Course code:		EAR2021_B_S05E_0405_02

Course title: 		Sensors and Actuators (2+0+1) 5 ECTS

Lecturer: 		Prof. Ass. Dr. Faton Maliqi 

Course status: 	Elective 

Course description: This course introduces students to the fundamental principles, characteristics, and applications of sensors and actuators in engineering systems. The course covers different types of sensors and actuators, their signal conditioning, and the methods used for data acquisition. Emphasis will be placed on the signal processing aspects of sensor data, preparing students to handle real-world challenges related to noise, accuracy, and calibration. The course includes hands-on experiments where students will work with commonly used sensors and apply signal processing techniques to analyze data.

Course objectives: 
· To provide a comprehensive understanding of the different types of sensors and actuators and their role in modern engineering systems;
· To introduce signal conditioning techniques used to prepare sensor signals for further processing;
· To develop skills in acquiring, processing, and analyzing sensor data using signal processing tools;
· To familiarize students with practical applications of sensors in displacement, velocity, force, and other engineering measurements;
· To cultivate the ability to apply theoretical concepts through hands-on experiments and data analysis.

Learning outcomes: On successful completion of the course, students will be able to:  
· Identify various types of sensors and actuators and explain their operating principles; 
· Understand the key characteristics of sensors, including sensitivity, range, and accuracy, and apply these concepts in practical settings; 
· Use signal conditioning techniques such as filtering and amplification to process raw sensor signals;  
· Collect, analyze, and interpret sensor data using signal processing tools like Fourier transforms and filtering; 
· Apply sensor data in engineering applications, such as displacement, velocity, and force measurements, and understand the limitations and challenges associated with real-world sensor systems. 

Course structure:
Week 1:
Introduction to Sensors and Actuators
· Overview of the role of sensors and actuators in engineering systems
· Common applications
· Basic principles

Week 2:
Characteristics of Sensors and Actuators
· Static characteristics: sensitivity, accuracy, precision, and linearity
· Dynamic characteristics: response time, bandwidth
· Calibration and noise

Week 3:
Signal Conditioning: Basics
· Analog signal conditioning: amplification, filtering
· Digital signal conditioning: sampling, ADCs
· Hands-on exercise: Filtering sensor data

Week 4:
Signal Conditioning: Advanced Techniques
· Noise reduction techniques
· Data acquisition systems
· Introduction to Fourier analysis for sensor signals


Week 5:
Sensors for Displacement, Position, and Proximity
· Types: potentiometers, capacitive sensors, LVDTs
· Applications in industry
· Hands-on exercise: Data collection with displacement sensors

Week 6:
Signal Processing for Displacement Sensors
· Filtering and feature extraction for displacement data
· Real-world challenges: drift and noise
· Data analysis using Matlab or Python

Week 7:
Sensors for Velocity and Motion
· Types: encoders, tachometers, accelerometers
· Practical applications
· Hands-on exercise: Velocity sensing with accelerometers

Week 8:
Signal Processing for Velocity and Motion Sensors
· Time-domain and frequency-domain analysis
· Fourier analysis of velocity signals
· Signal filtering and noise reduction

Week 9:
Sensors for Force, Torque, and Strain
· Types: strain gauges, piezoelectric sensors, force transducers
· Applications in engineering systems
· Hands-on exercise: Force sensing with strain gauges

Week 10:
Signal Processing for Force and Strain Sensors
· Signal conditioning for force and strain data
· Data filtering and calibration
· Signal analysis techniques

Week 11:
Practical Issues in Sensor Applications
· Real-world challenges: environmental factors, sensor placement, and durability
· How to choose the right sensor for an application
· Review of hands-on experiments and results

Week 12:
Final Project Presentation and Review
· Students present their final sensor experiments
· Discussion of the application of signal processing techniques to sensor data
· Review and wrap-up

Methods of teaching: 30 hours of lectures, 15 hours of laboratory exercises 

Evaluation methods: Mid-term exams 30%+30%, Lab. works 10%, Project 20%, Attendance 10%. 

Concretization means: Computer, projector, Lab works.

Ratio between the theoretical and practical part of teaching: 40:60

Literature:
1. Clarence W. de Silva, Sensors and Actuators: Engineering System Instrumentation, 2ed, CRC, 2015

