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2 MECHATRONICS AND SMART SYSTEMS (MSS) PROGRAM

Mechatronics is often considered the smartest and attractive field of engineering because it integrates
mechanical and electronic engineering with intelligent computer controls. It deals with the following
research field:

design of smart robots,
autonomous vehicles,
embedded systems,
machine learning,
industrial process control,
e automated systems.
This field offers three postgraduate degrees, Academic diploma, Master of Science, and Doctoral of
Philosophy in Mechatronics and Smart Systems. Details description of the three degrees were
introduced in the following sections.

2.1 Post Graduate Diploma Program in MSS Fields
LS Aalai¥) g i g lSaal) ddin c¥laa A 2 glall a glad el 1-2

This study aims to upgrade the scientific background of the candidate engineer to specialized level in
the mechatronics and Smart systems field. This is accomplished by providing advanced applied courses
in this field to prepare graduate for specialized advanced work area in the mechatronics and smart
systems applications as well as the research work environment.

2.1.1 Graduate Attributes of Postgraduate Diploma Program in MSS fields
The graduate of the Mechatronics and Smart Systems Diploma Program should be able to:
1) Apply the acquired specialized knowledge in professional practice.
2) Define professional and design problems and introduce a suitable solution with certain
constrains.
3) Mastering professional skills and using appropriate technological supplies, including
computer-aided analysis, up-to-date specialized software packages, in proficient manner.
4) Make applicable decisions considering the available information.
5) Communicate and lead the team to work toward certain target professionally.
6) Exhibit awareness of role in community development and environmental preservation.
7) Employ the available resources efficiently.
8) Behave in a manner that reflects the commitment to integrity and credibility, experiencing
responsibility and accepting accountability.
9) Recognize the need to the self-development and participate in continuous learning.
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2.1.2 Learning outcomes of Postgraduate Diploma Program in MSS fields
By the completion of Postgraduate Diploma of Mechatronics and Smart Systems program, the graduate
is expected to know and be able to fulfil the following competencies:

10) An advanced understanding of the changing knowledge base in the Mechatronics and

Smart Systems specialist area.

11) Expanded skills and techniques applicable to their specialist area of engineering.

12) Well-developed problem-solving abilities in the Mechatronics and Smart Systems
specialist area of engineering, characterized by flexibility of approach.

13) Advanced competencies in engineering professional expertise and scholarship.

14) A capacity to articulate their knowledge and understanding in oral and written
presentations.

15) An advanced understanding of the international context and sensitivities of their specialist
area within engineering.

16) The ability to handle multiple demands on time, including self-directed project work.

17) A respect for truth and intellectual integrity, and for the ethics of scholarship.

18) An appreciation of the ways in which modern knowledge equips the student to offer
leadership in the Mechatronics and Smart Systems specialist area.

19) An understanding of the significance and value of their knowledge to the wider
community.

20) The ability to engage in appropriate ways with issues in today's society.

21) Advanced working skills in the application of computer systems and software and a
receptiveness to the opportunities offered by new technologies.

22) Identify solutions for complex Mechatronics and Smart Systems Engineering problems
with full independence and/or in teams of multidisciplinary field.

23) Communicate effectively in a variety of professional contexts.

24) Demonstrate effective management skills in project related to Mechatronics and Smart
Systems specialized or multidisciplinary field.

25) Apply ethical and professional principles in the practice of Mechatronics and Smart
Systems Engineering

2.1.3 Construction of Post Graduate Diploma Program in MSS fields

The candidate who successfully pass the admission exam with the required level should study 12 credit
hours (4 courses) of the compulsory courses shown in Table 2-1. After successfully completing these
courses, the main supervisor should select another 12 credit hours courses from the available elective
courses listed below in Table 2-2. The selected courses should be related to the research area selected
by the candidate. Bylaws will be applied regarding to the successful candidate competition and awarded
certificates.
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Table 2-1 Compulsory courses for Postgraduate Diploma in Mechatronics and Smart Systems

. B4 (<B) [<B)
21 5|2, B £

- T = <
No.| Code rePl:?site Course Name = % 8%[o| & E
i 2|20 2|7 |2
O] O LL L
1 | Msss00 Applied Mechanical Power 3 a0l 20 | 20 [100] 2

Systems

2 | MSS501 Classical Control Design 3 140 20 | 40 |100| 2
3 | MSS502 [Renewable Power Systems 3 140 20 | 40 |100| 2
4 | MSS503 Modern Sensor 3 140] 20 | 40 |100| 2

Table 2-2 Elective courses for Postgraduate Diploma in Mechatronics and Smart Systems

. = (<) (<)

2l 5|8 8|2 |E

No.| Code FliE Course Name b % Q%[ o] £ E
requisite Bl E&lso]l || s

Slof|x |iT n

1 | MSS600 | MSS503 |Sensors & Signal Processing 3140 20 | 40 |100| 2
2 | MSS601 [Fundamentals of Robotic Systems| 3 | 40 | 20 | 40 | 100| 2
3 | MSS602 Programable Logic Controllers. 3140 20 | 40 |100| 2
4 | MSS603 System Modeling and Simulation| 3 | 40| 20 | 40 | 100| 2
5 | MSS604 | MSS501 [Digital Control 3140 20 | 40 |100| 2
6 | MSS605 Modern Trends in Mechatronics-1f 3 | 40 | 20 | 40 | 100 | 2

The above courses aim to cover and support the achievement of the program graduate attributes as

shown in the following table, Table 2-3.

Table 2-3 The relationship of courses and graduate attributes for postgraduate diploma
program in Mechatronics and Smart Systems.

Graduate Attributes
No. Code Course Name
11213|4]5|6|7]8]29
1 | MSS500 |Applied Mechanical Power Systems V V
2 | MSS501 [Classical Control Design \
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MSS502 [Renewable Power Systems v V|V \

MSS503 [Modern Sensor \

MSS600 [Sensors & Signal Processing v V[

MSS602 |Programable Logic Controllers. \

MSS603 [System Modeling and Simulation vV R

3
4
5
6 | MSS601 |Fundamentals of Robotic Systems IR \ \
-
8
9

MSS604 [Digital Control \

10 | MSS605 [Modern Trends in Mechatronics-1 v \ v

Table 2-4 The relationship of courses and program competencies for postgraduate diploma
program in Mechatronics and Smart Systems.

Program Learning Outcome (Competencies)
No. | Code Course Name
112|3|4]|5|6|7|8]9]10]|11|12|13]| 14
Applied Mechanical Power
1 | MSS500 | o0 cems \ \ x/ ViV d
2 | MSS501 | Classical Control Design v v N R v
3 | MSS502 | Renewable Power Systems | « R \ \/ \
4 | MSS503 | Modern Sensor v VI \ V
5 | MSS600 | Sensors & Signal Processing \ V] \
Fundamentals of Robotic
6 | MSSE0L | g\ o VY v v V[ v
Programable Logic
7 [ MSS602 Controllers. VI VI VN VY
System Modeling and
8 | MSS603 | i R VIV VI
9 | MSS604 | Digital Control VIV NN
Modern Trends in
10| MSS605 Mechatronics-1 v v v v v v
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2.1.4 Courses content of Post Graduate Diploma Program in MSS fields
The Course content of the above listed courses for the postgraduate diploma are listed below:

_leic;?er:se Applied Mechanical Power Systems Atnlal) Aal) (g 58l Akl

gggse Prerequisite Credit hrs. Lec. C(_)I_Tjts il L ab.
MSS500 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (o gina

This course should focus on the review and analysis
of the conventional mechanical power systems such
as Boiler, Turbine, Compressors, Pumps, Heat
Exchangers, Internal Combustion Engines. all of
these systems should be discussed and analyzed to
show its performance parameter, how to improve its
efficiency, and it new trend in its design. In addition,
the auxiliary units and subsystems should be
discussed as well.

A8l dalail Jilat g dmal je e Rall 13a 3850 o) o
Le ) gally iy sl 5 DG Jhe dadill LISl
)Yl S ey Al @Valuly clacadl
Jalaa leday Aadaityl sda IS Jalat g Adilie cany )
Lgapanal 8 2paall olad¥) 5 LeliS (e LS 5 Ll
sacluall Claagll AdBlie sy @y ) ALl

i de Al

References:

al )

e B.S. Dhillon, (2017), Engineering Systems Reliability, Safety, and Maintenance, an integrated

approach, CRC Press Taylor & Francis Group.

e Konstantin V. Frolov, Oleg N. Favorsky, R.A. Chaplin and Christos Frangopoulos, (2009)
Mechanical Engineering, Energy Systems and Sustainable Development VVolume-I, Eolss

Publishers Co. Ltd., Oxford.

e Richard Gentle, Peter Edwards, William Bolton, (2001) Mechanical Engineering Systems,

Butterworth-Heinemann Publishing Ltd.

%(?Ijer:se Classical Control Design el HSal) avenal

ggz::e Prerequisite Credit hrs. e, ch)_r:jtsct s Cab
MSS501 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: s ohal) 6 giaa

The aim of this module is to consolidate
fundamental control and systems engineering

ASatll il sa 3 ad e Jaal) g8 3as 5l 038 (e Bl
aal moe ) ALYl i aLail dwaia gy dulaY)
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aspects as well as introduce relevant topics to those
new in the discipline. The course is separated in four
distinct parts: 1. introductory mathematics and
MATLAB; 2. systems modelling and simulation; 3.

e gl 2aall G lall Alall @ild Gile g gl
1A sl Al R sy el
4l MATLAB. 2 zbins dneall Slualy )l
Labail 4 aSadll Aokl apanaiy Jidas 3 5lSkaall g alail)

control systems analysis and design; 4. digital Agad )l Sl
control systems.
References: oS

e Yousif al Mashhadany, Khalaf Geaed, (2014), Classical Control Theory: Modeling of Physical
Systems, Design and Analysis of Control Systems, Stability Theorems, Lap Lambert Academic

Publishing GmbH KG.

e Jitendra R. Raol, Ramakalyan Ayyagari, (2020), Control Systems: Classical, Modern, and Al-
Based Approaches, CRC Press Taylor & Francis Group.

