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ENG51 6101 Advanced Al-Enhanced Mechatronics 3(3-0 9)
Prerequisite: None

Study of the mechanisms and in-depth concepts behind integrating advanced
artificial intelligence technologies with intelligent mechatronic systems, to develop industrial
automation systems that are adaptive, capable of reasoning, and able to learn contextually.
Topics include the design of intelligent control systems, the application of machine learning, deep
learning, natural language processing (NLP), and generative Al at the industrial level, the
development of agent-based systems and multi-agent collaboration, analysis and creation of
explainable Al, and advanced applied topics in Al-for-Control, robotics, and embedded
intelligence.

Course outline

1. Vision of Al in Mechatronic Systems, Cyber-Physical Systems & Al (6 hours)
2. Data-Centric Mechatronics (3 hours)
3. Adaptive Learning-based Control, Explainable Al for Embedded Control (6 hours)
4. Advanced NLP in Robotics (3 hours)
5. Generative Al for Task Planning, Intelligent Agents & Decision Systems (6 hours)
6. Advanced Computer Vision for Control (3 hours)
7. Edge Al'in Industrial Systems (3 hours)
8. Simulation & Co-simulation Environments (3 hours)
9. Industry Case Study: Human-in-the-Loop Control (3 hours)

Course Learning Outcomes (CLOs)

1. Analyze and design complex intelligent architectures for Al-enhanced mechatronic systems.

2. Synthesize advanced Al technologies for application in control systems or embedded

platforms.

3. Evaluate the impacts of Al integration in real-world systems, including aspects of safety,
interpretability, and human acceptance.

4. Propose novel concepts or research directions in relevant advanced topics.

5. Extend course-based projects into research suitable for thesis development or academic

publication.
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ENG51 6102 Research Methodology 1(0-3-3)
Prerequisite: None

Principles and methodologies of research; exploration of current and emerging
research topics in engineering; research ethics; problem analysis for defining research questions;
writing research proposals; planning of research and experimentation; planning for data collection
and data analysis; interpretation and critical evaluation of results; writing academic reports and
scholarly articles.

Course outline

1. Introduction to Engineering Research and Types of Research (6 hours)
2. Problem Analysis and Research Topic Formulation (4 hours)
3. Writing Research Proposals and Designing Research Methodology (6 hours)
4. Experimental Planning, Data Collection, and Analytical Tools (4 hours)
5. Data Analysis, Interpretation, and Critical Evaluation (4 hours)
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6. Writing Research Reports and Academic Articles, Research Presentation (12 hours)

Course Learning Outcomes (CLOs)
1. Demonstrate the ability to write a research proposal and to effectively plan and design a research
study
2. Critically evaluate research results and effectively communicate findings through research
reports
and academic articles
3. Demonstrate awareness of academic integrity, including appropriate data usage, proper
citation
practices, and ethical considerations in research involving humans or animals.
4. Recognize and prevent data falsification or manipulation, and uphold responsibility towards

society and the environment



ENG51 6103 35n159eideudnnssuluwanimseiing 1(0-3-3)
(Innovative Research Methods in Mechatronics)
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ENG51 6103 Innovative Research Methods in Mechatronics 1(0-3-3)
Prerequisite: None

Advanced and innovative research approaches in the field of Mechatronics
Engineering. Interdisciplinary research methodologies, Emerging technologies for experimental
design, Applications of artificial intelligence in research, simulation techniques, and collaborative
research strategies. Design and conduct research using cutting-edge methods to address complex
engineering problems.

Course outline

1. Innovative and Interdisciplinary Research in Mechatronics (8 hours)
2. Emerging Technologies for Experimental Design and Research Planning (8 hours)
3. Applications of Artificial Intelligence in Mechatronics Research (8 hours)
4. Simulation Techniques and Computational Modeling in Engineering Research (4 hours)
5. Designing and Conducting Research to Address Complex Engineering Problems (8 hours)

Course Learning Outcomes (CLOs)

1. Apply interdisciplinary research methods to solve complex mechatronic engineering
problems.

2. Utilize advanced experimental and simulation techniques in mechatronic research
3. Integrate Al and emerging technologies into research methodologies.

