

= the relation between the Gibbs energy and spontaneous change;

= phase diagrams;

« thermodynamic activity;

« the Boltzmann distribution;

« the Boltzmann formula for the entropy; and

« the fundamentals of crystal structures.

Course Topics

Each ciass provides hands-on-exercises covering the indicated topics.

Introduction; enthalpy

N

The Helmholtz and Gibbs energies; standard molar Gibbs energies

Properties of the internal energy; properties of the Gibbs energy

Rl

Phase diagrams of pure substances

Thermodynamic aspects of phase transitions

Thermodynamic description of mixtures

The properties of solutions

Phase diagrams of binary systems: lguids

WOEOD I~ oy |t

Phase diagrams of binary systems: solids; phase diagrams of ternary systems

s
k=]

Activities

pout

11The Boltzmann distribution

12

Molecular partition functions

The internal energy and the entropy

14

Crystal structure

5|Bonding in solids

Grading

An overall grade for the class will be calculated based on the scores obtained for
short, in-class examinations {100%).

Preparatory Study

Students should already have taken Engineering Physics 1.

Requests to Students

Students taking this class should take introduction to Physical Chemistry concurrently

with this course,

Text Book

Peter Atkins, Julio De Paula, and James Keeler, “Atkins' Physical Chemistry” (11"
edition), Oxford University Press.

Reference Book

Will be introduced in-class, as required.

Supplemental Materia

Is

Will be introduced in-class, as required.
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Course Title

Introduction to Electrochemistry

Credits

2

Corresponding year /

3rd year, 2nd semester

Semester

Course Category Lecture
Mandatory / Elective Elective
Language English

Instructors

Ippei Kishida, Masayuki Nishi

Course Description

Flectrochemistry is & scientific discipline dealing with reduction-oxidation (redox)
reactions involving electron transfer between ionic conductors and electron
conductors, Electrochemistry is essential for understanding batteries. In this course
students will study chemical reactions, and especially electrode reactions in terms of
equilibrium thermodynamics. Students will also learn about diffusion and the rates of
chemical reactions, hecause dynamic processes play important roles in both electrode
reactions and the properties of electrolytes that determine the performance of
electrochemical celis.

Course Goals

On completion of this course participants will

« he able to expiain the relation between the standard reaction Gibbs energy and the
eguilibrium constant;

= be able to explain the relation between the reaction Gibbs energy and the electric
potential of a cell;

» understand the notation of electrochemical cells;

= ynderstand the Nernst equation and be able to calculate cell potentials using it;

« understand reduction half-reactions, standard potentials, and the electrochemical
series;

= be able to explain Fick's first law;

- understand the rates of chemical reactions composed of molar concentrations of
reactants and the rate constant for the reaction; and

« understand the Arrhenius equation.

Course Topics

1)introguction to Electrochemistry for Batteries
2| The equilibrium constant
3{The response of equilibria to reaction conditions
41Eiectrochemical cells
5iElectrode potentials
6} Transport properties of a perfect gas
7IMotion in liquids
8|Diffusion
9] The rates of chemical reactions
10}integrated rate laws
11{Reactions approaching equilibrium

N

The Arrhenius equation

13

DBefects in ionic crystals

14

Defect concentration at thermal equilibrium

.
o1

Fast ion conductors (solid electrolytes)

Grading

An overall grade for the class will be calculated based on the scores obtained in the
final exam (60%) and for short reports (40%).

Preparatory Study

Students should already have taken Introduction to Physical Chemistry and
Introduction 1o Physical Chemistry Exercises.

Regueasts to Students

Students should already have taken Introduction to Physical Chemistry and

[ntroduction to Physical Chemistry Exercises.

Text Book

th

Peter Atkins, Julio De Paula, and James Keeler, “Atking’ Physical Chemistry” (11
edition), Oxford University Press,

Handouls will be provided for topics not described in the above textbook.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be introduced in-class, as required.
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Course Title

introduction to Battery Engineering

Credits

2

Corresponding year /

4th year, 1sf semester

Semester

Course Category Lecture

Mandatory / Elective Elective

Language English

Instructors Ippet Kishida, Masayuki Nishi

Course Description

High-performance batteries are indispensable for smartphones and autonomous
robots, since they operate in environments where power is not usually avaiiable, This
course gives students a comprehensive introduction to batteries; for example, their
structure, function, classification, and characteristics. Students will integrate the
knowledge they have acquired previously in Introduction to Physical Chemistry and
Introduction to Electrochemistry, to understand the ionic behavior (ionics) in battery
materials at the microscopic level. Students will acquire the engineering knowledge
and skills necessary to design and use batteries properly.

Course Goals

On completion of this course participants will

- be able to explain the classification and characteristics of batteries;

« understand the structure of batteries;

= ynderstand the function and requirements of battery materials; and

- understand the ionic behavior cecurring in batteries at the microscopic level.

Course Topics

Introduction to batteries

Structure of batteries and the functions of materials

Primary and secondary batteries

Physical and chemical batteries

G| o ina ]

Lithium jon batteries

Nickel metal hydride batteries

Electrical properties of solids

O~

Electromotive force

=

Election transfer in homogeneous sysiems

10

Pracesses at solid surfaces

11

Electric properties of molecules

12

Molecules in liquids

13

Electrolytes

1

s

Material design for batteries

i5

Theoretical calculations for material design

Grading

An overall grade for the class will be calculated based on the scores obtained in the
final exam (70%) and for short reports {30%).

Preparatory Study

Students taking this course should have already taken Engineering Physics 2 and
Introduction to Physical Chemistry.

Requests to Students

Will be introduced in-class, as required.

Text Book

Peter Atkins, fuiio De Paula, and James Keeler, "Atkins' Physical Chemistry” (11%

edition), Oxford University Press,

Handouts will be provided for topics not covered in the textbook.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be introduced in-class, as required.
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Course Title

Electomagnetic Theory

Credits

2

Corresponding year /

2nd year, 2nd semester

Semester

Course Category Lecture
Mandatory / Elective Elective
Language English

Instructors

Tadayuki tmai, Shigeru Horii

Course Description

Electromagnetic theory deals with electric phenomena in combination with magnetic
phenomena. It is one of the fundamental compeonents of physics and mechatronic
technologies. in this course students will gain an understanding of Maxwell's
equations, which are the basic equations of electromagnetic phenomena, and acquire
the skills needed to analyze such phenomena both qualitatively and guantitatively.
Students will also become knowledgeable in methods for calculating spatial
distributions of electric and magnetic fiefds and the basis of electromagnetic waves. A
companion course, Electromagnetic Theory Exercises, is aiso provided for students to
develop the practical mathematical skill of handling vectors, which is indispensable to

this course.

Course Goals

On completion of this course participants will

» understand the relationships between Gauss's law, Ampere's law, and Maxwell's
equations;

« he able to explain qualitatively how electric and magnetic fields are generated when
a voltage is applied to an electyic component; and

« understand the fundamental relationship between the law of electromagnetic

induction and mechatronics.

Course Topics

Overview of electromagnetic theory

Electric potential, electric field and gradient

Gauss's law and divergence of vectors

R A A R

Elactric energy and capacitors

51

Flectric field and electric flux density with dislectrics

Ohm's law and Gauss's law of current

Forces induced by magnetic fields

Ampere’s law and rotation of vectors

Wl ~io

Magnetic energy and coils

ot
<

Magnetic materials and fields; magnetic flux density

11

Electromagnetic induction

12

Displacement current and Maxwell's equations

13

Electromagnetic wave equation and analysis of waves

1

o

Properties of electromagnetic waves

—
1%l

Summary and review

Grading

An overall grade in the class will be calculated based on the scores obtained in the
final examination (70%) and in-class quizzes (30%).

Preparatory Study

Students should have already taken Engineering Physics 2 and Engineering Physics 2
Exercises before taking this course.

Requests to Students

Students taking this course should

« take Electomagnetic Theory Exrcises concurrently with this course, to practice the
theory they learn in this course; and

« read the corresponding parts of the materials shown below prior to coming to the

associated class.

Text Book

The required materials will be distributed in-class, as required.

Reference Book

David Halliday, Robert Resnick, and Jearl Walker, "Fundamentals of Physics” (107

edition), John Wiley & Sons, Inc.

Supplemental Material

s

None.
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Preparatory Study
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THEITHI) RO RIS 2FCRE T8,

FIUE A A4 —CHRETHERIFLREIT D &,

Reference Book

HRHE ORI TR BRI CRATS 5 BEHC B 2T - £, e, WEBRIC CRRT 5.
B (TFALD) 01 .
Text Book RIS - CEAT D,
+ [Fundamentals of Physics} (10th Edition)
#3# : David Halliday, Robert Resnick, Jearl Walker
B (BER) tHERAL : John Wiley & Soms, Inc
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Course Title

Electomagnetic Theory Exercises

Credits

1

Corresponding year /

2nd year, 2nd semester

Semester

Course Category Exercise
Mandatory / Elective Elective
Language English

Instructars

Tadayuki Imai, Shigeru Horii

Course Description

Electromagnetic theory deals with electric phensmena in combination with magnetic
phenomena. It is one of the fundamental elements of physics and mechatronic
technologies. The aim of this course is to understand Maxwell's equations, which are
the basic equations of electromagnetic phenomena, and to acquire skills to analyze
such phenomena gualitatively and quantitively. The course covers methods for
calculating the spatial distributions of electric and magnetic fislds, and the basis of
electromagnetic waves. This exercise course provides students with an opportunity to
become accustomed to the mathematical handling of vectors which is indispensable
when applying electormagnetic theory.

Course Goals

On completion of this course articipants will

< ynderstand the relationships of Gauss's law and Ampere's faw to Maxwell's
equations;

- he able to visualize how electric and magnetic fields are spatially distributed when a
voltage is applied to an electric component; and

« understand the relation of the electromagnetic induction law to mechatronics.

