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V-SENSE project team
• Extending Visual Sensation 

through Image-Based Visual 

Computing

• 20+ researchers

About V-SENSE

• Light Field Imaging

• 3DoF – 360 VR Video

• Visual Effects & Animation

• 6DoF – AR/VR & Volumetric Video

• Deep Learning for Visual Computing
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Outline

4. Rendering and Display Technologies
• Immersive imaging on 2D screens

• HMDs for VR

• HMDs for AR

5. Perception & Quality Evaluation
• Visual perception

• Quality assessment

• Visual attention

1. Immersive Imaging Technologies
• Immersion & tele-immersion

• Imaging modalities

• Applications

2. Acquisition and Data Format
• Single-camera systems

• Multi-camera systems

3. Content Delivery
• Coding

• Adaptive streaming

Immersive Imaging Technologies: from Capture to Display    |   Tutorial |    VCIP 2021, Munich, Germany



Trinity College Dublin, The University of Dublin

Outline
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Part I: Immersive Imaging Technologies

Part II: Acquisition and Data Formats

5-10 mins Q&A

Part III: Content Delivery

Coffee Break

Continuing Part III: Content Delivery

5-10 mins Q&A

Part IV: Rendering and Display Technologies

5 mins Q&A

Part V: Perception & Quality Evaluation

5-10 mins Q&A

~20 minutes

15:00

15:30

17:00

~40 minutes

~20 minutes

~20 minutes

~20 minutes

~40 minutes

13:30



Part I: Immersive Imaging Technologies

What is immersion? What are immersive imaging 

technologies? What are the applications?
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Part I: Immersive Imaging Technologies

Three main points:
• Immersion & tele-immersion

• Imaging modalities

• Using traditional imaging

• Light fields

• Omnidirectional imaging

• Applications

Immersive Imaging 

Technologies
Acquisition & Data Format Content Delivery Rendering & Display Perception & Quality

Immersive Imaging Technologies: from Capture to Display    |   Tutorial |    VCIP 2021, Munich, Germany



Trinity College Dublin, The University of Dublin

Human Experience

Real 
Experience

•

•

Virtual 
Experience

• Sensory experience

• Non-sensory 
experience

The real world

Sensory experience

Lee, Kwan Min. "Presence, explicated." Communication theory 14.1 (2004): 27-50.
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Imaging Technologies

Imaging
• Storing visual information on a 

semi-permanent or permanent 

medium

• Pinhole camera

• Photography
• Photographic plates

• Film

• Digital

• Enable telepresence & information 

transmission in great distances

Immersive Imaging Technologies: from Capture to Display    |   Tutorial |    VCIP 2021, Munich, Germany

Immersive Imaging 

Technologies
Acquisition & Data Format Content Delivery Rendering & Display Perception & Quality



Trinity College Dublin, The University of DublinImmersive Imaging Technologies: from Capture to Display    |   Tutorial |    VCIP 2021, Munich, Germany

Immersion & Tele-Immersion

Presence (Ijsselsteijn, 2000)
• “being there in a mediated 

environment”

• Lombard and Ditton (1997)
• Realism

• Transportation

• Immersion, etc.

Immersion (Takatalo, 2008)
• “concentration to the VE instead of 

the real world, loss of time”

Telepresence (Minsky, 1980)
• “sense of being physically present at a 

remote location through interaction 

with the system’s human interface,”

Tele-Immersion (Mulligan, 2001)
• “interaction (presence) of people from 

different places in virtually the same 

environment.”

Minsky, Marvin. “Telepresence,” Omni, (1980): 45-51.

Mulligan, Jane, and Kostas Daniilidis. "Real time trinocular stereo for tele-immersion." 

Proceedings 2001 International Conference on Image Processing, Vol. 3. IEEE, 2001.

IJsselsteijn, Wijnand A., et al. "Presence: concept, determinants, and measurement." Human 

vision and electronic imaging V. International Society for Optics and Photonics, 2000.

Takatalo, Jari, Göte Nyman, and Leif Laaksonen. "Components of human experience in 

virtual environments." Computers in Human Behavior 24.1 (2008): 1-15.

Lombard, Matthew, and Theresa Ditton. "At the heart of it all: The concept of presence." 

Journal of computer-mediated communication 3.2 (1997).
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Imaging Technologies & Immersion

Timeline of imaging and immersion

• Lumière brothers’ train

• Silent films à Audio

• Color films

• High dynamic range

• Immersive imaging technologies
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Imaging Technologies & Immersion

Immersive Imaging Technologies

• Extend visual* sense

• Augment the “presence”

• Provide the viewer with a higher 

degree of freedom

* Although different modalities can be also included, immersive 

imaging technologies mostly focus on extending visual sensation
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Yaw
Roll

Pitch

Yaw
Roll

Pitch

Yaw
Roll

Pitch

Immersion & Degrees of freedom (DoF)

3DoF 3DoF+ Windowed 6DoF 6DoF
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• Rotation around 3 axes

• No spectator movement

• 3 degrees-of-freedom in 

total

• Rotation around 3 axes

• Limited spec. movement

• More than 3 DoF in total, 

but within limits

• Rotation around 3 axes

• Spectator movement 

through 3 axes

• Essentially 6 DoF with the 

help of a handheld display

• Rotation around 3 axes

• Spectator movement 

through 3 axes

• 6 degrees-of-freedom in 

total
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Traditional Display

Different Imaging Modalities

Attribution: People illustrations were created by studiogstock - www.freepik.com
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Different Imaging Modalities

Traditional Display

Attribution: People illustrations were created by studiogstock - www.freepik.comPeople illustrations were createted by studiogstock www.freepik.com

Virtual Reality

Omnidirectional 

Video

Light Fields
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The plenoptic function

Represents all the information available to 

an observer at any point in space and time

Different Imaging Modalities
Theoretical background

 (!,", #, $, %, &, ')

Adelson, Edward H., and James R. Bergen. “The Plenoptic

Function and the Elements of Early Vision.” Computational 

Models of Visual Processing, edited by Michael Landy and J. 

