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How can AR/VR help me 
visualize

understand
explain 

manipulate
my data better?



[Cai 2017]



LookVR

[Cordeil 2019] Microsoft



KVL Introduction



KVL provides expertise in data visualization and 
data science 

● Scientific visualization
● Large data analysis
● Distributed visualization

● Information visualization
● Visual analytics
● Statistical Analysis

● Image segmentation
● 3D reconstruction
● Augmented / virtual reality 

(AR/VR)

● Data science
● Machine learning
● Deep learning



image stack label images 3D model

Image segmentation and 3D reconstruction

segmentation reconstruction

visualization 
and analysis



KVL offers state-of-the-art visualization facilities

AR/VR HMDs



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



What is your previous experience with AR/VR?



Schedule

● AR/VR Introduction
● AR/VR Capabilities @ KVL
● 10 min. Break + Sign-Ups
● Example Scenarios
● 10 min. Break + Sign-Ups
● Hands-on Example
● Open Discussion



AR/VR Introduction



What is AR/VR?

https://pxhere.com/en/photo/556168

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

https://www.spheregen.com/hololens-2-faq/ [Riegler et al. 2019]



What is AR/VR?

Reality — Virtuality Continuum

reality augmented reality virtual realityaugmented virtuality

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



Demo: VR template

https://valvesoftware.github.io/steamvr_unity_plugin/tutorials/SteamVR-Input.html



VR examples

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

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


VR examples

https://techcrunch.com/2023/01/31/meta-starts-testing-members-only-worlds-in-horizon-worlds/



Demo: AR template

https://github.com/microsoft/MixedRealityToolkit-Unity



AR examples

https://www.ikea.com/au/en/customer-service/mobile-apps/…
say-hej-to-ikea-place-pub1f8af050

https://mashable.com/article/facebook-
messenger-ar-effects



AR examples

https://news.microsoft.com/videos/introducing-dynamics-365-remote-assist-for-hololens-2-and-mobile-devices/



AR examples

https://www.spheregen.com/hololens-2-faq/



computer

application

virtual 
content

How does AR/VR work?

output

input

https://www.digitalspy.com/videogames/a790819/how-to-set-up-the-oculus-rift/
https://arstechnica.com/gaming/2016/10/why-oculus-has-my-favorite-vr-hand-tracking-controller/
Hubner et al. 2020: https://www.mdpi.com/1424-8220/20/4/1021

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

● SimLab
● Game Engines (Unity, Unreal, 

Godot)
● Low-level programming using 

OpenXR, OpenGL, Vulkan, 
C/C++, etc.

● “App” Stores (Steam, Microsoft, 
Oculus, etc.)

● Avizo + TechViz
● 3DSlicer
● Paraview



computer

application

virtual 
content

AR/VR application development

output

input

https://www.digitalspy.com/videogames/a790819/how-to-set-up-the-oculus-rift/
https://arstechnica.com/gaming/2016/10/why-oculus-has-my-favorite-vr-hand-tracking-controller/
Hubner et al. 2020: https://www.mdpi.com/1424-8220/20/4/1021

hardware + software

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


Data Visualization using AR/VR



Data visualization using AR/VR

computer

AR/VR 
application

virtual 
content

output

input



Immersive analytics

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

● Can be useful for:
○ understanding 3D spatial data
○ analyzing situated data
○ performing direct natural interactions
○ immersive storytelling
○ and more!

Reality — Virtuality Continuum



Situated Data: sensor data visualization in AR 

https://er.educause.edu/blogs/2018/8/using-augmented-reality-to-promote-making-with-understanding

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


Situated Data: wind flow visualization in AR

[Sicat et al. 2019]



Situated Data: planning/prototyping in AR

https://www.ikea.com/au/en/customer-service/
mobile-apps/say-hej-to-ikea-place-pub1f8af050

https://adsknews.autodesk.com/news/microsoft-hololens-autodesk-fusio
n-360-mixed-reality-for-product-design-and-engineering



Natural Interactions: neuron tracing in VR

[Usher et al. 2018], https://www.youtube.com/watch?v=7KZgD053xXI



Natural Interactions: neuron tracing in VR

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


Immersive Storytelling: NASDAQ rise and fall in VR 

http://graphics.wsj.com/3d-nasdaq/?mod=e2tw 

http://graphics.wsj.com/3d-nasdaq/?mod=e2tw


Immersive Storytelling: CellView VR



3D Spatial Data and Natural Interactions: Nanovis

http://www.youtube.com/watch?v=5TH3otraHMI&t=165


AR/VR Capabilities @ KVL



How can AR/VR + KVL help me 
visualize

understand
explain 

manipulate
my data better?



