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Flat vs. Volumetric Video

" Volumetric

Repreéentation o 2D (x, y) AT | ‘.A'.'3D (x 2 z)

Frames pixel grid- - ‘e St Point Clouds, meshes, gau33|an splats (3DGS)
Viewpoint - single (fixed) -~ S g 6 degrees of freedom (6DoF) ’
Interactivity passive ' { s ' active

Playback ~ TVs, monitors, handhelds AR/VR headsets, holographic displays, ...
Communication video calls, webinars, live streaming- immersive telepresence, holographic meetings

/‘ 10.11.2025



Point Clouds‘

> Definition
v A collection of data points in g 30 space
¥ Represents the visible surfaces of objects
» Data format
v’ Spatial coordinates (x, y, z) - .
v Optional attributes: color (r, g, b), intensity, normals et{c,
> Type | e e
v’ Static: modelling, such as cultural heritage digitization -
v Dynamic: real-time use, such as autonomous dr_iving'._ =
> Density " ' |
v Points per unit volume.
v Higher density improves f

esolution and detail °
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" Volumetric Video Communication 'Pipeline

- Volumetric - V3C/V-PCC V3C /V-PCC V3C/V-PCC ~ Immersive.
video capture “encoding transmission| . decoding playback
- . . . : : : L . . o I - : e ; X
S ey
ats - V3C = Visual Volumetric Video-based Coding
il V-PCC = Video-based Point Cloud Compression
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" Volumetric Video Communication 'Pipeline

/

- Volumetric
video capture

D .

V3C/V-PCC  V3C/V-PCC V3C/V-PCC Immersive

“encoding transmission . decoding ' playback
T B e o '
. eI
‘ - ((ep) -
~V3C = Visual Volumetric Video-based Coding
V-PCC = Video-based Point Cloud Compression
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" Volumetric Video Capture

» Multi-camera setup

_ v Cameras arranged around the scene
v" Objects captured from:different viewpoints
v" Depth from stereo vision or from depth sensors.

Higher number of cameras

Better spatial coverage
Reduced occlusions

Higher-resolution sensors

Finer details . 3
Improved reconstruction fidelity

Precise calibration & synchronization

More accurate depth estimation
More seamless fusion
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UVG-VPC: Open Point Cloud Dataset

High-quality dataset designed for V3C =

# of sequences A , A B o

Formats . *.. . ; voxelized point cloud ’ \ = [ J ﬁ
R ~voxelized mesh - | | N
Length w10 5°(250 frames):~- e ) 8 /

RGB preC|S|0n i 8 b'ts Ml S 7%% ElegantDance C‘;alspin ‘Blueaackpack-
Geometry precision 9, 10, 11, 12 bits W ’?\ = .

Dataset gaining ground in standardization |
CIVIT Volumetric Studio 1 BU05 e gy s g 5 el Bluesqay .'.*.°"oéo§u8ye_ | Symnast

i | S : .
Tampere University : "L ‘ : . B
K N7 U o, : ; ' . i‘l 1 W ! ﬁ

UVG-VPC
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[1] G. Gautier, A. Mercat, L. Fréneau, M. Pitkanen, and J. Vanne, “UVG-VPC: voxelized point cloud dataset for visual volumetric video-based coding,” in Proc. Int. Conf. Qual. Multimedia Exper., Ghent, Belgium, Jun. 2023.

[2] G. Gautier, P. Rondao Alface, A. Mercat, L. Fréneau, L. Kondrad, E. Aksu, and J. Vanne, “[V-DMC] UVG-VPC dynamic mesh dataset for V-DMC, " ISO/IEC JTC 1/SC 29/WG 7 m69503, Kemer, Tirkiye, Nov. 2024. 8
[3] G. Gautier, P. Rondao Alface, T. Nguyen, U. Phan, L. Fréneau, J. Vanne, and A. Mercat, “[GSC][JEE6.1] UVG-GS: Static full-body human-centric dataset for the GSC activity, ” ISO/IEC JTC 1/SC 29/WG 7 m73199, Daejeon, South Korea, Jul. 2025

[4] G. Gautier, P. Rondao Alface, T. Nguyen, U. Phan, L. Fréneau, J. Vanne, and A. Mercat, “[GSC][JEE6.1] UVG-GS: Dynamic full-body human-centric dataset for the GSC activity, ” ISO/IEC JTC 1/SC 29/WG 4 m74578, Geneva, Switzerland, Oct. 2025.




UVG-CWI-DQPC: Open Dual-.QuaIityDataset

> 12 dual-quality point cloud videos captured simultaneously usi"ng. - Pfo.f_essioh’al'- : Cons'um_,er-g__rad_e

+ hi'gh capture‘qu_ality
1) Professional flini

2) Consumer-grade 8 X

: i praCtiCé"-pQSt—'p‘roce‘ésing'
+ affordable hardware -
» Motivation:

v' Support the development of real-time vqumetrlc capture
v'_Attain high capture quality. using consumer_—grade systems-

In collaboration with |

E Research in tttf nathematics &

computcrscm th N tl srlands

[1] G. Gautier, X. Zhou, T. Nguyen, J. Jansen, L. Fréneau, M. Viitanen, U. Phan, J. Kapyl3, I. Viola, A. Mercat, P. Cesar, and J. Vanne, “UVG-CWI-DQPC: Dual-quality point cloud dataset for volumetric video
Vs applications,” in Proc. ACM Int. Conf. Multimedia, Dublin, Ireland, Oct. 2025. 10.11.2025