$ﬁlljer:se Renewable Power Systems saaaiall A8Ual) Aol

ggggfe Prerequisite Credit hrs. Lec. C?I_r:JtECt hrs. ab.
MSS502 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (o gina

Hydrogen as fuel: production, Storage, distribution,
combustion, and safety issues. Fuel cells:
thermodynamic  principles, analysis, types,
applications, operation. Renewable energy sources:
hydroelectric, wind, wave, geothermal and solar.
Energy storage systems: electro-chemical batteries,
high and low temperature, flywheel, regenerative
fuel cell, superconducting capacitor and inductors,
Case study of one of the renewable systems
analyses.

c@j_,ﬂ\} sw_}iﬂb CU.\‘)” Llad 1068 S L’):\;JJA:\.@J\
Saaliall foabie gl LA A3l (3l Yl
sbas Jaiill ccliphaill gl gV cJalail) Ay ) jall
g5l Loy Aple s el Al saaaidl Adll
CrOAS Aalail Anall) A8 § daca Y1 Ay ) jal) A8l
Alladl 5,0 adl Ay Al 5 5eSll iy jad) ;AdUL)
Sl (Baaaiall 3 g8 ol ALLA (A5 ) sall Y 0 cdicaddiall
Lelidai g dadaiy) aa s i) j0 Jaea ol 338 culaldll

References:

el el

e David Infield, Leon Freris, (2020), Renewable Energy in Power Systems, John Wiley & Sons

Ltd.

e David Buchla, Thomas Kissell, Thomas Floyd, (2014), 1% Ed., Renewable Energy Systems,

Pearson, ISBN 13-978-0132622516.

Course

Title: Modern Sensor

5y shall bl
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ggzse Prerequisite Credit hrs. Lec. C(_)I_Tjts il Lab.
MSS503 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: soohall (g giaa

Review the Measurement Fundamentals, Sampling
theory and its applications, error classification and

treatment, Signals Conditioning and Data
Processing, Data Display, Modern Data
Acquisition, Digital signal processing, Optical

Sensors, Interface Electric Circuits, Occupancy and
Motion Detectors, Velocity and Acceleration, Force

lgilinlaiy cilial) 221 4 plai (el lnlusl daal s
Aalla s LY S dlgiallaa s UadY) Cilisias
Aiaall Al e J paall el (e el
g padl ladany) el daad )l Gl LaY) sl
A ally Jledyl cliall dunl) Al el i gal)
dan dlibes walubea 38 e ludlly Aoyl
5 jeal dhoal A0 clubua dibes Glubua 6l Al

Sensors, Temperature Sensors, Chemical Sensors, leiaay)
Intelligent Sensors, state of art in sensors.
References: sl

e Pavel Ripka, Alois Tipek, (2007), Modern Sensors Handbook, Library of Congress Catalogin-in-

Publication Data.

e Bob Tucker, (2018), Modern Sensor Systems: Design and Applications, Clanrye International.

%(?Ijer:se Sensors & Signal Processing Gl LY dallaa 5 il jadiusall

ggggfe Prerequisite Credit hrs. Lec. C?I_Tjts il Lab.
MSS600 MSS503 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: 1Al (g gina
Monitoring and Control of Machining, Precision | d&8l ayiaill dlac 48 ja 5 priaaill 8 oSail) g 238 all

Manufacturing Process Monitoring with Acoustic
Emission, Tool Condition Monitoring in Machining,
Monitoring Systems for Grinding Processes,
Condition Monitoring of Rotary Machines,
Advanced Diagnostic and Prognostic Techniques
for Rolling Element Bearings, Sensor Placement
and Signal Processing for Bearing Condition
Monitoring, Monitoring and Diagnosis of Sheet

G Y Ala A8 jey Absall Gl Hladiul
38 e eoadall lleal A8 pall Aadail g ¢ AV Jurill
Ladiiall il 5 Gl il ) sall YY) Al
Aalasy rdiedl wagy (Jylsiall yualiall Jalsal
el Al Alall @ pigey ) miliall s

4l 4 il Hll) dndaill alasinly (s il
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Metal Stamping Processes, Robust State Indicators
of Gearboxes Using Adaptive Parametric Modeling.

References:

al )

e Lihui Wang, Robert X Gao, (2010), Condition Monitoring and Control for Intelligent

Manufacturing, Springer London.

e Y.HJ. Au, B. Griffiths, B.K. Rao, (1990) Condition Monitoring and Diagnostic Engineering
Management: Proceeding of COMADEM 90, Chapman and Hall.

?ﬁlljer:se Fundamentals of Robotic Systems i g 5 ) dadai) ilpulsd

ggg?e Prerequisite Credit hrs. Lec. C?I_Tjts Sl Lab.
MSS601 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (o siaa

Introduction to Automation and Robotics, Analysis
of Manipulations, Fundamentals of the Mechanics
of Serial Manipulators, Fundamentals of the
Mechanics of Parallel Manipulators, Fundamentals
of the Mechanics of Grasp, Gripping Devices and
Their Characteristics, Configurations and Phases of

e Dl clblee T ol gyl 5 AaY) 8 dedia
il bl ciludedll Y gl e sl
5 el llua) Kl chlualad o)) siadl ey gLl
(Oamanals liaal) Jal e s iy S5 clpailiad s Sl
85 b oSaill s Jaram oSl Qi (Cppmnaly addl)

Two-Finger Grasp, Model and Analysis of Two- Ay
Finger Grasp, Mechanisms for Grippers, Designing

Two-Finger Grippers, Electropneumatic Actuation

and Grasping Force Control.

References: sl )

e Marco Ceccarelli, (2022) 2nd Ed., Fundamentals of Mechanics of Robotic Manipulation,

Springer.

e Jorge Angeles, (2014), 4" Ed., Fundamentals of Robotic Mechanical Systems: Theory, Methods,

and Algorithms, Springer.

?ﬁlljer_se Programable Logic Controllers. daa el Ahaial) CilaSaiall

Course . : Contact hrs.

Code- Prerequisite Credit hrs. Lec. Tut. Lab.

MSS602 3 2 2 0
ClassWorks |  Prac/Oral Final Exam | Total Exam Time hr.
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Course
4 2 4 1 2
Grades 0 0 0 00
Course Content: o8l (5 gina

Introduction to Programmable Logic Controllers,
Input/output modules, power supplies, opto-
isolation and memory map, Instruction Set,
Addressing considerations, programming language
standard, Ladder logic programming, Counter basic
programming,  Arithmetic, program  control
instructions, Control Panel Construction Standards,
Analog module-programming examples, Debagging

Clas 5 Ao yall AL dalaiall aSal) ilas g ) dadie
Gradl U3l @il ol ozl AY) / Juay)
Aalladll Gl e sk"_il.aglzﬂ\ 2\.1:_54“ c'&_)S\ﬂ\ :‘».L:::):)
Al A ) calid) shaie Aae e ) A2) jlme
el Hulza ccua\.&_),d\ L;ﬁ ?SA:\M Glaalas caluad) caliaall
Ablall claa gl dae gy oo Al sl dagl
«iladaliall g JUac Y daai el ja) « HLaaY) 5 moaaall
Al gubd Al duly dlulal daell amlie

and testing, Fault and interrupt service routines, RESHISA
Sequential Programming Concepts, Case study for

mechanical power application.

References: )l

e Khaled Kamel, Eman Kamel, (2013), Programmable Logic Controllers: Industrial Control,

McGraw-Hill Professional Publishing.

¢ Max Rabiee, Stephen W. Fardo, (2002), 4th ed., Programmable Logic Controllers: Hardware and

Programming, Goodheart-Willcox Company.

?ﬁlljer:se System Modeling and Simulation Aalai¥) 3lSlae 5 dada

ggggfe Prerequisite Credit hrs. Lec. C?I_Tjts il Lab.
MSS603 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: soodall (g giaa

Review of System Modeling and Simulation,
Simulation Software Tools, Project Overview,
Continuous, Discrete Event, Combined, and Other
Modeling Techniques, The Modeling Process,
Statistics of Simulation, Model Analysis, Validation
and Verification, Student Status Presentations,
Software  Intensive  Systems  Applications,
Sustainable Cities and Environment Applications,
Current and Future Directions of Simulation for
Complex Systems.

BlSlaall zal @l ol BlSlaall 5 plaill dadai dxa) ye
Alaiiall 3 jaival Glaal) g g pdall e dale 3k
dadall dlee (gAY Aalall LSy daaadl
daall e il il Jidad lSlaall cilas)
Al gral yall ccalldal) Adlad gl i g yall ¢ 3ia
aldicadl Al caall cliphs dadaly) cliuda

Badaall dadait) slSlaal Lliiid) s A0 cilalasy)
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References:

[ el all

e Peter Fritzson, (2011), Introduction to Modeling and Simulation of Technical and Physical

Systems, John Wiley & Sons Inc. Publication.

e Frank L. Severance, (2001), System Modeling and Simulation: An Introduction, Wiley.
e Law M, Kelton W, (2000), Simulation Modeling and Analysis. McGraw-Hill, New York, NY.