Overview of AR/VR Capabilities @ KVL

computer

AR/VR 
application

virtual 
content

output

input



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 1 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
https://wiki.vis.kaust.edu.sa/booking



Software



TechViz (2 licenses)



SimLab (2 licenses)



Unity (50 licenses)



Request via
help@vis.kaust.edu.sa



Expert Support and Collaboration





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



10-minute Break

March 20 one-on-one sessions sign ups



Example Scenarios



Scenario: Avizo-compatible data + TechViz

AVIZO



Scenario: Avizo-compatible data + TechViz

http://www.youtube.com/watch?v=iPHuKHWVNW4&t=11537


Scenario: Avizo-compatible data + TechViz

geoTIFF image c/o CMR



Scenario: Avizo-compatible data + TechViz

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


Scenario: Avizo-compatible data + TechViz

Cons:

● Difficult to add custom 
interactions

● Only three machine-locked 
licenses

● Limited support for 3D model 
formats

Pros:

● Great for Avizo users
● Interaction works with most 

Avizo modules
● Very easy to run
● No programming
● Works on HMD and CAVEs
● Technical support from 

developers



Scenario: Data in 3D modeling format + SimLab



Scenario: Data in 3D modeling format + SimLab

https://docs.google.com/file/d/1HHCZZcv2cFW1cJl1bZwkt7BOH4jMd3w_/preview


Scenario: Data in 3D modeling format + SimLab

Cons:

● Difficult to add custom 
interactions

● Only two machine-locked 
licenses (transferrable)

Pros:

● Easy to use
● No programming
● Built-in library of 3D models
● Built-in basic movement and 

interactions
● Easy to deploy/distribute
● Can load many 3D model 

formats



Scenario: Data in 3D modeling format + Unity AR/VR



Scenario: Data in 3D modeling format + Unity AR/VR

Cons:

● Needs familiarity with Unity 
and SDKs

● Needs basic programming 
concepts

● Complex development setup
● Software evolves fast

Pros:

● Advanced interactions possible
● Basic templates available
● Support for many devices and 

platforms
● Many 3D models and scripts in 

asset store



Scenario: ArcGIS data + Unity VR 



Scenario: ArcGIS data + Unity VR 



Scenario: ArcGIS data + Unity VR 



Scenario: ArcGIS data + Unity AR/VR 

Cons:

● Requires ArcGIS license
● May cost money depending on 

data size and usage amount
● Requires Unity and ArcGIS 

familiarity
● Does not support all layer types

Pros:

● Great for ArcGIS users
● Advanced data management 

by ArcGIS SDK
● Advanced interactions possible
● Can work with offline data



Scenario: Complex 3D data and interactions

Coral Vis VR



Scenario: Complex 3D data and interactions

https://docs.google.com/file/d/1cjRzlu3NBus6ch4Zc0NVzSt0A4N7e2nT/preview


Scenario: Complex 3D data and interactions

Brain Vis VR



Scenario: Complex 3D data and interactions

Data c/o CMR Core Lab
Bathymetry Vis VR



Scenario: Complex 3D data and interactions

Cons:

● Requires Unity familiarity
● May require programming
● UI design can be challenging
● Can take longer time to 

develop

Pros:

● Flexible application
● More complex tasks and 

analysis
● Interesting research field



10-minute Break

March 20 one-on-one sessions sign ups



Hands-on Example



Unity Basics



Hands-on Example

● Set-up Unity + MRTK3 project
● Run MRTK3 tutorial
● Add interactable 3D model of coral (https://3d.si.edu/corals)



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

Thank you!

March 20 one-on-one sessions sign ups


