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Overview

e How many realities?

o Computational
science?

e Key grand challenges of
computational medical
XR?

e Our approach towards
these challenges

Ethics & Privacy?
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How many RealitieS? MR = AR + VR . avcre ke Hre sk
P B 7

Real Virtual

Environment CR-IR Environment
- MR Reality-Virtuality Continuum >

o oeesenesaccacsnssnssssanannsss Extent of World Know[edge................................>
World World Fully
Unmodeled Modeled
The Mixed (‘X’) Reality (MR) Continuum [Milgram99] [Azuma01]

AR-VR: Papagiannakis, G., Schertenleib, S., O'Kennedy, B., Poizat, M., Magnenat-Thalmann, N., Stoddart, A., Thalmann, D., 2005. Mixing Virtual and Real
scenes in the site of ancient Pompeii. Computer Animation and Virtual Worlds, John Wiley and Sons Ltd 16, 1, 11-24.

Cross-Reality (CR): Davies, C.J., Miller, A., and Allison, C. 2012. Virtual Time Windows: Applying cross reality to cultural heritage. Proceedings of the
Postgraduate Conference on the Convergence of Networking and Telecomunications, ISBN: 978-1-902560-26-7.

Hybrid-Reality (HR): Reda, K., Febretti, A., Knoll, A., et al. 2013. Visualizing Large, Heterogeneous Data in Hybrid-Reality Environments. Computer Graphics

OSCO and Applications, IEEE 33, 4, 38—-48.
ITU I(AI.EI D PE Indirect Reality (IR): Wither, J., Tsai, Y.-T., and Azuma, R. 2011. Indirect augmented reality. Computers & Graphics 35, 4, 810-822.

ONLINE 2021 Substitutional Reality (SR): K. Suzuki, S. Wakisaka, and N. Fujii, “Substitutional Reality System: A Novel Experimental Platform for Experiencing Alternative
Reality,” Sci. Rep., vol. 2, pp. 1-9, Jun. 2012.




‘X’ Reality (XR) Continuum

(X=A,V, M for AR, VR, MR...)

Holographic AR Holographic AR Desktop VR
. (untethered) (tethered)
Real Environment Mobile AR Virtual Environment
— ‘X’ Reality — Virtuality Continuum >

loannides, M., Magnenat-Thalmann, N., Papagiannakis, G., (Eds), Mixed Reality and Gamification for Cultural Heritage, Springer-Nature,
DOI: 10.1007/978-3-319-49607-8, 2017



‘X’ Reality (XR) Continuum

(X=A,V, M for AR, VR, MR...)

loannides, M., Magnenat-Thalmann, N., Papagiannakis, G., (Eds), Mixed Reality and Gamification for Cultural Heritage, Springer-Nature,
DOI: 10.1007/978-3-319-49607-8, 2017




REALITY

Building a responsible future for
immersive technologies

0 «Alentlire Consulting. WAKING UP TO A NEW REALITY | Accenture. 2019.
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Science, Computational Science and
- omputer Science?

Science: At @ Crossroads Why Computational Science?

he U.S. Congress passed the High Performance Computing and
Communications Act, commaonly known as the HPCC, in December 199]
This act focuses on several aspects of computing technology, but two have
received the most atention: computational science as embodied in the

Grarkl Challenges (Table 1) and the Natonal Research and Educational s s s - s

Network (NREN), The Grand Challenges are engineering and scientific An ln terdlsclpllnary 1 leld
problems considered vital 1o the economic welkbeing of the US. Many of

these problems, such as drug design and global climate modeling, have ° ° - °
waorldwide impace. The NREN is o be an exwemely high speed nemwork, h I

capable of ransmitting in the terabitvpersecond range — approximaicly ten p yslca SCIen Ces, en gln eer'n g’
times faster than we can currenthy eransmit data. The exact goals of the HPCC
are published in a pamphlet and updased annually [7].

