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How can AR/VR help me

visualize
understand
explain
manipulate
my data better?
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Schedule

AR/VR Introduction
AR/VR Resources @ KVL
15 min. Break
Demos/Discussions

What is your previous experience with augmented and/or virtual reality
(AR/VR)?

Developed and used them before. 13%

Used them before. 13% t

Familiar but have not used... 22%

None. ' 52%




KVL Introduction
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KVL provides expertise in data visualization and
data science

*VISUAL ANALYTICS
*INFORMATION VIS
* STATISTICAL ANALYSIS

Thomas Theussl Dr. James Kress Dr RoneII Sicat Dr. Didier Barradas Dr. Abdelghafour Halimi
SCIVIS HPC SCIVIS VR/AR Data Scientist Data Scientist

*SCIENTIFIC VISUALIZATION *VISUALIZATION SOFTWARE *SCIENTIFIC VISUALIZATION * DATA SCIENCE * DATA SCIENCE
*LARGE DATA ANALYSIS *HPC INSITU VISUALIZATION *AR/VR DEVELOPMENT * MACHINE LEARNING * MACHINE LEARNING
*DISTRIBUTED VISUALIZATION * DISTRIBUTED VISUALIZATION *3D RECONSTRUCTION * DEEP LEARNING * DEEP LEARNING



KVL offers state-of-the-art visualization facilities

AR/VR HMDs

CUBES VR ZONE 5 VR



wiki.vis.kaust.edu.sa
help@yvis.kaust.edu.sa



AR/VR Introduction



What is AR/VR?

Hardware and software systems to interact with and display a blend of
real and virtual objects.

https://oxhere.com/en/photo/556168 https://mashable.com/article/fa [Riegler et al. 2019]
cebook-messenger-ar-effects



What is AR/VR?

Reality — Virtuality Continuum

reality augmented reality augmented virtuality virtual reality

http://mwww.kacpr.org/popup/file/20180913/Virtual%20reality%20in%20CPR%20training.pdf



Demo: VR (Unity XRIl sample)




VR examples

https://Mww.youtube.com/watch?v=SCrkZOx5Q1M


http://www.youtube.com/watch?v=SCrkZOx5Q1M

VR examples
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Demo: AR (MRTK sample)




AR examples

https://Mmwww.spheregen.com/hololens-2-fag/

https://Mwww.ikea.com/au/en/customer-service/mobile-apps/...
say-hej-to-ikea-place-publf8afO50



AR examples




How does AR/VR work?

output <: computer

application

virtual
content

input :>

hardware + software



https://arstechnica.com/gaming/2016/10/why-oculus-has-my-favorite-vr-hand-tracking-controller/

Hardware

Head-Mounted Displays (HMDs) Immersive Environments (CAVES)

.. »




Software

AR/VR-ready Applications AR/VR Development Tools
e “App” Stores (Steam, Microsoft, e Game Engines (Unity, Unreal,
Meta, etc)) Godot) and plug-ins
e Avizo + TechViz (GetReal3D)
e 3DSlicer e Low-level programming using
e Paraview OpenXR, OpenGL, Vulkan,
e And more.. C/C++, etc.

e And more...



AR/VR application development

output <: computer

application

virtual
content

input :>

hardware + software



https://arstechnica.com/gaming/2016/10/why-oculus-has-my-favorite-vr-hand-tracking-controller/

Data visualization using AR/VR

output

—

computer

AR/VR
application

virtual




Immersive analytics

e Leverages new interaction and display technologies, e.g., AR/VR, to
support data understanding and analysis.

e Can be useful for:
o understanding 3D spatial data
o analyzing situated data
o performing direct natural interactions
o immersive storytelling
o and more!
e Imagine how your data can fit any of the following scenarios!



