CGN 5XXX 	      AI for Structural Health Monitoring
INSTRUCTOR:	Dr. Giulia Marasco. Office: EC3628.	E-mail: gmarasco@fiu.edu

REFERENCES:	Farrar, C. R., & Worden, K. (2012). Structural health monitoring: A machine learning perspective. Wiley.
Goldberg, D. E. (1989). Genetic algorithms in search, optimization, and machine learning. Addison-Wesley.
Aggarwal, C. C. (2018). Neural networks and deep learning: A textbook. Springer International Publishing. https://doi.org/10.1007/978-3-319-94463-0

DESCRIPTION:	This course explores innovative Structural Health Monitoring (SHM) techniques, focusing on the integration of Artificial Intelligence (AI) to automate damage detection in civil infrastructure and optimize maintenance strategies. The course will cover an introduction to SHM, monitoring methodologies, deep learning (both unsupervised and supervised), and evolutionary algorithms (such as genetic algorithms).

OBJECTIVES:	By the end of the course, students will be able to: (i) analyze and pre-process datasets, (ii) critically evaluate the use of different machine learning algorithms in a structural assessment context, and (iii) design and implement AI-based SHM strategies.
PREREQUISITES:	CGN 2420 Computer Tools in Engineering or equivalent.
Programming Prerequisite: Prior programming experience is not required. However, basic familiarity with computational software tools used for data processing, or algorithm implementation is recommended to support engagement with the course activities.
ATTENDANCE: Lecture attendance is expected. Exam attendance is mandatory.

EXAM POLICIES: Exams will be proctored and conducted in person. Students should make the necessary arrangements to be present on the day and time of the exams.

Rules for the exam:
1. Show your ID the day of the test when requested.
2. Put your name, ID number, and page number on each exam sheet.
3. Show all your work in your notes.
4. Show all results clearly with units.
5. No grade for missing exam unless student has an acceptable documented reason.

HOMEWORK: A neat presentation on a clean sheet of paper, preferably on engineering paper, is expected. Homework represents individual work. However, discussion of homework assignments is encouraged.
Homework assignments will include conceptual questions, practical exercises on data pre-processing and AI algorithm implementation, interpretation of SHM results, and critical reviews of recent research papers.
	GRADING:
	
	

	
	Homework
	30%

	
	Exam 1
	25%

	
	Exam 2
	25%

	
	Project
	20%




Exams will include theoretical questions and problem-solving exercises related to the application of AI in structural engineering context.
Project will include design, implementation, and evaluation of an AI-based SHM strategy. The results will be documented in a written report.

All programming work (e.g., Python scripts) must be submitted for review and grading.

Letter grades will be based on the weighted average specified above and assigned as follows: 

	92 or higher
	A

	88 – 92
	A-

	85 – 88
	B+

	80 – 85
	B

	75 – 80     
	B-

	70 – 75
	C+

	65 – 70
	C

	55 – 65
	D

	lower than 55
	F













SCHEDULE:

WEEK / TOPIC

Week 1	 Introduction to Structural Health Monitoring (SHM) 	 Statistical Pattern Recognition Paradigm for SHM 
Week 2	Bridge Monitoring: Sensing & Data Acquisition	 
	Damage-Sensitive Features
Week 3		Data Pre-Processing	 Data Pre-Processing
Week 4	AI for Damage Detection: An Introduction to Programming and Applications 
	Unsupervised Learning: Gaussian-based Outlier Analysis vs Neural Network Approach Week 5	Statistical Process Control
		Fundamentals of Clustering: Concepts and Distance Metrics
Week 6	 Classical Clustering Algorithms: K-means, Hierarchical, and DBSCAN	Clustering with Code: Implementation and Evaluation
Week 7		EXAM 1– Part 1
		EXAM 1– Part 2
Week 8	Supervised Learning: Classification and Regression	Introduction to Multi-Layer Perceptron (MLP) 
Week 9	MLP – Training
		MLP – Generalization-Regularization-Normalization Week10	 MLP with Code: Implementation and Evaluation 
		Introduction to Convolutional Networks (CNN)
Week 11	CNN – Convolution	CNN – Pooling Layer
Week 12	CNN – Architectures and Applications
	CNN with Code: Implementation and Evaluation



Week 13	 CNN with Code: Implementation and Evaluation
	Introduction to Genetic Algorithms (GAs) and Evolutionary Concepts Week 14	Core Operators and GA Workflow
	Core Operators and GA Workflow
Week 15	Application of GA in Damage Localization and Severity Estimation
		Conclusions and Insights: Key Findings, Current Challenges, and Future Trends
Week 16	EXAM 2– Part 1
		EXAM 2– Part 2

ACADEMIC MISCONDUCT: Students are expected to uphold the standards of academic integrity and the policies of the University regarding conduct. Cheating and plagiarism will not be tolerated; these offenses could result in failing the course, and suspension or expulsion from the University. All work submitted on this course must be your own. Contributions from anyone or anything else- including AI sources, must be properly quoted and cited every time they are used. Failure to do so constitutes an academic integrity violation, and I will follow the institution’s policy to the letter in those instances.Refer to the FIU Student Code of Conduct for full details on what constitutes academic dishonesty and misconduct, as well as the procedures for resolution of pertaining matters within the University judiciary procedures - http://integrity.fiu.edu/

CLASS WEBSITE: Use your account to access the Canvas system at https://canvas.fiu.edu/.
Assignments, additional material, and announcements will be posted there. Check your Canvas webpage daily.

COURSE COMMUNICATION: Communication in this course will take place via the Canvas Inbox. Check out the Canvas Conversations Tutorial or Canvas Guide to learn how to communicate with your instructor and peers using Announcements, Discussions, and the Inbox. I will respond to all correspondence within 24 hours.

ACCESSIBILITY AND ACCOMODATION: The Disability Resource Center collaborates with students, faculty, staff, and community members to create diverse learning environments that are usable, equitable, inclusive, and sustainable. The DRC provides FIU students with disabilities the necessary support to successfully complete their education and participate in activities available to all students. If you have a diagnosed disability and plan to utilize academic accommodations, please contact the Center at 305-348-3532 or visit them at the Graham Center GC 190. For additional assistance please contact FIU's Disability Resource Center.
PANTHERS CARE, COUNSELING AND PHYCHOLOGICAL SERVICES: If you are looking for help for yourself or a fellow classmate, Panthers Care encourages you to express any concerns you may come across as it relates to any personal behavior concerns or worries you have, for the classmate’s well-being or yours; you are encouraged to share your concerns with FIU’s Panthers Care website.