Anthony Movshon, MIT Press, 1991, pp. 3–20.
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Light as a field

Light rays parameterized by their 

intersection with two parallel planes

Different Imaging Modalities
Light fields

 (!, ", #, $)
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Light as a field

Different Imaging Modalities
Light fields
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the camera plane
the sensor / image plane

$(%, &, ', )*

Light field view +-,.
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Light as a field

Different Imaging Modalities
Light fields

 

!
"

#

the camera plane
the sensor / image plane
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Different Imaging Modalities
Omnidirectional image and video

Omnidirectional 

Video

 (!,", #)
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Omnidirectional (360-degree) image and video
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Different Imaging Modalities
Omnidirectional image and video

Omnidirectional 

Video
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Omnidirectional (360-degree) image and video
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Different Imaging Modalities
Volumetric video, augmented reality, and virtual reality

Volumetric Video or Free-Viewpoint Video

Virtual Reality

Augmented Reality
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Different Imaging Modalities
Volumetric video, augmented reality, and virtual reality

Volumetric video content creation

Image taken from: Collet, A., Chuang, M., Sweeney, P., Gillett, D., Evseev, D., 

Calabrese, D., ... & Sullivan, S. (2015). High-quality streamable free-viewpoint 

video. ACM Transactions on Graphics (ToG), 34(4), 69.
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Pagés, Rafael, et al. "Affordable content creation for free-viewpoint video and VR/AR 

applications." Journal of Visual Communication and Image Representation 53 (2018): 

192-201.
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VV can be used in AR & VR applications

Different Imaging Modalities
Volumetric video, augmented reality, and virtual reality
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Different Imaging Modalities
The boundaries between the different modalities are disappearing

Overbeck, Ryan S., et al. "A system for acquiring, processing, and rendering 

panoramic light field stills for virtual reality." ACM Transactions on 

Graphics (TOG) 37.6 (2018): 1-15.

“Welcome to lightfields” (Google)
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Applications & Creative Experiments

Where do we use these immersive 

imaging technologies?

• Entertainment

• Education

• ‘Augmenting’ education

• Cultural heritage

• Communication

• Immersive communication

• Remote collaboration

• Novel storytelling

• New internet medium
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Applications & Creative Experiments

Entertainment

• Sports 

• Drama & Theatre

• Augmented Play

• Virtual Play

• Awake One

• Post-production

• Computer games
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Applications & Creative Experiments

Entertainment

• Sports 

• Drama & Theatre

• Augmented Play

• Virtual Play

• Awake One

• Post-production

• Computer games
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O'Dwyer, Néill, and Nicholas Johnson. "Exploring 

volumetric video and narrative through 

Samuel Beckett’s Play." International Journal 

of Performance Arts and Digital Media 15.1 

(2019): 53-69.
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Applications & Creative Experiments

Entertainment

• Sports 

• Drama & Theatre

• Augmented Play

• Virtual Play

• Awake One

• Post-production

• Computer games
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Attribution: VR Focus - https://www.vrfocus.com/2018/12/cinematic-experience-awake-episode-one-now-available-for-htc-vive/

O'Dwyer, Néill, and Nicholas Johnson. "Exploring 

volumetric video and narrative through 

Samuel Beckett’s Play." International Journal 

of Performance Arts and Digital Media 15.1 

(2019): 53-69.
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Applications & Creative Experiments

Entertainment

• Sports 

• Drama & Theatre

• Augmented Play

• Virtual Play

• Awake One

• Post-production

• Computer games

Fraunhofer IIS – “Coming home” breakdown
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Applications & Creative Experiments

Education

• ‘Augmenting’ Education

• Realistic representation

• Simulations

• Employee training

• Drama education

• Beckett’s “Play”

• Cultural Heritage

• Museum guide

• Dean Jonathan Swift in the Old 

Room of TCD Library
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Attribution: AR in Healthcare education - https://jasoren.com/ar-in-healthcare-

education/#:~:text=Augmented%20reality%20is%20a%20powerful,unnecessary%20risk%20for%2

0the%20patients.



Trinity College Dublin, The University of Dublin

Applications & Creative Experiments

Education

• ‘Augmenting’ Education

• Realistic representation

• Simulations

• Employee training

• Drama education

• Beckett’s “Play”

• Cultural Heritage

• Museum guide

• Dean Jonathan Swift in the Old 

Room of TCD Library
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Amplianitis, Konstantinos, and Aljoša Smolić. "Jonathan Swift: Augmented Reality Application for 

Trinity Library’s Long Room." Interactive Storytelling: 11th International Conference on Interactive 

Digital Storytelling, ICIDS 2018, Dublin, Ireland, December 5–8, 2018. Springer, 2018.
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Applications & Creative Experiments

Communication

• Immersive communication

• “Holoportation”

• Real-time acquisition and display of 

volumetric videos

• https://www.microsoft.com/en-

us/research/project/holoportation-3/

• Remote collaboration

• “Spatial”

• Remote collaboration platform using 

many devices: HoloLens, MagicLeap, 

PC, phone, etc.

• https://spatial.io/
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Applications & Creative Experiments

Novel Storytelling

• V-SENSE - Storytelling

• “Bridging the Blue” - an immersive 

creative experiment that explores 

virtual reality (VR) as “the ultimate 

empathy machine” where users 

can explore an imaginary world 

and experience personal 

representations of clinical 

depression.

• mediated perspective-taking 

experience of VR
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Attribution: V-SENSE, Trinity College Dublin - https://v-sense.scss.tcd.ie/research/bridging-the-blue/
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Applications & Creative Experiments

Medium of the Future

• An immersive version of the Internet

• Combination of social media & daily 

internet use in AR/VR

• Second Life

• Altspace VR

• Facebook Horizon/Metaverse

• More prevalent in fiction as well

• “Oasis” from Ready Player One

• “V-World” from Caprica TV series

• Creation of human visual 3D models

• Creation of objects and scenes
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Summary: Immersive Imaging Technologies
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Key concepts of immersive imaging

• Immersion

• Plenoptic function

• Degrees-of-freedom (DoF)

Different imaging modalities

• Light fields

• Omnidirectional imaging

• Volumetric videos

Applications for these technologies

Next part:

• How to capture immersive images 

and videos in practice?



Part II: Acquisition and Data Format

How are the different modalities of immersive 

imaging captured? Which data formats and 

representations are used to store them?
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Part II: Acquisition and Data Format

Imaging strategies are diverse!

Let’s consider two categories:

• Single-camera systems

• Multi-camera systems

Light fields
• Both single and multi-camera 

systems are used

Omnidirectional imaging
• Both single-camera & multi 

camera systems are used

• More limited in single camera 

case (e.g., omnidirectional video)

3D models & Volumetric video
• Mostly require multi-camera 

solutions

Immersive Imaging 

Technologies
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Single-Camera Systems

Imaging with single cameras

• Light fields

• Robotized 2D cameras

• Lenslet plenoptic cameras

• Omnidirectional imaging

• Rotating 2D cameras

• Single-device systems

• 3D models, point clouds

• Moving 2D cameras and 

simultaneous localization and 

mapping (SLAM)
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2D imaging: the pinhole camera model

• Intrinsics parameters

• Focal length

• Principal point

• Extrinsics parameters

• Position

• Rotation

• Intrinsics and Extrinsics parameters 

allow to connect pixels to points in the 

3D world
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Based on a single 2D camera
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Hartley, Richard, and Andrew Zisserman. Multiple view geometry in computer vision. 