Course Topics

o

Line integral, surface integral and volume integral {Exercise)

Electric potential, electric field and gradient {(Exercise)

Gauss's law and divergence of vectors (Exercise)

Flectric energy and capacitors {Exercise)

Etectric field and electric fiux density with dielectrics (Exercise)

Ohm's law and Gauss's law of current {Exercise)

Forces induced by magnetic fields {Exercise)

Ampere's law and rotation of vectors (Exercise)

Wi ~i] & wine

Magnetic energy and coils (Exercise)

<

Magnetic field and magnetic flux density with magnetic substance (Exercise)

e

Electromagnetic induction (Exercise)

I
N

Displacement current and Maxwell's equations {(Exercise)

U

Electromagnetic wave equation and analysis of waves (Exercise)

Properties of electromagnetic waves (Exercise)

Summary and review

Grading

An overall grade for the class will be calcutated based on the resuits of short quizzes
(100%).

Preparatory Study

Before taking this course, students are encouraged to first complete Engineering
Physics 2 and Engineering Physics 2 Exercises.

Requests to Students

Students taking this course should

- take Electomagnetic Theory concurrently with this course, to practice the theory they
learn in this course; and

< read the corresponding parts of the materials shown helow prior to coming to the

associated class.

Text Book

Relevant materials will be distributed in-class, as required.

Reference Book

David Halliday, Robert Resnick, and Jearl Walker, “Fundamentals of Physics” (10"
edition}, John Wiley & Sons, Inc.

Supplemental Materials

Will be introduced in-class, as required.
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Bt (TFADN) P.C. Sen, “Principles of Electric Machines and Power Electronies” (3rd

Text Book edition), Wiley (2013).

Bkt (BE ) S.J]. Chapman, “Electric Machinery Fundamentals” (5th edition), McGraw-Hill
Reference Book (2012).
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Course Title

Fundamentals of Electrical Motors

Credits

2

Corrasponding year /

2nd year, 2nd semester

Semester

Course Category Lecture
Mandatory / Elective Elective
Language English

Instructors

Fuat Kucuk, Alberto Castellazzi

Course Description

Electric motors are indisputably essential for our daily life. They provide very efficient
and clean energy conversion, from the mW scale to the MW scale. Their general
structures and operating principles should be known by most engineers because of
their great importance. The course starts with the basics of static magnetic circuit
analysis and continues with the easiest controllable electrical motor, the DC motor.
Then, the course respectively moves on induction motors, which are especially popular
in variable-speed drive applications, and synchronous motors, which are especially
popular in servomotor applications. In some specific applications, classical motors
may not meet expectations. For example, a robot arm may have to be moved from one
position to another with high accuracy. in another application, a drone may have to use
very light but high-speed motors to increase its usefui load capacity, Such applications
need special electric motors which have different structures and behaviors from
classical electrical machines. During this course, students will also gain knowledge
about special electric motors, including single-phase induction motors, synchronous
reluctance motors, stepper motors, switched reluctance motors, brushless DC motors,

and permanent magnet synchronous motors.

Course Goals

On completion of this course participants will

« be familiar with motor terminology;

* have a comprehensive understanding of the structures and operating principles of
typical electric motors; and

* have acguired the practical skilt of analyzing any electric motor.

Course Topics

—_

Fundamental laws of magnetism; basic principles of analyzing magnetic circuits.

Transformers: operating principles, ideal and practical transformers, equivalent circuit
maodel, testing for parameter identification

[

Transformers: loading, voitage regulation, efficiency

Electromechanical energy conversion: the energy conversion process, field energy,
mechanical force and torque developed in an electromechanical system.

(&3

Introduction to rotating electric machines: common properties and related equations

_1DC motors: structural properties, classification, equivatent circuit model, modes of
o

operation, speed control

~

induction motors (IMs): structural properties, rotating magnetic fields

o0

IMs: polyphase induction motors, operating modes

WO

IMs: typical equivalent circuit madels, tests for parameter determination

1

f=]

iMs: performance characteristics, starting methods, speed contro!

.

Synchronous Motors (SMs): structural properties, operation modes, equivalent circuit
model, tests for parameter determination

12

SMs: starting methods, speed control, power factor correction

13

Special electrical machines: universal motors, brushiess DC motors

Special electrical machines: single-phase induction motors, switched reluctance

motors

o

Steady state simulation of electric machines with MATLAR

Grading

An overall grade for the course will be calculated based on scores obtained in the final

examination {50%), homework assignments (20%), and in-class quizzes (30%).

Preparatory Study

Students taking this course should have taken Flectromagnetic Theory,

Electromagnetic Theory Exercises, and courses related to electric circuit theory.

Requests to Students

None.

Text Book

P.C. Sen, "Principles of Electric Machines and Power Electronics” (3 edition), Wiley
(2013).
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Refergnce Book

S.J. Chapman, “Electric Machinery Fundamentals” (5% adition), McGraw-Hill (2012).

Supplemental Materials

Other relevant materials will be provided in-class, as required,
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?M (FFR L) S.H Kim, “Electric Motor Control: DC, AC, and BLDC Motors” , Elsevier (2017).
ext Book

BE (5% k) B.K. Bose, “Modern Power Electronics and AC Drives” , Pearson (2015).
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Course Title

Control principles of Electrical Motors

Credits

2

Corresponding year /

3rd year, 1st semester

Semester

Course Category Lecture
Mandatory / Elective Elective
Language English

Instructors

Fuat Kucuk, Alberto Castellazzi

Course Description

Flectric motors are predominantly used as prime movers in mechanical systems.
Classical electrical machines, such as induction motors and synchronaus motors, are
capable of running continuously without a power electronic circuit. However, they
have to be accompanied with proper power electronic circuits and control algorithms
when the application demands, for example, high performance over a wide speed
range. Unlike classical electric motors, most of special electric motors require power
electronic circuits for continuous rotation. This course introduces students to modern
control principles and the related power electronic circuits for the electric motors
frequently encountered in industrial applications. The course starts with the
fundamentals of mechanical systems and the characteristics of electric drive
components: motors, loads, and transmission elements. Then, it introduces typical
power electronic circuit topologies and their related control strategies for motor
control. Finally, students develop their knowledge by studying the principles of

performance analysis and computer simulation of drive systems.

Course Goals

On completion of this course participants will
» be familiar with motor drive terminology;
« have acquired a comprehensive understanding of modern control techniques; and

« ynderstand how power electronic circuits are used for motor control.

Course Topics

Companents of an electrical drive systems; control of DC motors: modeling, steady

state, and transient response characteristics

Control of DC motors: current and speed controller design

Modeling of AC motors and reference frame theory

Control of induction motors (IMs): scalar control

Control of IMs: principies of vector controf and field orientation

Control of IMs: direct torque control

Control of IMs: multilevel converter-fed IMs

Control of synchronous motors (SMs): self-controlled SMs

WIOC |~ ] &0 N

Control of SMs: vector control

et
<

Cycloconverter-fed SM drive

11

Speed estimation and sensorless speed estimation of AC motors

12

Current regulators for AC motors

13

Control of brushless DC motors: speed control, current control

14

Control of switched reluctance motors and stepper motors

15

Simulation of electric motor control with MATILLAB

Grading

An overall grade for the class will be calculated based on scores obtained in the final
examination (50%), the term project {20%), and in-class quizzes (30%).

Preparatory Study

Students taking this course should have already taken courses related to electric

machines and power electronic circuits.

Reguests to Students

Text Book

S.H. Kim, “Electric Motor Control: DC, AC, and BLDC Motors”, Eisevier (2017).

Reference Book

B.K. Bose, "Modern Power Electronics and AC Drives”, Pearson (2015).

Supplemental Materials

Other relevant materials will be provided in-class, as required.
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Course Title

Actuator Systems

Credits

2

Corresponding year /

4th year, 1st semester

Semester

Course Category Lecture
Mandatory / Elective Elective
lLanguage English

Instructors

Fuat Kucuk

Course Description

A typical closed-loop control system primarily consists of & sensor, an actuator, and a
controller. Sensors are responsible for converting a physical phenomenon
(temperature, displacement, force, etc.) into a proportional output signal, usually
electric. Actuators are needed to generate rotational or translational motions for
mechanical systems. They normally require a power supply to operaie. Sensors and
actuators are therefore two critical components of automated processes. Achieving a
successful closed loop system relies on knowing the characteristics of both devices
well, This course therefore starts by introducing students to the characteristics of
typical sensors and actuators encountered in industrial applications. Besides device
characteristics, integrating the components and analyzing the overall system hehavior
is essential to designing a proper controller. Students therefore further develop their
knowledge by studying how to model overall system behavior and design a contralier.
Students thus acquire the knowledge they need to run an actuator system stably
under desired conditions, Analysis and design of a system having multiple sensors and
actuators is a time consuming process; as an alternative to deing it analytically,
students also learn how to model, analyze and design a controller for a complex
system using computer tools.

Course Goals

On completion of this course participants will

» have a comprehensive understanding of the operation of commonly employed
actuators and their interactions with other components;

- be able to determine the required sensor and actuator that meet the criteria of a
mechatronic system; and

= have acquired the skili of analyzing a complex mechatronic system using 8 computer

tool.

Course Topics

tntroduction

e

A typical actuation system and component interconnection

Mechanical transmission components in an actuation system

£ 7

Types and characteristics of sensors and transducers

Types and characteristics of linear electromechanical actuators

Types and characteristics of rotational electromechanical actuators

Hydraulic and pneumatic actuators

Co -~ Oy

Control principles of typical actuation systems (1)

€

Control principles of typical actuation systems (2)

10

Parameter astimation

11

Typical power electronic drive circuits

12

Selection criteria of actuation system components

13

Analysis of the overall actuator system

14

Simulation of a complex mechatronic system with MATLAB

15

Practical design considerations

Grading

An overall grade for the course will be calculated based on scores obtained in the final

examination (50%), homework assignments (20%), and in-class quizzes (30%).

Preparatory Study

Students taking this course should have already taken courses related to electric

circuit theory.

Requests to Students

None.

