	WSB University

	Field of study: Informatics

	Course: Artificial Intelligence in Computer Graphics

	Educational profile: Practical profile

	Education level: First-cycle engineering studies

	Number of hours per semester
	1
	2
	3

	
	I
	II
	III
	IV
	V
	VI

	Full -time studies
(L/C/lab/pr/e)
	
	
	
	
	
	

	Part-time studies
(L/C/lab/pr/e)
	
	
	
	
	
	

	CLASS LANGUAGE
	English

	LECTURER

	Karol Jędrasiak, PhD Eng.

	FORM

	Lecture

	COURSE OBJECTIVES
	
The aim of the course is to provide students with structured knowledge and practical skills in the use of artificial intelligence methods in computer graphics and computer vision. The course integrates digital image representation, classical image processing, morphology, machine learning and deep learning for visual data. Students learn how to design, implement and evaluate reproducible workflows for image enhancement, segmentation, object detection, visual analysis and graphics-related decision support. The course also develops the ability to assess computational cost, data quality, model limitations, interpretability, ethical risks and legal constraints associated with AI-generated and AI-processed visual content.


	Reference to learning outcomes
	Description of learning outcomes  
	Verification of learning outcomes  

	Field-related learning outcome
	PQF
	
	

	Knowledge

	K_W01
K_W04
	P6S_WG
	
The student knows and understands the mathematical, algorithmic and computational foundations of digital image representation, image processing, computer vision and AI-supported computer graphics. The student explains the role of preprocessing, segmentation, morphological transformations, feature extraction, supervised learning, neural networks and deep learning architectures in solving visual analysis and graphics-related tasks.

	written test, documentation

	Skills

	K_U01
K_U03
K_U05
	P6S_UW
P6S_UK
	
The student can implement selected image processing and AI algorithms in a programming environment, select appropriate preprocessing and segmentation methods, train or adapt a neural model for a visual task, evaluate model performance using adequate metrics and prepare a reproducible technical report. The student can communicate design decisions and limitations of the implemented solution in English.

	project presentation

	Social competences

	K_K01
K_K03
	P6S_KK
P6S_KO
	
The student is ready to critically assess the reliability of AI-based visual systems, recognize the need for continuous learning in a rapidly developing technological area and responsibly use visual data, models and generated content. The student understands the social, ethical and professional consequences of deploying AI systems in computer graphics, vision and multimedia environments.

	assessment of report conclusions

	Students’ own workload  (in didactic hours 1h did.=45 minutes)** 

	Full-time
Participation in lectures = 
Participation in classes = 
Preparation to classes = 
Preparation to lectures =
Preparation to an examination =
Project tasks = 
Consultations = 
e-learning = 
Credit/examination = 
others (own work) = 
TOTAL: 
ECTS points: 
Including practical classes: 
	Part-time
Participation in lectures = 
Participation in classes = 
Preparation to classes = 
Preparation to lectures = 
Preparation to an examination =
Project tasks = 
Consultations = 
e-learning = 
Credit/examination =
others (own work) = 
TOTAL: 
ECTS points: 
Including practical classes: 

	PREREQUISITES

	
Basic programming skills, preferably in Python; foundations of mathematics for computer science, including linear algebra and elementary probability; basic understanding of algorithms and data structures. Introductory knowledge of computer graphics, digital images or machine learning is recommended but not mandatory.


	COURSE CONTENT
(Division into contact hours and e-learning)
	
Content delivered in face-to-face format:

· Introduction to artificial intelligence in computer vision and computer graphics: visual signal, digital image, image classification, object detection, object recognition and semantic segmentation.
· Digital image characteristics: pixels, resolution, color spaces, RGB model, color depth, grayscale representation and image quality parameters.
· Image processing, image analysis, image understanding, computer graphics and computer imaging: input-output paradigms and practical interpretation of visual data workflows.
· Image acquisition and preprocessing pipeline: sensor stage, noise removal, quality enhancement, restoration, texture filtering, edge detection, component extraction and segmentation.
· Classical digital image processing algorithms: geometric transformations, point transformations, arithmetic transformations, histogram-based transformations, gamma modulation, normalization, contextual filters and spectral transformations.
· Binarization and segmentation: thresholding strategies, object extraction from the background, object localization, shape recognition and extraction of characteristic shape features.
· Morphological transformations: structuring elements, erosion, dilation, opening, closing, boundary smoothing, separation and connection of objects, shape analysis and computational complexity.
· Machine learning for visual data: features, logistic regression, optimization, gradient descent, stochastic gradient descent, bias, variance and model evaluation.
· Supervised deep learning for images: neural network models, forward propagation, backpropagation, convolutional architectures, local connectivity, representation learning and transfer learning.
· Practical implementation: image processing operations, construction of a simple AI pipeline for visual data, model testing, documentation of limitations and presentation of results.


