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I3 Triangle, on the basis of [Burdea & Langrana 1993] Immersive interactive VR system users
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Difference between AR (left, [Meredith 2017]) and MR (right, [wired.co.uk])

Milgram's XR continuum [Milgram et al. 1994]

Common and distinctive features of main XR technologies
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XR systems

Basic input/output channels of VR system [Biocca & Delaney 1995]
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Hardware

Example of a VR headset – HTC Vive Pro – with controllers and base stations [vive.com]

VR controller example, with its virtual representation [oculus.com]

Examples of mixed reality devices – holographic goggles [microsoft.com] and a holographic diplay
[3dholodisplay.com]
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Software and Applications of XR technologies

Unity game engine Applications of VR in engineering, based on [Górski 2019]
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Applications of XR technologies

Examples of VR use in medicine [medscape.com] and military [James 2015]

AR and MR applications [skanska.pl] [Downey 2016] [Kaminsky 2019] [fashionbi.com]
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XR technologies in biomedical applications

Levels of XR applications by knowledge [Górski et al. 2017] Levels of XR applications and mapping to specific user classes [Górski et al. 2017]
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Stages of XR application design and preparation process [Górski 2019]
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Building medical VR/AR applications

Phases of XR application development process Main concepts in creating interactions in XR applications
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Examples of VR/AR applications for medicine and biomedical engineering

Application - wheelchair configurator [Myślewska 2017]
Wheelchair configurator – standard and immersive mode
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Fear of heights therapy

Fear of heights therapy – top view [Połczyńska 2020] Test user making the “swallow” posture [Połczyńska 2020]Fear of heights therapy – ground view [Połczyńska 2020]
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Summary
In this course module, basic information about virtual, augmented and mixed reality techniques were presented. The

reader was familiarized with basic concepts and definitions, XR system structure and possible components, as well as
applications. Also, a methodology of building XR applications was presented, in form of a development process proposal
and description of its particular stages, illustrated with examples of specific applications. Below, effects that should be
achieved after familiarizing with the chapter are specified.
1. Reader is able to define, distinguish and classify concepts of Virtual Reality, Augmented and Mixed Reality.
2. Reader has knowledge about Virtual, Augmented and Mixed Reality systems: projection, tracking, gesture recognition

and haptics, as well as available software classes for XR application creation.
3. Reader should know about possibilities and examples of application of Virtual Reality systems in product lifecycle for

medicine and biomedical engineering.
4. Reader should know how to design an interactive VR application for presentation of properties of a specific product,

activity or workplace.
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