o

The science and engineering components of the HPOC require an inter- ath e a t Cs Co te
disciplinary approach two sobving very difficult problems. cq1'.h= solutions m m I ) m u r
requite the concerted actions of physical scientists, engineers, mathematical
scientists, and computer scientists. Computational science embraces this o o
collabomiive effort among many diverse disciplines. In the final analysis, the SC e Ce hose t e has CO e —
“answer” may have 10 be pieced wgether from the many viewpoints. l n W lm m

Our purpose is 1o ask whether woday's computer scientists are able o ke
up the challenge of compurational science. Some might argue that compu- [
tational science is not an inierest of computer science; that current areas of agaln e
interest comprise the wital domain. Indeed., it is strange that one has wo argue e
for scientific applications as a pant of computer science, unce, after all,

modern computing's reots are in scentific and engineering apphications. ° Ad d H I b |

An exact definition of computational samer is open 1o debate. There are reSS I n g CO m p eX p ro e m S
many programs in the US and elsewhere that wse the werm, and each
program probably has its own view of computational science, We outline the . . . .
Clemson University view of computational science as one possible approach th at h ave I m p O rta nt I m p | I Cat I O n S
That view recognizes three components to computational science: applica
tiens, algorithms, and archiiectures, We visualize this as a pyramid supporting .
the sciemce and engineering. Applications need not be restricied 1o the h k d
traditional scienoe and crlj{inf_":_fﬁng apphcations; for example, complex to u m a n I n )
econometric models can abo benefit from computational science.

The conduct of computational science, in the Clemson view, is inter . M
disciplinary. This interdisciplinary thinking demands that the constituent ® U n I I ke Iy to S u Cce e d I n n ea r te rm

disciplines (physical sciences, engineering, mathematics, computer scienoe )
maintain their autonomy, Within computatonal science, a computer

P cins exprte i compues soenc. bt cmphasies aplatons without further advances in

Although computational science is not for cvery computer scientist,

computational science is an idea whose tme has come—again

S software and hardware
Computer science is generally

implications for humankind, These problems are complex and their P

i i Ko v, etz (M

D. E. Stevenson. 1994. Science, computational science, and computer not part|C|pat|ng In science or
science: at a crossroads. Commun. ACM 37, 12 (Dec. 1994), 85-96. enginee ri ng a pp| ications or
DOI:https://doi.org/10.1145/198366.198386

preparing students to do so






https://www.mauritshuis.nl/en/press/persarchief/2019/rembrandt-reality/



Computational science + XR experiential
technologies for medicine?
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https:

george-papagiannakis.mec

.com/a-new-xr-c

tational-medicine-discipline

Computational medical XR is a new
interdisciplinary field, bridging life sciences, with
mathematics, engineering and computer
science.

It unifies computational science (scientific
computing) with intelligent extended reality and
spatial computing for the medical field.

It extends significantly clinical XR by

* bringing on
computer simulation and other
forms of computation

e from numerical analysis,
computational geometry,
computational vision and
computer graphics with
theoretical computer science and

machine learning, in order to

solve hard problems in medicine


https://george-papagiannakis.medium.com/a-new-xr-computational-medicine-discipline-9a48ae1550c
https://cns.unt.edu/clinical-xr

Why Computational XR
medicine?

Medical schools, dental schools,
nursing academies, medical device
companies, hospitals and surgical
training centers are now leading in-
house the “VRification” of their
curricula,

hence driving themselves further
the adoption and customization of
their medical VR simulations.
Through the ability to control and
develop their own XR training
material, they can ensure their
medical professionals are properly
and (continuously) trained

while ensuring optimal patient
outcomes and fewer medical
errors/complications.


https://arxiv.org/abs/2108.04136

Transforming the Enterprise Training Landscape

&

High
Manuals Videos/2D
Ability
to Scale
Enterprise
=
Classes ”ﬂﬂ
Traditional .
On the Jlob
L& D Training
1-1 Expert
- Mentor

Low High

Training Effectiveness

Source: STRIVR webinar: http://www.virtualrealityrental.co/blog-post/applications-of-virtual-reality
Webinar - STRIVR - Virtual Reality for Employee Training



Strong Use Cases

Best Way is “Learning by Doing”, BUT...

