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Course Assessment
Assessment Scheme 

  Mid-term Exam        = 20

 Quiz(zes)          = 10

 Assignments         = 10

 Project Progress            = 20

 Project Final Submission/Discussions  = 40

                            100

Textbooks
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1. S. Cetinkunt, Mechatronics with Experiments, John Wiley & Sons, 2015

2. VDI 2206:2004-06: Design methodology for mechatronic systems, 2004



Review

3

1. Where do you think Mechatronics started

2. Why did Mechatronics appear as a field? What problem was it trying to solve?



Yaskawa History

https://www.yaskawa-global.com/company/profile/c_movie

https://www.yaskawa-global.com/company/profile/c_movie
https://www.yaskawa-global.com/company/profile/c_movie
https://www.yaskawa-global.com/company/profile/c_movie


Mechatronics Background

Robotics is a subset of 

mechatronics – all robots are 

mechatronic systems. 



Mechatronics Background

The synergistic combination 

of mechanical, electrical, and 

computer engineering. 

Emphasis on:

1. integrated design for 

products

2. Optimal combination of 

appropriate technologies 



Mechatronics Compatibility/incompatibility

Incompatibility: inability of 

equipment, computer programs, 

etc. to be used in combination



Mechatronics Background



Mechatronics Compatibility/incompatibility

Incompatibility: inability of equipment, computer 

programs, etc. to be used in combination



Mechatronics Background

❑ The word has taken a wider meaning since then,  and is now widely used as a 

technical jargon word to describe a philosophical idea in engineering technology, 

more than technology itself.

 

 Mechatronic is multifaced engineering context to enhance engineers’ 

decision making skills and problem solving of engineering problems.

❑ Mechatronics is a design philosophy: an integrating approach to engineering design.

❑ Mechatronics is a methodology used for the optimal design of inter-disciplinary products.

❑ Through a mechanism of simulating interdisciplinary ideas and techniques, 

mechatronics provides ideal conditions to raise the synergy, thereby providing a 

catalytic effect for the new solutions to technically complex situations. 



Mechatronics System Components



Mechatronic System Design Key Elements



Industry Revolution and Automation

Cyber-Physical Systems (CPS) 

are integrations of computation, 

networking, and physical 

processes. Embedded computers 

and networks monitor and control 

the physical processes, with 

feedback loops 

where physical processes affect 

computations and vice versa.

CPS integrates computation (software, AI algorithms, communication, control) directly with physical 

components (sensors, actuators, machinery), allowing them to interact seamlessly in real-time.



i³-Mechatronics (Smart Factory)

i³-Mechatronics solution concept Yaskawa combines classical mechatronics, information and communication 

technology with digital solutions such as artificial intelligence, big data and the Internet of Things. “i3” stands 

for integrated – intelligent – innovative.

About i³
integrated
Our smart products enable our customers to collect and analyze real-time 
data. It is open for further data analysis with specialized Big Data analysis and 
AI learning. Information on predictive maintenance and machine wear can be 
gathered directly from our components.

intelligent
Big Data analysis and AI learning of collected production site data offer new 
ways of optimizing the production process at every level.

innovative
Insights gained from the in-depth analysis of the production process are used 
to trigger improvements and create a better level of production and quality.



i³-Mechatronics (Smart Factory)

The smart factory is 

defined as a factory where 

physical production 

processes and operations 

are combined with digital 

technology, smart  comput

ing and big data to create a 

more opportunistic system 

for companies that focus on 

manufacturing and supply 

chain management.



i³-Mechatronics



Digital Twins

Digital Twins are virtual representations (simulations) of 

physical assets or systems, continuously updated with real-

time data collected from sensors on the physical 

counterparts. They provide insights, predictions, and enable 

testing scenarios without physically affecting the real system.



Recommended Videos to Watch

1- What is a Functional Design specifications (FDS)

https://www.youtube.com/watch?v=hV9--cPj_zA

2-  How to build successful machines/robotics (Doctor Robocon)

https://www.youtube.com/watch?v=8qs7eBIthyo

3- Inside the lab: How does Atlas work?

https://www.youtube.com/watch?v=EezdinoG4mk

4- Microlecture - How to Engineer a Robotic Dog

https://www.youtube.com/watch?v=6igNZiVtbxU
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Tips for Building Successful Machines through Proper 

Structure Connections and Interfaces

❑ Any machine usually has many limitations for example limitations of: weight, 

size, energy, etc. So, you have to design and develop a very light, strong, 

very low friction machine, etc. 

❑ There are five key elements for efficient machine design: 

1. shaft bearings and supports, 

2. material and its cross section geometry, 

3. machine rigidity, 

4. degrees of freedoms and mobility, 

5. power, and correct actuator sizing configurations.



How to Engineer a bio-inspired Robot

https://www.youtube.com/watch?v=6igNZiVtbxU



Mechatronic Systems Design 

Process

21



Mechatronics Design Process
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Example on Identify Problem & Need

 Example

 Need: Drivers have difficulty seeing obstructions in all directions

 Objective: design system to avoid accidents
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Example Needs Hierarchy
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Requirements Specification

➢ Identifies requirements design must satisfy for success

1.  Marketing requirements

▪ Customer needs

2.  Engineering requirements

▪ Applies to technical aspects

▪ Performance requirements



Methods for the Development of Mechatronic systems

❑ What are the process for developing a new 

washing machine?

❑ Introductory Task



1- Pre-Study Process

❑ Basics and Analysis: What is it all about?

❑ Developing a washing machine which uses a technique similar to hand 

washing. A product like this would be more efficient and ecological and 

would operate on lower costs. 

❑ Study of Product, Customer and Market

❑ Product: A washing machine with this technology has the potential to be 

faster, more ecological and more cost-efficient.

❑ Market: In a first step, the target market is Europe, Northern America 

and Japan, households in well-developed countries.

❑ Customer: In the beginning, the target group will consist of people with 

average (or high) income and a sense for cost-efficiency and ecology. 



2- Requirement List



3- Functional Structure Diagram

A Function Structure Diagrams (FSD) is a graphical representation of the functions a product performs on its 

inputs and outputs.

http://npdbook.com/wp-content/uploads/2009/12/black_box_model1.gif


3- Functional Structure Diagram



3- Functional Structure Diagram



3- Functional Structure

Dryer



4- Finding solutions for each function

❑ Solutions for each function trough creativity methods

➢ Brainstorming 

✓ Generate many ideas

✓ Evaluate against PDS (product design specifications)

✓ Select one to engineer

❑ Filtering the solutions

➢ Ask the following questions for every solution:

❖ Does the solution satisfy all the requirements of the requirement 

list?

❖ Is there a solution which is really similar or even the same? Condense 

them to one solution.

➢ If there are more than 6 solutions left for one function:

❑ Evaluate the worst and get rid of it.



5- Evaluating the best solution



6- Layout Process





TRIZ: Structured Innovation for 

Better Solutions

37



Ideation

Mind Mapping (Brain Storming)

Triz (theory of inventive problem solving) 

1- (40 Design Principles)

2- TRIZ Contradiction Matrix



Ideation
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Questions

Thank You
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