Cambridge university press, 2003.
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camera

object plane image sensorimaging lens

2D imaging: camera lens

Attribution: Weston Aenchbacher
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Based on a single 2D camera
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the camera plane

Based on a single 2D camera
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Light field capture with robotized camera
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Stanford, 2002 Fraunhofer IIS , 2016

front view

Stanford, 2008
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Light field capture with robotized camera

Based on a single 2D camera
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Omnidirectional imaging capture with rotating camera
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Based on a single 2D camera

Immersive Imaging Technologies: from Capture to Display    |   Tutorial |    VCIP 2021, Munich, Germany

Stitching
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Omnidirectional imaging capture with rotating camera

• Stitching
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Based on a single 2D camera
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Attribution: Adrian Rosebrock

1) Registration

2) Warping

3) Blending
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Based on a single 2D camera
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Attribution: www.aboundlabs.com
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Light field 3D mesh model
Birklbauer, Clemens, and Oliver Bimber. "Active guidance for light-field photography on 

smartphones." Computers & Graphics 53 (2015): 127-135.

Smartphone capture

• simultaneous localization and mapping (SLAM)
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Light field capture with a kaleidoscope lens

Manakov, Alkhazur, et al. "A Reconfigurable Camera Add-On for High Dynamic Range, Multispectral, 

Polarization, and Light-Field Imaging." ACM Transactions on Graphics 32.4 (2013): 47-1.
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Advanced camera design
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Manakov, Alkhazur, et al. "A Reconfigurable Camera Add-On for High Dynamic Range, Multispectral, 

Polarization, and Light-Field Imaging." ACM Transactions on Graphics 32.4 (2013): 47-1.
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Advanced camera design
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Light field capture with a kaleidoscope lens
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Manakov, Alkhazur, et al. "A Reconfigurable Camera Add-On for High Dynamic Range, Multispectral, 

Polarization, and Light-Field Imaging." ACM Transactions on Graphics 32.4 (2013): 47-1.
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Sensor image

Single-Camera Systems
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Light field capture with a kaleidoscope lens
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Manakov, Alkhazur, et al. "A Reconfigurable Camera Add-On for High Dynamic Range, Multispectral, 

Polarization, and Light-Field Imaging." ACM Transactions on Graphics 32.4 (2013): 47-1.

Sensor image
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Advanced camera design
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Light field capture with a kaleidoscope lens
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Light field capture with lenslet plenoptic camera

Ng, Ren. Digital light field photography. Stanford: stanford university, 2006.

Lytro Illum

Plenoptic 1.0

Raytrix

Plenoptic 2.0
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Perwass, Christian, and Lennart Wietzke. "Single lens 3D-camera with extended depth-of-field." Human 

Vision and Electronic Imaging XVII. Vol. 8291. International Society for Optics and Photonics, 2012.

Advanced camera design
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camera

object plane image sensorimaging lens

Attribution: Weston Aenchbacher
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Lenslet plenoptic camera

Advanced camera design
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object plane imaging lens lenslet array

plenoptic camera

Attribution: Weston Aenchbacher
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image 

sensorflenslet

Lenslet plenoptic camera

Advanced camera design
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light field L(s, t, u, v)
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Attribution: Weston Aenchbacher
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Lenslet plenoptic camera

Advanced camera design
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Dansereau, Donald G., Oscar Pizarro, and Stefan B. Williams. "Decoding, calibration 

and rectification for lenselet-based plenoptic cameras." Proceedings of the 

IEEE conference on computer vision and pattern recognition. 2013.
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object plane imaging lens lenslet array image 

sensor

plenoptic camera

flenslet
Attribution: Weston Aenchbacher
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Ng, Ren. Digital light field photography. Stanford: stanford university, 2006.
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Attribution: Weston Aenchbacher
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object plane imaging lens lenslet array image sensor

f1

f2

f3

Attribution: Weston Aenchbacher
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plenoptic camera

Advanced camera design
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Perwass, Christian, and Lennart Wietzke. "Single lens 3D-camera with extended depth-of-field." Human 

Vision and Electronic Imaging XVII. Vol. 8291. International Society for Optics and Photonics, 2012.
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Advanced camera design

Immersive Imaging Technologies: from Capture to Display    |   Tutorial |    VCIP 2021, Munich, Germany

Guillo, Laurent, et al. "Light field video dataset captured by a R8 Raytrix camera (with 

disparity maps)." ISO /IEC JTC1/SC29/WG11 MPEG2018/m42468, ISO/IEC 

JTC1/SC29/WG1 JPEG2018/m79046, INTERNATIONAL ORGANISATION FOR 

STANDARDISATION,ISO/IEC JTC1/SC29/WG1 & WG11, April 2018, San Diego, CA, US

Raw video

Light field 

views

Center 

view
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Omnidirectional imaging

• Mirror-based

• FOV > 180°

• Fisheye / Dual fisheye

• FOV ~ 180° for a single fisheye

Immersive Imaging 
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Chan, Sixian, et al. "An improved method for fisheye 

camera calibration and distortion correction." 2016 

International Conference on Advanced Robotics and 

Mechatronics (ICARM). IEEE, 2016.

Ukida, Hiroyuki, et al. "Omni-directional 3d 

measurement by hyperbolic mirror cameras and 

pattern projection." 2008 IEEE Instrumentation and 

Measurement Technology Conference. IEEE, 2008.



Trinity College Dublin, The University of Dublin

Advanced camera design

Omnidirectional imaging

• Unified Spherical model

• Projection on a sphere followed by 

perspective projection
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Maugey, Thomas, Laurent Guillo, and Cedric Le Cam. "FTV360: a multiview 360° video dataset 

with calibration parameters." Proceedings of the 10th ACM Multimedia Systems Conference. 2019.
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Mei, Christopher, and Patrick Rives. "Single view point omnidirectional camera 

calibration from planar grids." Proceedings 2007 IEEE International 

Conference on Robotics and Automation. IEEE, 2007.
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Imaging with multiple cameras

• Light fields

• Planar setup

• Panoramic setup

• Omnidirectional imaging

• Radial setups

• Spherical setups

• Volumetric video (3D video)

• Studio setups

Immersive Imaging 
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Multi-Camera Systems
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Towards spherical light field capture

• Cameras positioned on a rotating arc

• Full spherical light field is captured, 

but limited to static scenes 

Overbeck, Ryan S., et al. "A system for acquiring, processing, and rendering panoramic 

light field stills for virtual reality." ACM Transactions on Graphics (TOG) 37.6 (2018): 1-15.
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Towards spherical light field capture

• Cameras positioned on a portion of a sphere

Broxton, Michael, et al. "Immersive light field video with a layered mesh 

representation." ACM Transactions on Graphics (TOG) 39.4 (2020): 86-1.
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Broxton, Michael, et al. "A Low Cost Multi-Camera Array for Panoramic 

Light Field Video Capture." SIGGRAPH Asia 2019 Posters. 2019. 1-2.