3D Spatial Data: bathymetry data vis in VR

Data c/o CMR Core Lab



3D Spatial Data: bathymetry data vis in VR



https://docs.google.com/file/d/1EgKltejDAIcO74MVoXaJh3g0AgGLMHNx/preview

3D Spatial Data: bathymetry data vis in VR

*| Core Labs and
Research Infrastructure



http://www.youtube.com/watch?v=eggkRxc9TG8&t=7125

3D Spatial Data: bathymetry data VIS INn VR



https://docs.google.com/file/d/1cc2GeL89zigruqV7O-CB2-PqExBjkYRa/preview

Situated Data: sensor data visualization in AR



https://docs.google.com/file/d/1fG5-zrbkodEq2isyJvoxmz-sUPBcUm7Z/preview

Situated Data: planning/prototyping in AR

https://www.youtube.com/watch?v=UudV1VdFtuQ


https://docs.google.com/file/d/1sExgSeHwLSZgbWnbH9v2qWfJjNPOkWCv/preview

Situated Data: planning/prototyping in AR

https://www.ikea.com/au/en/customer-service/
mobile-apps/say-hej-to-ikea-place-publf8afO50



Natural Interactions: neuron tracing in VR

[Usher et al. 2018], https://www.youtube.com/watch?v=7KZgDO053xX|




Natural Interactions: neuron tracing in VR

A Virtual Reality Visualization Tool for Neuron Tracing

Will Wshar, Pinol Klacansky, Frofarick Fedarer, Poer-Tiso Braser, Aaron Knoll,
Jeff Yarch, Alessandra Angalucci and Valerio Pascuccl



http://www.youtube.com/watch?v=lTNef_kbLKg
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Immersive Storytelling: coral probiotics village



https://docs.google.com/file/d/1k9wuwvdcGdJPwlRkTxpyBUk4Xwht_j8C/preview

AR/VR Capabilities @ KVL



How can AR/VR + KVL help me

visualize
understand
explain
manipulate
my data better?



Overview of AR/VR Capabilities @ KVL
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Hardware + Software + Expertise



Hardware



VR Head-Mounted Displays

Device # | Release
HTC Vive 5 2016
HTC Vive Pro 1 2018

Meta Quest 2 2 2020
HTC Vive Pro 2 2 2021
HTC Vive Focus 3 2 2021

Meta Quest Pro 2 2022




AR Head-Mounted Displays

Device # | Release

Magic Leap 1 1 2018

HoloLens 2 2 2019




AR/VR-Ready Computers

3 AR/VR-ready desktop workstations
2 AR/VR-ready laptops




Immersive Environments; Zone 5

Bldg 1 (West), Level 2
7 x 3 config

3D TVs

1 head node

3 render nodes
tracking




Immersive Environments: CUBEs

Bldg 1 (East), Level 2
7 x 3 config

3D projectors

1 head node

7 render nodes
tracking

surround sound




Book via
wiki.vis.kaust.edu.sa/booking



Software



Avizo + TechViz
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Avizo + TechViz on VR Headset

Introduction te Image Segmentation,
3D Reconstruction, and VR Visualization

Ronell Sicat

LAUST Visualization Core Lab |[KVL)

¢ '.‘o ity mees %1 Core Labs and
@ S0 Research Infrastructure


http://www.youtube.com/watch?v=iPHuKHWVNW4&t=11544

Avizo + TechViz on Zone 5



https://docs.google.com/file/d/1cc2GeL89zigruqV7O-CB2-PqExBjkYRa/preview

Unity AR/VR




Unity AR/VR



https://docs.google.com/file/d/111KuN_fsvEgSL62uZQ5f54No3AoY-ZbP/preview

Unity AR/VR




Unity AR/VR



https://docs.google.com/file/d/1gMD1mbU2YsGQAzVrUPdr90FoNkAH-7ix/preview

Unity AR/VR



https://docs.google.com/file/d/1k9wuwvdcGdJPwlRkTxpyBUk4Xwht_j8C/preview

Unity + GetReal3D




Unity + GetReal3D



https://docs.google.com/file/d/1UK9cAndn3ft0j1TwIctDSpVNNOlm3vOr/preview

Request via
help@vis.kaust.edu.sa



Expert Support and Collaboration



Ronell Sicat #

and Technology
Verified email at kaust.edu.sa - Homepage

Immersive Analytics

TITLE :

