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Traditional Volumetric Content Creation
Static




3D Information is lost by imaging




A second view IS needed to recover 3D Info
Multiview stereo, Shape from stereo
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SfM for AR/VR Content Creation
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SfM for AR/VR Content Creation




VR and AR
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SfM - Examples: Hintze Hall

Natural History Museum, London

INTRODUCING

RealityScan/

Hintze Hall

3D Model

artfletch {220 aase
m 1.7k 10.6k 258

N, Download 3D Mode Add To Embed Share

httDS : //S ketChfa b .CO m/3 d -Mm Od e I S/ h | ntze- h a | I - Triangles:2M 7 Vertices: 1.4M  More model information
4 5f5 e 5 6 8 8 7f440 7 5 b bfz 8 3 9 7 7C9 9 5 4 1 f The »k‘ii‘ntuz.ekHall is the central hall and largest space at the Natural History Museum, London.

w.nhm.ac.uk/visit/galleries-and-museum-map/hintze-hall.htm|

nttps://historicengland.org.uk/listing/the-list/list-entry/1080675

3284 photos taken as a tourist in March 2023 with a Sony a7R Il and processed in Reality Capture.
Model heavily manually cleaned up in places to improve quality. Gorilla in north east corner hasn't
processed properly and | will try to inmprove that area in time.


https://sketchfab.com/3d-models/hintze-hall-45f5e56887f44075bbf283977c99541f
https://sketchfab.com/3d-models/hintze-hall-45f5e56887f44075bbf283977c99541f

Al-based Volumetric Content Creation
Static




NeRF: Neural Radiance Fields

NeRF: Neural Radiance Fields

NeRF: Representing Scenes as Neural Radiance Fields for View

Synthesis
Ben Mildenhall, Pratul P. Srinivasan, Matthew Tancik, Jonathan T.

Barron, Ravi Ramamoorthi, Ren Ng

ECCV 2020 (oral).



https://arxiv.org/search/cs?searchtype=author&query=Mildenhall%2C+B
https://arxiv.org/search/cs?searchtype=author&query=Srinivasan%2C+P+P
https://arxiv.org/search/cs?searchtype=author&query=Tancik%2C+M
https://arxiv.org/search/cs?searchtype=author&query=Barron%2C+J+T
https://arxiv.org/search/cs?searchtype=author&query=Barron%2C+J+T
https://arxiv.org/search/cs?searchtype=author&query=Ramamoorthi%2C+R
https://arxiv.org/search/cs?searchtype=author&query=Ng%2C+R

Al-based 3D Reconstruction

Neural Radience Fields (NeRF)
Gaussian Splatting
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https://lumalabs.ai/embed/1a0ed21d-05ce-4d7a-a8d4-cd93399d1441?mode=sparkles&background=%23ffffff&color=%23000000&showTitle=true&loadBg=true&logoPosition=bottom-left&infoPosition=bottom-right&cinematicVideo=undefined&showMenu=false
https://lumalabs.ai/embed/26167da0-6ef6-4262-a487-6234457518bd?mode=sparkles&background=%23ffffff&color=%23000000&showTitle=true&loadBg=true&logoPosition=bottom-left&infoPosition=bottom-right&cinematicVideo=undefined&showMenu=false
https://maps.app.goo.gl/S3GLGr9XbSDJ5bZaA

3D Gaussian Splatting

NeRF Gaussian Splatting

{E-“j

Filp) = o(05) exp(—5(p -

Bernhard Kerbl, Georgios Kopanas, Thomas Leimkuhler, George p
Drettakis, “3D Gaussian Splatting for Real-Time Radiance Field o) ‘;n;:;,-
Rendering” (ACM Transactions on Graphics). ‘*i

https://repo-sam.inria.fr/fungraph/3d-gaussian-splatting/

https://towardsdatascience.com/a-comprehensive-overview-of-
gaussian-splatting-e7d570081362



https://towardsdatascience.com/a-comprehensive-overview-of-gaussian-splatting-e7d570081362
https://towardsdatascience.com/a-comprehensive-overview-of-gaussian-splatting-e7d570081362
https://repo-sam.inria.fr/fungraph/3d-gaussian-splatting/

3D dynamic
point samples

3D Gaussian Splatting

P (pos, col, nrml,...)