Trinity College Dublin, The University of Dublin

Planar light field capture

• Camera arrays

Stanford, 2004
Technicolor, 2017

Saarland university, 2018

Wilburn, Bennett. "High-performance imaging 

using arrays of inexpensive cameras." (2005)

Sabater, Neus, et al. "Dataset and Pipeline for Multi-view Light-Field 

Video." 2017 IEEE Conference on Computer Vision and Pattern Recognition 

Workshops (CVPRW). IEEE, 2017.
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Attribution: www.sauceproject.eu/
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Omnidirectional imaging capture

• Cameras are placed to cover the whole 

visual angle of the unit sphere

• Enables video capture of the whole 

sphere

Google jump

Facebook Surround 360
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Multi-Camera Systems

3D models & Volumetric video

• Studio setups

• RGB cameras

• + IR cameras

Immersive Imaging 

Technologies
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Collet, A., Chuang, M., Sweeney, P., Gillett, D., Evseev, D., Calabrese, D., ... & 

Sullivan, S. (2015). High-quality streamable free-viewpoint video. ACM 

Transactions on Graphics (ToG), 34(4), 69.
Pagés, Rafael, et al. "Affordable content creation for free-viewpoint video and VR/AR applications." 

Journal of Visual Communication and Image Representation 53 (2018): 192-201.

Schreer, Oliver, et al. "Capture and 3D Video Processing of Volumetric Video." 2019 

IEEE International Conference on Image Processing (ICIP). IEEE, 2019.
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Multi-Camera Systems

3D models & Volumetric video

• Studio setups

• RGB cameras

• + IR cameras

• Mobile solution

Immersive Imaging 
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Pagés, Rafael, et al. "Affordable content creation for free-viewpoint video and VR/AR applications." 

Journal of Visual Communication and Image Representation 53 (2018): 192-201.
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Combining advanced cameras

• Plenoptic multiview

• Plenoptic panorama

Immersive Imaging 
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Johannsen, Ole, Antonin Sulc, and Bastian Goldluecke. "On linear 

structure from motion for light field cameras." Proceedings of the 

IEEE International Conference on Computer Vision. 2015.

Dansereau, Donald G., Bernd Girod, and Gordon Wetzstein. "LiFF: 

Light Field Features in Scale and Depth." Proceedings of the IEEE 

Conference on Computer Vision and Pattern Recognition. 2019
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Combining advanced cameras

• Grid of omnidirectional cameras

• Allows 6DoF

Maugey, Thomas, Laurent Guillo, and Cedric Le Cam. "FTV360: a multiview 360° video dataset 

with calibration parameters." Proceedings of the 10th ACM Multimedia Systems Conference. 2019.
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Attribution: project.inria.fr/ftv360/
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Light fields
• Collection of images

Omnidirectional imaging
• Projections from sphere to plane

3D models & Volumetric video
• Textured meshes

• Point clouds

Geometry-based

Image-based
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Light fields
• Collection of images

• Raw image from plenoptic cameras

• + metadata
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Light fields
• Multi-Plane Images (MPIs)
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Zhou, Tinghui, et al. "Stereo magnification: learning view synthesis using multiplane images." ACM Transactions on Graphics (TOG) 37.4 (2018): 1-12.

Flynn, John, et al. "Deepview: View synthesis with learned gradient descent." Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition. 2019.

Srinivasan, Pratul P., et al. "Pushing the boundaries of view extrapolation with multiplane images." Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition. 2019.

Mildenhall, Ben, et al. "Local light field fusion: Practical view synthesis with prescriptive sampling guidelines." ACM Transactions on Graphics (TOG) 38.4 (2019): 1-14.
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Light fields
• Multi-Plane Images (MPIs)
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Flynn, John, et al. "Deepview: View synthesis with learned gradient descent." Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition. 2019.
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Light fields
• Multi-Plane Images (MPIs)

• Multi-Sphere Images (MSIs)

Immersive Imaging 

Technologies
Acquisition & Data Format Content Delivery Rendering & Display Perception & Quality

Data Formats and Representations

Immersive Imaging Technologies: from Capture to Display    |   Tutorial |    VCIP 2021, Munich, Germany

Broxton, Michael, et al. "Immersive light field video with a layered mesh representation." ACM Transactions on Graphics (TOG) 39.4 (2020): 86-1.
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Data Formats and Representations

Omnidirectional imaging
• Projections from sphere to plane

• Different projection methods
• Equirectangular projection

• Cubemap projection

• Octahedron projection

• Isocahedron projection

• Custom projections
• Voronoi cells
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Boyce, Jill, “Video codec standardization update for 360 degree video”, IEEE Signal Processing Society Santa Clara Valley Chapter 2017 



Trinity College Dublin, The University of Dublin
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Textured polygonal meshes
• Vertices and Faces

• Texture atlas

Immersive Imaging Technologies: from Capture to Display    |   Tutorial |    VCIP 2021, Munich, Germany

Colour point clouds
• Points (3D coordinates)

• Attributes (e.g., colour, normal, etc.)
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Learning-based methods

Deep 3D capture
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Bi, Sai, et al. "Deep 3D Capture: Geometry and Reflectance from Sparse Multi-View Images." Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2020.
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Learning-based methods

Neural volumes
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Lombardi, Stephen, et al. "Neural volumes: Learning dynamic renderable volumes from images." ACM Transactions on Graphics (TOG) 38.4 (2019): 65.
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Learning-based methods

Pixel-Aligned Implicit Function (PiFU)
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Saito Shunsuke, Huang Zeng, Natsume Ryota, et al. "PIFu: Pixel-Aligned Implicit Function for High-Resolution Clothed Human Digitization." In International Conference on Computer Vision 2019.
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Learning-based methods

Monocular Real-Time Volumetric Capture
• PiFU-based system

• Texture atlas
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R. Li, Y. Xiu, S. Saito, Z. Huang, K. Olszewski, & H. Li. “Monocular Real-Time Volumetric Performance Capture”. In European Conference on Computer Vision, pp. 49-67, August 2020 
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Learning-based methods

Neural Radiance Fields (NeRF)

Immersive Imaging 

Technologies
Acquisition & Data Format Content Delivery Rendering & Display Perception & Quality

Immersive Imaging Technologies: from Capture to Display    |   Tutorial |    VCIP 2021, Munich, Germany

Mildenhall, Ben, et al. "NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis." In European Conference on Computer Vision, August 2020.
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Learning-based methods

Neural Radiance Fields (NeRF)

Immersive Imaging 

Technologies
Acquisition & Data Format Content Delivery Rendering & Display Perception & Quality

Immersive Imaging Technologies: from Capture to Display    |   Tutorial |    VCIP 2021, Munich, Germany

Mildenhall, Ben, et al. "NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis." In European Conference on Computer Vision, August 2020.
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Learning-based methods

Neural Radiance Fields (NeRF)
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Mildenhall, Ben, et al. "NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis." In European Conference on Computer Vision, August 2020.
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Summary: Acquisition & Data Format
Immersive Imaging 
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Immersive Imaging Technologies: from Capture to Display    |   Tutorial |    VCIP 2021, Munich, Germany

Key concepts of immersive imaging

• Single-camera systems

• Using traditional 2D cameras

• Specialized cameras

• Multi-camera systems

Data Formats

• Light field images

• Omnidirectional images

• Textured meshes and point clouds

Next part:

• How to encode and transmit all this 

data?
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Part IV: Rendering and Display Technologies

What are the rendering and display technologies to 

visualize the captured immersive media? What 

kind of devices are used?