(T:i‘;ferzse Digital Control il el

ggg?e Prerequisite Credit hrs. Lec. C(_)rr:]ts il Lab.
MSS604 MSS501 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: soodall (g giaa

Z-Transform; Important properties and theorems of
the Z-transform, convolution integral, Inverse Z-
transform, Partial Fraction, Inversion Integral.
Analysis of discrete time control system; S-plane to
Z-plane mapping and Vice-versa, Stability analysis
of closed loop systems in the Z-plane, Discrete time
equivalents of continuous time systems, Discrete
time equivalents of analog controllers. Design and
compensation of discrete time control system;
frequency response, applications, PID controller
design and selection of parameters for discrete time
system. Discrete time state equations; State space
representation, Discretization of the continuous time
state space equation, Pulse transfer function matrix,
Stability assessment

TS ¢ 7 oaill Faga il B 5 Latad ¢ Zdgad
Jalsil) c‘;‘t}_;l\ J.uﬁ\ sguSﬂ\ Z d.v_g;ﬁ c@:ﬁl\l\
L0 A e ¢ il 8 13 oSl Sl s )
Alaiidl Cdgll c¥olae ¢ Zs e b ddlad) 4l
Clas gl Al adiall ¢ gl ¥ alaa ¢ paieall i 6l Aadasy
CE I 8 St alas o gat s mpana A L) Al
BJA} ﬁmjj Q\ﬁ*\kﬂ‘j 4.}.33_).\” L\A:IMY\ fd;AS.\AS‘
il i) MUl Claadl il PID aSadl
Alall S il ¢dliadiall Zoia I Al Y alas
adla :\A}w ‘EJAL»AS\ 2\7\.\.4‘)3\ Al cliasl) Adalag aaas

)Y an ¢ il 8

References:

al )

e K. Ogata, (1995), 2nd Ed., Discrete Time Control Systems, Prentice Hall, Englewood Cliffs, New

Jersey.

e Charles L. Phillips, (2014), 3rd Ed., Digital Control System: Analysis and Design, Prentice Hall,

Englewood Cliffs, New Jersey.

?ﬁlljer_se Modern Trends in Mechatronics-1 1-li g Sl dunia 8 s Slalas)
Course . : Contact hrs.

Prer r hrs.
Code: erequisite Credithrs Lec. | Tut | Lab.
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MSS605 H 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (s giaa

The content of this course will be specified by the
main supervisor of the student based on the field of
research topic. This content should be confirmed by
the Mechanical Power Department by each student.

il il d e )Rl 138 (5 e aad du
e 2SH Can Gl g pmge Jawe o el Gllhall
JS 8 e 4SSl (o gl dia and (8 (e (5 sinall

s

References:

:&;JAS’

e To be specified based on the selected topic and confirmed by the program admin committee.
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2.2 Master of Science (MSc) Program in MSS

4sll) dalaiY) g el g lSaal) dutin aglall pivale gl 2-2

This program aims to provide an in-depth knowledge in the design, analysis, and operation of
mechatronic and smart systems. After completing this program candidate will be equipped with a
mixture of complex knowledge and concepts across various disciplines and will have a considerable
advantage in seeking employment in research, development, and technology companies with computer-
integrated manufacturing systems, as well as with research centers that develop and use advanced
automation equipment and smart systems.

2.2.1 Attributes of Master of Science (MSc) Program in MSS

The graduate of the Academic Master of Science in Mechatronics and Smart Systems Master of
Science Program should be able to:

1)
2)

3)

4)
5)
6)
7)
8)

9)

Apply the acquired specialized knowledge in professional practice.

Specify professional problems in mechatronics and smart systems engineering and find the
appropriate solutions for them.

Mastering professional skills and using appropriate technological supplies, including
computer-aided analysis, up-to-date specialized software packages, in proficient manner.
Make applicable decisions considering the available information.

Communicate and lead the team to work toward certain target professionally.

Exhibit awareness of role in community development and environmental preservation.
Employ the available resources efficiently.

Behave in a manner that reflects the commitment to integrity and credibility, experiencing
responsibility and accepting accountability.

Recognize the need to the self-development and participate in continuous learning.

10) Maximize the utilization of the available resources to bring the most significant benefit.
11) Apply the analytic approach and use it in mechatronics and robotics engineering.
12) Show distinction in an acceptable range of mechatronics and smart systems professional

skills and appropriate technological means to serve his professional practice.

13) Apply specialized knowledge and combine it with relevant knowledge related to

mechatronics engineering technology.

2.2.2 Program Outcomes of Master of Science (MSc.) Program in MSS

By the completion of Master of Science in Mechatronics and Smart Systems program, the graduate
is expected to know and be able to fulfil the following competencies:

1)

An advanced understanding of the changing knowledge base in their specialist area of
engineering.
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2) An ability to evaluate and synthesise the research and professional literature in their
specialised area of engineering.
3) Advanced skills and techniques applicable to their specialist area of engineering.
4) Well-developed problem-solving abilities in the specialist area of engineering, characterised
by flexibility of approach.
5) Advanced competencies in engineering professional expertise and scholarship.
6) A capacity to articulate their knowledge and understanding in oral and written presentations.
7) An advanced understanding of the international context and sensitivities of their specialist
area within engineering.
8) An appreciation of the design, conduct and reporting of original research.
9) A capacity to manage competing demands on time, including self-directed project work.
10) A profound respect for truth and intellectual integrity, and for the ethics of scholarship.
11) An appreciation of the ways in which advanced knowledge equips the student to offer
leadership in the specialist area.
12) The capacity to value and participate in projects which require teamwork.
13) An understanding of the significance and value of their knowledge to the wider community
(including business and industry).
14) A capacity to engage where appropriate with issues in contemporary society.
15) Advanced working skills in the application of computer systems and software and a
receptiveness to the opportunities offered by new technologies.
16) Develop solutions to complex Mechanical Engineering problems with full independence
and/or in teams of multidisciplinary field.
17) Demonstrate proficiency in conducting research in the field of Mechanical Engineering
18) Communicate effectively in a variety of professional contexts.
19) Demonstrate effective management skills in Mechanical Engineering project in a
specialized or multidisciplinary field.
20) Apply ethical and professional principles in the practice of Mechanical Engineering
21) Demonstrate the ability to continuously improve skills and knowledge towards professional
development.

2.2.3 Construction of Master of Science (MSc.) Program in MSS

The candidate who successfully pass the admission exam with the required level should study 12 credit
hours (4 courses) of the compulsory courses shown in Table 2-5. After successfully completing these
courses with the required GPA level, the main supervisor should select another 12 credit hours courses
from the available elective courses listed below in Table 2-6. The selected courses should be related to
the research area selected by the candidate. After successfully completing of the second stage with the
required GPA level, the candidate was ready for preparing a master thesis that present his ability to
analysis and present scientific information in a proper level under full supervision of the main
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supervisor (supervision committee). The competencies matrix of each course in the Master of Science
program is shown in Table 2-7.

The prepared thesis should fulfil all of the general conditions described in the Bylaws. Thesis will be
evaluated by discussion committee and candidate should get the required GPA level for the thesis to be
nominated for getting the Master of Science Degree in Mechatronics and Smart Systems.

Table 2-5 Compulsory courses for Master of Science in Mechatronics and Smart Systems

Engineering.
. B [«B) (5]
2152 .| B =
- T = s
No.| Code A Course Name = % 88l o | £ E
requisite 2l E|sOo|l | F| s
Slo|* |iT ]
1 | Msss00 Applied Mechanical Power 3 a0l 20 | 20 [ 100] 2
Systems
2 | MSS501 Classical Control Design 3140 20 | 40 |100| 2
3 | MSS502 [Renewable Power Systems 3 140 20 | 40 |100| 2
4 | MSS503 Modern Sensor 3140 20 | 40 |100| 2

Table 2-6 Elective courses for Master of Science in Mechatronics and Smart Systems

Engineering.
. = (<) [<B)
2 5|8 4| B £
- T Sl W~
No.| Code Pl Course Name = % Q%[ o | £ E
requisite S| al|lso]l © | <
eclE|lx k= X
| O LL L
1 | MSS606 Advanced Digital Control 3140 20 | 40 |100| 2
9 MSS607 Mode_’r_n C(_)ntrol & System 3 1a0l 20 | 20 [ 100! 2
Identification
3 | MSS608 | MSS501 [Optimal Control 3140 20 | 40 |100| 2
4 MSS609 | MSS503 [Multi-sensor and Decision 3 (a0l 20 | 20 [ 100] 2
Systems
5 | MSS610 Advanced Robotic Systems 3 140| 20 | 40 |100]| 2
6 | MSS611 Image and Vision Processing 3140 20 | 40 |100| 2
- MSS612 Data _l\/IodeIImg and Machine 3 laol 20 | 20 [ 100] 2
Intelligence
8 | MSS613 Modern Trends in Mechatronics-2| 3 | 40 | 20 | 40 |100| 2
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Table 2-7 The courses and graduate attributies relationships for Master of Science in

Mechatronics and Smart Systems Engineering

=z
O

Code

Course Name

Graduate Attributes

12134

5

6

7

8

9

10

11

12

13

MSS500

Systems

Applied Mechanical Power

\/

MSS501

Classical Control Design

MSS502

[Renewable Power Systems

2 || <=
2

MSS503 |Modern Sensor

<2 <

< | <=

2

MSS606

Advanced Digital Control

2
< |<

2 |12 |=<]1<] =

MSS607

Identification

Modern Control & System

MSS608 |Optimal Control

MSS609

Systems

Multi-sensor and Decision

O] 00 [N o |ojs]JwIN] -

MSS610

Advanced Robotic Systems v

2] < || =<

[EEN
o

MSS611

Image and Vision Processing

< | <

[N
[N

MSS612

Intelligence

Data Modelling and Machine N

2

< | <

[EEN
N

MSS613

Modern Trends in Mechatronics-2 N N

2

[EEN
w

Master Thesis

< | <

Table 2-8 The relationship of courses and program competencies for Master of Science in

