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ECSE Design

Course outline

Module 1: Introduction to Design Thinking

Module 1: Introduction to Design Thinking is an introductory course for ECSE Design students. It
provides an overview of the design thinking process, including the fundamentals of user-centered design,
the importance of empathy, and the iterative process of prototyping and testing. Students will gain an
understanding of the design process and how to apply it to their own projects.

Lessons

« Understanding the Design Thinking Process

- Exploring the Design Thinking Mindset

- Identifying and Defining Problems

- Generating Creative Solutions

- Prototyping and Testing Solutions

- Implementing and Refining Solutions

 Applying Design Thinking to Real-World Problems

- Understanding the Role of Empathy in Design Thinking
- Exploring the Benefits of Design Thinking

- Developing a Design Thinking Toolkit

After completing this module, students will be able to:

- Understand the fundamentals of the Design Thinking process and its application to problem solving.

- Develop an understanding of the user-centered design process and its importance in creating
successful products and services.

- Learn how to identify user needs and develop creative solutions to meet those needs.

- Develop the skills to effectively collaborate with others to create innovative solutions.

Module 2: Design Processes and Methodologies

Module 2 of the ECSE Design course focuses on the design processes and methodologies used in
engineering design. Students will learn about the different stages of the design process, from problem
definition to product development, and the various tools and technigues used to create successful
designs. They will also explore the different types of design methodologies, such as user-centered
design, agile development, and lean manufacturing, and how they can be applied to create innovative
products.

Lessons



« Introduction to Design Thinking
« User-Centered Design

- Design Research Methods

- Design Ideation and Prototyping
- Design for Sustainability

- Design for Accessibility

- Design for Usability

- Design for Interaction

- Design for Interoperability

- Design for Security

- Design for Scalability

- Design for Reliability

+ Design for Quality

- Design for Testability

- Design for Maintenance

- Design for Reuse

- Design for Manufacturability

- Design for Cost Reduction

- Design for Risk Management

- Design for Verification and Validation

After completing this module, students will be able to:

- Understand the fundamentals of design processes and methodologies.

- Develop an understanding of the different stages of the design process.

- Develop the ability to apply design processes and methodologies to solve complex problems.
- Develop the ability to evaluate and critique design solutions.

Module 3: Design for Human Factors

Module 3 of the ECSE Design course focuses on the design of products and systems with the user in
mind. It covers topics such as ergonomics, usability, and user experience, as well as the principles of
human-computer interaction. Students will learn how to design products and systems that are intuitive,
efficient, and effective for the user.

Lessons

« Introduction to Human Factors in Design
- Cognitive Ergonomics

- Usability Testing

- Designing for Accessibility

- Designing for Cultural Diversity

- Designing for User Experience

- Designing for Safety

- Designing for Comfort

- Designing for Interaction

- Designing for Visual Perception



After completing this module, students will be able to:

- Understand the importance of human factors in the design process.

- ldentify and analyze user needs and preferences.

- Develop user-centered design solutions that are ergonomic, safe, and effective.
- Utilize user feedback to refine and improve design solutions.

Module 4: Design for Sustainability

Module 4 of the ECSE Design course focuses on the principles of sustainable design. Students will learn
how to design products and systems that are environmentally friendly, economically viable, and socially
responsible. They will explore topics such as life cycle assessment, green materials, and energy
efficiency. Through hands-on activities, students will gain an understanding of how to create sustainable
designs that meet the needs of the present without compromising the ability of future generations to meet
their own needs.

Lessons

- Sustainable Design Principles

- Life Cycle Analysis

- Sustainable Materials and Manufacturing Processes
- Design for Disassembly and Recycling

- Design for Energy Efficiency

- Design for Water Efficiency

- Design for Social Equity

- Sustainable Design Strategies

- Sustainable Design Tools and Techniques

Sustainable Design Case Studies

After completing this module, students will be able to:

- Understand the principles of sustainable design and how to apply them to engineering projects.

- Develop an understanding of the environmental, economic, and social impacts of engineering
design decisions.

- Analyze the life cycle of a product and identify opportunities for improvement.

- Develop strategies for reducing the environmental footprint of engineering projects.

