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	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 systematic knowledge and practical competences in the design, implementation and evaluation of virtual reality, augmented reality, mixed reality and extended reality systems. The course develops the ability to understand immersive technologies as spatial computing systems that combine computer vision, real time rendering, sensor data processing, human computer interaction, mobile and headset hardware, software platforms and user centred design. Students learn how to select an appropriate immersive technology for educational, industrial, medical, defence, maintenance, training and communication scenarios, how to identify technical and organisational constraints, and how to design a small prototype or deployment concept with measurable evaluation criteria.


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

	Field-related learning outcome
	PQF
	
	

	Knowledge

	K_W01
K_W02
K_W03
	P6S_WG
P6S_WK
	
K_W01. The student knows and understands the terminology, conceptual distinctions and technological continuum of VR, AR, MR and XR, including immersion, interaction, imagination, spatial computing, anchoring, tracking and rendering.
K_W02. The student understands the architecture of immersive systems, including displays, sensors, controllers, 3D sound, pose estimation, SLAM, feature detection, scene understanding, depth, occlusion, anchors, geospatial persistence and real time rendering.
K_W03. The student knows typical application areas, benefits, limitations and deployment risks of immersive technologies in education, industry, medical simulation, safety training, defence, remote support, logistics, quality control and collaborative work.

	
assessment of project documentation; oral discussion during classes.

	Skills

	K_U01
K_U02
K_U03
	P6S_UW
P6S_UK
P6S_UO
	
K_U01. The student can analyse a user problem and select a justified VR, AR, MR or XR solution, taking into account use case, hardware form factor, platform constraints, performance, safety, usability and cost.
K_U02. The student can design a basic immersive scenario, interaction model and prototype concept using selected technologies such as Unity, Unreal Engine, ARCore, ARKit, AR Foundation, WebXR or OpenXR.
K_U03. The student can define and interpret evaluation criteria for immersive applications, including tracking stability, pose error, anchor precision, latency, frame rate, task completion time, readability, privacy and deployment risk.

	
design assignment; project prototype or analytical deployment study; final presentation.

	Social competences

	K_K01
K_K02
	P6S_KK
P6S_KO
	
K_K01. The student is ready to critically assess technological limitations, hype, ethical implications, accessibility, privacy, data protection, user safety and organisational consequences of immersive technology deployment.
K_K02. The student is ready to cooperate in an interdisciplinary team, communicate design assumptions, justify technology choices and accept responsibility for the quality and reliability of the proposed solution.
	
peer discussion; presentation; assessment of individual contribution and reflective 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: 100
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, computer graphics or computer vision, linear algebra and human computer interaction. Experience with game engines or 3D modelling is recommended.


	COURSE CONTENT
(Division into contact hours and e-learning)
	
Content delivered in face-to-face format:
· Immersive technologies as a component of future digital competences: VR, AR, MR, XR and the spatial computing continuum.
· Fundamentals of virtual reality: immersion, interaction, imagination, stereoscopy, 3D audio, head tracking, controllers, sampling rate, latency and user perception.
· VR system architecture and authoring environments: computer generated 3D environments, physical simulation, Unity, Unreal Engine, 360 video and interactive VR.
· Educational, industrial and safety training in VR: procedure learning, expensive or dangerous equipment, resource limited training, collaborative learning and objective data capture.
· Medical, defence and high-risk simulation scenarios: amniocentesis and fetoscopic surgery simulation, ultrasound visualisation, virtual patient behaviour, pilot and emergency response training.
· Fundamentals of augmented reality: camera and IMU input, feature detection, pose estimation, plane and mesh detection, anchor creation, rendering and interaction.
· Computer vision and spatial computing for AR: SLAM, tracking and mapping, depth, occlusion, scene reconstruction, local anchors, shared anchors and geospatial anchors.
· Platform and software layers: ARCore, ARKit, RealityKit, AR Foundation, Unity, WebXR, OpenXR, visionOS and Android XR, including tradeoffs between native, engine based and web-based development.
· Hardware form factors and constraints: smartphones, tablets, headsets, optical see-through glasses, video passthrough, sensors, thermal limits, power limits, field of view and comfort.
· Industrial AR use cases: assembly, maintenance, logistics, quality inspection, remote support and contextual digital instructions.
· Evaluation of immersive systems: accuracy, robustness, usability, privacy, deployment risk, frame rate, latency, tracking stability, pose error and task completion time.