Mechatronics and Smart Systems Engineering

Program Learning Outcome (Competencies)

No.| Code Course Name
112]3]415]6]7]1819]10|11]12]13|14|15]16]17|18]19]20]21
Applied Mechanical Power
1 [MSS500]q0cioms Y BERIEN \ \ VIV
2 |MSS501|Classical Control Design N B v \ V
3 |MSS502|Renewable Power Systems |+ NN R Nl o oo ul s
4 |MSS503|Modern Sensor V| WY \ \ | V
5 |MSS606|Advanced Digital Control |V |V v v R
Modern Control & System
6 [MSS607 Identification Y v R
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7 |MSS608|Optimal Control v NN E NIV Y N
Multi-sensor and Decision

8 [MSS609|sy ctoms YV (MY VI ol v

9 |MSS610|Advanced Robotic Systems ||| | V]V N N

10 |MSS611|Image and Vision Processing V[ NNEE N N E V1Y
Data Modelling and Machine

11 |MSS612 Intelligence W v v VY
Modern Trends in

12 |MSS613 Mechatronics-2 VAN V V v v

13| - Master Thesis MW W IV LYYV LY N VY N

2.2.4 Courses content of Master of Science (MSc.) Program in MSS
The Course content of the above listed courses for the Master of Science of Mechatronics and
Smart systems Engineering are listed below:

?ﬁlljer:se Applied Mechanical Power Systems Atnlal) Al (g g8l Aokl

ggggfe Prerequisite Credit hrs. Loc. C?I_TE Sl L ab.
MSS500 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: 1A g gl

This course should focus on the review and analysis | dekil Jalads aaal e e 520 138 (4 58 5l
of the conventional mechanical power systems such | <l )silly Gl Jla Aalsll 4SSl dal)
as Boiler, Turbine, Compressors, Pumps, Heat | QS nay 4l all S¥alally cliiaall g dae) suall
Exchangers, Internal Combustion Engines, and it | .sle JS& Lilal Wi 5 Leandi 468 5 a1all ) sy
could be evaluated and improved in general

References: Ho B

e B.S. Dhillon, (2017), Engineering Systems Reliability, Safety, and Maintenance, an integrated
approach, CRC Press Taylor & Francis Group.

e Konstantin V. Frolov, Oleg N. Favorsky, R.A. Chaplin and Christos Frangopoulos, (2009)
Mechanical Engineering, Energy Systems and Sustainable EOLSS Publishers Co. Ltd., Oxford.

e Richard Gentle, Peter Edwards, William Bolton, (2001) Mechanical Engineering Systems,
Butterworth-Heinemann Publishing Ltd.
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_leic;?er:se Classical Control Design il oSadll araial

gggse Prerequisite Credit hrs. Lec. C?rr:thCt U5 ab.
MSS501 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (5 gina

The aim of this module is to consolidate
fundamental control and systems engineering
aspects as well as introduce relevant topics to those
new in the discipline. The course is separated in four
distinct parts: 1. introductory mathematics and
MATLAB; 2. systems modelling and simulation; 3.

ASaill il g o ad e Jaall 5o 32 gl o3 (e Caagll
M) (e ) ALaYL s Akl duia g Al
\'Ag_g O:IA:\@_A“ JJ;J\ u;.u)bﬂ :\L.al\ <l u\.c_y.a}d\
il MATLAB. 2 e e Gl
Lalail 4 oSal) dakail apanaly Jidat 3 5lSlaall 5 oaill

control systems analysis and design; 4. digital Agad )l oSl
control systems.
References: Pl

¢ Yousif al Mashhadany, Khalaf Geaed, “Classical Control Theory: Modeling of Physical
Systems, Design and Analysis of Control Systems, Stability Theorems”, Lap Lambert

Academic Publishing GmbH KG, 2014.

e Jitendra R. Raol, Ramakalyan Ayyagari, “Control Systems: Classical, Modern, and Al-Based
Approaches”, CRC Press Taylor & Francis Group, 2020

%(?Ijer:se Renewable Power Systems saasiall Adall daluif

gggg?e Prerequisite Credit hrs. Lec. C?I_Tjts el Lab.
MSS502 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o 8al) 6 giaa

Hydrogen as fuel: production, Storage, distribution,
combustion, and safety issues. Fuel cells:
thermodynamic  principles, analysis, types,
applications, operation. Renewable energy sources:
hydroelectric, wind, wave, geothermal and solar.
Energy storage systems: electro-chemical batteries,
high and low temperature, flywheel, regenerative
fuel cell, superconducting capacitor and inductors,

c@_};ﬂ\} s@_}iﬂ\j Ct’u‘ﬂ\ Llad 128 S Q:\.;}_)A:t@\
Sl galse a8l LA AWldly (@) i)
bae Jeil) cclipdaill o) g1 Jaaill ¢yl el
olsa¥ls Loy Aile s el Al saaaidl Adll
Cp AT Al Aaneall) A8UAY 5 daa ) A 1 jall A8
Al 50 adl Aa )y Al 5 Sl iy jad) ;adL)
Sl csanaiall 2 g8 gl AA (A ) sall (Y 02 cAcadaiall
Lelilasi g Aadaiyl aaY Al 4l 50 Jaa sill (330 Colaldl
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Case study of one of the renewable systems
analyses.
References: Ho B
e David Infield, Leon Freris, “Renewable Energy in Power Systems”, John Wiley & Sons Ltd.,
2020.
C_our_se Modern Sensor 5 shall Sl
Title:
Course . . Contact hrs.
Code- Prerequisite Credit hrs. Lec. Tut Lab.
MSS503 3 2 2 0
Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2
Course Content: o8l (o gina

Review the Measurement Fundamentals, Sampling
theory and its applications, error classification and

treatment, Signals Conditioning and Data
Processing, Data Display, Modern Data
Acquisition, Digital signal processing, Optical

Sensors, Interface Electric Circuits, Occupancy and
Motion Detectors, Velocity and Acceleration, Force

lglinlai s cilipal) 221 4 jlai ¢l ilnlusl daal e
Aallaey @l LaY) s dgiallaa s slhdy) Ciliviias
Eiaall clil) e J gpanl) el e cclilal)
g peanl ladiny) s el daad )l LaY) dsdlas
G ally Jdy) il duidl Al oS gl sal)
%JJ Glalia claloa B_,ﬂ\ ct_)\.uﬂ\_, 4.9_)».«5\
3 el dhaal (d€d Glubia duiliaS Sl ) al)

Sensors, Temperature Sensors, Chemical Sensors, i)
Intelligent Sensors, state of art in sensors.
References: 10 yall

e Pavel Ripka, Alois Tipek, “Modern Sensors Handbook”, Library of Congress Catalogin-in-

Publication Data, 2007.

e Bob Tucker, “Modern Sensor Systems: Design and Applications”, Clanrye International, 2018.

?;)tlljer:se Advanced Digital Control il (ga0al) aSal)

gg;gf’e Prerequisite Credit hrs. Lec. C?I_Tjts GLirVs Lab.
MSS606 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o 8al) 6 giaa

Digital signal processing (DSP), Signal-to-Noise
ratio (SNR), Fixed-point and floating-point
arithmetic, Digital filters: FIR/IIR filter design,

S sy A ¢(DSP) Al @l YY) Aalles
Llad) ALl 340 ALl Lo ((SNR) elin sl
s3n5 FIR / IR i pread sdoad )l ciladiyall
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Micro-controller & DSP based implementation of
FIR and IIR filters, Discrete state-space control,
Design by emulation of continuous-time systems,
Discretization of continuous-time systems, Discrete
state-space models, Canonical forms, Direct digital

FIR sl jdd DSP (e ol all 5 438al) oSail
oo il dlatial) Alall dalue 3 Sadll (IR
< gl Aadail el ¢ painsall c gl Aalail 3lSaa 5,k
i€l JICEY) Alaiiall Allal) liad z3la ¢ yainsal)
Gl yata il Gl Hasa ¢ il g.aﬂ‘)h ?SA:\H atanal

control design, Prediction estimators, Current el dadaaf ¢ gl
estimators, Tracking systems.
References: Pl

e Charles L. Phillips, Aranya Chakrabortty, H. Troy Nagle, (2014), Digital Control System

Analysis and Design, Pearson.

e Charles L. Phillips, (2014), 3rd Ed., Digital Control System: Analysis and Design, Prentice

Hall, Englewood Cliffs, New Jersey.

e Raymond G. Jacquot, (1995), 2nd ed., Modern Digital Control Systems, CRC Press Taylor &

Francis Group.

Course Modern Control & System . . .

Title: Identification ’ e

ggg?e Prerequisite Credit hrs. Lec. C(_)rrLts il Lab.
MSS607 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (o giaa

This course introduces to advanced state-space
control systems analysis and design methods for
multivariable systems. Focus on linear time-
invariant (LTI) systems in the continuous-time
domain. discrete-time cases and nonlinear cases,
system identification techniques. Observations of
inputs and outputs from physical systems and

aSaill dabil apanaiy Jidad a1 j8all 138 Chagy
State-) sl saaie Al apeall 5k
(LT1) i) Ll e 30 dliil e 58 ) (Space
YA 5 Jeadiall gl VS| el i 6l Jlae 8
A claade sl aaad il dghall e
el @l paiiy Al sl Al e s Al
iclibiayl JSLidl) G.JLA} o 3 ydla il

estimates dynamical models directly. synthetic and Leinia (e @aaill 5 ddiall
real problems models estimation and validated.
References: e

e Jer-Nan Juang, Minh Q. Phan, (2006), Identification and Control of Mechanical Systems,

Cambridge University Press.

e P.N. Paraskevopoulos, (2002), Modern Control Engineering, CRC Press Taylor & Francis

Group.