Trinity College Dublin, The University of Dublin

Part IV: Rendering and Display Technologies

Rendering algorithms

Two main display methods:
• Traditional planar displays

• Light field displays

• AR devices

• Head-mounted displays (HMDs)

• HMDs for VR

• HMDs for AR
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Rendering algorithms

Viewport rendering from light field

• Quadra-linear interpolation
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Levoy, Marc, and Pat Hanrahan. "Light field rendering." Proceedings of the 23rd 

annual conference on Computer graphics and interactive techniques. 1996.

Gortler, Steven J., et al. "The lumigraph." Proceedings of the 23rd annual 

conference on Computer graphics and interactive techniques. 1996.
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Rendering algorithms

Viewport rendering from omnidirectional images / videos

• Project viewport onto sphere

• Use sphere projection to project into image
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Rendering algorithms

Viewport rendering from point cloud

• Partition the point cloud, e.g. using a kd-tree

• Select points which are visible

• Draw point, e.g. using splatting, optionally 

using point normal to orient the splat shape
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Rendering algorithms

Viewport rendering from textured mesh

• First compute visibility of mesh surface

• Apply texture using UV coordinates
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Rendering algorithms

Viewport rendering from omnidirectional light field 

using mesh triangulation

Immersive Imaging 

Technologies
Acquisition & Data Format Content Delivery Rendering & Display Perception & Quality

Immersive Imaging Technologies: from Capture to Display    |   Tutorial |    VCIP 2021, Munich, Germany

Overbeck, Ryan S., et al. "A system for acquiring, processing, and rendering panoramic light 

field stills for virtual reality." ACM Transactions on Graphics (TOG) 37.6 (2018): 1-15.
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Rendering algorithms
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Zhou, Tinghui, et al. "Stereo magnification: learning view synthesis using multiplane images." ACM Transactions on Graphics (TOG) 37.4 (2018): 1-12.

Flynn, John, et al. "Deepview: View synthesis with learned gradient descent." Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition. 2019.

Srinivasan, Pratul P., et al. "Pushing the boundaries of view extrapolation with multiplane images." Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition. 2019.

Mildenhall, Ben, et al. "Local light field fusion: Practical view synthesis with prescriptive sampling guidelines." ACM Transactions on Graphics (TOG) 38.4 (2019): 1-14.

Broxton, Michael, et al. "Immersive light field video with a layered mesh representation." ACM Transactions on Graphics (TOG) 39.4 (2020): 86-1.

Viewport rendering from light field using MPIs/MSIs
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Rendering algorithms

Deep 3D Capture
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Lombardi, Stephen, et al. "Neural volumes: Learning dynamic renderable volumes from images." ACM Transactions on Graphics (TOG) 38.4 (2019): 65.
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PiFU
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Saito Shunsuke, Huang Zeng, Natsume Ryota, et al. "PIFu: Pixel-Aligned Implicit Function for High-Resolution Clothed Human Digitization." ICCV 2019.

Rendering algorithms
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Rendering algorithms

NeRF
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Mildenhall, Ben, et al. "NeRF: Representing Scenes as Neural Radiance Fields for View Synthesis." In European Conference on Computer Vision, August 2020.
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Immersive Imaging on 2D Screens

Light field displays

• Integral imaging

• The reverse operation of a 

plenoptic camera such as Lytro
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Lenslet Array
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Immersive Imaging on 2D Screens

Light field displays

• Holographic display

• Looking Glass (Portrait, Gen2)
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Attribution: lookingglassfactory.com/tech Attribution: Volograms
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Immersive Imaging on 2D Screens

Devices to run AR

• Smartphones

• Tablets
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• Pros: Affordable, easily accessible

• Cons: Very limited Field-of-View
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Head-Mounted Displays

Head Mounted Displays

• Displays that can be worn on the head which are mainly used for virtual 

reality (VR) and augmented reality (AR) applications.

• VR replaces and covers our reality --- AR adds on top of our reality
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Head-Mounted Displays for Virtual Reality
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Head Mounted Displays

• Virtual reality headsets block the light coming from outside, to replace our 

reality

• Mostly rely on remote controllers to interact with the virtual world
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Head-Mounted Displays for Virtual Reality

HMDs for VR

• Oculus Rift S

• Oculus Quest 2

• HTC Vive Pro2, 

• HTC Vive Flow

• PlayStation VR

• Valve Index

• Others
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Head-Mounted Displays for Virtual Reality

HMDs for VR

• Head tracking w/ sensors or 

computer vision techniques

• Stereoscopic 3D display

• High frame rate ( 90Hz)

• Eye-tracking

• Foveated rendering

• Lenses map the up-close display 

to a wide field of view
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Head-Mounted Displays for Virtual Reality

Near-eye light field displays

• Similar to integral imaging
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Lanman, Douglas, and David Luebke. "Near-eye light field displays." ACM Transactions on Graphics (TOG) 32.6 (2013): 1-10.
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Head-Mounted Displays for Virtual Reality

Near-eye light field displays
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Huang, Fu-Chung, David P. Luebke, and Gordon Wetzstein. "The light field stereoscope." SIGGRAPH Emerging Technologies. 2015.
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Head-Mounted Displays for Augmented Reality

Head Mounted Displays

• Augmented reality headsets do NOT block the light coming from outside, they 

add on top of our reality

• They use either remote controllers or hand gestures to interact with the system
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Head-Mounted Displays for Augmented Reality

HMDs for AR

• Head tracking relative to the 

environment

• Translucent screen where virtual 

content is projected
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Hong, Jong-Young, et al. "See-through optical combiner for augmented reality head-mounted 

display: index-matched anisotropic crystal lens." Scientific reports 7.1 (2017): 1-11.
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Head-Mounted Displays for Augmented Reality

HMDs for AR

• HoloLens 1

• HoloLens 2

• Magic Leap One

• Magic Leap Two

• Epson Moverio

• Vuzix
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Head-Mounted Displays for Augmented Reality
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Kim, Kangsoo, Gerd Bruder, and Greg Welch. "Exploring the effects of observed physicality 

conflicts on real-virtual human interaction in augmented reality." Proceedings of the 

23rd ACM Symposium on Virtual Reality Software and Technology. 2017.