Source: STRIVR webinar: http://www.virtualrealityrental.co/blog-post/applications-of-virtual-reality
Webinar - STRIVR - Virtual Reality for Employee Training



Concrete
Experience

(doing/having an
experience)

Kolb's
Experiential
Learning
Cycle

Active
Experimentation

Reflective
Observation
(planning or
applying what
was learned)

(reflecting on
experience)

Abstract
Conceptualization

(learning from
experience)

Source: Kolb DA. Experiential learning. Englewood Cliffs (NJ): Prentice Hall; 1984



Gaining additional
Knowledge
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Comprehending
Instruction

YAVAYAY
VAVAVAY

Operative Judgment
And Decision making

Depth & Spatial
judgments

Psychomotor
performance
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surgeon
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Source: Gallagher AG, Ritter EM, Champion H, Higgins G. Virtual reality simulation for the operating room: proficiency-based training as a
paradigm shift in surgical skills training. Annals of Surgery. 2005. doi:10.1097/01.s1a.0000151982.85062.80.
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Applications of Grassmann's Extensive Algebra

Author(s): Professor Clifford

Source: American Journal of Mathematics, Vol. 1, No. 4 (1878), pp. 350-358
Published by: The Johns Hopkins University Press

Stable URL: https://www. jstor.org/stable/2369379

Accessed: 06-08-2018 12:02 UTC

TSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon & wide
range of content in a trusted digital archive. We use information technology and tools to increase productivity and

tacilitate new forms of schelarship. For mere information about JSTOR, please contact support®jstor.org.

Your use of the FSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at

https:/fabout jstor.org/terms

William Clifford

The Johns Hopkins University Press is collaborating with TSTOR to digitize, preserve and
extend access to American Journal of Matheématics

JSTOR

CLFrorD, W.K. 1878. Applications of Grassmann’s extensive algebra. American Journal of Mathematics 1, 4, 350—-358.



Educational
Embodiment in VR

High

Low High
Congruence of Gesture

to Content

Immersion / Presence

Source: Johnson-Glenberg MC. Immersive VR and Education: Embodied Design Principles That Include Gesture and Hand Controls. Front Robot Al. 2018;5:27.
doi:10.3389/frobt.2018.00081.



which are the key grand challenges for
medical VR training?



Current technologies and concepts are founded on more than 30 years of research and
development

Recent changes in cost and access make VR affordable

VR tech is currently used for prevention, evaluation, treatment and chronic disease management

On the horizon: enhanced, ubiquitous, informative and integrated

Dr. Walter Greenleaf,
Stanford Health Care & Virtual Human Interaction Lab




Operation Progress:
wsson 1: Knee Incision

/"wns O;’EB -__'_-—-—-—___._
» 9\ Cut Epiderm.-s

‘ Opnratron sm,r
o B = 13, -98 Sec




Grand challenges in computational medical XR

J

Networked collaboration SDK platform tools
5G Edge computing technology Unity & Unreal?
for unlimited, networked
collaboration across all XR,
desktop/mobile devices

N

Low-code authoring Development cost
days instead of 6-8 months decrease in VR dev hours,
for a high-fidelity medical code complexity and size

VR learning module

Real clinical validation
published clinical trials in
high-impact scientific
journals

Optimize cut-tear-drill
develop more VR content,
deploy it faster with cutting-
edge features



Challenge: clinical trial validation on psychomotor surgical
skills

Title: ey The Journal of

Virtual Reality Facilitates Training in the Weieh o l
Performance of Total Hip Arthroplasty: A e
Randomized Controlled Trial, Virtial Reality Simnulation Eacllitates Resident

The Journal of Arthroplasty, 2019, ISSN 0883-5403, https://doi.org/10.1016/j.arth.2019.04.002, Trau_ung. in Total Hlp Arth]:“oplabty. A
Randomized Controlled Trial

Jessica Hooper ! & &, Eleftherios Tsiridis ' %, James E. Feng !, Ran Schwarzkopf !, Daniel Waren %, William J. Long
[ ]
Resu Its . 1'%, Lazaras Poultsides L, William Macaulay !

