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Project Lab: Software Engineering
for Electrical Engineers

Timeline

Every Thursday, the project lab will include six in-person module sessions, each lasting 90 minutes. These
sessions will alternate between the Technical University of Munich (TUM) and fortiss GmbH.

Starting from the third week (weeks 3 to 12), the theoretical sessions will be complemented by practical
sessions (location: fortiss, day to be defined). These sessions will be partly guided and will give students the
opportunity to work on group tasks and apply the concepts introduced in the modules.

Requirements: Students are expected to bring their own laptop to all sessions. Basic programming
knowledge is recommended to fully participate in the hands-on exercises and group tasks.

The exact schedule and room assignments have not yet been determined and will be announced at a later
stage.

Module A — Introduction to Software Engineering

Location: TUM, Lehrstuhl fir Erneuerbare und Nachhaltige Energiesysteme, Lichtenbergstr. 4a, Garching
Day: Thursday

This module introduces the role of software engineering in modern electrical engineering. Students will
learn about the different types of software used in electrical engineering, such as:

Embedded firmware: Software running on hardware devices with limited resources.

Digital Signal Processing (DSP) software: Used to analyze and manipulate signals in real time.
Automation software: Programs controlling industrial processes or systems.

Power systems modeling: Software for simulating and optimizing electrical grids.

Digital twins: Virtual models of physical systems for monitoring, simulation, and testing.

Students will also explore the software engineering mindset, which emphasizes: abstraction, modularity,
testing, and thorough documentation. The session introduces requirements engineering, the process of
capturing what software must do before coding begins.

Module B — Version Control & Collaboration with Git

Location: fortiss GmbH, Guerickstr. 25, Miinchen
Day: Thursday

Students will learn the essentials of Git, a version control system that tracks changes in software projects,
including:
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Making commits (recording changes), creating branches (parallel development lines), merging
changes, and using tags (version markers).

Popular branching models: GitFlow (feature-branch workflow) and trunk-based development.
Pull requests and code reviews to improve collaboration.

Using issue trackers and project boards in platforms like GitLab or GitHub to organize tasks and
team work.

Hands-on exercises will include a small team project using Git.

Module C — Software Architecture for Electrical
Engineering

Location: TUM, Lehrstuhl fir Erneuerbare und Nachhaltige Energiesysteme, Lichtenbergstr. 4a, Garching
Day: Thursday

This module covers architectural principles for software in electrical engineering:
Virtualization: Running multiple software environments on a single hardware platform.
Architectural styles: Layered, modular, and component-based designs.

Kruchten 4+1 view model: Explains architecture from multiple perspectives (logical, development,
process, physical, and scenarios).

System types: Microservices vs monoliths, embedded constraints, backend databases (time series,
relational), frontend interfaces, client-server systems, real-time and embedded architectures.

Patterns: Model-View-Controller (MVC), Model-View-Presenter (MVP), Model-View-ViewModel
(MVVM), Publisher-Subscriber, State machines, Pipes & Filters.

Hardware-software co-design: Ensuring hardware and software work efficiently together.
Interfaces & middleware: Communication protocols such as Modbus.

Hands-on focus: working with interfaces, APIs, and message queues.

Module D — Software Design Patterns

Location: fortiss GmbH, Guerickstr. 25, Miinchen
Day: Thursday

Students explore reusable solutions to common software problems relevant to electrical engineering:
Anti-patterns: Common mistakes to avoid.
Creational patterns: Singleton, Factory, Adapter, Strategy.
Object-oriented principles: Inheritance, encapsulation, and polymorphism.

Behavioral patterns: Observer (event-driven systems), Command (automation and control),
Template Method (reusable logic), State patterns, and Finite State Machines (FSMs).
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Hands-on exercises include refactoring small electrical engineering-related code examples to apply
patterns.

Module E — Continuous Integration, Testing,
Automation & Quality Assurance

Location: TUM, Lehrstuhl fur Erneuerbare und Nachhaltige Energiesysteme, Lichtenbergstr. 4a, Garching
Day: Thursday

This module covers tools and practices to ensure software reliability:
Build tools: CMake, Make, Gradle (depending on programming language).
Testing: Unit testing, integration testing, and hardware-in-loop testing.
Static analysis & linters: Automated checks for code quality and standards.

Continuous Integration (Cl): Automating builds and tests using platforms like GitHub Actions or
GitLab CI.

Continuous Delivery/Deployment (CD): Deploying software updates automatically where feasible
for embedded systems.

Debugging techniques for identifying and fixing problems.

Hands-on exercise: configuring a Cl pipeline for a small project.

Module F — Software Lifecycle, Documentation &
Project Management

Location: fortiss GmbH, Guerickstr. 25, Miinchen
Day: Thursday

Students will learn how software is developed, documented, and managed over time:

Software process models: Waterfall, V-Model (especially relevant for embedded systems), Agile,
Scrum.

Requirements specification for industrial and embedded projects.
Risk management in hardware-software projects.
Verification & validation: Ensuring the system works as intended.

Documentation standards: README files, architecture documents, UML (Unified Modeling
Language), SysML (Systems Modeling Language).

Tools: Doxygen, Sphinx, MkDocs for generating software documentation.
Deployment and maintenance cycles for long-lived electrical engineering systems.

Hands-on exercise: documenting code developed in previous modules.
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