Attribution: Youtube: Microsoft HoloLens: Partner Spotlight with Case Western Reserve University

Attribution: © Magic Leap, 2020
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Head-Mounted Displays for Augmented Reality
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More powerful

Heavier and bulkier
Easy to wear. 

Low spatial resolution and FoV. 

Sleek design.

Narrow field of view (similar to HoloLens 1)

Increased FoV, eye tracking

Expensive
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Head-Mounted Displays Comparison
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Human     

Peripheral 

Vision

Human  

Stereoscopic 

Vision

Oculus Rift (~125°)

Playstation VR (~100°)

HoloLens 2 (~54°)

HoloLens 1 (~34°) Magic Leap 1 

(~54°)
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Head-Mounted Displays Comparison
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Human     

Peripheral 

Vision

Oculus Rift (~125°)

Playstation VR (~100°)



Trinity College Dublin, The University of Dublin

Pass-through AR

“passes” outside 

view through

Head-Mounted Displays for VR/AR
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Source: https://techcrunch.com/2017/11/21/apple-acquires-mixed-reality-headset-startup-vrvana-for-30m/

VR Mode

Does NOT pass the 

outside view through
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Summary: Rendering & Display
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How immersive imaging data are 

rendered

How immersive imaging outputs 

are displayed

• 2D screens

• Head-mounted-displays

• Virtual reality 

• Augmented reality

Next part:

• How are these immersive imaging 

data visually perceived? How can 

we assess their quality?



Part V: Perception & Quality Evaluation

What are the relevant visual perception principles? 

How do we assess the quality of the processed 

media? How does visual attention change for 

immersive imaging?
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Part V: Perception & Quality Evaluation

Three main points:
• Visual perception

• Quality assessment

• Light fields

• Omnidirectional imaging

• Volumetric videos

• Visual attention

• Light fields

• Omnidirectional imaging

• Volumetric videos
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Visual Perception

Human Visual System 
• How do we see?

• How do we perceive?

• Eye
• Ganglion Cells

• Bipolar Cells

• Photoreceptors

• Central Nervous System

• Brain
• Primary visual cortex

• Memory
Attribution: “1414 Rods and Cones” by OpenStax College, licenced under 
CC-BY 3.0, https://en.wikipedia.org/wiki/File:1414_Rods_and_Cones.jpg

Attribution: “Ventral-dorsal streams” by Selket, 

licenced under CC-BY-SA 3.0, 

https://commons.wikimedia.org/wiki/File:Ventral

-dorsal_streams.svg

Immersive Imaging 

Technologies
Acquisition & Data Format Content Delivery Rendering & Display Perception & Quality

Immersive Imaging Technologies: from Capture to Display    |   Tutorial |    VCIP 2021, Munich, Germany



Trinity College Dublin, The University of Dublin

Visual Perception

Visual angle
• Field of view

• monocular vision and 

binocular vision

• colour vision and 

peripheral vision

• Acuity and color perception 

changes

Attribution: “Field of view” by 
Zyxwv99, licenced under CC-BY-

SA 3.0, 

https://commons.wikimedia.org/wiki/

File:Field_of_view.svg

Attribution: “Visual Perception Human FOV” by D3kc1s, licenced under CC-BY-

SA 4.0, https://en.wikipedia.org/wiki/File:Visual_Perception_Human_FOV.png
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Visual Perception

Visual angle
• Field of view

• monocular vision and 

binocular vision

• colour vision and 

peripheral vision

• Acuity and color perception 

changes
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Visual Perception

Visual angle
• Field of view

• monocular vision and 

binocular vision

• colour vision and 

peripheral vision

• Acuity and color perception 

changes

• Pixel-per-degree
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Vertical 

FoV = ~125°

Horizontal line

Vertiiiiiiiiiccc

FoV = ~

Horizontal line
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Visual Perception

Visual angle
• Pixel-per-degree

• Visual perception for head 

mounted displays
• Resolution

• Placement
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Attribution: “Virtual Screen” by Paulo Pacheco, 
https://xinreality.com/wiki/File:Virtual_Screen.png

50 cm
4 cm

HMD

Regular

LCD display

10 cm

Accommodation
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Visual Perception
Low Visual Angle (pixel per degree)
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Accommodation
Vergence

Vergence-Accommodation Conflict
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Quality Assessment: General
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Quality Assessment
• Necessary to ensure an adequate 

level of service and user satisfaction

• Definition of “Quality”
• “set of inherent characteristics, we 

consider quality in terms of the 

evaluated excellence or goodness”

• Definition of “Quality of Experience”

• “the  degree  of  delight  or  annoyance  

of  the  user of  an  application  or  

service”

Brunnström, Kjell, et al. "Qualinet white paper on definitions of quality of experience."  

White Paper, European  Network  on  Quality of  Experience  in  Multimedia  Systems  

and  Services (2013).
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Quality Assessment: General
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Quality Assessment
• Necessary to ensure an adequate 

level of service and user satisfaction

• Definition of “Quality”
• “set of inherent characteristics, we 

consider quality in terms of the 

evaluated excellence or goodness”

• Definition of “Quality of Experience”

• “the  degree  of  delight  or  annoyance  

of  the  user of  an  application  or  

service”

Brunnström, Kjell, et al. "Qualinet white paper on definitions of quality of experience."  

White Paper, European  Network  on  Quality of  Experience  in  Multimedia  Systems  

and  Services (2013).

Subjective by definition
• Subjective quality assessment is the 

best way for quality assessment
• Expensive – time, resources

• Need expertise and instructor 

guidance
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Quality Assessment: General

Objective Quality Estimation
• Developed to bypass the need for 

subjective quality assessment

• Works well if a specific type of 

distortions are considered (e.g., 

compression, streaming)

• Classified according to the presence of 

the availability of the undistorted 

reference
• Full-reference

• Reduced-reference

• No-reference
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Full-reference

metric

Quality

Quality

No-reference

metric
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Quality Assessment per Modality
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Light Fields 360-degree 

video

Volumetric video
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Quality Assessment: Light fields

Subjective quality assessment
• A lot of extra information

• Need new approaches for 

subjective quality assessment

• Two main approaches
• Passive approach

• A set of pre-rendered images is shown 

to the participants

• An animation of selected renderings

• Interactive approach
• Participants can control the rendering

• Both approaches correlate with one 

another

Immersive Imaging 

Technologies
Acquisition & Data Format Content Delivery Rendering & Display Perception & Quality

Immersive Imaging Technologies: from Capture to Display    |   Tutorial |    VCIP 2021, Munich, Germany

Matysiak, Pierre, et al. "High quality light field extraction and post-processing for raw 

plenoptic data." IEEE Transactions on Image Processing 29 (2020): 4188-4203.