4. Critically evaluate and synthesize new research methods for practical applications



ENG51 6104 nagnsmsideasislviluaiviuaaimsatind 1(0-3-3)
(Modern Research Strategies in Mechatronics)
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ENG51 6104 Modern Research Strategies in Mechatronics 1(0-3-3)
Prerequisite: None

Modern research approaches and methodologies in mechatronics engineering cover topics on
systematic literature review techniques, advanced data-driven research methods, qualitative and
quantitative research strategies, proposal writing for funding and publication, designing, conducting
and presenting high-impact research that is aligned with current industry and academic trends.

Course outline

1. Modern research approaches in mechatronics and systematic literature review (6 hours)
techniques
2. Advanced data-driven research methods and Qualitative and quantitative (10 hours)

research strategies in engineering
3. Research proposal writing for funding and publication and Designing and (10 hours)

Conducting high-impact research



4. Professional research presentation aligned with current industrial and (10 hours)
academic trends

Course Learning Outcomes (CLOs)
1. Conduct systematic literature reviews and critically evaluate existing research
2. Apply advanced data-driven methodologies in mechatronic research
3. Develop and implement both qualitative and quantitative research strategies.
4. Demonstrate proficiency in academic publishing and presenting research findings
effectively
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(Advanced Control Systems and Optimization)
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ENG51 6201 Advanced Control Systems and Optimization 3(3-0 9)
Prerequisite: None

Advanced control theories and modern optimization techniques are essential for
the development of intelligent mechatronic systems. Model-based and data-driven control
strategies, robust and adaptive control methods, and real-time optimization techniques.
Integration of Artificial Intelligence (Al) is explored to enhance control performance and system
autonomy. Special focus is placed on applications aligned with Industry 4.0, including smart
manufacturing and industrial automation. Research-oriented projects involving simulation and
implementation on embedded platforms and intelligent control systems.

Course outline

1. Introduction to Advanced Control Systems and Optimization Concepts (3 hours)
2. State-Space Modeling and Modern Control Theory: Controllability, (6 hours)
Observability, and Pole Placement
3. Robust Control Systems and Adaptive Control (6 hours)
4. Optimization Techniques (3 hours)
5. Data-Driven Control Methods and Introduction to Al in Control (6 hours)
6. Embedded Systems for Real-Time Control (3 hours)
7. Intelligent Control Systems in Industry 4.0 (6 hours)
8. Project Evaluations (3 hours)

Course Learning Outcomes (CLOs)

1. Analyze and apply advanced control theories (robust and adaptive control systems) for
intelligent mechatronic systems.

2. Design and implement model-based and data-driven control strategies. Integrate Artificial
Intelligence (Al) into control system design.

3. Evaluate and implement control solutions in the context of Industry 4.0 applications,
including smart manufacturing and industrial automation.

4. Conduct research-oriented projects involving simulation and implementation on embedded

platforms and intelligent control systems.
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(Adaptive Systems and Intelligent Control Techniques for Advanced
Mechatronics)
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ENG51 6202  Adaptive Systems and Intelligent Control Techniques for 3(3-0-9)
Advanced Mechatronics
Prerequisite: None
This course explores the foundational and advanced concepts of adaptive systems
and adaptive control, with an emphasis on Model Reference Adaptive Control (MRAC) and Model
Reference Adaptive System (MRAS). It includes the implementation and application of Digital Twin
technology for accurate modeling and analysis of real-world mechatronic systems. The course further
integrates Artificial Intelligence (Al) techniques, to enhance the adaptability and performance of intelligent
control systems and development in smart automation and next-generation industrial systems.
Course outline
. Model Reference Control Principles and Parameter Adjustment Rules (6 hours)
. Lyapunov-Based Analysis and Stability Assurance (6 hours)
. Comparison with MRAC and Practical Applications (6 hours)
)

