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Introduction

Application area: Virtual production, Augmented reality, and
Augmented virtuality

Video captured real persons (or objects) ingested into virtual
or real scenes in real-time

Several productions with relighting at the virtual studio of
the Hochschule Diisseldorf (Picker et al. 2018, Mertens et al.
2019, Davin et al. 2020)

Development of real-time relighting systems

Best case: real, relighted object is not distinguishable from a
virtual counterpart
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(Picker et al., HSD, 2018)
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Interactive Ray Tracing for Virtual TV Studio Applications
(Pomi and Slusallek 2005)

- Ray Tracing System with computer cluster

- Recording of a person in front of a green screen

- Visual hull of a person using several cameras, enabling
occlusion, shadow, reflections and free virtual camera
moves

- Real-time rendering for interactivity

(Pomi & Slusallek 2005)

(Pomi & Slusallek 2005)

(Pomi & Slusallek 2005)
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Multi-camera Radiometric Surface Modelling for Image-
Based Re-lighting (Grau 2006)

- Relighting of a video sequence in video studio

- Using a diffuse lighting model and person geometry
captured by a multi camera system

- Convex hull from chromakeying

- Environment map from the recording for neutralising the
studio lighting (eras 2000

(Grau 2006) (Grau 2006) (Grau 2006)
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The relightables: volumetric performance capture of humans
with realistic relighting (Guo et al. 2019)

- Light Stage, Sphere with 58 RGB- und 32 depth cameras
including 331 LED rings

- Camera recording processed with neuronal networks for
volumetric reconstruction of actor

- High resolution textures including sophisticated lighting
model

- Realistic relighting of 3D model of actor in any
environment

- Incredible high processing demand and huge data set

(Guo et al. 2019)
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Early Tests & Experiments

Avatar matching: Strong shift between the tracking systems,
difficult or even impossible to compensate in three-
dimensional space (1). Adjusting the mesh by shifting the
vertices destroys the structure of the mesh (2). Skeletal
structure is difficult to adapt universally to different sizes and
proportions.

Normal Mapping: Use the normal map of the avatar as the
normal map for the video image, but creates ghost images

(3).

Delaunay triangulation: extraction of the person's contour
and subsequent triangulation and mesh creation (Shewchuk
2002). Depth information is missing, but the mesh is
congruent (4).
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Relighting System HSD i - VS,
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Compute Shader: In parallel, the distance to each contour
point is calculated for each texture pixel. The smallest
distance gives the strength of the pixel in the height map. (1)

Tesselation Shader: Additional geometry generation from
level. Protrusion of the plane based on the height map. (2)
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Evaluation

Performance measurement:

The system is real-time capable. Performance depends on
the level of detail of the contour. Compression can prevent
too high a level of detail.
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Delay measurement:

Additional delay of 0-1 frame is created by asynchronous
loading of the texture from the GPU to the CPU. But also
more for large contour data.
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Evaluation recordings:

Comparative recordings between real and virtual lighting of a
test object with a spotlight

Light measurement of the real ambient light and the
headlight

Measurement / tracking of the position of all objects
involved

Replication of all measured parameters in the virtual scene
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Evaluation

Facriereich Viechen
Vedn

Qualitative image evaluation:

No relation to reality and also no
improvement towards realistic
representation, neither after subjective
evaluation nor after evaluation with metrics.

Relighting provides additional information
about the light through self-shading and ™
specular highlights. o

Relighting System

.
Relighting System Simple 3D Plane



Conclusion
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Expansion with depth cameras for the actual representation of reality. Note the different projection and position, noise
components and level of detail of depth cameras.

The use of a multi-camera setup to generate the visual shell enables the generation of a geometry that is specific to the person.

With the help of a continuous adaptation of the geometry volume to the volume of the person, a congruent geometry could also
be generated. An artificial neural network is likely to be necessary to solve adaptations of this more complex type.
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Relighting System:

The video stream is expanded in real time by a geometry
with depth information

Correct positioning through markerless person tracking
Depth information is represented by a generic function and
has no relation to the actual surface geometry of the real
scene.