Course

Title: Optimal Control

JiaY) oSl
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ggzse Prerequisite Credit hrs. Lec. C(_)I_Tjts il Lab.
MSS608 MSS501 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: soohall (g giaa

Nonlinear optimization: unconstrained nonlinear
optimization, line search methods. Nonlinear
optimization: constrained nonlinear optimization,
Lagrange multipliers, Dynamic programming:
principle of optimality, dynamic programming,
discrete LQR. HJB equation: differential pressure in
continuous time, HJB equation, continuous LQR.
Calculus of variations, Calculus of variations
applied to optimal control, Numerical solution in
MATLAB, Properties of optimal control solution,
Constrained optimal control, Singular arcs,
Estimators/Observers, Stochastic optimal control,
LQG robustness, Feedback Control Systems:
multiple-input multiple-output (MIMO) systems,
singular value decomposition.

culd) e Jhall ye aeadl) hdll g aeadl)
o Opeadll pghadll pe el Jladll Gl 55k
ASaaliall dae sl (il 2 Y Cliclias caiall adll
Uilre Alaiidl LQR ¢Sl e yall cdliall fage
(HIB aalrs ¢ paiusall (o 3l & ualaill sl :HIB
s ol il Jalall 5 Jualaill Clua | jeiwd)l LQR
@l Jall (i) aSaill e gadaall Jalill g Jualal
pSadll (JiaYl oSadll Ja jallas (MATLAB
(Ol dl /ool 2 jial BV caddall JiaY)
& aSadll dadail (| QG Ailie (A siadl JiaY) a8l
ZAY) Aakil soaie sl saaie el

B3 Al adll dilas ((MIMO)

References:

al )

e A E.Brysonand Y.-C. Ho, (2018), Applied Optimal Control: Optimization, Estimation and

Control. Routledge.

e D. E. Kirk, (2012), Optimal Control Theory: An Introduction. Dover Publications.
e F. L. Lewis, D. Vrabie, and V. L. Syrmos, (2012), Optimal Control. Wiley.

%(?Ijer:se Multi-sensor and Decision Systems DAl AAS) A slata g Badatiall ) jalitisall
gg;gf’e Prerequisite Credit hrs. Lec. C?rrLtsct Il Lab.
MSS609 MSS503 3 2 2 0
Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: S 9341\ $ iaa
Introduction to multi-sensor and decision systems | JI_all sk 3admiall Gl jladiny) dedail 8 dedia
for monitoring, Signal tracking and multi-sensor | 2a=ie  Cllall daway @l LY i A all

data compression, Kalman filtering for multi-sensor
data fusion, Statistical decision theory, Decision

Badxia Cliludl G_Aq] Kalman Filter <&l jzdiull
DA Aakl ( Alaa) AN Akl il
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systems for change detection, Decision systems for
diagnosis, Introduction to decision systems for
design, Decision trees, Value of information, Design
of experiments, Multi objective optimization and
decision-making, Multidisciplinary optimization,
and decision-making.

o sleall A ¢l el capaaill )l Aok
ool all Masl alaaY) daxia Ol e Hladl) prasal
bl A g Gliaiaddl) aaatia Gueadl)

References:

al )

e Alexander Reiterer, (2009), A Decision Support System for an Image Assisted Multi-Sensor
System: Concept and Implementation, Stidwestdeutscher Verlag fir Hochschulschriften AG

KG.

e Hugh F. Durrant-Whyte, (1988), 1st ed., Integration, Coordination and Control of Multi-Sensor

Robot Systems, Kluwer Academic Publishers.

_leic;lljer:se Advanced Robotic Systems Aadiiall 5 g0 g 11 Aalai]

ggg?e Prerequisite Credit hrs. Lec. C(_)rr:]ts il L ab.
MSS610 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (o gina

Introduction to robotics and autonomous systems;
brief history; why robots are important; levels of
autonomy; social and ethical issues. Swarm
robotics; networked systems. Planning algorithms,
Advanced concepts of probabilistic robotics and
simultaneous localization and mapping (SLAM),
Bio-logically inspired robots; modular
reconfigurable robots, Robot Operating System,
planning algorithms, nonholonomic constraints in
dynamics and controls; intrinsic and extrinsic sensor
calibration; embedded systems; and experimental
robotics.

a )l Asal ealiiadl AedaiVly gl 8 dadia
oSall e Thoge Cligygll Lond 1 6 juad
e Clign gl AEMAY) 5 Apelaia ) Lladl ¢ I3
Lasial) aalial) daghadl)l ciluelsa 4SS Aok
el Jiall il Al awyy ulasill s Adlaia Yl il g5 50
Clisas ) L sl gn Bl siuall gl (SLAM)
¢ grg o e\.&i} e uszal saley allal) %JQ&A\
G Al e agally dadaddll el
SR il & plae fuSaill jualic 5 cilSualinal)

Jow el il g )l 5 ¢liacaall ekl ¢ o Al

References:

:&UA.“

e Edward Y.L. Gu, (2022), Advanced Dynamics Modeling, Duality and Control of Robotic

Systems, CRC Press Taylor & Francis Group.

e J. O. Gray, Darwin G. Caldwell, (1996), Advanced Robotics & Intelligent Machines”, The
Institution of Electrical Engineering, IEE Control Engineering Series 51.
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_leicitjer:se Image and Vision Processing Lyl s eall dallaa

gggse Prerequisite Credit hrs. Lec. C?I_Tjtf Sl Lab.
MSS611 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (5 gina

Image and video processing goals, its applications
to intelligent systems. Image formation in the eye
and in the video camera. Common image features:
color, edges, texture, and shape. Color histogram,
pixel point processing. Multi-image pixel point
processing. Image segmentation. Image analysis.
Image synthesis. Optical flow. Methods for

bl o Ly ¢ padlls ) saall dallae Calaal
il 3t o2l | ysalS s (35 peall (5 2K
JSEN s comalally el gally oy slll cAailil 5 guall
Baawie A8l Aallaa ) geall 48 Fallaa ¢y sl Ll s
Bosall S i) sall didad 3 ) seall Ll ) suall
S sl e G sl 3ok g ead) (38
Sl @l b SN e gl Sl

automatic object detection in video sequences. @Y
Obiject tracking in video. Augmented and virtual

reality.

References: sl

e D.A. Forsyth and J. Ponce, (2012), Computer Vision: A Modern Approach, Second Edition,

Prentice Hall.

e T.Ross, (2010), 3rd Edition, Fuzzy Logic with Engineering Applications, Wiley.

C_ourse Data Modellin_g and Machine Y1 1S5 5 Ll SSlae

Title: Intelligence i

ggggfe Prerequisite Credit hrs. Lec. C?I_Tjts el Lab.
MSS612 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: 1084l (g giaa
Data-to-knowledge; assumptions; the model; | ;cbal 58Y) ¢4 el ) bl (e salial i

inference paradigm; inference engine; the data; the
problem of induction. The linear model & least-
squares: some useful results; formulation; solution;
operation. Non-linearity & MIMO problems:
generalization of the linear model; univariate non-
linear functions; functions of more than on variable;
collinearity; multi-response. Non-linear MISO
relationships: non-linear input/output functions of

AU ¢l JY Y & e JY 20V 23 sa £ 3 gl
c_al_ul\ ey 15 yrall lan yall Gk;l\ GS}A.'J\ Caall
@L&J\ pac JSUés 3:\14; ;d; ;3\.:';\:\.\4 Q’SJ:\AA]\
b e by ¢ hall Z3sall aass :MIMOS
Saxia alalaa¥l ¢ e e SISH il ¢ piall ksl
Jiaayl il g kil e MISO Gidle  SLlsiuY)
fDlile Jlie 2a) 5 paria (e SV dgladll ye 2 AY)/
Cillagll ae LIP dadai Gl e oAl @l s
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more than one variable; MATLAB example; other
choices of basis. LIP modelling with basic
functions: model building; radial basis functions;
sigmoidal basis functions. Controlling complexity:
choices; regularization; MATLAB example;
parsimony. Model selection: cross-validation; a
strategy. Gradient-based optimization: motivation;
first-order approximation; stability; convexity.

il 5 ¢ e ledll (bl Cailla g 673 saill ¢l Apulis)
b LAY el e 3kl ) (Wl
anall (o a3l iz dsadll jlaa) Jall eobile Jbia
o (adlall o sl e Sl el Al i)

ol ¢ 35N Al

References:

eSB!

e Nabney, I.T. (2002), Netlab: Algorithms for Pattern Recognition, Springer, London.
e Haykin, S. (1999), Neural Networks: A Comprehensive Foundation. Prentice Hall, Upper

Saddle River.
?ﬁlljer_se Modern Trends in Mechatronics-2 2-¢li g 5ilSall dunia A daa clalss)
Course . . Contact hrs.
Code- Prerequisite Credit hrs. Lec. Tut Lab.
MSS613 3 2 2 0
Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2
Course Content: soodall (g giaa

The content of this course will be specified by the
main supervisor of the student based on the field of
research topic. This content should be confirmed by
the Mechanical Power Department by each student.

il Gl J8 e kel 138 (5 siae daa di
e 2SH oy Gl g pmge Jae o el Gllhall
IS J8 (e A8l (5 sl Adia aud S8 (e (5 sinll

s

References:

:&‘.JAS’

e To be specified based on the selected topic and confirmed by the program admin committee.
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2.3 Doctoral of Philosophy (PhD) Program in MSS
4S1l) Aalail) g elig AlSaal) dunin 8 A4uldl) 31 ) 933 gall 342

This program aims to provide sophisticated point of view in the design, analysis, and operation of
mechatronic and smart systems. After completing this program candidate will have the ability to
formulate and design a research program to investigate a novel solution for mechatronics and smart
system problems as well as introduce a state of art modifications in the field. In addition, he/she will
be able to integrate advanced knowledge and concepts across various disciplines. Graduates are able to
seek employment in research, development, and teaching in universities in the mechatronics and smart
systems filed, as well as with research centers that develop and use advanced automation equipment
and smart systems.