Module 5: Design for Manufacturing

Module 5: Design for Manufacturing is a module in the ECSE Design course that focuses on the
principles and techniques of designing products for efficient and cost-effective manufacturing. It covers
topics such as design for assembly, design for manufacturability, and design for cost. Students will learn
how to apply these principles to their own designs and develop an understanding of the importance of
design for manufacturing in the product development process.

Lessons



« Introduction to Design for Manufacturing
- Design for Assembly

- Design for Cost Reduction

- Design for Reliability

- Design for Quality

- Design for Testability

- Design for Manufacturability

- Design for Serviceability

- Design for Environmental Impact

- Design for Safety

After completing this module, students will be able to:

- Understand the principles of design for manufacturing and assembly (DFMA)

- Analyze the design of a product for manufacturability and assembly

- Identify and apply appropriate design for manufacturing and assembly techniques
- Develop a design for manufacturing and assembly plan for a product

Module 6: Design for Quality

Module 6: Design for Quality is a module in the ECSE Design course that focuses on the principles and
techniques of quality assurance and control. It covers topics such as quality management systems,
process control, reliability engineering, and statistical process control. Students will learn how to design
and implement quality assurance and control systems to ensure the highest quality products and
services.

Lessons

+ Quality Assurance and Quality Control
+ Quality Management Systems

- Design of Experiments

- Reliability Engineering

- Statistical Process Control

- Six Sigma Methodology

+ Root Cause Analysis

- Lean Manufacturing

- Total Quality Management

+ Quality by Design

After completing this module, students will be able to:

- Understand the principles of quality assurance and quality control in engineering design.

- Develop strategies to ensure the quality of a design throughout the design process.

- Identify and apply appropriate quality assurance and quality control techniques.

- Analyze and evaluate the effectiveness of quality assurance and quality control techniques.



Module 7: Design for Reliability

Module 7: Design for Reliability is a course in the ECSE Design program that focuses on the principles
and techniques of designing reliable systems. It covers topics such as fault-tolerance, redundancy, and
system reliability analysis. Students will learn how to design systems that are robust and reliable, and
how to evaluate and improve the reliability of existing systems.

Lessons

- Introduction to Reliability Engineering

- Design for Reliability Methodologies

- Failure Modes and Effects Analysis

- Reliability Testing and Analysis

- Design of Experiments for Reliability

- Reliability Growth Modeling

- Reliability-Centered Maintenance

- Design for Manufacturability and Reliability
- Design for Environment and Reliability

- Design for Safety and Reliability

After completing this module, students will be able to:

- Understand the principles of reliability engineering and how to apply them to the design of a product.
- ldentify and analyze potential failure modes and their effects on the system.

- Develop strategies to reduce the likelihood of failure and improve the reliability of the system.

- Utilize reliability testing methods to evaluate the reliability of the system.

Module 8: Design for Safety

Module 8: Design for Safety is a module in the ECSE Design course that focuses on the principles of
safety engineering and how to apply them to the design of products and systems. It covers topics such as
hazard identification, risk assessment, safety standards, and safety-critical design. The module also
provides an introduction to the use of safety-related tools and techniques, such as fault tree analysis and
failure modes and effects analysis.

Lessons

- Introduction to Safety Engineering

+ Risk Analysis and Management

- Human Factors in Safety Design

- Safety-Critical Systems Design

- Safety Standards and Regulations

- Safety Verification and Validation

- Safety-Critical Software Design

- Safety-Critical System Testing

- Safety-Critical System Maintenance

- Safety-Critical System Documentation



After completing this module, students will be able to:

- Understand the importance of safety in the design process.

- Identify potential hazards and risks associated with a design.
- Develop strategies to mitigate risks and hazards.

- Implement safety measures into the design process.

Module 9: Design for Security

Module 9: Design for Security is a module in the ECSE Design course that focuses on the principles and
practices of designing secure systems. It covers topics such as authentication, authorization,
cryptography, and secure coding. Students will learn how to identify and mitigate security risks in their
designs, as well as how to develop secure systems that are resilient to attack.

Lessons

« Introduction to Security Design Principles
« Security Requirements Analysis

- Secure System Architecture Design

+ Secure Network Design

- Secure Database Design

 Secure Software Design

« Secure Protocol Design

- Secure Authentication and Authorization
- Secure Data Storage and Encryption

- Secure System Testing and Evaluation

After completing this module, students will be able to:

- Understand the principles of secure system design and the importance of security in the design
process.

