	Summer school name:
	Signal acquisition and processing (SAP)

	Teaching language:
	EN

	Coordinator:
	Lect. dr. eng. Cristian Tufiși

	Team members:
	Prof. dr. eng. Gilbert-Rainer Gillich
Assoc. prof. dr. eng. Cristian-Paul Chioncel
Assoc. prof. dr. eng. Zoltan-Iosif Korka
Lect. dr. eng.  Cristian Tufişi
Lect. dr. eng.  Zeno-Iosif Praisach

	Period:
	01.07.2023 - 31.10.2023
July and September 2023 – on-line courses - 9 days (2 hours/day)
September 2023 – on-site activities in Reșița - 5 days
September-October 2023 – project development - 14 days (4 hours/day)
October 2023 - on-line project evaluation (2 hours)

	Implied universities:
(already contacted)
	1. Westfälische Hochschule Gelsenkirchen Bocholt Recklinghausen
2. Karabuk University
3. Vasil Levski University of Veliko Trnovo, Bulgaria
4. Shumen University "Bishop Konstantin of Preslav", Bulgaria
5. Universitatea Babeş-Bolyai
6. …

	Number of students
	An average of 6 students/partner University

	Credit numbers ECTS:	
	3

	Total number of assigned hours:
	75

	Distribution of allocated time:
	18 h on-line activities
25 h on-site activities carried out in Reșița
30 h individual study + partial assisted on-line activity (tuition)
2 h evaluation

	Form of evaluation:	
	Development of an individual or team project

	Teaching topics:
	Module 1: Introduction to measurement technology (Zoltan-Iosif Korka - 2 h on-line + 1 h on-site)
Module 2: Basic signal theory (Cristian-Paul Chioncel - 4 h on-line + 2 h on-site) 
Module 3: Virtual instrumentation (Cristian Tufişi - 4 h on-line + 5 h on-site)
Module 4: Data acquisition for mechanical testing (Gillich Gilbert-Rainer - 2 h on-line + 2 h on-site)
Module 5: Signal analysis in the time domain (Zeno-Iosif Praisach - 2 h on-line + 2 h on-site)
Module 6: Signal analysis in the frequency domain (Gilbert-Rainer Gillich, Cristian Tufiși- 4 h on-line + 8 h on-site)
Module 7: Site visit at local manufacturing companies (Cristian Tufişi, Zeno-Iosif Praisach - 5 h on-site)


	Evaluation:
	Project presentation and evaluation (2 h on-line seesion)






Online activities (June-July 2023)
	
	Activity/thematic
	hours
	type
	support 

	
	Introduction to measurement technology
	2
	
	

	Day 1
	Measurement history
	
	Interactive lecture 
	Teams

	
	The International system of units
	
	
	

	
	Measured parameter values - estimated parameter values
	
	
	

	
	Errors in measurements 
	
	
	

	
	
	
	
	

	
	Basic signal theory 
	4
	
	

	Day 2
	Signal definition
	
	Interactive lecture 
	Teams
Excel

	
	Analog and Digital Signals
	
	
	

	
	Sampling theory
	
	
	

	Day 3
	Some Common Signals
	
	Interactive lecture 
	MS Teams
Excel

	
	Noisy signals
	
	
	

	
	Windowing a signal
	
	
	

	
	
	
	
	

	
	Virtual instrumentation
	4
	
	

	Day 4
	Virtual instruments vs traditional instruments
	
	Interactive lecture 
	Teams
Excel
LabVIEW

	
	Creating virtual instruments in LabVIEW 
	
	
	

	
	Adjusting the chart diagram elements
	
	
	

	
	Data generation using virtual instruments
	
	
	

	Day 5
	Data acquisition using virtual instruments
	
	
	

	
	Displaying signals in the time domain and frequency domain
	
	
	

	
	
	
	
	

	
	Data acquisition for mechanical testing 
	2
	
	

	Day 6
	Hardware for data acquisition (sensors, A/D converter, amplifier)
	
	Interactive lecture 
	Teams
Excel
LabVIEW

	
	Connecting the hardware to the virtual instrument
	
	
	

	
	Defining the parameters of the acquired signal 
	
	
	

	
	

	
	
	

	
	Signal analysis in the time domain 
	2
	
	