	LITERATURE
(compulsory reading)
	
· Craig, A. B., Sherman, W. R., Will, J. D. Developing Virtual Reality Applications: Foundations of Effective Design. Morgan Kaufmann, 2009.
· LaValle, S. M. Virtual Reality. Cambridge University Press, 2017.
· Jerald, J. The VR Book: Human-Centered Design for Virtual Reality. ACM Books, Morgan & Claypool, 2015.
· Schmalstieg, D., Höllerer, T. Augmented Reality: Principles and Practice. Addison-Wesley, 2016.
· Azuma, R. T. A Survey of Augmented Reality. Presence: Teleoperators and Virtual Environments, 1997, 6(4), 355-385.


	OPTIONAL LITERATURE (including at least two items in English, either books or articles)
	
· Milgram, P., Kishino, F. A Taxonomy of Mixed Reality Visual Displays. IEICE Transactions on Information and Systems, 1994, E77-D(12), 1321-1329.
· Billinghurst, M., Clark, A., Lee, G. A Survey of Augmented Reality. Foundations and Trends in Human-Computer Interaction, 2015, 8(2-3), 73-272.
· Anthes, C., García-Hernández, R. J., Wiedemann, M., Kranzlmüller, D. State of the Art of Virtual Reality Technology. IEEE Aerospace Conference, 2016.
· Peddie, J. Augmented Reality: Where We Will All Live. Springer, 2017.
· Khronos Group. OpenXR Specification and developer documentation. Current online documentation.
· Unity Technologies and Epic Games. XR, AR Foundation, WebXR, Unreal Engine XR and interaction development documentation. Current online documentation.


	SCHOLARLY PUBLICATIONS BY PERSONS WHO CONDUCT CLASSES, WHICH ARE RELATED TO THE MODULE SUBJECT
	
· K. Jedrasiak, B. F. Wisniewski, Technological Capabilities of Virtual Reality Laboratories for the Training of Personnel of State Security Entities, European Research Studies Journal, Volume XXIV, Special Issue 4, pp. 923-936, 2021.
· Jędrasiak, K., Wolański, R. M., & Bereska, D. (2024). Algorithm of Behaviour of Virtual Avatars During Public Speaking Training in a VR Environment. Safety & Fire Technology, 64(2), 46-54.
· K. Jędrasiak, R. Wolańśki, D. Bereska, Algorithm for automatic analysis of communication skills of a participant in a public speaking VR exercise, Ochrona Ludności I Dziedzictwa Kulturowego, ISSN 2956-3763, Nr 5/2024, s81-109.
· Wolański, R. M., & Jędrasiak, K. (2024). A Personalised Optimising Level Adaptation (OLA) Difficulty Algorithm for Scenario Simulations in Professional VR Simulators. Safety & Fire Technology, 64(2), 56-65.


	TEACHING METHODS
(Division into contact hours and e-learning)
	
In face-to-face form:
Interactive lecture, demonstration of VR and AR systems, case study analysis, guided discussion, prototype review and presentation.


	TEACHING AIDS
	
projector or interactive display; sample scenarios and documentation templates.


	PROJECT
(if implemented in the framework of a classes module)
	
The project consists of designing and presenting a small VR or AR prototype, or an analytical deployment study when hardware access is limited. The project should include problem definition, target users, scenario storyboard, technology selection, system architecture, interaction model, key risks, evaluation metrics, testing procedure, documentation and final presentation. The assessment emphasises technical justification, feasibility, usability, safety, privacy awareness and the ability to explain design tradeoffs.


	FORM AND CONDITIONS OF ASSESSMENT
	
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.