2.3.1 Graduate attributes of Doctoral of Philosophy (PhD) Program in MSS

The graduate of the Mechatronics and Smart Systems Doctoral of Philosophy Degree in Engineering
Science Program should be able to:

1) Have in-depth understanding of the foundational concepts in the field of study.

2) Be highly skilled at communicating technical results in both oral and written form.

3) Have a comprehensive knowledge of the literature relevant to the research or seminar topic.

4) Have adetailed knowledge of the research methodologies relevant to the research or seminar
topic.

5) Have advanced-level breadth in areas complementary to major field of study.

6) Be able to independently design and conduct research projects.

7) Demonstrate command of advanced topics in mechanical engineering.

8) Be able to apply technical skills and conduct research that demonstrates advanced mastery
of a subfield within mechanical engineering.

2.3.2 Outcomes of Doctoral of Philosophy (PhD) Program in MSS
By the completion of Doctoral of Philosophy in Mechatronics and Smart Systems program, the
graduate is expected to know and be able to fulfil the following competencies:
1) Make an original and substantial contribution to the discipline of mechanical engineering

as demonstrated by the completion of a PhD thesis.

2) Demonstrate the ability to conduct advanced independent research by mastering research
methodologies and techniques, synthesizing existing knowledge, analyzing, and evaluating
their findings, and communicating the results to other researchers.

3) Develop effective teamwork/leadership skills in multidisciplinary teams and create a user-
friendly environment.

4) Communicate effectively in oral, written, visual and graphic modes within interpersonal,
team, and group environments.
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5) Apply the techniques, skills, and modern engineering tools necessary for engineering
projects.

6) Exchange scientific ideas effectively in writing and when speaking.

7) Create and implement innovative solutions for contemporary scientific challenges within
social and environmental constraints.

8) Independently plan and carry out research projects.

9) Realizing the importance of project, risk, and change management, entrepreneurship,
innovation, and sustainable development.

10) Investigate, set up, and conduct experiments, analyze, and interpret the results to evaluate
the solution of engineering problems.

11) Design a complex system, a component and/or an engineering process under real life
constrains or conditions, defined by environmental, economic, and political problems using
modern design methods.

12) Awareness of life-long learning; ability to reach information; follow developments in
science and technology and continuous self-improvement.

13) Understanding of professional and ethical issues and taking responsibility

2.3.3 Construction of Doctoral of Philosophy (PhD) Program in MSS

The candidate who successfully pass the admission exam with the required level should study 9 credit
hours (3 courses) of the elective courses of level 600 shown in Table 2-9. After successfully completing
these courses with the required GPA level based on the regulation Bylaws, the main supervisor should
be nominated and select another 9 credit hours courses from the available elective courses listed below
in Table 2-10. The selected courses should be related to the research area selected by the candidate.
After successfully completing of the second stage with the required GPA level, the candidate was ready
for preparing a master thesis that present his ability to analysis and present scientific information in a
proper level under full supervision of the main supervisor (supervision committee). The competencies
matrix of each course in the Doctoral Philosophy Degree of Engineering Science program is shown in
Table 2-11.

The prepared thesis should fulfil all of the general conditions described the Bylaws. Thesis will be
evaluated by discussion committee and candidate should get the required GPA level for the thesis to be
nominated for getting the Doctoral of Philosophy Degree in Mechatronics and Smart Systems.

Table 2-9 Elective courses for Doctoral of Philosophy in Mechatronics and Smart Systems

Engineering.

=4 (<5} (5]
2|1 5|8 o] 8 £

- I — —
No.| Code Pl Course Name = % Q8o 2|
requisite |lg|8c|=|F =
S|o|* |iT i
1 | MSS614 [Embedded system 3 140] 20 | 40 |100| 2
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> | Msss1s Artificial Intelligent Control 3 a0l 20 | 20 | 100! 2
System

3 | MSS608 Optimal Control 3 140 20 | 40 |100| 2
4 | MSS616 Machine Learning Algorithms 3 140 20 | 40 |100| 2
5 | MSS617 Biological Inspired Robots 3140 20 | 40 |100| 2
6 | MSS618 Cybersecurity for control systems | 3 | 40| 20 | 40 [100| 2
7 | MSS619 Modern Trends in Mechatronics-3| 3 | 40 | 20 | 40 [ 100| 2

Table 2-10 Elective courses for Doctoral of Philosophy in Mechatronics and Smart Systems

Engineering.
. 4 (©] (B}
21 5|8 ,| B £
- T = <
No.| Code A Course Name = % Q8o £E
requisite Bl E|sOo|l |+ §
S5|lo|> | 4
1 | MSS700 Computer Vision of Robotics 3140] 20 | 40 |100]| 2
2 | mss701 | Msse14 [Programming of Embedded 3 |40| 20 | 40 [100] 2
systems
3 | MSS702 Autonomous Mobile Robotics 3 140| 20 | 40 |100] 2
4 | Mss703 | Msse1s [Pesion of Intelligent Systems: | 5| 4 | o5 | 40 | 100] 2
Mechatronics
5 | Mss704 | Msse1s [Selected topics in Advancedand | o | 46 [ 59 | 40 | 100 2
intelligent control
6 | Mss705 | Msse14 [Pelected topics in Advanced 3 40| 20 | 40 [100] 2
[Robotics

Table 2-11 The courses and graduate attributes relationships for the Doctoral of Philosophy
program in Mechatronics and Smart Systems.

Graduate Attributes
No.| Code Course Name

112|134 |56 ]|7]38
1 |MSS614 [Embedded system v V
2 |MSS615 Artificial Intelligent Control System R \
3 |MSS608 [Optimal Control \ \ \
4 |MSS616 [Machine Learning Algorithms N VA
5 |MSS617 [Biological Inspired Robots v \
6 |MSS618 [Cybersecurity for control systems \ N, N
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7 |MSS619 [Modern Trends in Mechatronics-3 \ HERE
8 |[MSS700 [Computer Vision of Robotics v | O \
9 |MSS701 Programming of Embedded systems | | + v LA
10 |MSS702 |Autonomous Mobile Robotics \ S Y
11 IMss703 IDeS|gn of I_ntelllgent Systems: J
Mechatronics
12 |Mss704 fSeIec_ted topics in Advanced and J J
intelligent control
13 |MSS705 [Selected topics in Advanced Robotics v LA \
i - PhD Thesis V v | A VIV

Table 2-12 The relationship of courses and program competencies for the Doctoral of
Philosophy program in Mechatronics and Smart Systems.

Program Learning Outcome (Competencies)
No.| Code Course Name
11213|4|5]|6]|7]8]9|10]|11]12|13
1 |MSS614 Embedded system \ V V \
2 |MSs615 |Artificial Intelligent Control System | « v V \
3 |MSS608 [optimal Control v V[ \
4 |MSS616 [Machine Learning Algorithms V[ \
5 |MSS617 [Biological Inspired Robots v v \ \
6 |MSS618 [Cybersecurity for control systems v [ \ \
7 |MSS619 Modern Trends in Mechatronics-3 N v V \
8 |MSS700 [Computer Vision of Robotics v v \ v Y
9 [MSS701 Programming of Embedded systems |« | v AR 0
10 |MSS702 JAutonomous Mobile Robotics v V|V V \
11 IMss703 I'\D/Ieesé:lﬁ]erllt;)c;‘nlir::tseII|gent Systems: J J J J
2 skt | [T T3
13 |Mss705 ;czlgg'i?éjstoplcs in Advanced J Iy
14 | ----- PhD Thesis \ v | VIV M EIEAE
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2.3.4 Courses content of Doctoral of Philosophy (PhD) Program in MSS
The Course content of the above listed courses for the Doctoral of Philosophy in Mechatronics and
Smart systems Engineering are listed below:

C_our_se Embedded system daerall dalasy)

Title:

gggse Prerequisite Credit hrs. Lec. C(_)I_Tjts il L ab.
MSS614 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o84l (5 gina

Fundamentals of embedded systems, operating systems,
Real Time operating system, Overview of Embedded
Systems architecture and Real-Time Systems, Embedded
System Components, Optimum selection of embedded
system components for mechatronic systems. Design of
Embedded Systems According to Real Time Hardware and
Software  Components, Communications, Linking,
Interfacing and Processing Techniques for Embedded
Systems, validation and verification tools, Quality and
performance of embedded systems, Embedded Systems
Applications in Mechatronics.

aldai ¢ Jaal) Aadail cdaarall Aakail) bl
Ay e dale ks o adal) cid gl d Jaaidl)
G o€ ¢ iiall ¢ gl Aadail g Asarall dakail
ALl i Sl JiaY) LS cnaal) ol
bl maal iy Sl Ay dnesd)
B gl el 53 g <l sSal b 5 Aaall
Aalldl cbsiy Loy lly aWlai¥ly o =l
33 5a g ¢ saall o gaaill i gl 5 chaadall AadaiSU
Al ik dasead) dadaly) clal

i 5 Sl 8 daendll

References: |

al )

Packt Publishing.

e Frank Vasquez, Chris Simmonds, (2021), 3rd ed., Mastering Embedded Linux Programming,

e Jiacun Wang, (2017), Real-Time Embedded Systems, John Wiley & Sons, Inc.