	Day 7
	Representation of signals in the time domains 
	
	Interactive lecture 
	Teams
Excel
LabVIEW

	
	Signal characterization
	
	
	

	
	Statistical signal analysis
	
	
	

	
	
	
	
	

	
	Signal analysis in the frequency domain 
	4
	
	

	Day 8
	Representation of signals in the frequency domains 
	
	Interactive lecture 
	Teams
Excel
LabVIEW

	
	Nyquist sampling theorem
	
	
	

	
	Algorithms for frequency estimation (DFT, FFT, PS, PSD)
	
	
	

	
	Leakage - the cause of errors in frequency estimation
	
	
	

	Day 9
	The use of zero-padding to improve the accuracy of frequency estimates
	
	Interactive lecture 
	Teams
Excel
LabVIEW

	
	Interpolation-base methods used to improve the accuracy of frequency estimates 
	
	
	

	
	Advanced frequency estimation methods involving Artificial Intelligence
	
	
	

	TOTAL
	18











On site activities in Resita (September 2023)
	
	Activity/thematic
	on site
	type
	support

	Day 1 
	Introductory sesion 
	1
	
lab experiments
	Laptop/PC, Excel,
LabVIEW

	
	
	
	
	

	
	Basic signal theory
	2
	
	

	
	Sampling a signal - sampling frequency, no. of samples, signal length)
	
	
	

	
	
	
	
	

	
	Virtual instrumentation
	2
	
	

	
	Creating virtual instruments in LabVIEW 
	
	
	

	
	Generation of signals with defined parameters
	
	
	

	
	
	
	
	

	Day 2
	Data acquisition for mechanical testing 
	2
	lab experiments
	Laptop, acquisition system, Excel,
LabVIEW

	
	Connecting the hardware to the virtual instrument
	
	
	

	
	Performing measurement on structures and machines
	
	
	

	
	
	
	
	

	
	Virtual instrumentation
	3
	
	

	
	Displaying the measured signals in the time domain
	
	
	

	
	Creating virtual instruments for frequency estimation
	
	
	

	
	Displaying signals in the frequency domain
	
	
	

	
	
	
	
	

	Day 3
	Signal analysis in the time domain 
	2
	lab experiments
	Laptop, acquisition system, Excel,
LabVIEW

	
	Characterization of the signals - feature extraction 
	
	
	

	
	
	
	
	

	
	Signal analysis in the frequency domain 
	3
	
	

	
	Representation of signals in the frequency domain 
	
	
	

	
	Comparing the algorithms for frequency estimation (DFT, FFT, PS, PSD)
	
	
	

	
	Identifying the effect of changing the sampling frequency and no of samples
	
	
	

	
	Identifying the effect of the signal length on the displayed frequency of a signal
	
	
	

	
	
	
	
	

	Day 4
	Signal analysis in the frequency domain 
	5
	lab experiments
	Laptop, acquisition system, Excel,
LabVIEW

	
	Calculating the errors in frequency estimation
	
	
	

	
	Using zero-padding to improve the estimation results
	
	
	

	
	Applying interpolation methods for improving the frequency estimates
	
	
	

	
	Applying an AI-method to improve the frequency estimates
	
	
	

	
	
	
	
	

	Day 5
	Site visit at local manufacturing companies 
	5
	in situ experiments
	Laptop, acquisition system, 
LabVIEW

	
	Visiting an industrial plant
	
	
	

	
	Identifying parameters to be monitored
	
	
	

	
	Performing measurement on real equipment
	
	
	

	
	TOTAL
	25
	
	



Independent work and examination (September-October 2023)
	
	Activity
	disconnected
	 
	 

	
	Elaborating a measurement report
	30
	Individual work,
Team work,
Tuition
	Laptop/PC,
LabVIEW,
Excel,
Word,
PowerPoint

	
	Creating virtual instruments
	
	
	

	
	Signal analysis in the time domain
	
	
	

	
	Signal analysis in the frequency domain
	
	
	

	
	Report writing
	
	
	

	
	Realizing a PPT presentation
	
	
	

	
	
	
	
	

	
	Activity
	on line
	 
	 

	
	Evaluation
	2
	Evaluation,
Discussions
	Teams,
PowerPoint

	
	Presentation of the report
	
	
	

	
	TOTAL
	32
	
	