Text Book

C.W. de Silva, "Sensors and Actuators” (2™ edition), CRC press (2016).

Referance Book

H. Janocha, “Actuators: Basics and Apolications”, Springer (2004).

Supplemental Materials

Other relevant materials will be provided in-class, as required.
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Course Title

Electric Power Transmission and Distribution

Credits

2

Corresponding year /

4th year, st semester

Semester

Course Category Lecture

Mandatory / Elective Elective

Language English

Instructors Ryo Takahashi, Salem lbrahim Salem

Course Description

Flectric energy is the foundation that supports modern society, and its importance will
only increase in the future. Knowledge about the power system, a fundamental of the
modern social infrastructure, is considered necessary for engineers will be reguired to
operate energy-efficiently in the future. [n this course students will acquire
fundamental knowledge of the characteristics of the power system including its
interconnections, methods of electrical transmission (such as AC and DC power

transmission), stability, frequency and voltage controls, and failure characteristics.

Course Goals

On compiletion of this course participants will
- understand the development of power transmission up to the present day; and
» understand the characteristics of the modern power distribution system.

Course Topics

Power system configuration (1)

Power system configuration (2)

Lo

Electrical characteristics of transmission fines (1)

S

Electrical characteristics of transmission lines (2)

[&

Operation and control of the power system (1)

E*2}

Operation and control of the power system (2)

Operation and control of the power system (3)

Stabhility (1)

Stability (2)

Stability (3)

Failure characteristics {1)

Failure characteristics (2)

DC power transmission

Power distribution

hiSummary

Grading

An overall grade for the course will be calculated based on the scores obtained in the
final examination (70%) and in-class tests (30%).

Preparatory Study

Students taking this course should have already taken Power Electronics Engineering

and Semiconductor Engineering.

Requests to Students

Course participants should read the textbook and assigned materials carefully.

Text Book

Will be introduced in-class, as required.

Reference Book

Will be introduced in-class, as reguired.

Supplemental Materials

Will be provided in-class, as required.
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Course Title

Flectrical Power Generation and Transformation

Credits

2

Corresponding year /

4th year, 2nd semester

Semester

Course Category Lecture
Mandatory / Elective Elective
Language English

Instructors

Ryo Takahashi, Alberto Castellazzi

Course Description

This course introduces students to the principles of power generation and the
composition of plants for large-scale, centralized power generation. Students develop
thelr knowledge by studying hydro-electric power, thermal power, nuclear power, and
small-scale distributed generation by renewable energy sources such as solar power.
Students further develop their knowledge by studying transformers and their
operation, and facilities provided by substations which are essential for delivering
generated electricity to final consumers.

Course Goals

On completion of this course participants will

- understand the principles and operation of large-scale and small-scale power
generation; and

- ynderstand the fundamentals of power transformation.

Course Topics

Introduction to power generation and transformation

N

Hydroelectric power generation (1)
@

Hydroelectric power generation (2

B

Thermal power generation (1)

o

Thermal power generation (2)

Thermal power generation (3)

~i | Oy

Atomic power generation (1)

Atomic power generation (2)

Utilizing renewable energy (1)

—
i oo

Utilizing renewable energy (2)

Utilizing renewable anergy (3)

ot
N

Power transformation (1)

13

Power transformation (2)

14

Power transformation (3)

1

<

Summary

Grading

An overall grade for the class will be calculated based on the scores obtained in the
final exmination (70%) and in-class tests (30%).

Preparatory Study

Students taking this course should have already taken Electric Power Transmission
and Distribution.

Requests to Students

Students should read the textbook and assigned materials carefully,

Text Book

Will be introduced in-class as required.

Reference Book

Will be introduced in-class as required.

Supplemental Materials

Will be provided in-class as reguired.
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Reference Book
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Course Title

Semiconductor Engineering

Credits

2

Corresponding year /

3rd year, 1st semester

Semester

Course Category Lecture
Mandatory / Elective Elective
Language English

Instructors

Alberto Castellazzi, Tadayuki Imai

Course Description

Semiconductor devices are at the heart of all modern electrical and electronic circuits,
playing a key role in determining overall system performance. This course starts with a
review of the fundamental material properties of the most widespread fabrication
material {silicon, Si) and its basic structures {the p-n junction and MOS capacitance)
from which more complex devices are derived. It continues by considering in detail the
design, characleristics, and operation of the main discrete device types {diodes and
transistors) commonly employed in modern engineering design. In view of their central
role in a number of modern and developing applications (renewable energies and
electric transport, for example) special attention is paid to power semiconductor
devices, including innovative wide-hand-gap technologies (silicon carbide, SIC, gallium
nitride, GaN, and diamond, C). The course finishes with a quick overview of fabrication
processes, device packaging and thermal management solutions, reliability
assessment, and lifetime estimation methodologies commonly employed in the

semiconductor industry {o validate products before they go to market.

Course Goals

On completion of the course participants wiil

° be knowledgeable about the major semiconductor devices, their technologies, and
their key design parameters;

= tave an appreciation of the nead for, and impact of, different solutions in terms of
packaging, cooling and reliability;

« be able to map device characteristics to specific application needs and make an
informed choeice of the most suitable device type for given application targets; and

- be familiar with modern methodologies and tools of semiconductor engineering and

application.

Course Topics

Atomic structure and energy bands in solids

—

Carrier concentration in thermal equilibrium; impurities and doping

Ny

Carrier transport (drift, diffusion); generation and recombination phenomena

w

The p-n junction: thermal equilibrium; forward bias; reverse bias; dynamic phenemena

{(junction capacitance)

p-n and Schottky diodes; modelling exercise

The bipolar transistor; regimes of operation

~ ot

Ohmic contacts, MOS capacitance and field-effect-transistor

CC

Power semiconductors

Avalanche breakdown

=3

10{Double-pulse testing

11iTemperature-dependent electrical parameters

12|Fabrication and manufacturing technology

13{Thermal management and reliability

141 Technology validation and device qualification

15|Wide-band-gap (WBG) semiconductors and devices

Grading

An overall grade for the class will be calculated based on the score obtained in the

final examination (100%).

Preparatory Study

Students taking this course should have already taken fundamental courses on

mathematics and efectronics.

Requests to Students

Students should bring a laptop PC to class to use while solving exercise problems.

Text Book

S.M. Sze, “Semiconductor devices - physics and technology™ (2°% edition), Jon Wiley &
Sons, Inc. (2008).
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D.A. Neamen, "Semiconductor physics and devices” (3" edition), McGraw-Hili (2003).

Reference Book B. Jayant Baliga, "Fundamentals of Power Semiconductor Devices”, Springer Science
(2008).

Supplemental Materials {Lecture notes and exercises will be distributed in-class.

—~120—



B4 (Course Title)

[BRTB (Credits)

ERNER - FH

BEOWIE

ZIE EROR
I

HMHE4 (Instructors)

Alberto Castellazzi, Fuat Kucuk

EBE (100~200%F)

Course Descriptions

NY—T L bp=g R, FELOURAI VIV IOREREREIXLHETHD, =
NOEORRE LT, BRETIEOBHERCIETR v M U—27 22T, FAEWES
KA, EEK, 08 L - flaRg, ERAE—-F, oy NEHRH Y,
ENbEEOREER T, Donbid, LEFESEVRRICER T A ¥ -ERO =Y
% & ARBREHIC A DAL TR 5, PHEENOKRERERELVEST, S
Dz by b= s AT BERFIR O ICHES T L LToMEEs L, fF
SEOREDRBICKEREELEZ T D, REERE G, BR=RAX DT 1
Va AT uky Y FIER SRS ERER MR Sl o0 TRET S, BE
Wik, DC-DC, DC-AC, AC-DC. RUAC-ACD AL v F o VBHERER D, b, FHEHRY
LRROR FRo Y| PoBERRERERAL v F s (IS, I0S) I HE
RBHR Y a—a bR ELTEDDH, Tio, EROREEHES (74— Ky
J. T4 K74 T, BEE RUBPA—TREIAST g e Ebic, &b Ra%
SOUAIEETR (PW) RUERARZ MVER (S DFRRIOVWTLEET S, ARER
B ORI, 4 b FIA S EREER (A3, 7507 ORI WTRTL,
BRI/ Fih e 7 A VBB OERROVTHES,

BlEARK (50-100F)

Course Goals

FIFEB BOEERZAUTOREY ThD,

c ERBABRBOT —F T2 F v EXOTREEREIC OV TEmTS 2

CERE T -t a COERICEEL T, BERBNERY Y -V a U ERET

HEHOBRMARTIERNTCELZ L

CBENAESTET AL BEREEER LB ERBOEROLBH LTI Z L8 TE
&

HI &
- BHERBORE LSO OOBROFERE Y —NVEBETH L,

RBOIET & Ra v b

Course Topics

fvbndyvay BERFCLDBHER

FEFERRIDC-DC = o N ¥ & 2 AR (P Gl

- SYTREDY— b ¥ T4 BE L Rl

BE
TIEBE U BEEDNC-DCa Y /S — @ bR E

POBEAL vTFrF (2VS) Bilis Ca@ikRAA v F oo (1CS) il

B LR

OO 1 CN O s [CO JIND [t

ZHEA NS

=]

E

—
<

< VF LA B

o
—

ZHRVEEBEMEUSEETS L HE~ORR

—
[3%]

PIETE AR

13

AC-AC (w RY w I R) mv/N—F

s
o

BREm NHE ROV 4 N DEREE

—
kel

BERET ) 7 L HH

I 1 Gradings

BEHT. RERBR (15%) RUo—RTU—r/Ii=7uPdxy b (25%) &0
3

)

Eearryreer
B sy | |BREBRUEARBIFERELTE L,

ZHE~DES BRAVTHERT ALY, BHOKCERBTEI L,

Bkt (FHAR) 1. Kassakian, M. Sschlecht, J. Verghese, Principles of Power Electronics,
Text Book Pearson Education, USA, 2010 (Japanese edition)

B (BE )

Reference Book

N. Mohan, Power electronics - a first course, Jon Wiley & Sons, Inc., 2012
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Course Title

Power Electronics Engineering

Credits

2

Correspending year /

3rd year, 2nd semester

Semester

Course Category Lecture
Mandatory / Elective Elective
l.anguage English

instructors

Alberto Castellazzi, Fuat Kucuk

Course Description

Power electronics is the discipline underpinning a number of pivotal elements of
society’s infrastructure. itis at the core of our powsr transmission and distribution
networks, renewable energy conversion, electrified road, rail, marine and aviation
transport, industrial drives, and robotic actuation. Power electronics is soon expected
to become a ubiquitous element of electrical energy conversion. Gaining momentum
from developments in semiconductor technology, power electronics has established
itself as a strategically important area of study and research, of great impact on future
societal developments. This course introduces students to the key circuit topologies
used in electrical energy conditioning and processing. Students will examine DC-to-
DBC, DC-to-AC, AC-t0-DC, and AC-to-AC switching power converter architectures,
including both isolated and non-isolated topologies. Students are also introduced to
advanced, high-efficiency solutions based on zero-voltage and zero-current switching.
The most common pulse width modulation and spacs-vactor modulation technigues
are also introduced, along with basic control concepts (feed-back, feed-forward, and
stability) and closed-loop design. Students further develop their knowledge of power
electronics by studying gate driver and protection circuits (snubbers and clamps), and
elements of electro-magnetic compatibility/interference and fiker design.

