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Imagination

i3 Triangle

Immersion Interaction

I3 Triangle, on the basis of [Burdea & Langrana 1993]

Immersive interactive VR system users
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AUGMENTED REALITY:
Wirtual content augments
the real world.

AUGMENTED VIRTUALITY:
Real content augments
a virtual world.

AUGMENTED AUGMENTED VIRTUAL
REALITY VIRTUALITY REALITY

REALITY

MIXED REALITY

Difference between AR (left, [Meredith 2017]) and MR (right, [wired.co.uk])

MIXED REALITY:
A blanket term to describe

any experience between the

REALITY: extremes of the continuum. VIRTUAL REALITY:
The completely real, A completely synthetic,
1 —digital images physical world we live in. digitally-created world.

2 — real world visible
3 —immersion
4 — user tracking

‘ . Milgram's XR continuum [Milgram et al. 1994]
5 — marker recognition
‘v‘ 6 — spatial mapping

Common and distinctive features of main XR technologies
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XR systems

HARD'WARE

VR APPLICATION

PROJECTION INTERACTION
DRIVERS 3D MULTI PERSON
3D PERSOMAL
o ] : . : T‘u-’
[ Fax, 0By, vamL| | HMD. | [tuates,
CAD 203D :
JPG, PNG, AVI.. TRACKING SYSTEMS *-—
| contact and comfactiess
: Unity optical, magnetic and olher
ﬁ;;ﬂ cra:r Unroal HAPTIC DEVICES —t
JavaScrisl mn-uuu.latﬂr_s. Joysticks, vests )
Pythan AUDIO AND OTHER SENSES  e—i

3D speakers, fans, smell
generators elc.

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

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

Example of a VR headset — HTC Vive Pro — with controllers and base stations [vive.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 [G6rski 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

virtual surgery

Level 3. X
simulators

training simulations Practical skills ¢

(physio/psychotherapy)

Level 2:

Procedural
knowledge

presentations of
processes (e.g. surgical

operation) interactive manuals
Level 1: + of maintenance (e.g.
General medical equipment)
knowledge
3D atlases configurators,

' product presentations

Levels of XR applications by knowledge [Gorski et al. 2017]

knowledge level 4

[working hours]

advanced skill
(1000)

basic skill (500) |

specialized

knowledge (250) T

basic knowledge |

(50)

LEVEL 3

experienced user
doctor (12) experience
[years]

Levels of XR applications and mapping to specific user classes [Gorski et al. 2017]
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Table 3.1. Requirements of applications of different knowledge levels [Gorski et al. 2017]

Features/requirements

Level 1

Level 2

Level 3

Visualization

Static — pre-rendering
(possible static images
and pre-rendered
sequences)

Kinematic — real-time
rendering (3D engine,
live animation)

Dynamic — real-time
rendering with object
deformations

Human tissue data
form

lllustrative (3D
maodeled by graphic
designer with no
medical imaging)

Selected cases

of pre-selected patient
data from medical
imaging)

Real data (data from
CT scans or other
medical imaging,
processed for better
visualization)

Animations

Simple, pre-rendered

Rigid bodies — real-
time, deformations —
pre-rendered

Both rigid and
deformable bodies in
real time

Object manipulation
and interaction
methods

Mouse, keyboard,
graphical user
interface, gestures

Graphical user
interface, gestures,
tracking

Graphical user
interface, gestures,
tracking, haptic
manipulation with
force feedback

Collisions and farce Unnecessary Beneficial Mandatory if no

feedback physical props

Full immersion (HMD) Beneficial Needed but not Mandatory if no
mandatory physical props

Required tracking and Low or M/A medium/low high

force accuracy

Required computing low,/medium medium /high high

power

Participation of
zpecialists - medical
doctors

Planning stage -
definition of
requirements

Planning and building
stage —sharing
procedural knowledge

Planning, building and
verification —
recording of
procedure

1.IDENTIFICATION
ATm and scope
2.JUSTIFICATION
Resources, costs, risks

3. KNOWLEDGE ACQUISITION

4. KNOWLEDGE

FORMALTZATION

Informal knowledge model
(forms)

Formal knowledge model

Building computer system

SR

5. APPLICATION ]

—

6. IMPLEMENTATION
Launching the system

(UML diagrams)

Stages of XR application design and preparation process [Gorski 2019]
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Building medical VR/AR applications

STAGE 1 — VISUALIZATION

o + HARDWARE
entities —, W L SOFTWARE
3D DATA MATERIALS LIGHTING HIERARCHY, CAMERA constraints ¢
TRANSFER TEXTURES AND SHADING POSITIONING NAVIGATION . 4
________________ . LOGICAL
rules —I _ CONDITIONS
.-~ TIMERS
STAGE 2 — INTERACTION N7
— - ANIMATIONS
ANIMATION APPEARANCE SENSOR LOGIC CONNECTING activities B
PLANNING SHANGES DEFINITION DEFINITION ACTIONS 20D - APPEARANCE
Vv CHANGES
entities { e 3D COMPONENTS
STAGE 3 - INTERFACE constraints
- 2D COMPONENTS
GESTURE AND :
CONNECTING -
GUI PROJECT GUI IMPLEMENTATION R OARE GUI AND i LOGICAL
DEFINITION HARDWARE *  COMPONENTS

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

Switch SDK Setup Switch SDK Setup

Fear of heights therapy — ground view [Pofczyriska 2020] Fear of heights therapy — top view [Potczyriska 2020] Test user making the “swallow” posture [Potczyriska 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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