- ldentify and assess security threats and vulnerabilities in a system design.

- Develop secure system designs that incorporate appropriate security measures.

- Implement secure system designs using appropriate security tools and techniques.

Module 10: Design for Cost

Module 10: Design for Cost is a module in the ECSE Design course that focuses on the cost-
effectiveness of design decisions. It covers topics such as cost estimation, cost optimization, and cost-
benefit analysis. Students will learn how to identify and analyze cost drivers, develop cost models, and
use cost-benefit analysis to make informed design decisions.

Lessons

- Cost Estimation Techniques
- Cost Reduction Strategies
- Cost-Benefit Analysis



- Life Cycle Cost Analysis

- Cost Modeling

- Cost Optimization

- Cost Control

« Cost Analysis Tools

- Cost-Effectiveness Analysis
- Cost-Sensitive Design

After completing this module, students will be able to:

- Understand the cost implications of design decisions and how to optimize cost while maintaining
quality.

- Develop strategies to reduce costs while meeting customer requirements.

- Analyze the cost of materials, labor, and other resources used in the design process.

- Ultilize cost estimation techniques to accurately predict the cost of a design.

Module 11: Design for Testability

Module 11: Design for Testability is a module in the ECSE Design course that focuses on the principles
and techniques of designing systems for testability. It covers topics such as testability metrics, fault
models, fault isolation, and testability analysis. The module also covers the use of testability techniques in
the design of digital systems, analog systems, and embedded systems.

Lessons

Introduction to Testability Design Principles
- Designing for Testability in Embedded Systems
- Automated Testing Strategies

Debugging Techniques for Testability
- Fault Tolerance and Reliability
- Designing for Testability in Digital Circuits

Designing for Testability in Analog Circuits
- Designing for Testability in Software
- Designing for Testability in System-on-Chip (SoC)

Designing for Testability in Networked Systems
- Designing for Testability in Automotive Systems
- Designing for Testability in Aerospace Systems

Designing for Testability in Medical Devices
- Designing for Testability in Industrial Automation
- Designing for Testability in Robotics

Designing for Testability in 10T Systems
- Designing for Testability in Wearable Devices
- Designing for Testability in Augmented Reality Systems

Designing for Testability in Virtual Reality Systems
- Designing for Testability in Autonomous Systems

After completing this module, students will be able to:



- Understand the importance of testability in the design process.

- Identify and apply techniques to improve testability.

- Develop strategies to reduce the cost of testing.

- Ultilize testability metrics to evaluate the effectiveness of design decisions.

Module 12: Design for Usability

Module 12: Design for Usability is a course module in ECSE Design that focuses on the principles and
techniques of designing user-friendly products and services. It covers topics such as user-centered
design, usability testing, and accessibility. Students will learn how to create products and services that
are easy to use, intuitive, and accessible to all users.

Lessons

« Introduction to Usability Design Principles
- User Interface Design for Usability
- Designing for Accessibility

- Designing for Mobile Platforms

- Designing for Internationalization

- Designing for User Experience

- Designing for Interaction

- Designing for Security

- Designing for Performance

- Designing for Scalability

- Designing for Maintainability

- Designing for Testability

- Designing for Reliability

- Designing for Supportability

- Designing for Usability Evaluation

After completing this module, students will be able to:
- Understand the principles of usability and user experience design.
- Develop user-centered design solutions that meet user needs.

- Analyze user feedback and use it to inform design decisions.
- Create user interface designs that are intuitive and easy to use.

Module 13: Design for Interoperability

Module 13: Design for Interoperability is a course module in ECSE Design that focuses on the principles
and techniques of designing systems that are interoperable with other systems. It covers topics such as
standards, protocols, and architectures for interoperability, as well as the challenges and opportunities
associated with designing for interoperability.

Lessons

« Introduction to Interoperability Standards



- Designing for Interoperability in Embedded Systems
- Interoperability Protocols and Frameworks

- Designing for Interoperability in Networked Systems
- Security and Interoperability

- Testing and Verifying Interoperability

- Designing for Interoperability in the Internet of Things
- Interoperability in Automotive Systems

- Interoperability in Industrial Automation

- Interoperability in Healthcare Systems

After completing this module, students will be able to:

- Understand the principles of interoperability and how to apply them to the design of systems.
- Develop strategies for designing systems that are compatible with other systems.