Course Goals

On completion of the course participants wili

< be knowiedgeable about the main power converter architectures and their merits;

+ be able to discuss options for implementing optimum power conversion solutions in
relation to specific application requirements;

- be able to carry out the preliminary design of a power converter using realistic
component models and operational conditions; and

* be familiar with modern methodologies and tools for power converter design and

analysis.

Course Topics

Introduction to solid-state power conversion

Non-isolated dc-dc converters and pulse-width-moduiation

Transistors gate-driver design and protection

L= PO NS ] —

Recap exercise

Transformers and isolated de-dc converter topologies

Sy U

Zero voitage and zero current switching techniques

Rectification and inversion

oo |~

Three-phase inverters

Recap exercise

1

f=]

Multi-level inverters

Passive and active single-phase and multi-phase rectifiers; power factor

considerations

12

Power factor correction circuits

13

AC-AC (Matrix) converters

14

Electro-magnetic compatibility and filter design

-
1323

Advanced modelling and control

Grading

An overall grade for the course will be calculated based on the scores obtained in the

final examination (75%) and for project work (25%).

Preparatory Study

Students taking this course should already have taken Elsctric Circuits, and Classical

Control Engineering.

Requests to Students

Participants should bring a laptop PC to class for completing in-class, simuiation-

hased exercises.

Text Book

J. Kassakian, M. Schlecht, and J, Verghese, “Principles of Power Electronics”, Pearson
Education {2010).
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Reference Book N. Mohan, “Power electronics — a first course”, Wiley (2012).

Suppiemental Materials |Lectura notes and exercises will be provided in-class.
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Course Title

Electric Circuits

Credits

2

Corresponding year /

3rd year, 1st semester

Semester

Course Category Leacture
Mandatory / Elective Elective
Language English

Instructors

Tadayuki Imai, Alberto Castellazzi

Course Description

All devices that use electric power, from industrial planis to small electric appliances
such as cellular telephones, are controlled by electric and electronic ¢ircuits. This
caurse introduces students to basic circuits constructed from passive components
such as resistors, capacitors and inductors (coils). Their skills are developed by
studying circuit analysis using equations and the concept of impedance (an extension
of resistance). Students complete their basic knowledge by'studying transient

phenomena.

Course Goals

On completion of this course participants will be able to
« analyze passive circuits using Kirchhoff's laws; and
- analyze the frequency response of a circuit using complex arithmetic.

Course Topics

s

Overview of electric circuits

N

Kirchhotf's faws

The Wheatstone bridge

A

Alternating currents and periodic signais

i

The real and complex Fourier series

The Fourier transform

Impedance and admittance

Analysss of AC circuits with complex amplitudes

Wi~

The power of an alternating current

Electrical circuit theorems

11

Circuits consisting of passive components

1

N

Transient phenomena {1): linear differential equations

L0

1

Transient phenomena (2): the Laplace transform

o

Transient phenomena (3): analyses using the Laplace transform

1

7

Summary and review

Grading

An overall grade for the class will be calculated based on the scores obtained in the
final examination (70%) and in-class quizzes (30%).

Preparatory Study

Will be introduced in-class as required.

Requests to Students

Students should study the materials provided to them before coming to the associated

class.

Text Book Necessary materials will be distributed in-class.
Reference Book None.
Supplemental Materials |None.
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Course Title

Analog Flectronic Cireuits

Credits

2

Corresponding year /

3rd year, 2nd semaster

Semester

Course Category Lecture
Mandatory / Elective Elactive
Language English

instructors

Tadayuki Imai, Alherto Casteltazzi

Course Description

All devices that use electric power, from industrial plants to small electric appliances
such as cellular telephones, are controlied by electric and electronic circuits. n this
course, building on what they learned in Electric Cirtuits, students learn about circuits
constructed from active electronic devices such as transistors, in addition to the
passive components studied earlier. Students gain essential knowledge of
amplification, that is, conversion of small electric signals to much stronger signals,
which is the most important topic covered. Students further develop their knowledge
of elecronics by studying arithmetic operations and osciliation.

Course Goals

On completion of this course participants will understand
« the nonlinear properties of transistors;

» how to properly bias a transistor; and

« how to use an operational amplifier.

Course Topics

Course overview

Passive components

Principles of the semiconductor diode and its characteristics

Principles of the transistor and its characteristics

SIS

Equivalent circuits of transistors (1)

Equivalent circuits of transistors (2)

Transistor biasing

Transistor amplifier circuits

OO0~ Oy

Frequency response characteristics

—
ol

Negative feedback

11

Various circuits using transistors

12

Oscillators

1

(o

Operational amplifiers

~

1

Circuits using operational amplifiers

1

&2l

Summary and review

Grading

An overall grade for the class will be calculated based on the scores obtained in the
final examination (70%) and in-class quizzes (30%).

Preparatory Study

Students should have already taken Electric Circuits before taking this course,

Requests fo Students

Students should study the materials provided to them before coming to the associated

class.

Text Book

Necessary materials will be distributed in-class.

Reference Book

Paul Horowitz and Winfield Hill, “The art of electronies" (3" edition), Cambridge

university press

Supplemental Materials

None.
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Course Title Logic Circuits
Credits 2
Corresponding year /

4th year, 1st semester

Semester

Course Category Lecture

Mandatory / Elective Elective

Language English

Instructors Tadayuki imai, Fuat Kucuk

Logic circuits, or digital circuits, form the main part of digital information processing
equipment such as computers. This course helps students to acquire an

. o understanding of the basic functions of computer circuits and the knowledge needed
Course Description . . ‘ . . o )
for controlling various machines using computers. Students study combinational togic
circuits consisting of AND, OR, XOR and NOT gates, followed by sequential logic

circuits based on flip-flops.

On completion of this course participants will be able to

c Goal = read and write truth tables and Karnaugh maps;
ourse Goals

< analyze and design small-scale combinational logic circuits; and

< analyze and design small-scale ssquential circuits.

Course Topics

|{Overview of logic circuits

Binary and hexadecimal numbers

Logic functions and Boolean algebra

Logic functions and normal forms

Minimization of combinatiena! circuits (1)

Minimization of combinational circuits (2)

Design of combinational circuits

Application examples of combinational circuits

Wiwi~wiofolniwise

Sequential circuits and flip-flops

=

Various types of flip-flop

Design of sequential circuits (1)

s
nN

Design of sequential circuits (2)

—
L2

Various sequential circuits

—
Bl

Application examples of sequential circuits

—
(<

Summary and review
An overall grade for the course will be calculated based on the scores obtained in the

Grading )
& final examination (70%) and in-cass quizzes (30%) .

Students should read the corresponding part of the materials distributed in-class,

Preparatory Study . )
before coming to the associated class.

Students should read the corresponding part of the materials distributed in-class,

Requests to Students | . )
before coming to the associated ¢lass.

Text Book Necessary materials will be distributed in-class.

Reference Book None.

Supplemental Materials {None.
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Course Title

introduction to Communication Engineering

Credits

2

Corresponding year /

4th year, 1st semester

Semester

Course Category Lecture

Mandatory / Elective Elective

Language English

Instructors Ryo Takahashi, Liang Zilu, lan Piumarta

Course Description

Communication technology has made remarkable progress, supported by the rapid
development of electronics and computer technology. Research and development of
communication systems, including mobile communication, sateilite communication,
and optical communication, are being promoted, and the importance of
communication engineering is certain to increase in the future. In this course students
will focus on the basic theories of communication such as the representation of
communication signals in the physical layer, signal processing including modulation
and demodulation, signal deterioration, and the configuration of communication

systems.

Course Goals

On completion of this course participants will be able to
« understand and explain communication methods; and
- explain the characteristics, technical challenges, and developing trends of

communication systems.

Course Topics

Wi~ FLEN

—
<

11

1

N

1

L

14

15

Representation and transmission of Signals
Noise analysis (1)

Noise analysis (2)

Amplitude modulation (1)
Amplitude modulation (2)
Angle modulation (1)

Angle modulation (2)

Pulse modulation (1)

Pulse modulation (2}

Digital modulation methods (1)
Digital modulation methods {2)
Optimal signal detection (1)
Optimal signal detection (2)
Attenuation

Summary

Grading

An overall grade for the class will be calculated based on the scores obtained in the

final examination (70%) and in-class quizzes (30%).

Preparatory Study

Students should have already taken Digital Signal Processing and Digitat Signal

Processing Exercises.

Requests to Students

Students should read carefully all the materials provided in-class.

Text Book

Will be introduced in-class, as required.