Viola, Irene, Martin Řeřábek, and Touradj Ebrahimi. "A new approach to subjectively 

assess quality of plenoptic content." Applications of Digital Image Processing XXXIX. 

International Society for Optics and Photonics, 2016.

Viola, Irene, Martin Řeřábek, and Touradj Ebrahimi. "Impact of interactivity on the 

assessment of quality of experience for light field content." Ninth International 

Conference on Quality of Multimedia Experience (QoMEX). IEEE, 2017.



Trinity College Dublin, The University of Dublin

Quality Assessment: Light fields

Objective quality assessment
• Many sub-aperture images

• Practically goes through the same 

processing algorithm

• Using traditional image quality 

estimators and pooling (e.g. 

averaging) for all sub-aperture 

images
• Peak-signal-to-noise-ratio (PSNR)

• Structural similarity index (SSIM)

• Visual information fidelity (VIF)
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Viola, Irene, and Touradj Ebrahimi. "Quality assessment of compression solutions for 

ICIP 2017 Grand Challenge on light field image coding." IEEE International 

Conference on Multimedia & Expo Workshops (ICMEW). IEEE, 2018.
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Quality Assessment: Light fields

Objective quality assessment
• Epipolar Plane Image (EPI) representations

• Various techniques including finding 

features from gradients in the EPI 

representations, including:

• Local Binary Pattern 

features

• Log-Gabor features

• Convolutional Sparse 

Coding (CSC) features

• Histogram of Oriented 

Gradient (HoG) features
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Ak, Ali, Suiyi Ling, and Patrick Le Callet. "No-reference quality evaluation of light field content based on structural representation 

of the epipolar plane image." IEEE International Conference on Multimedia & Expo Workshops (ICMEW). 2020.

Figure: A sample No-Reference LF quality 

assessment metric based on CSC and HoG

features with Support Vector Regression.
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Quality Assessment: Light fields

Learning-based quality assessment
• Zhao et al. (2021) proposes a multi-task 

approach to no-reference LF quality 

assessment and EPI patch classification

• First, the Discriminative Epipolar Plane 

Image (D-EPI) patches are found

• These D-EPI patches are then fed into a 

deep multi-task CNN, which:
• Classifies the input D-EPI patches with 

respect to the distortion types and 

severity of the distortion

• Predicts the quality level of the input 

light field
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Zhao, Ping, et al. "DeLFIQE—A Low-Complexity Deep Learning-Based Light Field Image 

Quality Evaluator." IEEE Transactions on Instrumentation and Measurement 70 (2021).
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Quality Assessment per Modality
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Light Fields 360-degree 

video

Volumetric video
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Subjective quality assessment
• The medium is spherical, but 

human field of view (and display 

devices’ FoV) is limited.

Quality Assessment: Omnidirectional imaging
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Current approaches
• Modified absolute category rating (M-ACR)

• Double Stimulus Impairment Scale (DSIS)

Singla, Ashutosh, et al. "Comparison of subjective quality evaluation for HEVC encoded 

omnidirectional videos at different bit-rates for UHD and FHD resolution." 

Proceedings of the on Thematic Workshops of ACM Multimedia 2017. 2017.

Singla, Ashutosh, Werner Robitza, and Alexander Raake. "Comparison of Subjective 

Quality Test Methods for Omnidirectional Video Quality Evaluation." IEEE 21st 

International Workshop on Multimedia Signal Processing (MMSP). IEEE, 2019.
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Objective quality assessment
• There are two approaches

• Using traditional metrics on the 

projected image/video

• Projecting the image/video to the 

sphere and computing on sphere

• Traditional metrics on equirectangular 

projected (ERP) or cubemap (CMP) data 
• PSNR

• SSIM / MS-SSIM

• VIF

• VMAF

Full-reference

metric
Quality
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Objective quality assessment
• There are two approaches

• Using traditional metrics on the 

projected image/video

• Projecting the image/video to the 

sphere and computing on sphere

• Sphere-based approaches
• Spherical PSNR (S-PSNR)

• Weighted Spherical PSNR (WS-PSNR)

• Craster parabolic projection PSNR (CPP-PSNR) 

• Voronoi-cell-based metrics

S-PSNR Quality

Estimate

Sun, Yule, Ang Lu, and Lu Yu. "Weighted-to-spherically-uniform quality evaluation for 

omnidirectional video." IEEE Signal Processing Letters 24.9 (2017): 1408-1412.

Zakharchenko, Vladyslav, Kwang Pyo Choi, and Jeong Hoon Park. "Quality metric for 

spherical panoramic video." Optics and Photonics for Information Processing X. 

International Society for Optics and Photonics, 2016.

Yu, Matt, Haricharan Lakshman, and Bernd Girod. "A framework to evaluate omnidirectional 

video coding schemes." IEEE International Symposium on Mixed and Augmented Reality. 

IEEE, 2015.

Croci, Simone, et al. "Voronoi-based objective quality metrics for omnidirectional video." 

Eleventh International Conference on Quality of Multimedia Experience (QoMEX). IEEE, 2019.
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Quality Assessment: Omnidirectional imaging

Learning-based methods
• Application of CNN quality 

estimators on various 

scenarios:
• Patch-based

• Patches are either 

selected on a grid from 

the given projection 

(e.g., ERP) or selected 

via an algorithm

• Viewport-based
• Viewports are selected 

using a prediction 

algorithm

• Projection-based

Immersive Imaging 
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Sendjasni, Abderrezzaq, Mohamed-Chaker Larabi, and Faouzi Alaya Cheikh. "Convolutional 

Neural Networks for Omnidirectional Image Quality Assessment: Pre-Trained or Re-

Trained?." IEEE International Conference on Image Processing (ICIP). 2021.

Kim, Hak Gu, Heoun-Taek Lim, and Yong Man Ro. "Deep virtual reality image quality 

assessment with human perception guider for omnidirectional image." IEEE 

Transactions on Circuits and Systems for Video Technology 30.4 (2019): 917-928.
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Light Fields 360-degree 

video

Volumetric video
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Quality Assessment: Volumetric video

Subjective quality assessment
• There are infinitely many viewpoints 

to look from

• Similar to the light fields, there are 

two main approaches
• Passive approach

• Show a pre-rendered video with a 

selected trajectory

• Interactive approach
• Let the viewer select the viewpoint 

either using mouse or HMD
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Zerman, Emin, et al. "Textured Mesh vs Coloured Point Cloud: A Subjective Study for 

Volumetric Video Compression.“ Twelfth International Conference on Quality of Multimedia 

Experience (QoMEX). IEEE, 2020.