" Volumetric Video Communication 'Pipeline

n

Volumetric - V3C/V-PCC V3C / V-PCC - V3C/V-PCC _' e I’mmersiye.
video capture “encoding transmission . decoding ~ playback
, : . 5 |
N ' Calm
~, g b : _ e, . EEY :
@ o @
~V3C = Visual Volumetric Video-based Coding
V-PCC = Video-based Point Cloud Compression
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uvgVPCCenc: Open-Source V-PCC Encoder
~ : _ | fies 2 .U\}g\.ll?.CCe'nc' ‘V G Ak
Volumetric videa input Video encoding
' ‘ : (e.g., H.265)

~7 Gigabytes

B ~ 7 Megabytes i

_ _V3C/V-PCC bitstream
Vi %els i/ 9B / : : : : ;
VOIS R/ Sioasnn | Attribute video

AZnar L U
= ,i“-. 5 ’ # G100%s Bt
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uvgVPCCenc

‘Awa(d‘FV\:linning V-PCC Encoder
First and only open-source real-time encoder
Paves the way for practical volumetric video applications

[1] L. Fréneau, G. Gautier, A. Mercat, and J. Vanne, “uvgVPCCenc: Practical open-source encoder for fast V-PCC compression,” in Proc. ACM Multimedia Syst. Conf., Stellenbosch, South Africa, Mar.-Apr. 2025.
[2] L. Fréneau, G. Gautier, H. Tampio, A. Mercat, and J. Vanne, “Real-time video-based point cloud compression,” in Proc. IEEE Visual Comm. Image Proc., Tokyo, Japan, Dec. 2024.
[3] L. Fréneau, A. Mercat, G. Gautier, J. Sainio, and J. Vanne, “Tool space exploration of the V-PCC patch generation for practical point cloud encoding,” in Proc. Picture Coding Symp., Taichung, Taiwan, Jun. 2024. 10 11.2025 1
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uvgVPCCenc: 'Subj-ecti\'/efQu.aIi'ty'- g

: ‘ Raw point cloud | TMC2 (ref. encoder) uvgVPCCenc  EEEEES

- 700x speed

[1] L. Fréneau, G. Gautier, A. Mercat, and J. Vanne, “uvgVPCCenc: Practical open-source encoder for fast V-PCC compression,” in Proc. ACM Multimedia Syst. Conf., Stellenbosch, South Africa, Mar.-Apr. 2025.
[2] L. Fréneau, G. Gautier, H. Tampio, A. Mercat, and J. Vanne, “Real-time video-based point cloud compression,” in Proc. IEEE Visual Comm. Image Proc., Tokyo, Japan, Dec. 2024.
[3] L. Fréneau, A. Mercat, G. Gautier, J. Sainio, and J. Vanne, “Tool space exploration of the V-PCC patch generation for practical point cloud encoding,” in Proc. Picture Coding Symp., Taichung, Taiwan, Jun. 2024. 10 11.2025 12




" Volumetric Video Communication 'Pipeline

254 @ - R : :
Volumetric V3C /V-PCC V3C /V-PCC v3C/V-PCC o Immersiye.
video capture “encoding ~transmission . decoding playback
. g 1 S| Lo _ e ot
f ‘ - | ((cg)_)) RRE Y G

Visual Volumetric Video-based Coding
Video-based Point Cloud Compression

Wae
V-PCC
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uvgRTP: Open-Source Video_Streéming Lib

> For real-time media delivery over Real-Time Transport Protocol (RTP) Lo
> First open-source library for low- Iatency transmission of enorypted V3C bltstreams ‘

ungTP sender Secure RTP/V3C stream "‘ ; ungTP rece|ver
- - g ﬂozoo"gg‘%ftooi 3 o - S PP s———
g30500 ’”"’b’i‘gf‘l

V3C

e r—

T T T T ——r ——

*. Packetization Encryptlo _

[1] H. Tampio, J. Rasénen, M. Viitanen, A. Mercat, G. Gautier, and J. Vanne, “uvgRTP 3.0: towards V3C volumetric video communication,” in Proc. ACM Multimedia Syst. Conf., Bari, Italy, Apr. 2024.
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" Demo Setup

~

TN

([ Vo TR
Volumetric : V3C /V-PCC V3C /V-PCC Immersive
video capture - - encoding decoding . ~ playback
& . P ‘ 4
Productionend . . ' Consumpti'on end
V3C Visual Volumetric Video-based Coding

' V-PCC = Video-based Point Cloud Compression
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Questions & Contact

Jarno Vanne S Guillaume Gautier * Alexandre Mercat
Professor & - Postdoctoral Researcher : » Assistant Professor - -
Tampere University, Finland Tampere University, Finland Tampere University, Finland -
jarno.vanne@tuni.fi ‘ 4 ., guillaume.gautier@tuni.fi , - alexandre.mercat@tuni.fi
+35840 576 3497 .ﬂg +358 50 439 4543 | | +358 45253 7799
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- :| ultravideo.fi
b glthub comlultrawdeo
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