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Caracterizacao da Unidade Curricular / Characterization of the Curricular Unit

Designacao da Unidade Curricular (UC) / Title of Curricular Unit (CU): Projeto de Sistemas
Embebidos / Embedded Systems Project

Area cientifica da UC / CU Scientific Area: Eletrénica e Automaco / Electronics and Automation
Semestre / Semester: 2°

NUamero de créditos ECTS / Number of ECTS credits: 6

Carga horaria por tipologia de horas / Workload by type of hours: TP: 45; OT: 6; 0: 9

Carga letiva semanal / Weekly letive charge: 3h

Objetivos de aprendizagem (conhecimentos, aptidoes e competéncias a desenvolver pelos
estudantes):

Esta unidade curricular desenvolve e aplica conhecimentos de hardware e software focando-se na integragao
para criar um sistema embebido funcional no contexto de um veiculo ndo tripulado (UxV). A disciplina adota
uma abordagem de "aprender fazendo" (learning-by-doing), onde os estudantes, em grupo, irdo conceber,
projetar, construir e programar um pequeno projeto relacionado com drones. Este projeto podera ser um mini-
drone, um sistema de payload (e.g., um gimbal com uma céamara), ou um sistema de sensores para uma
aplicacdo especifica. O objetivo é que o estudante experiencie o ciclo completo de desenvolvimento de um
produto, desde a ideia inicial até ao protétipo funcional, aplicando os conhecimentos de eletronica,

programacgao, sensores e atuadores para resolver um desafio de engenharia concreto.

Intended learning outcomes (knowledge, skills and competences to be developed by the students):
This course develops and applies hardware and software knowledge, focusing on integration to create a
functional embedded system in the context of an unmanned vehicle (UxV). The course adopts a "learning-by-
doing" approach, where students, in groups, will design, engineer, build, and program a small drone-related
project. This project could be a mini-drone, a payload system (e.g., a gimbal with a camera), or a sensor
system for a specific application. The goal is for students to experience the complete product development
cycle, from initial idea to functional prototype, applying knowledge of electronics, programming, sensors, and
actuators to solve a concrete engineering challenge.

Conteudos programaticos:

1 Conceitos Basicos de Gestao e Planeamento de Projetos

1.1 Ciclo de Vida do Projeto (Iniciagdo, Planeamento, Execucao, Monitorizacdo e Controlo, Encerramento)
1.2 Gestdo do Tempo

1.3 Gestdo de Recursos

1.4 Gestao de Riscos

1.5 Comunicacao

1.6 Qualidade e Avaliacao
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2 Introducao aos Sistemas Embebidos
2.1 Definicao e Caracteristicas
2.2 Histéria e Evolugcdo dos Sistemas Embebidos

2.3 Aplicagbes e Exemplos

3 Linguagens de Programacao para Sistemas Embebidos
3.1 Assembly

3.2 C/C++

3.3 Python

3.4 Outras Linguagens (e.g., Rust, Ada)

4. Single Board Computer (SBC)

4.1 Introdugdo aos SBC

4.2 Exemplos de SBC (e.g., Raspberry Pi, Arduino)

4.3 Comparagao entre Diferentes SBCSistemas Operativos para Sistemas Embebidos

5. Sistemas Operativos em Tempo Real (RTOS)
5.1 Linux Embarcado
5.2 Outros Sistemas Operativos (e.g., FreeRTOS, Zephyr)

6. Firmware
6.1 Definicao e Fungdes do Firmware
6.2 Desenvolvimento de Firmware

6.3 Atualizacao e Manutengdo de Firmware

7. Comunicagao para Sistemas Embebidos

7.1 12C (Inter-Integrated Circuit)

7.2 SPI (Serial Peripheral Interface)

7.3 1-Wire

7.4 Bluetooth

7.5 Outras Tecnologias de Comunicacdo (e.g., UART)

8 Interfaces Graficas

8.1 Introdugdo as Interfaces Graficas

8.2 Tecnologias de interfaces graficas (LCD, OLED, TFT)
8.3 Ecran Téctil

8.4 Ferramentas e Bibliotecas (e.g., Qt, GTK)

8.5 Desenvolvimento de Interfaces Graficas para Sistemas Embebidos

9. Sensores e Atuadores Inteligentes
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9.1 Tipos de Sensores
9.2 Tipos de Atuadores