2D pixels

Ao tangent frame t

Matthias Zwicker, Hanspeter Pfister, Jeroen van Baar, and Markus
Gross, “EWA Splatting”, IEEE TRANSACTIONS ON VISUALIZATION
AND COMPUTER GRAPHICS, VOL. 8, NO. 3, JULY-SEPTEMBER 2002.

Stephan Wurmlin, Edouard Lamboray, Markus Gross, “3D video
fragments: dynamic point samples for real-time free-viewpoint ‘_
video”, Computers & Graphics, Volume 28, Issue 1, February 2004, ‘1 re;:nnsiructiﬂn kernel rk(t]
Pages 3-14.
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Al-based Content Creation Workflow

 Recent Al-based algorithms for 3D reconstruction (NeRF, Gaussian
Splatting) provide high quality 3D assets from simple captures, e.qg.

a single video that anyone can produce
« Enable 3D digitization of real world objects and scenes that can be

used in digital media, such as XR applications
 However, integration into professional production workflows and

systems is not yet resolved

Objective:
Developing and showcasing the related }
Al-based content creation workflow

HSLU




Al-based Content Creation Workflow

« Capture
A person (e.g. a journalist in a location) captures
a video of an object/scene to be digitized
3D Reconstruction
 The video is processed by a tool like LumaAl or
Postshot
- Editing
 The resulting 3D asset is cleaned up and further
manipulated as needed
- Integration
« All assets are combined into a target application,
e.d. a VR app by using a game engine like Unity
 EXperience
« Audiences can experience the final product

HSLU




Al-based Content Creation Workflow

JL{ TRANSMIXR

HSLU
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Traditional Volumetric Content Creation
Dynamic
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Volumetric Video for XR Content Creation

Augmented Reality Virtual Reality
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VV by Shape from Silhouette (SfS)

Shape-from-Silhouette-Approach

. . - T. Lewiner et al.: Efficient Implementation of Marching Cubes Cases with Topological
a) Hierarchical Voxel MOde“ng Guarantee"”, Journal of Graphics Tools, Vol. 8, pp. 1-15, 2003.
b) Ma rching -Cu bes-Approach G. Taubin: Curve and Surface Smoothing Without Shrinkage, Proc. IEEE International

_ Conference on Computer Vision (ICCV 95), 1995.
C) Surface Smoothi ng H. Hoppe, Efficient Implementation of Progressive Meshes, Computers & Graphics,

d) MeSh Reduction Vol. 22, No. 2, pp. 27-36, 1998 / Tool in DirectX

HSLU



VV by Structure from Motion (SfM), Multi-
View Stereo (MVS)

Moynihan, Matthew; Pageés, Rafael; Smolic, Aljosa
A Self-regulating Spatio-Temporal Filter for Volumetric Video Point
1182 , pp. 391-408, Springer International Publishing, 2020, ISBN: 978-3-030-41590-7.



3D Pose Estimation by Multiview Triangulation
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Hybrid VV Content Creation

2019 JVCI Best Paper Award

y

Static Dense 3D Background

Point Cloud Model
Dynamic Dense , l

Point Cloud Visualization

3D Skeleton

\

J

\

v

Camera

Poses T

Multi—Car® Dynamic
VﬂlumL/ 3D Model

R. Pagés, K. Amplianitis, D. Monaghan, J. Ondrej, A. Smolic,
Affordable Content Creation for Free-Viewpoint Video and VR/AR Applications,
J. Vis. Commun. Image R. (2018), doi: https://doi.org/10.1016/j.jvcir.2018.03.012



https://doi.org/10.1016/j.jvcir.2018.03.012

VV for VR/AR Content Creation

http://authors.elsevier.com/sd/article/S1047320318300683

R. Pagés, K. Amplianitis, D. Monaghan, J. Ondrej, A. Smolicg,
Affordable Content Creation for Free-Viewpoint Video
and VR/AR Applications,

J. Vis. Commun. Image R. (2018),

doi: https://doi.org/10.1016/j.jvcir.2018.03.012

2019 JVCI Best Paper Award

@VOLOCRAMS



http://authors.elsevier.com/sd/article/S1047320318300683
https://doi.org/10.1016/j.jvcir.2018.03.012
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Instream

Making Volumetric Video Ma

VYOLOGRAMS



VOLOGRAM™STUDIO N

ACCESSIBLE 3D HUMAN CREATION

16 camera facial
capture studio

5 DSLR temporary
studio

84 camera high-
end studio

24 smartphone
temporary studio

68 DSLR high-
end studio

HSLU
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* Alvaro Collet, Ming Chuang, Patrick Sweeney, Don Gillett, Dennis Evseev, David Calabrese, Hugues Hoppe, Adam

Kirk, Steve Sullivan. "High-quality streamable free-viewpoint video." ACM Transactions on Graphics (SIGGRAPH),
34(4), 2015.