Multivariate Probabilistic Range Queries for Scalable Interactive 3D Visualization
AAgeeli, A Jaspe-Villanueva, R Sicat, F Mannuss, P Rautek, M Hadwiger
IEEE Transactions on Visualization and Computer Graphics 29 (1), 646-656

Real-Time Visualization of Large-Scale Geological Models with Nonlinear Feature-
Preserving Levels of Detail

R Sicat, M Ibrahim, A Ageeli, F Mannuss, P Rautek, M Hadwiger

IEEE Transactions on Visualization and Computer Graphics

Virtual reality framework|for editing and exploring medial axis representations of
nanometric scale neural structures
D Boges, M Agus, R Sicat, PJ Magistretti, M Hadwiger, C Cali

Computers & Graphics 91, 12-24

Virtual environment|for processing medial axis representations of 3D nanoscale
reconstructions of brain cellular structures

D Boges, C Calf, PJ Magistretti, M Hadwiger, R Sicat, M Agus

Proceedings of the 25th ACM Symposium on Virtual Reality Software and

Immersive environment for creating, proofreading, and exploring skeletons of nanometric
scale neural structures
D Boges, C Cali, PJ Magistretti, M Hadwiger, RB Sicat, M Agus

Eurographics Association

DXR: A toolkit for building]i ive data visualizations

R Sicat, J Li, JY Choi, M Cordell, WK Jeong, B Bach, H Phster

IEEE transactions on visualization and computer graphics 25 (1), 715725

The hologram in my hand: How effective is i ion of 3D vit ions in
immersive tangible augmented realityp

ch, R Sicat, J Beyer, T HPhster
IEEE transactions on visualization and computer graphics 24 (1), 457-467

Comparative Visual Analysis of Structure-Performance Relations in Complex Bulk-
Heterojunction Morphologies

AAboulhassan, R Sicat, D Baum, O Wodo, M Hadwiger

Computer Graphics Forum 36 (3), 329-339

Drawing into the AR-CANVAS: Designing
B Bach, R Sicat, H Pfister, A Quigley
Workshop on Immersive Analytics, IEEE Vis

ualizations for augmented reality

Large-Scale Multi-Resolution Representations for Accurate Interactive Image and Volume
Operations
RB Sicat

Sparse PDF Volumes for Consistent Multi-Resolution Volume Rendering
R Sicat, J Krueger, T Moeller, M Hadwiger
IEEE

Graph Abstraction for Simplified Proofreading of Slice-based Volume Segmentation
R Sicat, M Hadwiger, N Mitra
Eurographics 2013-Short Papers, 77-80

Sparse PDF Maps for Non-linear Multi-resolution Image Operations
M Hadvwiger, R Sicat, J Beyer, J Krueger, T Moeller
ACM Transaction on Graphics 31 (6), 133:1-133:12

Bit Error Probability Computations for M-ary Quadrature Amplitude Modulation
RB Sicat, TY Al-Naffouri
Digital communications and coding, King Abdullah University of Science and

Patient-Centric Medical Database with Remote Urinalysis Test
Sicat, G Tangonan, ML Guico, N Libatique, C Ramos, M Siapno,
World Congress on Computer Science and Information Engineering 6, 250-254

Visualization Scientist @ Visualization Core Lab, King Abdullah University of Science

Data Visualization ~ Large-scale Images and Vo...  Mixed/Augmented/Virtual R...
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The Hologram in My Hand:
How Effective is Interactive Exploration of 3D Visualizations
in Immersive Tangible Augmented Reality?

Benjamin Bach, Ronell Sicat, Johanna Beyer, Maxime Cordeil, Hanspeter Pfister

(a) Distance task

(b) Cluster task (d) Cutting plane task

Fig. 1. jcand | Iuti imati hologram visualizations of 3D usingi ive tangible
reality with the HoloLens. Actual perception through the HoloLens provides stereoscopic images and higher resolution.