_CIE;)tlIJer:SE Artificial Intelligent Control System = lall AL Sl il sl

ggzgfe Prerequisite Credit hrs. Loc. C(;_Ts(:t il L ab.
MSS615 3 2 2 0
Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: s ohal) 6 giaa
Nonlinear systems, Principles of nonlinear systems | ahall je dalaili) aaad (sale dladll e dabai)
identification and control; Adaptive control | dsas)) ClSuil) AdSl aSatl) dabl tled aSadll
systems; Artificial neural networks. Structures of | Aclibia¥l Zpaall @il JSba Acliaal)
artificial neural networks and training algorithms; | clibha¥) dpaall Gl sy )uill Gl )l &
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Artificial neural networks based identification of
nonlinear systems; Artificial neural networks based
control of nonlinear systems; Self-learning neural
networks; Artificial neural networks based image
recognition and pattern classification; Fractional
Order Modelling and Control; Dynamic feedback
linearization based control of nonlinear systems;

Tnaal) Gl Aodadll pe Aadail) vaad e Al
Ashall e Al b aSad) e Al delia)
Luaall Gl el A0 dgaal) i)
Caiaiy gl Jo el o daldl dclihiay)
ASaill 4 WSadlly Sall Al dada el
e Al Aghadl) el Apaal) e Ll Speligall
A8l e s aadl Leilialat s dall il )l sall ¢daladl)

Genetic algorithms and their applications for Agladll e dalaiy)
identification and control of nonlinear systems.
References: el

e S.N. Sivanandam, S.N. Deepa, (2010) Introduction to Genetic Algorithms, Springer-Verlag.
e Huang, S., Tan, K. K., Tang, K. Z. (2004), Neural network control: theory and applications,

Baldock: Research Studies.

e Jean Levine, (2009), Analysis and Control of Nonlinear Systems, Springer-Verlag.

_leic;lljer:se Optimal Control JiaY) aSal)

ggg?e Prerequisite Credit hrs. Lec. C(_)rrLts il Lab.
MSS608 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (o giaa

Nonlinear optimization: unconstrained nonlinear
optimization, line search methods. Nonlinear
optimization: constrained nonlinear optimization,
Lagrange multipliers, Dynamic programming:
principle of optimality, dynamic programming,
discrete LQR. HJB equation: differential pressure in
continuous time, HJB equation, continuous LQR.
Calculus of variations, Calculus of variations
applied to optimal control, Numerical solution in
MATLAB, Properties of optimal control solution,
Constrained optimal control, Singular arcs,
Estimators/Observers, Stochastic optimal control,
LQG robustness, Feedback Control Systems:
multiple-input multiple-output (MIMO) systems,
singular value decomposition.

culdl je hall e st hall e caeadl)
e opeadl) s ldll e Gaeadll ladll Sl 5k
Ualre dliaiiall LQR Saalinall Ao yall cdylliall fase
(HIB Aalae ¢ yaivsall (g 3 3 oaliill haziall :HIB
s el Jalall 5 Jualiil) Gl el LQR
@l Jall (JiaY) aSaill e gaaal) JalSill 5 Juzalil
pSadll (JiaYl oSaill Ja jalliad (MATLAB (&
(Osdl el /o sonadl aajadl Gl @Y1 caidl JiaY)
b aSadl) Aokl (L QG Aiie ¢ sdiall (i) aSacl
ZAY) Aakl samie OOAadl saaie el

53l dall Jila3 ((MIMO)

References:

el el

Page 239 of 741




b plamlng L
Helwan University

2024 Lall ¢l all syl aalafall a3

bl duaigll s

e A E.Brysonand Y.-C. Ho, (2018), Applied Optimal Control: Optimization, Estimation and

Control. Routl

edge.

e D.E. Kirk, (2012), Optimal Control Theory: An Introduction. Dover Publications.
e F.L.Lewis, D. Vrabie, and V. L. Syrmos, (2012), Optimal Control. Wiley.

_leic;?er:se Machine Learning Algorithms Gilazall aalat Cilaa ) 53

ggg?e Prerequisite Credit hrs. Lec. C(_)rrLts il Lab.
MSS616 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (o gina

This course introduces many concepts, techniques, and
algorithms in machine learning, beginning with topics such
as classification and linear regression and ending up with
more recent topics such as boosting, support vector
machines, kernel methods, decision trees, random forests,
hidden Markov models, and Bayesian networks. The course
will give the student the basic ideas and intuition behind
modern machine learning methods as well as a more formal
and advanced understanding of how, why, and when they
work. Applications covered in this course include solving
problems on real data such as pattern recognition,
verification, prediction, and classification.

Ll 5 amliall e Baall jad) s ang
Gle sain san ey ¢ Y alaill 8 il 3 ) sl
) say 2Ll y adll Hlass¥ g Capiatll Jie
by clgaidl YT aca g ¢ 3 el Jie sl
c:\:\:\\yf’uﬂ\ GGl g ¢yl a8l J\A..:;aij clé\}.m
Al Sy ddsall CaSle il
cmaall g Al YL Cllall 5 gall 2 g i
agd () ALl aall IV Al il e 5
sias Ay Jaall LS dasiia g dpane; S
da EJ}J\ 034 L@-}La_l L.rm C'_M:Lda.\j\ Jadis
oyl Jie Aiiall bl Akl OIS

il g ¢ gaiil) g giaill g daladtyl e

References: \ sz )
e Kevin P. Murphy, 2012. Machine Learning: A Probabilistic Perspective. MIT Press.

e lan Goodfellow, Yoshua Bengio and Aaron Courville, 2016. Deep Learning. MIT Press.
_CIE;)tlIJer_SE Biological Inspired Robots sl ¥) dan sl i)

Course . . Contact hrs.

Code- Prerequisite Credit hrs. Lec. Tut L ab.
MSS617 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: s o8al) g giaa
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What is a biologically Inspired Robotic System, and
its advantages and disadvantages, Mobility systems
(legs, swimming, and flying system). Sensors
(tactile, vision, electronic nose, etc.), Swarm

sl as bnslom (o gind)l gl Al s L
(O el s Aaladl Al cJa )Y1) Jasll dadail ey s
A @l gl pualll) lediuYl s jgal

robotics, Control architectures, Emerging fields of Aaall 4 Al
study.
References: sl )

e Jun Ueda, Yuichi Kurita, (2017), Human Modeling for Bio-Inspired Robotics: Mechanical
Engineering in Assistive Technologies”, Academic Press.

_leﬁlljer:se Cybersecurity for control systems oSl Aalasl Gl yuad) (saY)

ggg?e Prerequisite Credit hrs. Lec. C?I_r:JtECt Il ™y
MSS618 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (o gina

Security in Industrial Control Systems, Security
standards and guidelines, Information Theoretic
Security, Privacy mechanisms as channels, Data
Injection Attacks, Denial of Service Attacks on

Gl s aladl dpeliall Sall Aekail 3 oY)
Gl okl clagladl ol i) dgga sl
ad y Cilana il cas Gl () 9188 dpa gadl)
Alle i) 8 dpa padll caSadll dadail e daxall

Control Systems, Privacy in High-Dimensional Al
Data.
References: ) el

e Tyson Macaulay, Bryan L. Singer; (2016), Cybersecurity for Industrial Control Systems:
SCADA, DCS, PLC, HMI, and SIS”’; CRC Press Taylor and Frances.
e Zhe Wu, Panagiotis D. Christofides, (2010), Process Operational Safety and Cybersecurity: A

Feedback Control Approach, Springer.

%(illjer:se Modern Trends in Mechatronics-3 3-clig yilSual) a8 Ao clalad)
ggggfe Prerequisite Credit hrs. Lec. C?I_r:JtECt U Lab.
MSS619 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o 8al) 6 giaa
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The content of this course will be specified by the

main supervisor of the student based on the field of
research topic. This content should be confirmed by

the Mechanical Power Department by each student.

1 2t g

il Gl J8 e Rall 138 (5 siae paad al

il g pmse Jae e ol UL

JS U8 (n ASalSal (65l dnnsia and J8 (e 5 sindll

Al

References:

pl )

e To be specified based on the selected topic and confirmed by the program admin committee.

%c;lljer:se Computer Vision of Robotics Gl g ) i snasll 435

ggg?e Prerequisite Credit hrs. Lec. C?I_Tjts Sl Lab.
MSS700 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (o siaa
Image Formation, Image Geometry, Radiometry, | glady) (uld ) gpall dudia &) gall (s

Digitization Recognition Methodology: Motion-based
segmentation. Area Extraction: Boundary analysis:
Knowledge-Based
Vision: Knowledge representation, Control strategies,
Information Integration. Object Recognition: Model-
based methods, Appearance-based methods, Invariants.
Applications: Image-based rendering, constructing 3-D

Models

database

organization.

models from image sequences, light fields.

il

Gl Al el e ) e Gl duagie
Bac @ ("“L"U :JJA;J\ d:\hi -dakaiall G\)';lu\ .Z\S);J\
i A ) o daiall A5 )1zl by
k_ﬂ.nju\ Jalss séﬂ\ Gl yial caé‘)a.d\
aladll o Aldl) Lkl el e o el

gl elad) e a3l

) A0 M L) ¢ saaall o il (2 el

References:

|

al )

e Simon J. D. Prince, (2019), 1st ed., Computer Vision: Models, Learning and Interface.
e Richard Szeliski, (2011), Computer Vision: Algorithms and Applications, Springer-Verlag
London Limited.