Al-based Volumetric Content Creation
Dynamic




3D Deep Learning

Saito, S., Simon, T., Saragih, J. and Joo, H.
SO PIFUHD: Multi-Level Pixel Aligned Implicit Function for High-Resolution 3D Human Digitization, CVPR 2020



3D Deep Learning

STEP 1:
CAPTURE
WITH VOLU.

Frame-by-frame reconstruction (no tracking)

GET IT AT GETVOLU.COM

AND
THAT’S IT.
NO MORE
STEPS.

Novel View

Saito, Shunsuke, et al. "Pifuhd: Multi-level pixel-aligned implicit function for high-resolution 3d human digitization." Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2020.

Bringing reality capture closer to everyone. Volograms. (n.d.). Retrieved April 23, 2022, from https://www.volograms.com/

HSLU



POWERED BY
VOLOGRAMS Al

SEMANTIC SEGMENTATION

MONOCULAR 38D
RECONSTRUCTION

SD SKELETON ESTIMATION
AND MORE!


https://www.youtube.com/watch?v=D8jWjngakkw

NO MORE MASSIVE
CAPTURE STUDIOS

NXOIIDVCI)(Z):nEs of cameras YOU ONLY NEED -t
X Sarer e A SMARTPHONE W@ =&

XX Specialized staff



VO LU U S E RS See it in action on , & oo

OUR CREATORS ARE HAVING FUN!
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https://twitter.com/haynes_dave/status/1425140025788813312
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Volumetric Holograms in the Aargauer
Kunsthaus

Innosuisse Innovation Cheque VEMAR

Volumetric Video for Enhanced Museum Experiences in AR
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3D Ansicht schliessen X

isw o Samuel Buri, Chalet Psychédélique, 1967
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VEMAR UEQ-S IJ-Y1d7d .1
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Hedonic Quality

Pragmatic Quality Overall

® Excellent
Good
Above Average
Below Average

E Bad

¢ Mean

Anh Nguyen, Jan Lassig, Anna F. Kalin, Ariana Huwiler, Philipp Haslbauer, Gareth W. Young, Lam Kit Yung, Aljosa Smolic, “A
Volumetric Video Application to Enhance Museum Experiences”, VRST '24: Proceedings of the 30th ACM Symposium on
Virtual Reality Software and Technology, Article No.: 76, Pages 1 — 3, https://doi.org/10.1145/3641825.3689695
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VV Streaming: VV-gITF



d Data Rates

3D Mesh Resolution an

uﬁ&v‘# o |
ohl e

W A

B N - -

S

4

AL )

. .q >
;‘-A

Y

L.u!‘-/\ -y oo

N

e

)
E
rBe
U
== 5
O c
|5-I
O~ &
vk
4
m/
o0 9
N O
1SO.I
>< £
m.N
9
L5
£ c
3& 8
N o>
>
o U
QO +
2



Video

1C

line for Volumetr

PSS N
P RS S ANAVAY

SN

ipe

ol

ivery

Content Del

SNV VD

=N KO X

)
c
()
&
)
)
)
7))
)

<
>

=
©
S
@y

Compression Streaming

Processing

ISITION

VV Acqu

matis

-
=]
[+
o
1
|

&0

20

0

B0W

14000 18000 18000

10000 12000

Bitratz {Kbps)

2000 4000 G000 BOOD

0

matis

SOW

HSLU



o Volumetric video

.  Geometry + Text

. » Dynamic, changin
over time




VV-gITF Extension J{ TRANSMIXR

glTF file format

Scene <«

glTF VV extension l

gITF Volumetric Node
Video Controller l

Camera Mesh

Mesh at current A/l Skin
video frame Material Accessor
: Video frame texture l l _ Animation
Video Player »  Texture BufferView
Image Buffer