. Design Techniques for Real-World Systems and Reference Model Selection (3 hours

1
2
3
a
5. Concept and Structure of Digital Twin and Its Applications in Mechatronic Systems (3 hours)
6. Software and Tools for Digital Twin Modeling (3 hours)
7. Utilizing Digital Twin Data for Real-Time Control Adaptation (3 hours)
8. Al Techniques for Adaptive Control (6 hours)

Course Learning Outcomes (CLOs)

1. Explain the principles and structure of adaptive control systems accurately.

2. Design and analyze MRAC and MRAS control systems appropriately for mechatronic
applications.

3. Develop and apply Digital Twin models for system simulation and real-world control.

4. Apply Al techniques to enhance the capabilities of adaptive control systems.

5. Analyze current research, apply conceptual knowledge, and effectively present advanced

control systems academically.
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ENG51 6203  Energy-Efficient Management System and Sustainable 3(3-0 9)
for Mechatronic Engineering
Prerequisite: None
Electrical System Design of Muti-Agent or Monitoring by SCADA, Planning of Smart
Grid systems with renewable energy such as Solar Power Systems, Wind Turbine Power Systems,
Energy Management Systems, Electric Vehicles connect to Power distribution grids, Energy Storage
Technologies in Power Systems and Electric Vehicles with Batteries Technology, Electrical Safety
and advanced Energy-Related Standards.

Course outline

1. Introduction to Electrical System Design of Muti-Agent or Monitoring by SCADA (6 hours)
2. Planning of Smart Grid systems with renewable energy (3 hours)
3. Solar Power Systems, Wind Turbine Power Systems (6 hours)
4. Energy Management Systems (3 hours)
5. Electric Vehicles connect to Power distribution grids (6 hours)

6. Energy Storage Technologies in Power Systems and Electric Vehicles with Batteries (6 hours)

Technology
7. Electrical Safety and advanced Energy-Related Standards (3 hours)
8. Project Evaluations (3 hours)

Course Learning Outcomes (CLOs)

1. Design an intelligent electrical system via multi-agent/SCADA in the distribution system into the
low-voltage system of the factory.

2. Design and implement smart grid planning strategies, renewable energy use, solar power
systems, wind power systems into the energy management system efficiently.

3. Able to connect electric vehicles to the power generation grid, energy storage technology in
the power system and electric vehicles with batteries, along with solving the most suitable
value problem with artificial intelligence techniques, including electrical safety, advanced
energy-related standards.

4. Conduct projects that focus on research related to finding the most suitable value for energy

management.
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(Industrial Communication Networks for Mechatronics)
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ENG51 6204 Industrial Communication Networks for Mechatronics 4(4-0-12)
Prerequisite: None

Advancements in Industrial Communication Networks and Future Directions;
Advanced Mathematics for Solving Specific Problems in Industrial Systems through
Communication Networks; Theories and Design of Industrial Communication Networks; Modeling
of Communication Systems using Computers; Emerging Communication Technologies of the
Future; Applications of Artificial Intelligence in Communication Systems.
Course Outline
1. Advancements in Industrial Communication Networks (8 hours)
2. Advanced Mathematics for Solving Specific Problems in Industrial Systems through (8 hours)

Communication Networks

3.Theories and Design of Industrial Communication Networks (8 hours)
4. Modeling of Communication Systems Using Computers (8 hours)
5. Emerging Communication Technologies of the Future (8 hours)
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6. Applications of Artificial Intelligence in Communication Systems (8 hours)

Course Learning Outcomes (CLOs)

1. Explain the principles of communication systems for industrial applications using advanced
mathematical concepts.

2. Understand the nature of industrial communication systems, leading to the calculation of
performance indicators of the system.