. . the NYU Virtual Reality Consortium®
The VR cohort demonstrated greater improvement in all o e e W e e R e
score categories (procedural steps, technical

performance, visuospatial skills, efficiency, and flow)

compared to the standard group

« Measured 8% improvement in all categories above oo,
right just after 2 VR trials - -

+ Future trial: after 20 VR trials what will be the oot o oot

, 56403, Hellas

measured improvement? Thessilon

. . . . B * Center of Orthopaedics and Regenerative Medicine (C.O.RE.}- C.LR.I-A.U.Th., Balkan Center, 57001, Hellas
https://www.sciencedirect.com/science/article/pii/S0883540319303341



https://doi.org/10.1016/j.arth.2019.04.002
https://www.sciencedirect.com/science/article/pii/S0883540319303341

Challenge: clinical trial validation on cognitive skills and
physical training for Mild Cognitive Impairment

@.JM'R Publications  asicles - Resource Center = Login  Register

Title:
A Virtual Reality App for Physical and Cognitive Training h——.

X Praprints (arker versiona) of this paper ane availabie ol hips:fpregeints jmirceg/preprint/24170, first published Saptembsr 08,

& JMIR Sericus Carmes + Journal Irformation =

2020

of Older People With Mild Cognitive Impairment: Mixed " AVinus Reaity Ap or Physical an Cogritive
Methods Feasibility Study rm I Wi Mo sy Sty
https://games.jmir.org/2021/1/e24170/

ity App: foe Physical and
ining of Oider People With
T M

dra
1 Mild Cosgritiv Wi

Article Authors Cited by Twestations Matrics
R It . Abstract
eSults: o a

« Mathods Therapeutic virlual reality (V) has emesged as an effective reatment modality for cognitive and

1. VRADA is an acceptable, usable, and tolerable system e ey T

are 1o appeal o oider people with symptoms of cognitive decline and maet their specific needs

This paper is in the following

for physical and cognitive training of older people with i Ay | T —

[
platform that sllows oider people with MCI symploms 1o smultanecusly practice physical and [~

2. Participants showed a significant preference for the VR e rach
condition (students: mean 0.66, SD 0.41, t29=8.74, e e
P<.001; patients with MCI: mean 0.72, SD 0.51,
t26=7.36, P<.001),
3. as well as high acceptance scores for intended future
use, attitude toward VR training, and enjoyment. e

4. System usability scale scores (82.66 for the students e

The findings suggost that VAADA i an scceptalile, usable, and telorble system for physical and

Games and Samification for Heath (258)

_Corliwd ion (113

Download

Share Article

000

Pasticipants in bath groups showed a significant peolorence for the VR condition (students: mean
0066, S0 041, £ageill T4, Pe 007 patients with MCL mean 0.72, 5005

use, alf l , and enjayment. System
scones (B2.66 for the shudents and 77 96 for the older groun] wene well above the

cognitie training of older peophe with M and unvensity sludents, Randomised conteolled trig

and 77.96 for the older group) were well above the S e
acceptability threshold (75/100)



https://games.jmir.org/2021/1/e24170/

Challenge: clinical trial validation on cognitive skills

and memory retention R ——

Title: S ——
Effectiveness and utility of virtual reality

¥ Preprinas (easier vevaions) of This paper ane awailabie at Mg aneprints Jmic o/ prepnen 2S5BS, st published Agnl 26, 2021
Barerkach T, Fanden ), Pagaguannskis