Reference Book

Wil be introduced in-class, as required.

Supplemental Materials

Will be introduced in-class, as required.

—131—




P HA (Course Title) (FHEEXY FU—2

B3 (Credits) 2

BLMER - 4 ThE
BEOWEIE R

WE - BIROFI R
R b

HYMEL (Instructors) |BMHE 6. & U

BE, AVF—Fy bbbl LEFEBERY hU—21d, BEROH AR Y LRBICH

HHME (100~200%) BEA T TRANTG I Fy—LbileoTh, RBHETIL, EBRSBP Ay vy b3Sk, HE

Cotres Deserintions Fy U2k B HEES, SREORE, BET o Fask PoWREER Y b
p U OEFFRICOVTES, i, HREERY PV~ 0O 7S {RSHENL Y —

BEEMZHL THAEXa Y F A ONTHLFOEATHEEES,

FEAHE (50-100%F) EEIL FRBEERy MU BWOXMO CREE COMMEEET 5 2 L 2 EHEE

Course Goals ELi5b,

WBROWFLRAL b

Course Topics

Ly pU—2 1

AR ARy FU—2 2

Ry UG T —XF s F ¥ 1
4Ry b2 TFT—FF I Fy 2
SRR LR 1
6
7
8

BIER & R 2
BERY PU—7 LAHHN 1
BERY bU—F LM 2

OITCP/IP 1
10{TCP/IP 2
11]TCP/IP 3
12| MEAEEE(E |
13| PERERME 1
WAy hU—I X U5 4
15138
BEHE I T OF 1T 5,
Bl JTIE Gradings %;;ﬁé ?8;’2
ULEDEIE CRENICHES 5,
o) S T SR gy HE 3 4 v -
Preparatory Study BELEOBEIBELTB L,
FHRE~OEH HERELENEL LA HBEFEREAAA TR &,
g (THXAR) S48 5 o e 3o s 77 S
Text Bock WEIICHERNT S,
¥ (BEED 1 o S -
Reference Book HBICEERNT 5,
Bt (T WA CHEET 5,

Supplemental Materials

—132—




Course Title

Introduction to Information and Communications Networks

Credits

2

Corresponding year /
Semester

Ath year, 2nd semester

Course Category

Lecture

Mandatory / Elective

Elective

Language

English

Instructors

Ryo Takahashi, Liang Zilu

Course Description

information communication networks, including the Internet, are social infrastructures
just like the electricity and gas networks. In this course students study the basic
concepls of information communication networks including circuit switching, packet
switching, hierarchical structures in communication networks, the role of each layer in
the hierarchy, and communication protocols. Students will also develop their
knowledge of basic matters concerning security, which is becoming more important as
information and communication networks carry more and more of our critical data.

Course Goals

On completion of this course participants will
« understand the foundations of information and communication networks; and

« ynderstand network technology trends to the present day.

Course Topics

information networks (1)

Information networks (2)

Network architecture (1)

Network architecture (2)

Transmission channels and the physical layer (1)

Transmission channels and the physical layer (2)

Communication networks and packet switching {1}

Communication networks and packet switching (2}

TCP/IP (1)

TCP/IP (2)

TCP/IP (3)

Network performance evaiuation (1)

Netowrk performance evaluation (2)

Network security

Summaty

Grading

An overall grade for the class will be calculated based on the scores obtained in the

final examination (70%) and in-class quizzes (30%).

Preparatory Study

Students should have already taken Introduction to Communication Engineering.

Requests to Students

Students should read carefully all materials distributed in-class.

Text Book

Will be introduced in-class, as required.

Reference Book

Will be introduced in-class, as required.

Supplemental Materials

Will be provided in-class, as required.
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Couwrse Title

Introduction to Design (Track 1)

Credits

2

Corresponding year /

1st year, 1st semester

Semester

Course Category Laboratory

Mandatory / Elective Mandatory

Language English

instructors Ryo Takahashi, Shigeru Horil, Fuat Kucuk

Course Description

This course introduces students to one of three technologies whose importance is
growing rapidly in society. Students can select between working with

(1) robotic devices using LEGO Mindstorms,

{2) embedded devices using micro-controllers, or

(3) mobile applications using an integrated development environment.

In addition to introducing these technologies, this course includes substantial team-
based project work which will help to develop students' design, communication, and

collaboration skills.

Track 1: In this course, a blocks-type robot kit, {(LEGO Mindstorms) will be assembled
to understand the basic components and configurations of a robot system. Students
will perform various experiments with an assembled robot, such as line tracing, in
order to acquire basic knowledge of the sensors, motors, and programming in a robot

system.

Course Goals

On completion of this course participants will

< understand how their chosen technology is used to provide useful services;
« know how to identity a need in society and predict its benefits;

« be able to design and develop a solution using their chosen technology;

« know how to confirm the effectiveness of their developed solution; and

- understand the benefits of good design and effective leamwork,

Course Topics

1.2

Guidance and introduction to building the LEGO Mindstorms robot

34

Creating and modifying programs (1}

[*23

5,

Creating and modifying programs (2)

18

Understanding and using sensors (1)

9,10

Understanding and using sensors (2)

11,12

Building wheel-type robots for fine tracing

13,14

Trying the line trace competition with wheel-type robots

15,16

Presentations about the robots and the results of the competition

17,18

Rohot-building techniques (1)

19,20

Robot-building technigues (2)

21,22

Robot-building technigues (3)

23,24

Creating advanced programs

25,26

Creating machines and robots

27,28

Trying the line trace competition with working robots

29,30

Prasentations about the robots and the results of the competition

Grading

An overall grade for the class will be calculated based on individual contribution to

tearn work (50%) and the quality of group presentations and finai project (50%).

Preparatory Study

Will be introduced in-class, as required.

Requests to Students

None.

Text Book

Relevant materials will be announced in-class, as required.

Reference Book

Relevant materials will be announced in-class, as required.

Supplemental Materials

Relevant materials will be announced in-class, as required.
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Course Title

Introduction to Design (Track 2)

Credits

2

Corresponding year /
Semester

1st year, 1st semester

Course Category

l_aboratory

Mandatory / Elective

Mandatory

Language

English

Instructors

lan Piumarta, Tadayuki Imai, Alberto Castellazzi

Course Description

This course introducas students to one of three technologies whose importance is
growing rapidly in society. Students can select between working with

(1) robotic devices using LEGO Mindstorms,

(2) embedded devices using micro-controlers, or

(3) mobile applications using integrated development environment,

{n addition to introducing these technologies, this course includes substantial team-
hased project work which will help to develop students’ design, communication, and
collaboration skills.

Track 2: Embedded devices represent one of the largest and most important
technoiogy sectors, being a critical component of applications such as consumer
electronic devices, automobiles, industrial and domestic appliances and automation,
etc. When the Internet is extended to encompass communication with and between
these devices, we obtain the so-called 'Internet of Things’. This practical hands-on
course introduces students to the design and development of systems using
microcontroilers, sensors, displays, actuators, and connectivity that are typical of

embedded applications and the loT.

Course Goals

On completion of this course students will

- understand how their chosen technology is used to provide useful services;
- know how to identity a need in society and predict its benefits;

= be able to design and develop a solution using their chosen technology;

< know how to confirm the effectiveness of their developed solution; and

» undersiand the benefits of good design and effective teamwork.

Course Topics

1.2

3.4

5.6

7.8

9,10

11,12

13,14

1516

17,18

19,20

21,22

23,24

25,26

27,28

29,30

Track 2:

« Introduction to embedded devices, with experiments

» Fundamentals of electronics and interfacing, with experiments
- Communication techniques, with experiments

« Team-based embedded project

= Project presentations

Grading

An overall grade for the class wili be calculated based on individual contribution to
team work (50%) and the quality of group presentations and final project (50%).

Preparatory Study

Students wishing to prepare in advance should review:

= basic electrical theory (voltage, current, power, resistance, and Ohm's law):

s voltage and current behaviour in series and parallel circuits of resistors; and

e an introductory tutorial on microcontroller programming {for example, using the
Arduino system).

and wiliingness to fearn by self-

However, enthusiasm, curiosity, open-mindedne
motivated exploration are much more important than prior knowledge in this course.

Requests to Students

None.

Text Book

Relevant materials will be announced in-class, as required.

Reference Book

Relevant materials will be annaunced in-class, as required.

Supplemental Materials

Reievant materials will be announced in-class, as required.
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Course Title Introduction to Design (Track 3)
Credits 2
Corresponding year /

1st year, st semester

Semester

Course Category Laboratory

Mandatory / Elective Mandatory

Language English

tnstructors Liang Zilu, Ippei Kishida, Masayuki Nishi

This course introduces students to one of three technologies whose importance is
growing rapidly in society. Students can select between working with

(1) robotic devices using LEGO Mindstorms,

(2) embedded devices using micro-controllers, or

(3) mobile applications using integrated development environment.

In addition to introducing these technologies, this course includes substantial team-
based project work which will heip to develop students’ design, communication, and

collaboration skills.

Course Description Track 3: This practical hands-on course introduces students to the design and
development of mobile applications. During the first half of the course (classes -7
students prepare their software development environment and gain essential

knowledge ahout the impoertent componants of a mobile appl

understanding and mastery of course content will be developed through independent
hands-on tasks performed in each class. During the second half of the course (classes
8-15) students participate in a group project to design and implement mobile
applications based on their own ideas. They will advance their practical skills by using
agile project management techniques to develap their applications in an incremental

and iterative fashion.

On completion of this course students will

« understand how their chosen technology is used to provide usefui services;
Covrse Goals - know how to identity a need in society and predict its benefiis;

- be able to design and develop a solution using their chosen technology;
- know how to confirm the effectiveness of their developed solution; and

- understand the benefits of good design and effective teamwork.