3. Analyze and solve industrial communication system problems using mathematical modeling

in computer simulations.
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ENG51 6205 5G fiun1suseulana Edge dusumamsaiing 4(4-0-12)
(5G and Edge Computing for Mechatronics)
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ENG51 6205 5G and Edge Computing for Mechatronics 4(4-0-12)
Prerequisite: None

The Importance of 5G and Edge Computing, the Architecture of 5G Networks for
Mechatronic Systems, the Principles of Edge Computing, Basic System Design and Practical
Industrial Applications, and Future Trends of 5G and Edge Computing
Course Outline

1. The Importance of 5G and Edge Computing (8 hours)
2. The Architecture of 5G Networks for Mechatronic Systems (8 hours)
3. Principles of Edge Computing (8 hours)
4. Basic System Design (8 hours)
5. Practical Industrial Applications (8 hours)
6. Future Trends of 5G and Edge Computing (8 hours)
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Course Learning Outcomes (CLOs)

1. Explain the principles of 5G and Edge Computing, including the architecture of 5G networks.

2. Understand the nature of 5G wireless communication systems and Edge Computing, as well
as their system performance.

3. Analyze and solve problems related to 5G wireless communication systems and Edge
Computing.

n-19
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ENG51 6206 Visual Intelligence for Mechatronic Systems 3(3-0-9)
Prerequisite: None

Advanced vision-based Al technologies and applications in mechatronic systems,
state-of-the-art methods in visual perception, scene understanding, visual servoing, and
multimodal learning, real-time vision processing for control, robotics, and intelligent automation,
analysis on latest research topics, integration of visual Al into embedded and cyber-physical

systems for autonomous decision-making.



Course Outline

1. Introduction: Al Vision in Mechatronics and Modern Vision Processing Architectures (6 hours)
2. Deep Learning for Visual Perception (3 hours)
3. Visual Servoing (6 hours)
4. Visual SLAM: Mapping and Navigation with Vision (3 hours)
5. Applications in Industrial Robotics (6 hours)
6. Vision Systems with Natural Language, Embedded Systems, and Edge Vision (6 hours)
7. Generative Vision Models (3 hours)
Safety and Explainability in Vision-Based Al Systems (3 hours)

Course Learning Outcomes (CLOs)

1. Apply visual perception techniques to mechatronic and intelligent robotic systems.

2. Design embedded systems utilizing Al for real-time image processing.

3. Integrate visual data with language or other sensors for autonomous decision-making.

4. Evaluate safety and reliability aspects of vision-based Al systems in control applications.

5. Develop prototypes or novel research ideas in vision processing combined with Al.
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(Sustainable Intelligent System Management)
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ENG51 6207 Sustainable Intelligent Systemn Management 3(3-0-9)
Prerequisite: None

This course emphasizes the integration of intelligent system technologies with
innovation management concepts. It explores strategic planning, the assessment of intelligent
technology potential, and the design of energy-efficient automation systems that optimize
resource utilization and reduce environmental impact. The course links innovation governance at
both organizational and smart industry levels, enabling students to evaluate technological value,
design systems aligned with circular economy principles, and create innovation-driven value in
manufacturing. Students will also assess the feasibility of technologies and business models

compatible with sustainable smart industry development.



Course Learning Outcomes (CLOs)
1. Analyze and evaluate the potential of intelligent system technologies in the

contextofsustainable industrial development.

2. Design readiness strategies for the implementation of Al and energy-efficient automation
systems that promote effective resource utilization.

3. Apply innovation management principles to drive smart industrial systems.
Evaluate technological value and the feasibility of smart business models aligned with
sustainability.

4. Develop design approaches for production systems that address circular economy goals and

enable tangible innovation-driven value creation.
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Course: ENG51 6208 Integration of IoTs in Smart Manufacturing

Prerequisite: None

3(3-0-9)

This course focuses on the study and application of Internet of Things (IoTs)

technology in Smart Manufacturing. It covers the design and development of IoT sensors and

devices, connectivity and communication between devices, data collection and analysis from

loTs, integration of loT systems with manufacturing, quality control and process monitoring to

enhance the efficiency and sustainability of manufacturing processes. Additionally, it includes the

use of loT data for strategic decision-making and predictive maintenance.