%(illjer:se Programming of Embedded systems daeadll Aadaily) daa y

ggz::e Prerequisite Credit hrs. Loc. ch)_r:jtsct I L ab.
MSS701 MSS614 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: ] s oAl 5 giaa
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Practical and theoretical aspects of developing embedded
systems with real-time constraints. Topics include real-
time operating systems, task management and
synchronization, real-time scheduling algorithms,
performance analysis and optimization, real-time
communication, design for low power, interfacing to
external devices, and device drivers.

Programming Examples, Discipline, Methods, and
Process of Assembler Program Development, Machine
Instruction Format, and Instruction Timing, Interface
Between OS, ISA and RTL Layers of The Virtual
Machine Model, Interrupts, Privilege States and
Exception Handling, Programming Examples with

Taedall Aadaill yglatl Ay laill g Aulaall il gl
Lokl apal sl Jalii | B B 508 ae
Al all 5 algall 5 lal 5 ¢ Asiall < gl & Sl
dalaiy e Rdall Cigll & A gaadl Sl 5
coiiall il 3 VLAl cinds sy
5 e deliily dmiaiall 2l apaaill
c:t_aa‘)..\s‘ Al _EJ@._A‘}“ d:u.uﬁ G—A\‘)-jj 63.:\_:‘)1.51\
cganall geali s Al 5 L) 5 Jaluaiy!
O Agal gl ecilaalatll Cud i g AV Cilaalad Bawdi
AV z35aRTL SISA 5 Jseiil allai il
Aalles lia¥) cVa clakalial) dacal syl

Aaedall Aala Al mal ) e iyl

Algorithm Analysis, Applications on applied programs of i Sl 8
embedded Systems in Mechatronics.
References: | saal sl

e Frank Vasquez, Chris Simmonds, (2021), 3rd ed., Mastering Embedded Linux Programming,

Packt Publishing.

e Jiacun Wang, (2017), Real-Time Embedded Systems, John Wiley & Sons, Inc.

%(?Ijer:se Autonomous Mobile Robotics Ll Alaiial) < g g )0

ggggfe Prerequisite Credit hrs. Lec. C?I_Tjts GEirvs Lab.
MSS702 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (o giaa

This course presents the fundamentals of Autonomous
Mobile Robotics, including both perception and
planning for autonomous operation. Topics in
Perception include sensor modeling, vehicle state
estimation using Bayes Filters, Kalman Filters, and
Particle Filters, and simultaneous localization and
mapping. Topics in Planning include vehicle motion
modeling and control, reactive, graph based and optimal
motion planning. An emphasis on examples from recent
research in the area pervades the course content. The
course requires background knowledge in state space

(Alisall L5 I 53 gl Cilpsbaal ) jiall 128 a8y
Joaniill Laladill s @l oY) e JS &l 4 Ly
3¢l dadaidll oY) 8 Cile s gall e, Jiisal)
Bayes slaaiul 3Ll Alls pasiy ¢ jladiuy)
«Particle Filters <Kalman Filters <Filter
Jali aaly <y (& Lil Al auyy Gehasills
Sobwdl A8 ja Axdad Lagladill A Cle gua gall
ﬁj‘é&eﬁ\&]\kﬂk}ﬂ\} ‘d’d;j\ Q) 61.@_”\5‘55&5“9
355 (5 e dilaiall 8 Apaal) Sy e ALl
FR{BN| u@hmg@b\ :\Aﬂ 'é)}ﬂ\ &_AL.\.\ X
COomenil) 4 pla g VLY 4 Hhai g addl i
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modeling, linear
optimization theory.

algebra,

probability theory and

References:

|

al )

Eugene Kagan, Nir Shvalb, Irad Ben-Gal, (2020), Autonomous Mobile Robots and Multi-Robot

Systems: Motion-Planning, Communication, and Swarming, Wiley & Sons Ltd.

Frank L. Lewis, Shuzhi Sam Ge, (2006), Autonomous Mobile Robots: Sensing, Control,

Decision Making and Applications, CRC Taylor & Francis Group.

Course Design of Intelligent Systems: . P .

Title: ’ Mechatr?)nics ’ Gl iy ASell LB e

gggse Prerequisite Credit hrs. Lec. C?I_Tjts Sl ™y
MSS703 MSS615 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (o gina

Review of modelling and approximation of dynamic
systems. Review of classical control theory.
Electronic realization of control elements and
compensations: ideal and real PID. Elements of
digital control theory: sampling theorem, z-
transform, and digital filters. Review of computer
interfacing, power amplifiers, sequential logic,

danl e Al Al oy i)y Aadaill daal s
palial gy eyl A DN aSail) A s
Z Jasad clipall 220 A5k r a8l Sl 4 ks
b aSailly ¢ il 5 ead s (Juduid) hially sl

Cpaasaih 'Q\SM\

encoders, and motor control. The course involves oS L s
practical projects and significant laboratory usage.
References: el

David Allan Bradley, Derek Seward, David Dawson, Stuart Burge, (2000), 1st ed.,

Mechatronics and the Design of Intelligent Machines and Systems, CRC Publisher.

Srikanta Patnaik, John Wang, Zhengtao Yu, Nilanjan Dey, “Recent Developments in

Mechatronics and Intelligent Robotics: Proceedings of ICMIR”, Springer International

Publishing, 2019.

Course Selected topics in Advanced and i . o
All g addtall A 43 lae Cile g
Title: intelligent control Sl pafiall Sl 25 s
Course .. . Contact hrs.
Code- Prerequisite Credit hrs. ec. Tut L ab.
MSS704 MSS615 3 2 2 0
Class Works ] Prac/Oral Final Exam Total Exam Time hr.
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Course
4 2 4 1 2
Grades 0 0 0 00
Course Content: o8l (5 gina

An advanced course was determined by the main
supervisor and selected based on the research point.
The course presents the most recent research topics
and Advanced automatic control and intelligent

Gt U8 e ojad) 13g] bl (5 sindll v o
DA ey Gl ddats e 2l b Jlial o5 5 )l
S A8l g aniiall Y] ASal) 5 4l apial gall Caaal
853l (5 sina dlaie] oy O angy el yilSal) Aalail

control in mechatronic systems. The course content ol Galae U8 e
should be confirmed by the department council.
References: Sl

e Patricia Melin, Oscar Castillo, (2023), Fuzzy Logic and Neural Networks for Hybrid for hybrid

intelligent system design, Springer.

e Denis Rothman, (2020), Artificial Intelligence by Example, 2nd Edition, Packt Publishing.

?ﬁlljer:se Selected topics in Advanced Robotics Laaiiall i g5 )l (A3 LA Cile s 5
gggse Prerequisite Credit hrs. Lec. C?I_Tjts SHUIE: Lab.
MSS705 MSS614 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (o gina

An advanced course was determined by the main
supervisor and selected based on the research point.
The course presents the most recent research topics
in Robot Vision and control from the perspective of
images, image enhancement, Feature extraction,
Image-based tracking, Imaging, camera models and
calibration, Pose Estimation, Motion analysis, etc.
visual serving, Stereovision, 3-D reconstruction.
The course content should be confirmed by the
department council.

Coyid) U8 G el ) alall (5 sinall waad o
Lo aSaill g g 1 A ) (B Adimal) e gum sall Caa)
6&\‘).\4&“6\‘)53“\} 63)}.\4}‘%}‘)}&“ J}L..\AL)A
“):\A\Sl‘ CJLQ.\} ‘):\}.aﬂ\j c)}.al\ L_Ar— ?“m‘ @:‘ﬂ\)
_Lﬂsié! LAJ 625‘)31\ d,-.d;-‘j M:uu.'a}l\ ﬁlﬂj} $b_).’L9.AMJ
Al 0 Ll sale ) diavaal) Ay 5 5 i el daadl)

ol ulae I (a8l (5 sina alaie) o o))

References:

el el

e Bartneck C., Belpaeme T., Eyssel F., Kanda T., Keijsers M., Sabanovié S., (2020), 1st ed.,
Human-Robot Interaction: An Introduction, Cambridge University Press.

e Changliu Liu, Te Tang, Hsien-Chung Lin, Masayoshi Tomizuka, (2019), 1st edition, Designing
Robot Behavior in Human-Robot Interactions, CRC Press.
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Course Selected Topics in Deep & . . o e e .

Title: Reinforcerrpl)ent Learniflg Smalls Greall bl (2 8 i e s 0
gggse Prerequisite Credit hrs. Lec. C?I_Tjts Sl Lab.
MSS706 3 2 2 0

Course Class Works Prac/Oral Final Exam Total Exam Time hr.
Grades 40 20 40 100 2

Course Content: o8l (5 gina

An advanced course was determined by the main

supervisor and selected based on the research point.
The course presents the most recent research topics
and in the field of Deep Learning from the Robotics,

Capdiall J8 (e Rall 13g] aladl (5 siaall apaat o
el ady Caad) Adadi e 5l b Las) alyg an )
e Grandl aladll Jlaa 4 Lisll Cile g gall Ganal
Gsine S Cang Al Akl g clig gl ) slaia

Autonomous Systems perspective. The course ool Galae J8 (e B 5l
content should be confirmed by the department

council.

References: ) )

e To Be set by the supervisor based on the area of research.
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