Kit Yung Lam, Simone Croci, Philipp Haslbauer, Aljosa Smolic, “VVGLTF: EFFICIENT STREAMING OF -
" VOLUMETRIC VIDEO WITH GLTF”, Technical Paper, IBC - International Broadcast Convention, Amsterdam J& .
2024. TRANSMIXR




VV Streaming with VV-gITF 4¢{ TRANSMIXR

Volumetric
Capture Software
client

VV Player Client e\

gITF Client

Volumetric Video

m 2
Resources

_ 3.1Send filename of
gITF HLS video new VV to Client l

glTF downloader
1. Upload file to server
Ploag 1 HLS Server l
glTF
' M3U8 file HLS player
Streammg 9. VVitexture
server streaming in HLS l
2. Register to gITF stréaming glvv tile W ol TE P
server b AP 9 ayer
g API:
7. Streaming 6. Play VV align with
continuing WV to 4. Downlogd the VV HLS video frame
Server glTF file fram server

HSLU ‘ﬂ\

TRANSMIXR

40



VV-gITF Extension Submitted
JLU TRANSMIXR

KHRCONOS

G R OUP

https://eithub.com/KhronosGroup/elTF/pull/2438



https://github.com/KhronosGroup/glTF/pull/2438

HSLU
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Exploration of Reconstruction Methods

-e

Exploration of 3DGS and recent inverse methods:

— Pixel-wise Splats (GPS Gaussian)

— Depth from Sensor / Stereo / Color

— Alignment of Monocular Depth to Sensor (Metric)

— Assembly of survey paper material (Dynamic
Human Representations*)

* PCD, GS, Spherical Splats, Splats on top of mesh, Tracking

-
-

GPS Gaussian Teaser _,,,5
Showcasing fidelity and real-time inference | =

.- -
a. -
’ '.T# f

b
RS eT 7y

HSLU April 21, 2025 Page 2
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METHOD CANDIDATES GPS-Gaussian

High Quality
Delivers exceptional visual results

Real-Time Performance
Enables real-time reconstruction and rendering

Efficiency
Requires fewer cameras compared to other methods

Innovative Approach
Exemplifies cutting-edge methods on pixel-aligned 3DGS

Generalizable Pixel-wise 3D Gaussian Splatting for Real-time Human Novel View Synthesis, Zheng et al.
HSLY Conference on Computer Vision and Pattern Recognition 2024



GPS-Gaussian




Dynamic Gaussian Splatting Pipeline for
3D Human Reconstruction

eing

circular configuration - color matching partial reconstructions global reconstruction - Viewer
color + depth - camera calibration for each pair of by merging the partial - Game Engine
- Instance segmentation neighbouring cameras reconstructions
- depth refinement
— — — | one set of 3D —
e m Gaussians per frame @
| - time consistency
’I @ - compression @ Ae)
oreeE - compatibility
N J \ J o / . / \. /

HSLU



First Round of Data Captures

September ‘24 Captures

— Setup consisted of 10xRGBD cameras
— 360° circular arrangement

— Minute-length, single-person performances

Calibration using Charuco / Davinci Boards

Processing of the data:

— Camera subset selection
— Depth filtering

— Reconstruction

- < =

o A0 - LV n # ’ .
pria gt 4 ’
- ¢l £ y
¢ eoepy, e Y
y v

%% 4 Y e & !

pre i g S e o ” i

>
i ; N A s
f. 9
),

T =
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Capturing Steps
Calibration had to be re-done before every performance

> &5 ~—— e Z 2 VR 5 ’
¢ ool = 2 X W e %3
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First Round of Data Captures

/XEJ 6&282) N <X[@ 66292) :

_'M-}—

September ‘24 . __ |
. (-1.72,1.27) .- v (1.72,1.27)
— Setup consisted of 10xRGBD cameras - \/ 7/
_ - .- =1.8 :
— 360° circular arrangement | : == :
— Minute-length, single-person performances
.' (2.1,% ”’[ ) Rin=2m i.(z.l,a)
. | o Dl) Reurtain=2.6m ' ;