Course outline

1.) Introduction to loTs and Smart Manufacturing
® Definition and importance of oTs
®  Smart Manufacturing and Industry 4.0
® Basic technologies of loTs
2.) Integration of loTs in Manufacturing
® Design and development of IoT sensors and devices
® (Connectivity and communication between IoT devices

® Data collection and analysis from loTs

3.) Application of loTs in Manufacturing
® FEnhancing production efficiency with IoTs
® Predictive maintenance

® Quality control and process monitoring

4.) Development of Projects Using loTs to Solve Manufacturing Problems

Course Learning Outcomes (CLOs)

(3 hours)

(12 hours)

(12 hours)

(9 hours)

1. Analyze data collection, communication, management, and presentation through information

systems to support decision-making in industrial manufacturing processes.

2. Design loT systems for manufacturing.

3. Apply loTs to enhance production efficiency and predictive maintenance.
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Course: ENG51 6209 Integration of loTs in Smart Manufacturing 3(3-0-9)
Prerequisite: None

This course focuses on the study and application of smart robotics and automation
technologies in the industry. It covers the design of automation systems and the development of
robots, robot control and programming, artificial intelligence (Al) and machine learning for
robotics, environmental perception, path planning, and autonomous decision-making. The course
also includes the application of robotics and automation in manufacturing, quality control, and
process inspection to enhance smart manufacturing efficiency in the industrial sector.
Course Outline

1.) Introduction to Robotics and Automation (3 hours)
® Definition and importance of robotics and automation
® Basic technologies of robotics and automation

®  Smart Manufacturing and Industry 4.0

2.) Design and Development of Robots (6 hours)
® Design and development of robot sensors and devices
® Robot control and programming

® ntegration of robots with manufacturing processes

3.) Integration of Automation Systems in Manufacturing (6 hours)
® Design and development of automation systems
® Connectivity and communication between automation devices

® Data collection and analysis from automation systems

4.) Application of Al and Machine Learning in Robot Control (9 hours)
® FEnvironmental perception
® Path planning

® Autonomous decision-making

5.) Application of Robotics and Automation in Manufacturing (6 hours)

® Enhancing production efficiency with robotics and automation

n-27



® Quality control and process monitoring
6. ) Development of Projects Using Robotics and Automation to Solve (6 hours)

Manufacturing Problems

Course Learning Outcomes (CLOs)

1. Analyze and evaluate advanced robotics and automation technologies.

2. Design intelligent robotic systems that can adapt and respond to their environment.
3. Apply Al and Machine Learning to robot control.

4. Apply robotics and automation to enhance production efficiency.
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ENG51 6301 Doctoral Special Problems in Mechatronics Engineering | 4(4-0-12)
Prerequisite: None
Study of special problems in advanced mechatronics engineering case studies by

using advanced approaches to solve the problems or experiments.

Course Learning Outcomes (CLOs)
1. Analysis knowledge from data.
2. Search, collect, classify data and information for identifying engineering problems.

3. Link concepts among engineering problems, theories, and practice.
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ENG51 6302 Doctoral Special Problems in Mechatronics Engineering II 4(4-0-12)
Prerequisite: Doctoral Special Problems in Mechatronics Engineering |
Study of special problems in advanced mechatronics engineering case studies by

using advanced approaches to solve the problems or experiments.

Course Learning Outcomes (CLOs)
1. Analysis knowledge from data.
2. Search, collect, classify data and information for identifying engineering problems.

3. Link concepts among engineering problems, theories, and practice.
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ENG51 6303 Doctoral Selected Topics in Mechatronics Engineering | 4(4-0-12)
Condition:  Consent of the School

Advanced work leading to the analysis and solving in mechatronics engineering
related problems, under the guidance and supervision of teaching staff or inviting staff; term paper

and presentation are required.

Course Learning Outcomes (CLOs)

1. Specify, design, conduct experiments, analyze data, and explain results related to the
desired outcome.

2. ldentify procedures and plan advanced research or create innovation from problem
identification, data collection, analysis and drawing conclusions by selecting and using
appropriate tools and techniques.