- Identify potential interoperability issues and develop solutions to address them.

- Utilize best practices for designing systems that are interoperable with other systems.

Module 14: Design for Scalability

Module 14: Design for Scalability is a course in the ECSE Design program that focuses on the principles
and techniques of designing systems that can scale up or down to meet changing needs. Students will
learn how to design systems that are resilient, secure, and cost-effective, as well as how to identify and
address scalability issues. The module will also cover topics such as cloud computing, distributed
systems, and performance optimization.

Lessons

« Introduction to Scalability

- Designing for Performance

- Designing for Availability

- Designing for Fault Tolerance

- Designing for Security

- Designing for Cost Efficiency

- Designing for Scalability in the Cloud

- Designing for Scalability in Distributed Systems
- Designing for Scalability in Mobile Applications
- Designing for Scalability in Big Data Applications
- Designing for Scalability in 10T Applications

- Designing for Scalability in Web Applications

- Design Patterns for Scalability

- Best Practices for Scalability

After completing this module, students will be able to:

- Understand the principles of scalability and how to apply them to design solutions.
- Identify and analyze scalability issues in existing systems.
- Develop strategies for designing scalable systems.



- Ultilize best practices for designing and implementing scalable systems.

Module 15: Design for Adaptability

Module 15: Design for Adaptability is a module in the ECSE Design course that focuses on the principles
of designing for adaptability. It covers topics such as the importance of designing for adaptability, the
different types of adaptability, and how to design for adaptability. It also covers the different methods of
testing for adaptability and how to use them. Finally, it provides an overview of the different tools and
techniques used to design for adaptability.

Lessons

- Understanding the Principles of Adaptive Design

- Designing for Accessibility and Usability

- Designing for Responsive Web and Mobile Applications
- Designing for Cross-Platform Compatibility

- Designing for Scalability and Performance

- Designing for Internationalization and Localization

- Designing for Automation and Automated Testing

- Designing for Security and Privacy

- Designing for Maintainability and Extensibility

- Designing for Reusability and Modularity

After completing this module, students will be able to:

- Understand the principles of designing for adaptability and how to apply them to their own projects.
- Develop an understanding of the different types of adaptability and how to design for them.

- Learn how to use different tools and techniques to create adaptable designs.

- Develop the ability to identify and address potential issues related to adaptability in their designs.

Module 16: Design for Maintainability

Module 16: Design for Maintainability is a module in the ECSE Design course that focuses on the
principles and techniques of designing systems for maintainability. It covers topics such as fault
diagnosis, fault tolerance, and reliability engineering. The module also covers the use of software tools to
aid in the design process.

Lessons

« Introduction to Design for Maintainability
- Design for Reliability and Maintainability
- Design for Serviceability

- Design for Testability

- Design for Fault Tolerance

- Design for Modularity

- Design for Reusability

- Design for Diagnostics



- Design for Safety

- Design for Security

- Design for Documentation

- Design for Traceability

- Design for Configuration Management
- Design for Change Management

- Design for Supportability

- Design for Obsolescence Management

After completing this module, students will be able to:

+ Understand the importance of maintainability in the design process.
- Identify and apply techniques to improve maintainability.

- Analyze the impact of maintainability on the design process.

- Develop strategies to ensure maintainability of the design.

Module 17: Design for Reusability

Module 17: Design for Reusability is a module in the ECSE Design course that focuses on the principles
and techniques of designing for reusability. It covers topics such as the importance of reusability, the
design process, and the various methods of designing for reusability. The module also provides students
with the opportunity to apply their knowledge to real-world problems.

Lessons

« Introduction to Reusability in Design

- Design Patterns for Reusability

- Design for Testability and Reusability

- Design for Maintainability and Reusability

- Design for Reusability in Software Engineering
- Design for Reusability in Embedded Systems
- Design for Reusability in Robotics

- Design for Reusability in Automotive Systems
- Design for Reusability in Networking

- Design for Reusability in Cloud Computing

- Design for Reusability in Mobile Applications
- Design for Reusability in Web Applications

- Design for Reusability in Machine Learning

- Design for Reusability in Artificial Intelligence
- Design for Reusability in Internet of Things

- Design for Reusability in Big Data

- Design for Reusability in Cyber Security

- Design for Reusability in Augmented Reality
- Design for Reusability in Virtual Reality

- Design for Reusability in Blockchain

After completing this module, students will be able to:



+ Understand the principles of reusability and how to apply them to the design of a product.
- Develop strategies for designing products that are easy to use and maintain.