Effectiveness and Utility of Virtual Reality Simulation =«
as an Educational Tool for Safe Performance of

. . . ") CFNID-1 9 Diagnostics: Prospective, Randomized
simulation as educational tool for safe e TG
performance of COVID-19 diagnostics: a B =a o L s
prospective, randomized pilot trial A ——

IMIR, (accepted) b ple—

» Copight

ReSUItS: zd;;*:': " thod regarding a COVID- 19-relaind skil set and media
° . m: v, 'Ipsamwﬂcsm-ow :.JQI I'\.ﬁ.li'Dl’l'Ykﬂéll-a'..ﬂli‘llllN\l‘J M::’W".M
1. the short- and long-term effectiveness of a novel virtual e e e e e v "

¥ moneh bater w5 well as varisbles of media use

reality simulation vs. traditional learning methods (e-
learning) regarding proper hand hygiene and PPE proficiency
and correct acquisition of a nasopharyngeal specimen for
covid-19 testing

2. the correlation of performance of nasopharyngeal swab
taking in virtual reality (test mode) and real life (manikin)

3. a statistically significant improvement on sensorimotor
performance of the trainees of the VR group: 16% and
higher satisfaction in the VR group

whie groviding benefis seganding user satsfacnon These resoits sdd 1 the growng bedy of
rvidencn that YR ia o wiaful I:ﬁl‘wﬁ!a'l“lmﬂ"-’d:ﬂbl:h'\:dmlll



Challenge:

cut, tear, drill on deformable soft-bodies in VR

ITUKALEIDOSCOPE

ONLINE 2021

Kamarianakis, M., Lydatakis, N., Protopsaltis, A., Petropoulos, J., Tamiolakis, M., Zikas, P,, Papagiannakis, G., “"Deep Cut": An all-in-one
Geometric Algorithm for Unconstrained Cut, Tear and Drill of Soft-bodies in Mobile VR”, arXiv:2108.05281 [cs.GR]



https://arxiv.org/abs/2108.05281

Challenge: Low-latency, collaborative, networked shared medical
environments

Clients

Server receives

Server

Position/Rotation of
shared VR assets

» Trigger events

* VR Avatars

« Changes in Authorities
* Operation steps

—

ITUKALEIDOSCOPE

ONLINE 2021

o
L

Photon’s Relay Server ]

A 4

Server broadcasts to all clients * Networking API

Synchronize Operation Steps
Handle Events

Broadcast messages to clients
Handles Authorities
(Tools/assets)

Animation Synchronization

*  Online Matchmaking

l

A

A\ 4

// MAGES SDK

Geometric Algebra
Interpolation

\ // MAGES SDK \

Event Network Event
Handling Controller oo Handling

[ Network ] * Tethered/Untethered VR HMDs
Contiolleh « Remote Collaboration

* GAinterpolation to broadcast less data

; * h/windependence
':|

‘—

erl T

User N

ORamaVR networking layer

Kamarianakis, M., Lydatakis, N., Papagiannakis, G., “Never ‘Drop the Ball’ in the Operating Room: An efficient hand-based VR HMD controller

interpolation algorithm, for collaborative, networked virtual environments”, ENGAGE workshop, Computer Graphics International 2021




Challenge: Low-latency, collaborative, networked shared
medical environments li

VAWNR

GA Interpolation engine

Build-in Co-op support

Reducing network traffic up to 58%
16% performance boost

Efficient and smooth transformations

[Network Quality|How to Achieve Best QoE| Metrics on Our Methods |

Excellent

SoA: 30 updates/sec
Ours: 20 updates/sec

33% less bandwidth
16.5% lower running time

Good

SoA: 20 updates/sec
Ours: 10 updates/sec

50% less bandwidth
16.5% lower running time

Mediocre

SoA: 15 updates/sec
Ours: T updates,/sec

53% less bandwidth
16.5% lower running time

Poor

SoA: 12 updates/sec
Ours: 5 updates,/sec

58% less bandwidth
16.5% lower running time

Summary of the metrics of our methods (Ours) versus the state-of-the-art methods (SoA).