3. Synthesize engineering knowledge in specific areas from related information, problems,
concepts, and theories.

4. Develop new knowledge, innovation, and research topics in mechatronics engineering for

publication.

5. Review article journals for publication.
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ENG51 6304 Industry-University Collaborative of 6 credits
Mechatronics Engineering Research
Prerequisite : Consent of the school
Students must work full-time or part-time at a workplace approved by the
company and the school with the minimum working hours of 144 h per semester. Students must
do research on mechatronics engineering at work, the company and the school specify a topic of
the project. This is a joint research between the company and the school. The assessments of
the project are based on working hours, performance evaluation, project reports that are in the

form of prescribed oral presentation and reporting documents.



Course Learning Outcomes (CLOs)

1. Bring knowledge, skills, techniques and tools in engineering to use in the real workplace.
2. Have research procedure based on real problems in the industry.

3. Analyze and identify engineering problems.

4. Communicate effectively both in speaking and writing.

5. Successfully apply or solve engineering problems.

6. Understand and be responsible for professional and ethical work.
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ENG51 6401 Doctoral Cooperative Education 8 Credits
Condition:  Consent of the School

The student is required to work as a full time staff at a firm for a period of one
trimester. The student selects the firm by the consent of the school. An engineering project will
be selected and implemented by the student, who is responsible for both the full time job and
the engineering project assignments. The project must be agreed upon by the graduate
cooperative education advisor and the firm. Upon the complete of the project, the student will
submit a report and give a presentation to the firm and the academic staff for evaluation. The

performance of the student is evaluated by both academic advisor and job supervisor

Course Learning Outcomes (CLOs)

1. Apply process design and manufacturing knowledge for working in the factory.
2. Select the appropriate technology to solve the problems.

3. Integrated knowledge for manufacturing
a

Be responsible for teams and engineering work.
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ENG51 6901 Doctoral Thesis Scheme 1.1 60 credits
Condition: Consent of the School

This course focuses on conducting research to prepare a master's thesis, which is
a key requirement for completing a master's degree. Students will develop essential research
skills, including identifying research problems, designing research studies, collecting and analyzing

data, as well as summarizing and presenting research findings in the form of a thesis.



Course Learning Outcomes (CLOs)

1

. Analyze concepts, theories, and related research to design research that addresses problems
in mechanical and process system engineering.
. Evaluate and build upon existing research to develop new outcomes that can be applied to

current issues in mechanical and process system engineering.

. Apply appropriate tools and techniques to conduct research in mechanical and process system

engineering effectively.

. Write a complete research report and present research findings to academic conferences or
relevant committees.

. Collaborate effectively with research stakeholders or thesis advisors, and demonstrate

leadership in planning and executing research projects.

6. Demonstrate academic integrity and ethics in conducting research.

7. Exhibit a commitment to lifelong learning and independent research to stay updated with new

technologies and knowledge.
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ENG51 6903 Doctoral Thesis Scheme 2.2 60
credits
Condition:  Consent of the School

This course focuses on conducting research to prepare a master's thesis, which is
a key requirement for completing a master's degree. Students will develop essential research
skills, including identifying research problems, designing research studies, collecting and analyzing

data, as well as summarizing and presenting research findings in the form of a thesis.

Course Learning Outcomes (CLOs)

1. Analyze concepts, theories, and related research to design research that addresses problems
in mechanical and process system engineering.

2. Evaluate and build upon existing research to develop new outcomes that can be applied to
current issues in mechanical and process system engineering.

3. Apply appropriate tools and techniques to conduct research in mechanical and process system
engineering effectively.

4. Write a complete research report and present research findings to academic conferences or
relevant committees.

5. Collaborate effectively with research stakeholders or thesis advisors, and demonstrate
leadership in planning and executing research projects.

6. Demonstrate academic integrity and ethics in conducting research.

7. Exhibit a commitment to lifelong learning and independent research to stay updated with new

technologies and knowledge.