Course Topics

1.2|Getting started
3.4{Creating multi-screen "apps”

5,

[=2)

Designing a user interface

7.8|Scheduling hackground tasks
8,10Hnteracting with other apps

11,121S8toring and sharing data

13,14 Testing, debugging, and distributing an app
15,16{Group project: managing an app development project
17,18{Group project: sprint-1 (part 1)

19,20} Group project: sprint-1 {part 2)

21,22{Group project: sprint-2 (part 1}

23,241Group project: sprint-2 (part 2)

25,26|Group oroject: sprint-3 (part 1)

27,281 Group project: sprint-3 (part 2)

29,30|Graup project: final presentations
An overall grade for the class will be calculated based on individual contribution to

Grading )
team work (50%) and the quality of group presentations and final project (50%).

Knowledge of the following topics would be beneficiat but is not mandatory:
N « HTML, CSS, and JavaScript;

Preparatory Study o . .
- object-oriented programming; and

« development and debugging using an integrated deveiopment environment,

Students should bring a laptop, curiosity, and creativity to every class. External
Requests to Students distribution of group project outcomes {for example as academic papers or business

plans) is highly encouraged.

Text Book Relevant materials will be announced in-class, as required.
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Reference Book Relevant materials will be announced in-class, as required.

Supplemental Materials |Relevant materials will be announced in-class, as required.
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Course Title

Exercise for Machine Shop Practice

Credits

3

Corresponding year /
Semester

2nd year, 2nd semester

Course Category

L.aboratory

Mandatory / Elective Mandatory
l.anguage English
Instructors Hiroshi Kawakami, Takahiro Namazu, Hirotsugu Matoba

Course Description

This course provides students with valuable "hands—on" experience in the use of
various machining tools including tathes, mills and drills. Students will develop
knowledge and skiils in the fundamentals of machining, machining processes,
machine tools, and machining accuracy. Students will further develop their skills by
studying additive manufacturing technologies, where a three-dimensional object is
created by 3D printing. Students will complete their essential general knowledge of
machining by studying machining processes and safety.

Course Goals

On completion of this course students will

- have acquired basic knowledge and practical techniques related to machining
DIOCESSES;

= have engaged in machine shop training to learn the basic principies and operation of
machine tools; and

- understand numeric controi (NC) programming and NC machines.

Course Topics

1,23

Guidance and safety

45,6

Basics of machining, machine tools, and measurement methods

From the 37 1o 147 week

foliowing nractical activii

§students aré divided into 6 groups, with 16 10 17 péople per group, {0 éxperience the

jes

78,9

3D Printing (1): the mechanisms and control of the 3D printer

10,11,12

):
)

creating three-dimensional solid objects

13,14,15

(
3D Printing (2
The lathe (1): turning performed manually and with numerical control

16,17,18

The fathe {2): continued

19,20,21

Miliing (1): fabricating various components

22,2324

Mitfing (2): continued; surface grinding: obtaining flat surfaces

25,26,27

Machining center (1): computer numeric control (CNC) programming

28,28,30

Machining center (2): fabricating various components

31,32,33

Disassembly of an internal combustion engine

34,35,36

Assembly of an internal combustion engine

37,38,39

Manual working: drilling, welding, finishing using files

40,41,42

Laser processing of sheet metal; precision measurement using surface roughness

testing and coordinate measuring machines

43,44,45

Final presentation, discussion of issues, and review

Grading

An overall grade for the class will be calculated based on the scores obtained for 30
printed workpieces and fabricated components (40%), a final presentation (30%), and
reports (30%).

Preparatory Study

Prior to taking this course students should read the instructional materials on machine
shop training distributed in advance and prepare for the activities to be practiced in

the training exercises.

Requests to Students

After machine training exercises, students should understand and reflect deeply on
the training experience using appropriate texts. Students must write reports on the

assigned themes and submit them before the deadlines.

Text Book

John R. Walker and Bob Dixon, "Machining Fundamentals”, Goodheart-Wilcox.

Reference Book

None.

Supplemental Materials

Supplemental materials, including video material, will be provided in-class, as

required.
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Course Title

Meachatronics Laboratory (Basic Robotics)

Credits

3

Corresponding year /

3rd year, 1st semester

Semester

Course Category Laboratory
Mandatory / Elective Mandatory
L.anguage English

Instructors

Hiroaki Fukushima, Yoshihiro Sato, Tadayuki Imai, Salem lbrahim Salem

Course Description

This course helps students to acquire an understanding of the fundamentals of
Mechatronics by constructing a simple type of mobile robot, such as a line tracer. The
first half of the course develops students’ skill at using sensors and motors. Students
apply these skills in the second half of the course, where they undertake robot
development. The course concludes with students presenting their work and

demonstrating their robots.

Course Goals

On completion of this course participants will
« have acquired basic skills of making and controliing mechatronic systems; and
- be able to evaluate and improve the performance of mechatronic systems.

Course Topics

1,23

introduction

4,56

Fundamentals of electronic circuits (1)

7,89

Fundamentals of electronic circuits (2)

10,11,12

Sensors {1)

13,14,15

Sensors (2)

16,17,18

Motors (1)

19,20,21

Motors (2}

22,2324

Robot development (1)

25,26,27

Rohot development (2)

28,29,30

Robot development (3)

31,32,33

Intermediate presentation

34,35,36

Robot development (4)

37.38,39

Robot development (5}

40,4142

Robot development (6)

43,44,45

Final presentation and demonstration

Grading

An overalf grade in the class will be calculated based on the scores obtained for
reports (50%), and for the final presentation and demonstration (50%).

Preparatory Study

Relevant materials will be announced in-class, as required.

Requests to Students

Relevant materials will be announced in-class, as required.

Text Book A laboratory manuat will be provided.
Reference Book None.
Supplemental Materials {None,
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Course Title

Mechatronics Laboratory (Energy)

Credits

3

Corresponding year /

3rd year, 2nd semester

Semester

Course Category L.aboratory
Mandatory / Elective Elective
l.anguage English

Instructors

Fuat Kucuk, Alberto Castellazzi, Ryo Takahashi

Course Description

Electrical machines and power electronic switches play important roles in today's
technology. They find wide-spread use in both industry and home appliances, and are
therefore an indispensable part of our daily life. Practical experience of electric
machines, power electronics circuits, and energy storage devices is essential for
developing electrical engineering skills. This practical course provides students an
opportunity to gain such experience. Students conduct experiments that develop their
knowledge and skills of making proper wiring to operate rotating electrical machines
and power electronic circuits, and of making measurements and using the resulits to
obtain performance characteristics and equivalent circuit parameters of the machines

they measure.

Course Goals

On completion of this course participants will

= have raised their awareness of safety issues;

« have gained practical experience of the operation and control of typicai electrical
machines, power electronic circuits, and batteries;

« he familiar with physical measurement equipment; and

» know how to make proper measurements and construct equivalent circuit model for

various electric machines and power electronic circuits.

Course Topics

1,2,3|Efectrical and mechanical measurements in an electromechanical system
4.5,6{Determination of equivalent circuit parameters of a single-phase transformer
7,8,8{Cantrol of a DC motor

10,11,12{Determination of equivalent circuit parameters of an induction motor

13,14,151Solid state control of an induction motor

16.17.18 Determination and verification of equivalent circuit parameters of a synchronous

motor
19,20,211Solid-state control of a synchronous motor

22,2324

Control of a brushless DC motor

25,2627

Computer-based controf of a switched reluctance motor

28,29,30

Energy storage from AC or DC power

31,32,33

Static and dynamic power device characterization (diode and MOSFET)

34,3536

DC-DC converter circuits (step-up and step-down)

37,3839

inverter circuits (DC-AC)

40,41,42

Rectifier circuits (AC-DC)

43,4445

Preparation of voltaic cells, choosing metal plate pairs from 10 metals

Grading

An overall grade for the class will be calculated based on scores obtained for
experimental activities (50%) and faboratory reports (50%)

Preparatory Study

Students taking this course should have already taken courses related to electric

machines and power glectronics circuits.

Requests to Students

None,

Text Book

A laboratory manual will be provided.

Reference Book

None.

Supplemental Materials

Other relevant materials will be announced in-class, as required.
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Course Title Mechatronics Laboratory {Advanced Robotics)

Credits 3

Corresponding year / o
4th year, 1st semester

Semester

Course Category L.aboratory

Mandatory / Elective Elective

Language English

Instructors Hiroaki Fukushima, Yosghihiro Sato

This course helps students to acquire an understanding of the design of mechatronic
systems through the challenge of designing a mobile robot that achieves given tasks
(pick-and -place of an object, step climbing, ete). The first half of the course will be
devoted to an introduction to mechanical design and robot concept discussions. The
second half will be devoted to robot design and manufacturing, including the final

Course Description

presentation and robot demonstration on the final day.

On completion of this course participants will

< be able to design mechatronic systems considering given reguirements and
Course Goals constraints; and

« have obtained basic skills for project management and discussion through group

work.

Course Topics

1,2,3{ntroduction

4,5,6{Mechanical design using 3D CAD (1)

7,8,9{Mechanical design using 3D CAD (2)

10,11,12¢Electronic circuits, sensors, and actuators

13,14,151Robot concept discussion

16,17.18iRobot concept presentation

19,20,21{Robot development (1)

22,23,24|Robot development (2)

25,26,27{Robot development (3}

28,29,30ntermidiate presentation

31,32,33{Robot development (4)

34,35,36{Robot development (5)

37,38,39{Robot development (6)

40,41,42{Robot development (7)

43,44 45]Final presentation & demonstration

An overall grade for the ¢lass will be calculated based on the scores obtained for

Grading )
reports (50%) and the final presentation and demonstration (50%).

Mechatronics Laboratory (Basic Robotics) and Mechatronics Laboratory (Energy)

Preparatory Study ) . .
should have been already taken beore taking this course.

Requests to Students  [Will be introduced in-class, as required.

Text Book A laboratory manual will be provided.

Reference Book None.