	LITERATURE
(compulsory reading)
	
· Szeliski R., Computer Vision: Algorithms and Applications, 2nd ed., Springer, 2022.
· Gonzalez R. C., Woods R. E., Digital Image Processing, 4th ed., Pearson, 2018.
· Goodfellow I., Bengio Y., Courville A., Deep Learning, MIT Press, 2016.
· Prince S. J. D., Understanding Deep Learning, MIT Press, 2023.


	OPTIONAL LITERATURE (including at least two items in English, either books or articles)
	
· Forsyth D. A., Ponce J., Computer Vision: A Modern Approach, 2nd ed., Pearson, 2012.
· Pharr M., Jakob W., Humphreys G., Physically Based Rendering: From Theory to Implementation, 4th ed., MIT Press, 2023.
· Krizhevsky A., Sutskever I., Hinton G. E., ImageNet Classification with Deep Convolutional Neural Networks, Communications of the ACM, 2017.
· Ronneberger O., Fischer P., Brox T., U-Net: Convolutional Networks for Biomedical Image Segmentation, MICCAI, 2015.
· He K., Zhang X., Ren S., Sun J., Deep Residual Learning for Image Recognition, CVPR, 2016.
· Garcia-Garcia A. et al., A Review on Deep Learning Techniques Applied to Semantic Segmentation, arXiv:1704.06857, 2017.


	SCHOLARLY PUBLICATIONS BY PERSONS WHO CONDUCT CLASSES, WHICH ARE RELATED TO THE MODULE SUBJECT
	
· Jędrasiak K., Nawrat A., Daniec K., Koteras R., Mikulski M., Grzejszczak T., A Prototype Device for Concealed Weapon Detection Using IR and CMOS Cameras Fast Image Fusion, in: Computer Vision and Graphics, Lecture Notes in Computer Science, vol. 7594, Springer, 2012.
· Jędrasiak K., Hładczuk N., Daniec K., Nawrat A., Interactive Application Using Augmented Reality and Photogrammetric Scanning, in: Advanced Technologies in Practical Applications for National Security, Springer, 2018.
· Jędrasiak K., Wolański R., Audio-Video Analysis Method of Public Speaking Videos to Detect Deepfake Threat, Safety & Fire Technology, 2023.
· Jędrasiak K., Wolański R., An Image Analysis Algorithm for Detecting Modified Content on the Internet Against Cybercrime. A Technique for Estimating the Probability of Modification, Safety & Fire Technology, 2024.
· Jędrasiak K., Algorithm of Behaviour of Virtual Avatars During Public Speaking Training in a VR Environment, Safety & Fire Technology, 2024.


	TEACHING METHODS
(Division into contact hours and e-learning)
	In face-to-face form:
Interactive lecture with visual examples, problem-based discussion, live demonstration of image processing and machine learning workflows

	TEACHING AIDS
	
projector or interactive display, Python environment, Jupyter Notebook or equivalent integrated development environment, NumPy, OpenCV, scikit-image, scikit-learn, PyTorch or TensorFlow, prepared lecture slides.


	PROJECT
(if implemented in the framework of a classes module)
	
Students prepare a small AI-based project individually. The project should include problem definition, dataset selection or preparation, preprocessing, implementation of at least one classical image processing stage, use of an AI or machine learning model, evaluation of results, discussion of limitations and submission of reproducible code with a concise technical report. Suggested topics include image classification, segmentation, object detection, restoration, visual quality assessment, detection of manipulated visual content, or AI-supported graphics generation and analysis.


	FORM AND CONDITIONS OF ASSESSMENT
(Division into contact hours and e-learning)
	
Face-to-face assessment: grade from final project task.

Assessment criteria: correct terminology, attack chain reconstruction, source verification, adequate countermeasures, ethical and legal awareness, clear communication.


* L-lecture, C- classes lab- laboratory,  pro- project, e- e-learning