- ldentify and apply appropriate design patterns to create reusable components.

- Utilize software engineering techniques to create modular and extensible designs.

Module 18: Design for Portability

Module 18: Design for Portability is a course in the ECSE Design program that focuses on the principles
and techniques of designing for portability. It covers topics such as the design of portable systems, the
use of mobile technologies, and the development of applications for mobile devices. The module also
covers the design of user interfaces for mobile devices, as well as the development of mobile
applications.

Lessons

« Introduction to Design for Portability

- Designing for Cross-Platform Compatibility
- Designing for Interoperability

- Designing for Reusability

- Designing for Scalability

- Designing for Security

- Designing for Performance

- Designing for Maintainability

- Designing for Testability

- Designing for Reliability

- Designing for Usability

- Designing for Accessibility

- Designing for Internationalization

- Designing for Localization

- Designing for Extensibility

- Designing for Adaptability

- Designing for Compatibility

- Designing for Portability Best Practices

After completing this module, students will be able to:

- Understand the principles of portability and how to apply them to the design of electronic systems.
- Develop strategies for designing systems that are compatible with multiple platforms.

- Utilize techniques to ensure that the design is robust and reliable across different platforms.

- Identify and address potential issues related to portability in the design process.

Module 19: Design for Interchangeability

Module 19: Design for Interchangeability is a course module in ECSE Design that focuses on the
principles and techniques of designing components and systems that can be easily exchanged or
replaced. It covers topics such as modularity, standardization, and compatibility, and provides students
with the skills to design products that are more cost-effective and efficient.



Lessons

« Introduction to Interchangeability Principles

- Designing for Interchangeability in Manufacturing

- Interchangeability Standards and Specifications

- Designing for Interchangeability in Automation

- Interchangeability in Robotics

- Interchangeability in Automotive Design

- Interchangeability in Aerospace Design

- Interchangeability in Medical Device Design

« Interchangeability in Consumer Electronics Design
- Interchangeability in Industrial Equipment Design
- Interchangeability in Machine Design

+ Interchangeability in Structural Design

- Interchangeability in Electrical and Electronic Design
- Interchangeability in Software Design

- Interchangeability in Network Design

- Interchangeability in System Design

- Interchangeability in Product Design

- Interchangeability in Process Design

- Interchangeability in Quality Assurance

- Interchangeability in Maintenance and Repair

After completing this module, students will be able to:

- Understand the principles of interchangeability and how to apply them to product design.

- Develop strategies for designing components that are interchangeable with other components.
- Analyze the advantages and disadvantages of interchangeability in product design.

- Utilize CAD software to create interchangeable components and assemblies.

Module 20: Design for Modularity

Module 20: Design for Modularity is a course module in ECSE Design that focuses on the principles and
techniques of designing systems for modularity. It covers topics such as the benefits of modularity, the
design process for creating modular systems, and the challenges of designing for modularity. The module
also provides hands-on experience in designing and implementing modular systems.

Lessons

« Introduction to Modular Design

- Benefits of Modular Design

- Designing for Modular Reuse

- Designing for Modular Interchangeability
- Designing for Modular Scalability

- Designing for Modular Flexibility

- Designing for Modular Extensibility

- Designing for Modular Maintainability



- Designing for Modular Security

- Designing for Modular Performance

- Designing for Modular Reliability

- Designing for Modular Testability

- Designing for Modular Usability

- Designing for Modular Documentation
- Designing for Modular Cost-Effectiveness
- Designing for Modular Quality

- Designing for Modular Standards

+ Designing for Modular Compliance

- Designing for Modular Interoperability
- Designing for Modular Adaptability

After completing this module, students will be able to:

- Understand the principles of modular design and how to apply them to create efficient and
maintainable systems.

- Identify the components of a modular system and how they interact with each other.

- Develop strategies for designing and implementing modular systems.

- Utilize best practices for testing and debugging modular systems.
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