Supptemental Materials {None,
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Course Title

Pre-Capstone Project 1

Credits

2

Corresponding year /

3rd year, 1st semester

Semester

Course Category Exercise
Mandatory / Elective Mandatory
Language English

Instructors

Osamu Tabata, Hiroshi Kawakami, lan Piumarta, Tadayuki Imai, Kazuo Oki, Koichi
Nakamura, Shigeru Horli, Hiroaki Fukushima, Alberto Castellazzi, Takahiro Namazu,
Masayuki Nishi, Ryousuke Matsumoto, Ippei Kishida, Ryo Takahashi, Yoshihiro Sato,
Fuat Kucuk, Salem lorahim Salem, Liang Zilu

Course Description

Pre-Capstone Project 1 addresses the various issues facing enterprises in the
research, design, development, and manufacture of industrial products related to the
field of mechanical and electrical system engineering. Students become familiar with
these issues and their relationshins through a series of specialized subject lectures,
which also propose a number of iliustrative problems to be solved. Teams of
approximately four participants are formed, with each team choosing a relatively casy
task from among the proposals. Teams conduct research refated to the task and its
problems including obtaining technical background information, problem analysis,
understanding the task's objectives, setting goals, and proposing a method for
implementing the task. In some cases the team's course work cuiminates in a field

survey, conducted at the company proposing the task during the summer vacation.

Course Goals

On completion of this course participants will

> have selected a probiem to solve from a group of tasks proposed by companies and
others;

- understand the relationships betwen their task and the specialized subjects they
have studied in mechanical and glectrical system enginesring;

» have identified the goals to be attained to implement their task;

< ynderstand the problems to be solved and have proposed methods to solve them;
and

= have acguired the basic methodology needed to solve problems and implement
tasks

o

Course Topics

Purpose of the project; practical guidance

N e

Explanation of tasks (1)

Explanation of tasks (2)

Explanation of tasks (3)

Explanation of tasks {4)

(5)

Explanation of tasks

(6)

Explanation of tasks

Explanation of tasks

)

Wi~ i w

Explanation of tasks (8)

Explanation of tasks (9)

11

Explanation of tasks (10)

(11)

Explanation of tasks

pot
a3

Explanation of tasks (12)

Expianation of tasks (13)

st
51 E g

py

Determination of assigned tasks; guidance on how to proceed

Grading

An overail grade for the class will be calculated based on scores obtained for reports

(50%) and for the task implementation plan (50%).

Preparatory Study

Students should prepare by conducting preliminary research of the companies that

will provide the tasks.

Reguests to Students

Students taking this course will be part of 8 team consisting of four people. Each team

must choose a project task.

Text Book

Texts of lecture and exercise classes related to the chosen task.

Reference Book

Will be provided in-class, as required.

Supplemental Materials

Wil be provided in-class, as required.
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Course Title

Pre-Capstone Project 2

Credits

4

Corresponding year /
Semestar

3rd year, 2nd semester

Course Category

Exercise

Mandatory / Elective

Mandatory

Language

English

instructors

Osamu Tabata, Hiroshi Kawakami, lan Piumarta, Tadayuki imai, Kazuo Oki, Koichi
Nakamura, Shigeru Horii, Hiroaki Fukushima, Alberto Castellazzi, Takahiro Namazu,
Masayuki Nishi, Ryousuke Matsumoto, Ippei Kishida, Ryo Takahashi, Yoshihiro Sato,
Fuat Kucuk, Salem ibrahim Salem, Liang Zilu

Course Description

Pre-Capstone Project 2 continues the work begun in Pre-Capstone Project 1. Fach
team of approximately four peopie has already chosen a relatively easy task to
implement, performed background research, analyzed the problems, set goals,
outlined a method for implementation, and in some cases performed an on-site field
sutvey. Based on the results of that preliminary work, each team continues in this
course hy formulating a detailed plan and presenting it. The plan is then implemented,
including equipment design and manufacture, experimental evaluation, and analysis of
experimental results. After a mid-term presentation and preliminary evaluation, teams
discuss their progress, review their plans, present their final results and submit a final

report.

Course Goals

On completion of this course participants will

* understand the expert knowledge required fram electromechanical system
engineering necessary to properly solve task-oriented problems at companies;

* have acquired the elementary analytical skills needed to solve problems in the field
of electromechanical system engineering;

* be able to apply specialized fundamental knowledge to soive practical probiems; and

= have cuitivated essential teamwork and communication skills.

Course Topics

—

Presentation: kick-off

N

Analysis, design and production (1)

L

Analysis, design and production (2)

=

Analysis, design and production (3)

Analysis, design and production (4)

Analysis, design and production {(5)

Experiment (1)

Experiment (2)

Experiment (3)

Experiment (4)

Experiment (5)

Evaluation, analysis, and discussion of experimental results (1)

Evaluation, analysis, and discussion of experimental results (2)

Evaluation, analysis, and discussion of experimental results (3)

Presentation: mid-term

Analysis, design and production (6)

7|Analysis, design and production (7)

Analysis, design and production (8)

Experiment (6)

Experiment (7)

Experiment (8)

Experiment (9)

3iExperiment (10)

Evaiuation, analysis, and discussion of experiments| results (4)

Evaluation, analysis, and discussion of experimental results (5)

3| Evaluation, analysis, and discussion of experimental results (5)

Preparation of report (1)

Preparation of report (2)

Preparation of report (3)
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30

Presentation: final

Grading

An overall grade in the class will be calculated based on the scores obtained for the
kick-off, mid-term and final presentations {(60%), the final report (30%), and for

contributions to teamwark (10%).

Preparatory Study

Students are expected to visit the company that provides their task during the surnmer
vacation, conduct a preliminary survey there, and prepare the material for their kick-off

presentation.

Requests to Students

Students will work in teams of four, and each team will work together to perform one

task.

Text Book

Texts of lecture and exercise courses related to the team’s chosen task.

Reference Book

Will be provided in-class, as required.

Supplemental Materials

Will be provided in-class, as required.

~ 153




B A% (Course Title) |F¥ v /A r—t7rPxs bl
BT (Credits) 2
ELHER - FH 44 B
FEOBIE Y
JA{I} &?RO)%II iR
fis Seak
R 15, ik 5%, Ian PIUMARTA, &3 k&, i —#, & FE—,

H¥EHS (Instructors)

W ¥, BB R, Alberto Castellazn EEOBEKR, B EZ,
WA B, BE OARY, B JE, B % Fuat Kucuk.
Salem Ibrahim Salem, & W

EEEE (100~200F)

Course Descriptions

ﬂw« T A b=rTaVes T, BRER VAT ATESEICEEST S TENGD

e, 8UE, BB, FRRBVLWILEPEE T A BB, InNETICERLEEN
ﬂﬁ@iﬂ’ﬁﬁ%‘?ﬁfﬁbfi DEE B LERET B, AABETT—A&MM L, BRANE
RN 6%&9’3&%@%10@%(, BET A HATEROWE, BENW. B0R
2, BEORE, BROLOOFEOREEITI, b, EALEFALLAETHRE
HAEELZRTHHELEH 5,

BERE (50-100%)

Course Goals

AREREOIZERERLUTO®RY Th 5,

<L FAGRE SN A BRI b BRI R R B RT 5 o

cFUF ey T AN rTade s FOBREENLT, R L?‘:aﬁﬁéﬁﬁﬁb Higx
“ﬁﬁb BROLDOFERRESTD L,

- IE COMBOEE « KU CRiE U7 o bt n & 450 370 & T ORI R 5T 1
EOLOBHAENSNEETL L

CHERRRT A DINE L ANA FIEREEET ST L,

WBONEF & RA > b

Course Topics

EBEOHM, EOFICETHIVAA TR

REBY (1)

BEpE (2)

DA (3)

(4)

(8)

(6)

O~ 10O DD fea

(0

(8)

(9)

(10)

(11)

By (12)

FEE (13)

BUMEDORE L GG OED FITHI O A /A

FE{E 5 ¥ Gradings VR (60%) , BRU-BEOERFEE (50%) 2RI 5,
R et 7 e h g7 st

Preparatory Study BELETT I LECETIEMEE

ERE~0FEH 15 CLF—AEMRL, BEOREEL L & LU TGEBIRT S,

Bt (7 %AT) i U7 IR BET B 1% - 0T 5 % b

Text Book - - s

BH (BB TR . ey

Reference Book BE, 792,

B (£ Ofh)

Supplemental Materials

BE. BHEENT 5.

—154—




Course Title

Capstone Project 1

Credits

2

Corresponding year /

4th year, 1st semester

Semester

Course Category Exercise
Mandatory / Elective Elective
Language English

Instructors

Osamu Tabata, Hiroshi Kawakami, lan Piumarta, Tadayuki Imai, Kazuo Oki, Koichi
Nakamura, Shigeru Horii, Hiroaki Fukushima, Alberto Castellazzi, Takahiro Namazu,
Masayuki Nishi, Ryousuke Matsumoto, Ippei Kishida, Ryo Takahashi, Yoshihiro Sato,
Fuat Kucuk, Salem Ibrahim Salem, Liang Zilu

Course Description

Capstone Project 1 further develops and deepens students’ specialized knowledge
about the challenges companies face in the research, design, development, and
manufacture of industrial products refated to the field of mechanical and electricai
system engineering, Teams consisting of approximately four participants each select a
challenging task from a group of potential tasks and then research related technical
background information, analyze the problems inherent in the task, understand its
objectives, set goals, propose a method for achieving those goals, present their
method, and submit a written implementation plan. In some cases a field survey is

conducted on-site at the company proposing the task.

Course Goals

On completion of this course participants will

» have chosen a challenging task to complete from among a group of tasks proposed
hy companies and others;

< understand how knowiedge and skills studied in past lectures, exercises, and
Laboratory are applied {6 research and development tasks in industry;

« be able to apply the appropriate knowledge and skills gained in the pre-capstone
projects 1o efficiently understand and implement their selected task and its problems;
and

< have prepared an initial implementation plan for their research and development

activities.