ITU I(AI_EI DOSCOPE Kamarianakis, M., Lydatakis, N., Papagiannakis, G., “Never ‘Drop the Ball’ in the Operating Room: An efficient hand-based VR HMD

controller interpolation algorithm, for collaborative, networked virtual environments”, ENGAGE workshop, Computer Graphics
International 2021

ONLINE 2021

ORama @




Challenge: Low-latency, collaborative, networked shared
medical environments lli

ITU I(AI_EI DOSCOPE Kamarianakis, M., Lydatakis, N., Papagiannakis, G., “Never ‘Drop the Ball’ in the Operating Room: An efficient hand-based VR HMD

ONLINE 2021 controller interpolation algorithm, for collaborative, networked virtual environments”, ENGAGE workshop, Computer Graphics
International 2021




Challenge: VR s/w design patterns for rapid
prototyping?

7 ACTION PROTOTYPES

ITU KAI_EI DOSCOPE P. Zikas, G. Papagiannakis, N. Lydatakis, S. Kateros, S. Ntoa, |. Adami, and C. Stephanidis, “Immersive visual scripting based on VR

ONLINE 2021 software design patterns for experiential training.,” Visual Computer Journal, 2020




Challenge: Analytics engine with cloud-
based user assessment

Adaptive difficulty levels

» Tracking psychomotor & cognitive skills
» Cloud-based user assessment

* Realtime error tracking

» User reportin VR application

01

Track User

@

Select Difficulty:  Easy -

Yisual guides

03

Review Session

02

Mark Progress

Critical errors
Audio guide

Maormal errors

EIEIEIEIE

Aided toaol selection

ITU I(AI_EI DOSCOPE ORamaVR, Analytics Engine, 2021, https://docs.oramavr.com/en/latest/index.html

ONLINE 2021



https://docs.oramavr.com/en/latest/index.html

Challenge: Low-code authoring for medical XR ?

MAGES
Multiplayer wi' G& ntenpolation
Aralytics bated on ML agent
Geeoemeetric Alpebra
Edirtor in YR

Gemants annotated Solt Bodies

George Papagiannakis, Paul Zikas, Nick Lydatakis, Steve Kateros, Mike Kentros, Efstratios Geronikolakis, Manos Kamarianakis, loanna Kartsonaki, and Giannis Evangelou. 2020.
MAGES 3.0: Tying the knot of medical VR. In ACM SIGGRAPH 2020 Immersive Pavilion (SIGGRAPH '20). Association for Computing Machinery, New York, NY, USA, Article 6, 1-2.
DOI: , 2020



https://doi.org/10.1145/3388536.3407888

Challenge: rapid prototyping for medical XR ?

IT KAI_EI D OSCOPE Zikas, P, Kamarianakis, M., Kartsonaki, I., Lydatakis, N., Kateros, S., Kentros, M., Geronikolakis, E., Evangelou, G., Catilo, PA.,
u Papagiannakis, G., "Covid-19 VR Strikes Back: Innovative medical VR training"”, In ACM SIGGRAPH 2021 Immersive Pavilion

ONLINE 2021 (SIGGRAPH '21), Association for Computing Machinery, New York, NY, USA, 2021




The world of immersive technology
is no longer hype-we'reliving it.




Ethics & privacy?

« Self biometric data
« Consciousness hacking

« Surveillance
capitalism? (third party
doctrine)

Digital divide?




Conclusions

 Accelerate skills
acquisition through the
use of recent experiential
XR technology innovations
is possible

* Educators and trainers
need to drive adoption of
experiential technologies
in their curricula via
Computational medical XR

* Presence in not enough,
embodiment and
agency/manipulation are
key enabling learning
factors

ITUKALEIDOSCOPE

ONLINE 2021
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