9.3 Integracao de Sensores e Atuadores em Sistemas Embebidos

10. Seguranca em Sistemas Embebidos
10.1 Ameagas e Vulnerabilidades
10.2 Técnicas de Seguranca

10.3 Boas Praticas de Desenvolvimento Seguro

11. Desenho de Hardware para Sistemas Embebidos
11.1 Componentes Basicos de Hardware

11.2 Design de Placas de Circuito Impresso (PCB)

11.3 Ferramentas de Design (e.g., KiCad, Eagle)

12, Fontes de Alimentacao e Niveis de Alimentacao
12.1 Tipos de Fontes de Alimentacao
12.2 Conversores de Tensao

12.3 Protegdo contra Sobrecarga e Curto-Circuito

13. Alimentagao com Baterias e Painéis Fotovoltaicos (FV)

13.1 Tipos de Baterias
13.2 Gestdo de Energia
13.3 Introdugdo aos Painéis Fotovoltaicos

13.4 Integracdo de Painéis FV em Sistemas Embebidos

14. Desenvolvimento de trabalhos com arquitetura AVR (utilizando a plataforma Arduino com

interfaces de I/0 digital e analégica), explorando o projeto de software em assembly e C, com o

apoio de ferramentas de simulacao e de emulacdo. Implementacdo de pequenos projetos praticos

que envolverdo componentes de input e output em cenarios de informatica industrial, automacéao

e telecomunicagoes.

15. Desenvolvimento de miniprojecto integrador.

Syllabus:

1. Basic Concepts of Project Management and Planning

1.1 Project Life Cycle (Initiation, Planning, Execution, Monitoring and Control, Closure)

1.2 Time Management
1.3 Resource Management
1.4 Risk Management

1.5 Communication
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1.6 Quality and Evaluation

2. Introduction to Embedded Systems
2.1 Definition and Characteristics
2.2 History and Evolution of Embedded Systems

2.3 Applications and Examples

3. Programming Languages for Embedded Systems
3.1 Assembly

3.2 C/C++

3.3 Python

3.4 Other Languages (e.g., Rust, Ada)

4. Single-Board Computer (SBC)

4.1 Introduction to SBCs

4.2 Examples of SBCs (e.g., Raspberry Pi, Arduino)

4.3 Comparison between Different SBCs Operating Systems for Embedded Systems

5. Operating Systems Real-Time Operating Systems (RTOS)
5.1 Embedded Linux
5.2 Other Operating Systems (e.g., FreeRTOS, Zephyr)

6. Firmware
6.1 Definition and Functions of Firmware
6.2 Firmware Development

6.3 Firmware Update and Maintenance

7. Communication for Embedded Systems

7.1 12C (Integrated Circuit)

7.2 SPI (Serial Peripheral Interface)

7.3 1-Wire

7.4 Bluetooth

7.5 Other Communication Technologies (e.g., UART)

8. Graphical Interfaces

8.1 Introduction to Graphical Interfaces

8.2 Graphical Interface Technologies (LCD, OLED, TFT)

8.3 Touchscreen

8.4 Tools and Libraries (e.g., Qt, GTK)

8.5 Development of Graphical Interfaces for Embedded Systems
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9. Sensors and Actuators Intelligent Systems

9.1 Types of Sensors

9.2 Types of Actuators

9.3 Integration of Sensors and Actuators in Embedded Systems

10. Security in Embedded Systems

10.1 Threats and Vulnerabilities

10.2 Security Techniques

10.3 Best Practices for Secure Development

11. Hardware Design for Embedded Systems
11.1 Basic Hardware Components

11.2 Printed Circuit Board (PCB) Design

11.3 Design Tools (e.g., KiCad, Eagle)

12. Power Supplies and Power Levels
12.1 Types of Power Supplies

12.2 Voltage Converters

12.3 Overload and Short-Circuit Protection

13. Power Supply with Batteries and Photovoltaic (PV) Panels
13.1 Types of Batteries

13.2 Management of Energy

13.3 Introduction to Photovoltaic Panels

13.4 Integration of PV Panels in Embedded Systems

14. Development of projects with AVR architecture (using the Arduino platform with digital and
analog I/0 interfaces), exploring software design in assembly and C, with the support of simulation
and emulation tools. Implementation of small practical projects involving input and output

components in industrial computing, automation, and telecommunications scenarios.

15. Development of an integrative mini-project.
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