. curtain circle origin
curtain ' (’ '.
‘ a’ E interaction space :’. \_‘/’F—-—_—\\

-(-1.72,-1.27) % (1.72.—1.27)‘-

: \ tripod space See
- \/ ' ﬁw 66,-2.02)

(-0.66, 2E]2)

Initial Capturing Setup
10 Orbbec Fempto Bolt RGBD cameras in circular configuration
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RGB: 2K
| Depth: 576p
(aligned)

- =~ 10 GBps
« aggr. influx
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SW PIPELINE
Raw Inputs

Multiview RGB Streams Multiview Depth Streams
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Orbbec Femto Bolt - Improving Depth Signal

Depth flickering

HSLU




Depth Filtering

Raw Color-guided Bilateral (Color & OF)-guided Bilateral

Depth Refinement using Bilateral Filter
(left) Raw, (center) Spatial, (right) Spatiotemporal
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Reconstructions from Different Cameras

Cam 1 Cam 10 Cam 10+1
PCD PCD PCD

bilateral_temporal bilateral_temporal bilateral_temporal

PSNR (dB)

CAM 1 29.06
CAM 10 29.52

CAM 10+1 27.23

-4

Cam 1, Cam 10, Cam 1+10
27.7dB/0.947 2 view reconstructions: single, and joint (right)

27.7dB /0.930 28.5dB /0.952
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Inferring Pixel-wise Gaussians (no GT Depth)

HSLU

GPS-Gaussian

IMG
ENCODER

RAFT-STEREO

DISPARITY
LEFT - RIGHT

April 21, 2025

RIGHT - LEFT

IMG
ENCODER

/\
\/
\ DISPARITY — )

GAUSSIAN PARAMS
REGRESSOR

> covariance maps L

> opacity maps L

GAUSSIAN PARAMS
REGRESSOR

> covariance maps R

> opacity maps R



Inferring Pixel-wise Gaussians (w/ Depth)

HSLU

RAFT-Free GPS-Gaussian (RF-GPS)

N

IMG
ENCODER

GAUSSIAN PARAMS
REGRESSOR

> covariance maps L

[~

> opacity maps L



Reconstructions using PCs vs. Gaussians

POINT CLOUDS GAUSSIAN SPLATS
PCD RF-GPS

bilateral_temporal bilateral_temporal

PSNR (dB) SSIM

PCD 27.23 0.932
RF-GPS 32.30 0.975

GPS 32.26 0.973

%

Different Representations from Cams 10+1
27.7dB/0.947 28.5dB /0.960 30.5dB / 0.965 2 view reconstructions with PCs, and Gaussians
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Dynamic Gaussian Spatting (GS) Rendering
in Unreal/Unity

1.Read GS PLY
file data

* Joint Gaussian &
Skin Gaussian
* Position
* Rotation
* Color

" Opacity
* Scale

-
o =

GS frame in Ifmei

HSLU

S—

2. 3D Render Engine (Unreal, Unity3D)

i

* Animated GS playback control
* OpenXR VR/MR/XR viewport
I

&
I
I
I

GS frame data in time |

* Animated GS
container

HMD projection matrix

GPU Rendering pipeline

« S points transpose
Decompose Covarnance

(55 points position,
colour buffer

L
I

4. Volume Rendering

Shader
GraphicsBuffer
GpusortiNstonces
3* sort G5 points in GFU |
ComputeShader
" Radix Sort in GPU

L

« Vertex shader for
Rasterization of
S Points

+ Color blending in
GS Fragment
shader

|
'

Frame buffer display to
screen
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What's Next?

* Al/ML has disrupted volumetric content creation and created significant new
opportunities

* Further improvement/extension of reconstruction and visualization
algorithms

» |ntegration with production pipelines and platforms (game engines)

» Editing, animation (format conversions, semantic Gaussians)

» Evaluation vintage vs. Al-based (e.g. photogrammetry vs. GS)

» Capture in-the-wild

 Formats and standards (efficiency and interoperability)

» End-to-end pipeline (coding, streaming, quality)

* Combination with Gen-Al and LLMs

* Development and evaluation of application scenarios

HSLU
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Thank you!

aljosa.smolic@hslu.ch

Prof. Dr. Aljosa Smolic

Dept. Computer Science, Immersive Realities Center
21. April 2025
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