Subramanyam, Shishir, et al. "Comparing the Quality of Highly Realistic Digital Humans in 

3DoF and 6DoF: A Volumetric Video Case Study." IEEE Conference on Virtual Reality and 

3D User Interfaces (VR). IEEE, 2020.
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Objective quality assessment
• Volumetric videos can be 

represented with two different 

representations:
• Textured polygonal meshes

• Coloured point clouds

• Thus, objective quality assessment 

for volumetric videos depends on 

the data representation
• Mesh metrics

• Point cloud metrics

• Representation-agnostic approach
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Mesh metrics
• A lot of works in the computer graphics 

field in the last two decades

• Mainly focuses on geometry errors

• They generally look at:
• Positional errors – RMS distance

• Curvature – MSDM2 

• Roughness – 3 !"# , 3!"#$%

• Angles, etc.

• Joint models also exist

Lavoué, Guillaume. "A multiscale metric for 3D mesh visual quality assessment." Computer 

Graphics Forum. Vol. 30. No. 5. Oxford, UK: Blackwell Publishing Ltd, 2011.

Corsini, Massimiliano, et al. "Perceptual metrics for static and dynamic triangle meshes." 

Computer Graphics Forum. Vol. 32. No. 1. Oxford, UK: Blackwell Publishing Ltd, 2013.
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Mesh metrics
• A lot of works in the computer graphics 

field in the last two decades

• Mainly focuses on geometry errors

• They generally look at:
• Positional errors – RMS distance

• Curvature – MSDM2 

• Roughness – 3 !"# , 3!"#$%

• Angles, etc.

• Joint models also exist

Guo, Jinjiang, et al. "Subjective and objective visual quality assessment of textured 3D meshes." 

ACM Transactions on Applied Perception (TAP) 14.2 (2016): 1-20.

 !" = #"!$%!2 + 1 & #" !$ & $$'!

 !( = #($% % + 1 & #( !$ & $$'!

Geometry
Texture
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Quality Assessment: Volumetric video

Reference PC

Distorted PC

Point cloud metrics
• Mostly point-based computations

• Some of the state-of-the-art metrics
• Point-to-point geometry difference –

• Color difference (Point-to-point)

• Point-to-plane geometry difference –

• Plane-to-plane geometry difference

• PC-MSDM

• Different pooling methods
• Root mean square (RMS) distance

• Mean squared error (MSE)

• Hausdorff distance 
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Mekuria, R. N., et al. "Evaluation criteria for PCC (point cloud compression)." ISO/IEC JTC 

1/SC29/WG11 Doc. N16332, (2016).

Tian, Dong, et al. "Geometric distortion metrics for point cloud compression." IEEE International 

Conference on Image Processing (ICIP). IEEE, 2017.

Point based colour difference

 !"# = 20 ! log"#
255

$%&'

where ()* = +,-. /1 3 /467
86946:1 ;
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Point cloud metrics
• Mostly point-based computations

• Some of the state-of-the-art metrics
• Point-to-point geometry difference

• Color difference (Point-to-point)

• Point-to-plane geometry difference

• Plane-to-plane difference

• PC-MSDM

Alexiou, Evangelos, and Touradj Ebrahimi. "Point cloud quality assessment metric based on angular 

similarity." IEEE International Conference on Multimedia and Expo (ICME). IEEE, 2018.

Meynet, Gabriel, Julie Digne, and Guillaume Lavoué. "PC-MSDM: A quality metric for 3D point clouds." 

Eleventh International Conference on Quality of Multimedia Experience (QoMEX). IEEE, 2019.
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Quality Assessment: Volumetric video

Point cloud metrics
• Metrics for joint assessment of 

geometry and colour

• These studies are built on only one 

quality database and need to be studied 

further for generality.
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• Recent studies which jointly assesses the 

quality
• PCQM (extended from PC-MSDM)

• Based on curvature

• Including colour and lightness measures

• Joint (geometry+colour) quality is found by weighted 

sum of the features

• Viola et al. (2020)
• Point cloud colours are taken into account by taking 

the histogram of the luminance channel

• Joint quality is found by weighted sum of geometry 

and colour distortion values

Meynet, Gabriel, et al. "PCQM: A Full-Reference Quality Metric for Colored 3D Point Clouds." 12th 

International Conference on Quality of Multimedia Experience (QoMEX 2020). 2020.

Viola, Irene, Shishir Subramanyam, and Pablo Cesar. "A color-based objective quality metric for 

point cloud contents." 12th International Conference on Quality of Multimedia Experience 

(QoMEX 2020). 2020.
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Quality Assessment: Volumetric video

Representation-agnostic approach
• Advantages:

• The underlying data representation is not 

important

• Similar to human visual perception

• Years of scientific research on 2D image QA

• Disadvantages:
• Relies on rendering

• Different rendering parameters might 

affect the performance
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…

2D 

Metric

Quality

Rendered images

Lavoué, Guillaume, Mohamed Chaker Larabi, and Libor Váša. "On the efficiency of image metrics 

for evaluating the visual quality of 3D models." IEEE Transactions on Visualization and 

Computer Graphics 22.8 (2015): 1987-1999.

Torlig, Eric M., et al. "A novel methodology for quality assessment of voxelized point clouds." 

Applications of Digital Image Processing XLI. International Society for Optics and Photonics, 2018.
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Quality Assessment: Volumetric video

Learning-based methods
• Some methods utilize the 

existing 2D neural network 

structure and estimate the 

point cloud or mesh quality 

with 2D projections

+ Lower entry barrier

+ Larger knowledge base

- Needs rendering

- Is not fully based on the data

Immersive Imaging 

Technologies
Acquisition & Data Format Content Delivery Rendering & Display Perception & Quality

Immersive Imaging Technologies: from Capture to Display    |   Tutorial |    VCIP 2021, Munich, Germany

Abouelaziz, Ilyass, et al. "3D visual saliency and convolutional neural network for blind mesh 

quality assessment." Neural Computing and Applications 32.21 (2020): 16589-16603.

Liu, Qi, et al. "PQA-Net: Deep No Reference Point Cloud Quality Assessment via Multi-view 

Projection." IEEE Transactions on Circuits and Systems for Video Technology (2021).
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Quality Assessment: Volumetric video

Learning-based methods
• More recent methods use graph concepts and 

ideas from graph signal processing or graph 

convolutional network and other ways to 

order the unordered 3D representation 

(compared to the ordered image 

representations – e.g., pixels)

+ Using the original data representation

+ QA might be faster as there is no need to 

visualize the 3D models

- Some features may need to be selected by hand

- Generally, they focus only on geometry
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Abouelaziz, Ilyass, et al. "Learning graph convolutional network for blind mesh visual quality 

assessment." IEEE Access 9 (2021): 108200-108211.

Chetouani, Aladine, et al. "Deep Learning-Based Quality Assessment Of 3d Point Clouds Without 

Reference." IEEE International Conference on Multimedia & Expo Workshops (ICMEW). IEEE, 2021.
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