Course Topics

et

Purpose of the project; practical guidance

Explanation of tasks (1)

Explanation of tasks (2)

Explanation of tasks (3)

Explanation of tasks (4

Explanation of tasks (6

Explanation of tasks (6

Explanation of tasks (7

Wi~ lwin

)
)
)
)
)

Explanation of tasks (8

<

1

Explanation of tasks (9)

11

Explanation of tasks (10)

12

Explanation of tasks (11)

13

Explanation of tasks (12)

14

Explanation of tasks (13)

[

Determination of assigned tasks; guidance on how to proceed

Grading

An overall grade for the class will be calculated based on scores obtained for reports

(50%) and for the task implementation pian (50%).

Preparatory Study

Students should prepare by conducting preliminary research of the companies that
will provide the tasks.

Requests to Students

Students taking this course will be part of a team consisting of four people. Each team

must choose a project task.

Text Book

Texts of lecture and exercise classes related to the chosen task.

Reference Book

Wil be provided in-class, as required.

Supplemental Material

s

Will be provided in-class, as required.
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Course Title

Capstone Project 2

Credits

4

Corresponding year /

4th year, 2nd semester

Semester

Course Category Exercise
Mandatory / Elective Elective
Language English

Instructors

Osamu Tabata, Hiroshi Kawakami, lan Piumarta, Tadayuki Imai, Kazuo Oki, Koichi
Nakamura, Shigeru Horii, Hiroaki Fukushima, Alberto Castellazzi, Takahiro Namazu,
Masayuki Nishi, Ryousuke Matsumoto, Ippel Kishida, Ryo Takahashi, Yoshihiro Sato,
Fuat Kucuk, Salem tbrahim Salem, Liang Zilu

Course Description

Capstone Project 2 continues the work begun in Capstone Project 1 on a selected
challenging industrial research and development task. Each team of approximately
four people builds on their previous work (background research, problem analysis,
goal setting, solution proposal, and on-site field survey) by designing and presenting a
detailed plan for implementing their chosen tas. The plan is then carried out, including
equipment design and manufacture, experimental evaluation, and analysis of
experimental results. A mid-term presentation leads to discussion and plan review,

before presenting the final results and submitting a final report.

Course Goals

On completion of this course participants will

< have deepened their understanding of the expert knowledge and skills in
electromechanical system engineering necessary to properly solve problems and
implement tasks in companies;

- have acquired sophisticated analytical and problem-solving skills;

- be able to solve problems effectively in the electromechanical system engineering
field;

- have cultivated enhanced teamwork and communication skitis; and

« have raised their awarensass of future professional and employment opportunities.

Course Topics

Presentation: kick-off

Analysis, design and production (1)

Analysis, design and production (2

e R AN N

o

)
Analysis, design and production (3)
Analysis, design and production (4)

Analysis, design and production {(5)

Experiment (1)

Experiment (2)

Experiment (3)

ot
<

Experiment (4)

11

Experiment (5)

1

b

Evaluation, analysis, and discussion of experimental results (1)

13

Evaluation, analysis, and discussion of experimental results (2)

14

Evaluation, analysis, and discussion of experimental results (3)

15

Presentation: mid-term

16

Analysis, design and production (6)

17

Analysis, design and production (7)

Analysis, design and production (8)

Experiment (6)

Experiment (7)

Experiment (8)

Experiment (8)

Experiment (10)

Evaluation, analysis, and discussion of experimental results (4}

| Evaluation, analysis, and discussion of experimental results (5)

Evaluation, analysis, and discussion of experimental resulls @

Preparation of report (1)

Preparation of report (2)

Preparation of report (3)

Presentation: final
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Grading

An overall grade in the class will be calculated based on the scores obtained for the
kick-off, mid-term and final presentations (60%), the final report (30%), and for

contributions to teamwork (10%).

Preparatory Study

Students are expected to visit the company that provides their task during the summer
vacation, canduct a preliminary survey there, and prepare the material for their kick-off

presentation,

Requests to Students

Students will work in teams of four, and each team will work together to perform one

task.

Text Book

Texts of lecture and exercise courses related to the team’s chosen task.

Reference Book

Wil be provided in-class, as required.

Supplemental Materials

Will be provided in-class, as required.
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Course Title

Laboratory Project 1

Credits

4

Corresponding year /

4th year, 1st semester

Semester

Course Category Exercise
Mandatory / Elective Elective
Language English

Instructors

Osamu Tabata, Hiroshi Kawakami, lan Piumarta, Tadayuki Imai, Kazuo Qki, Koichi
Nakamura, Shigeru Horii, Hiroaki Fukushima, Alberto Castellazzi, Takahiro Namazu,
Masayuki Nishi, Ryousuke Matsumoto, lppei Kishida, Ryo Takahashi, Yoshihiro Sato,
Fuat Kucuk, Salem Ibrahim Salem, Martin Luther Sera, Liang Zilu

Course Description

Laboratory Project 1 and Laboratory Project 2 provide prospective graduate students
with an opportunity to conduct principled research and technical development
activities in the fields of mechanical and electrical system engineering and related
disciplines. Students first practice identifying research and technological development
challenges in mechanical and electrical engineering and related fields. By developing
their skill for understanding the background of the challenge and relevant related
work, students fearn how to propose methods for addressing the challenge. Students
then actively pursue experiments, theoretical research, analysis, and discussion of
their results. This intensive practical work prepares students for the final stage, formal
reporting of the results that they obtained.

in Laboratory Project 1 students focus on practical work, making ongoing progress
reports whenever appropriate. Research and development is guided, with advice and
support being offered by instructors as necessary {0 ensure students successiully

complete the sequence.

Course Goals

On completion of the course participants will

= ynderstand the background of their research theme and the previously-published
related work;

« he able to set appropriate targets and create a research plan based on their
understanding of the theme, and

» know how to conduct ethical research and to scientifically analyze, discuss, publish,

and report the results of that research,

Course Topics

1,21Course purpose and guidance

3.4|Task extraction (1)

5,6/ Task extraction (2}

7,8| Task extraction (3)

3,10

Background of the challenge; survey of previous work (1)

11,12

Background of the challenge; survey of previous work (2)

13,14

Background of the challenge; survey of previous work (3)

15,16

Research plan and method (1)

17,18

Research plan and method (2)

19,20

Research implementation and analysis (1)

21,22

Research implementation and analysis (2)

23,24

Research implementation and analysis (3)

25,26

Research implementation and analysis (4)

27,28

Research implementation and analysis (5)

29,30

Report and discussion of research results

Grading

An overall grade for the course will be calculated based on the scores obtained for
continuous assessment including quality of research work and progress reports (40%),

and a final report and discussion of results (60%).

Preparatory Study

None.

Reguests to Students

This course is available only to students who plan to proceed to graduate school.
Students taking this course will be assigned to a laboratory, based on a survey of their
preferances. Students must then perform practical research and development in their

assigned laboratory, and properly report on their progress and results.
g

Text Book

Will be provided in-class, as required.

Reference Book

Will be provided in-class, as required.
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Course Title

Laboratory Project 2

Credits

4

Corresponding year /

4th year, 2nd semester

Semester

Course Category Exercise
Mandatory / Elective Elective
Language English

Instructors

Osamu Tabata, Hiroshi Kawakami, lan Piumarta, Tadayuki Imai, Kazuo Oki, Koichi
Nakamura, Shigeru Horli, Hiroaki Fukushirna, Alberto Castellazzi, Takahiro Namazu,
Masayuki Nishi, Ryousuke Matsumoto, lppei Kishida, Ryo Takahashi, Yoshihiro Sato.

Fuat Kucuk, Salem lbrahim Salem, Martin Luther Sera, Liang Zilu

Course Description

l.aboratory Project 1 and Laboratory Project 2 provide prospective graduate students
with an opportunity to conduct principled research and technical development
activities in the fields of mechanical and electrical system engineering and related
disciplines. Students first practice identifying research and technological development
challenges in mechanical and electrical engineering and related fields. By developing
their skill for understanding the background of the challenge and relevant related
work, students fearn how to propose methods for addressing the challenge. Students
then actively pursue experiments, theoretical research, analysis, and discussion of
their results. This intensive practical work prepares studeots for the final stage, formal

reporting of the results that they obtained.

L.aboratory Project 2 continues the programme of research and technological
development begun in Laboratory Project 1. Students begin by completing the
research and analysis portion of thelr coursework. Guidance from instructors, as well
as scheduled group discussions, again support the practical work and ensure that
progress is made. Students then have time to prepare a formal report of their results,

that finally they present and 'defend’ in front of their peers.

Course Goals

On completion of the course participants will

- understand the background of their research theme and the previously-published
related work;

- be able to set appropriate targets and create a research plan based on thelr
understanding of the theme;

- know how to conduct ethical research and to scientifically analyze, discuss, publish,
and report the results of that research; and

« have acquired valuable knowledge and skills in preparation for a career in academia

or research engineering.

Course Topics

1,2

Course purpose and guidance

3.4

Research implementation and analysis (1)

5,6

Research implementation and analysis (2)

7.8

Research implementation and analysis (3)

9,10

Research implementation and analysis (4)

11,12

Research implementation and analysis (5) with discussion

13,14

Research implementation and analysis (6)

15,16

Research implementation and analysis (7)

17,18

Research implementation and analysis (8)

19,20

Research implementation and analysis (9)

21,22

Research implementation and analysis {10) with discussion

23,24

Preparation of project report (1)

25,26

Preparation of project report (2)

21,28

Preparation of project report (3)

29,30

Presentation and defense

Grading

An overall grade for the course will be calculated based on the scores obtained for
continuous assessment including quality of research work and progress regorts (40%),

a final project report (30%), and a final presentation and defense (30%).

Preparatory Study

Students taking this course must already have taken Laboratory Project 1.

163~




Requests to Students

Students taking this course must perform practical research and development in the
same laboratory they were assigned to during Laboratory Project 1, and properly
report on their progress and results.

Text Book

Will be provided in-class, as required.

Reference Book

Will be provided in-class, as required.

Supplemental Materials

Relevant materials will be provided in-class, as required.
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