Abstract—We report on a lled user study ing three for common 3D i Our
environments differ in how they exploit natural human perception and interaction capabilities. We compare an augmented-reality
head-mounted display (Microsoft HoloLens), a handheld tablet, and a desktop setup. The novel head-mounted HoloLens display
projects stereoscopic images of virtual content into a user’s real world and allows for interaction in-situ at the spatial position of the 3D
hologram. The tablet is able to interact with 3D content through touch, spatial positioning, and tangible markers, however, 3D content
is still presented on a 2D surface. Our is is that visualizatic i that match human perceptual and interaction
capabilities better to the task at hand improve ing of 3D To better
iocoation modalios i i oliatiog co Py hocodooit

the space of display and

IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL.25, NO.1, JANUARY 2019

DXR: A Toolkit for Building Immersive Data Visualizations

Ronell Sicat, Jiabao Li, JunYoung Choi, Maxime Cordeil, Won-Ki Jeong, Benjamin Bach, and Hanspeter Pfister

558
£)iA
AR A

Fig. 1. DXR enables rapid ing of i ive data vi:

data sources, graphical marks, and visual encodings; (b) the GUI modifies the ing design

X concisely represent vi
(acright) DXR's graphical user interface (GUI) within the virtual world enables quick iteration over visualization parameters such as

©)
be fine-tuned by the designer in a text editor; (d) the designer can add 3D models as custom graphical marks to achieve (e) n

can
ovel

immersive visualization designs. Example visualizations built using DXR: (f) a 3D vector field plot showing locations of photographs of
an exhibit; (g) flames repi ing the ining lifetime of real Id organic materials as they decay; (h) bar charts and scatter plots
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Others

Low-level programming consultation

Data mapping and conversion to 3D assets
Commercial software testing

AR/VR facilities consultation

And more...



Request via
help@vis.kaust.edu.sa



15-minute Break

wiki.vis.kaust.edu.sa
help@yvis.kaust.edu.sa




Live Demos / Discussions



VR: Coral Probiotics Village



https://docs.google.com/file/d/1k9wuwvdcGdJPwlRkTxpyBUk4Xwht_j8C/preview

AR: MRTK sample with 3D data




VR: ANPERC Art Exhibit



https://docs.google.com/file/d/111KuN_fsvEgSL62uZQ5f54No3AoY-ZbP/preview

End of Live Sream

“"%—\

help@vis.kaust.edu.sa



Vive: Coral planting




Vive: Avizo + TechViz

B Avizo 3D - Untitled

Fle Edit Project View Window XPand Python Help

@ start |~ project Segmentation  “4” Meshing %X Recipes *®} Filament &5 Animation

N T Multiplanar
Project View ox :h(a]e a 3 ® B «
Open Data... 7

Animate Ports Colormap Legend

== Volume Rendering Settings @)
OBVorelized Rendering

Properties

e
Common Settings:  Volume Rendering Settings ->
colormap: : |
Colormap Lookup: alpha  luminancealpha ® rc
Opaciy: o

Outline: enabled




Zone 5: Coral Probiotics Village




Zone 5. Bathymetry vis



https://docs.google.com/file/d/1cc2GeL89zigruqV7O-CB2-PqExBjkYRa/preview
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VR: Bathymetry vis

Data c/o CMR Core Lab



Demo List;

-VR (laptop + Quest Pro) Unity XRI sample
-AR (laptop + HoloLens 2) MRTK sample with 3D data

-VR (laptop + Quest Pro) CPV

-Vive VR: Coral planting
-Vive: Avizo + TechViz (sand pack)
-Zone 5: CPV

-ZOne 5: Bathymetry

Optional:
-Vive: Brain VR

-Vive: Bathymetry



Thank youl!

WIKI.VIS.
help@vis.

Kaust.equ.
Kaust.equ.