Enables a better representation of the virtual lighting in the
video image, through self-shading and highlights

Full integration of the textured geometry into the lighting
calculation of a virtual scene

Till Davin and Jens Herder, Real-Time Relighting of Video Streams for Augmented Virtuality Scenes, GI-VRAR 2021 13






Literature / References

Davin, T., Garni, M., Herder, J., Miiller, A., Hergert, D., Kens, V., Goldberg, S. &
Schréder, M. (2020). Interaktives Virtuelles Studio: Relighting, Automatische
Kamera und Avatar mit Gesichtsanimation. Hochschule Diisseldorf - Labor
flir virtuelles Studio und virtuelle Realitat. https://vsvr.medien.hs-
duesseldorf.de/productions/ivs2020

Grau, 0. (2006). Multi-camera Radiometric Surface Modelling for Image-Based
Re-lighting. In K. Franke, K.-R. Miiller, B. Nickolay & R. Schafer (Hg.), Lecture
Notes in Computer Science: Bd. 4174. Pattern recognition: 28th DAGM
Symposium, Berlin, Germany, September 12 - 14, 2006 ; proceedings (Bd.
4174, S. 667—676). Springer. https://doi.org/10.1007/11861898 67

Guo, K., Dourgarian, J., Tang, D., Tkach, A., Kowdle, A., Cooper, E., Dou, M.,
Fanello, S., Fyffe, G., Rhemann, C., Taylor, J., Lincoln, P., Debevec, P,, Izad, S.,
Davidson, P., Busch, J., Yu, X., Whalen, M., Harvey, G., . .. Pandey, R. (2019).
The relightables: volumetric performance capture of humans with realistic
relighting. ACM Transactions on Graphics, 38(6), 1-19. https://doi.org/
10.1145/3355089.3356571

Hore, A. & Ziou, D. (2010). Image Quality Metrics: PSNR vs. SSIM. In 20th
International Conference on Pattern Recognition (ICPR) (S. 2366—2369).
Institute of Electrical and Electronics Engineers (IEEE). https://doi.org/
10.1109/ICPR.2010.579

Kwok, T-H., Yeung, K.-Y. & Wang, C. C. (2014). Volumetric template fitting for
human body reconstruction from incomplete data. Journal of Manufacturing
Systems, 33(4), 678-689. https://doi.org/10.1016/J.JMSY.2014.05.009

HSD WM ys

Hiadaadide Divmsides Fachbareich Vischen
Facsy > he sy

Mertens, O., Zohlen, M., Herder, J., Amuser, D., Bertram, L. & Miller, A. (2019).
Interaktives Virtuelles Studio: Markerlose Erfassung einer Person fiir
Steuerung eines Moving Heads. Hochschule Dusseldorf - Labor fir virtuelles
Studio und virtuelle Realitat. https://vsvr.medien.hs-duesseldorf.de/tech/
captury/

Picker, T., Sachs, A., Simon, C., Vermeegen, K., VoB, M., Zohlen, D., Davin, T,,
Lanfermann, S., Goldberg, S., Schréder, M., Herder, J. & Miller, A. (2018).
Interaktives Virtuelles Studio: Indiana Jones im Land der Studenten.
Hochschule Diisseldorf - Labor fir virtuelles Studio und virtuelle Realitat.
https://vsvr.medien.hs-duesseldorf.de/productions/ivs2018/

Pomi, A. & Slusallek, P. (2005). Interactive Ray Tracing for Virtual TV Studio
Applications. In Journal of Virtual Reality and Broadcasting. https://doi.org/
10.20385/1860-2037/2.2005.1

Shewchuk, J. R. (2002). Delaunay refinement algorithms for triangular mesh
generation. Computational Geometry, 22(1-3), 21-74. https://doi.org/
10.1016/50925-7721(01)00047-5

Zhang, R., Isola, P., Efros, A. A., Shechtman, E. & Wang, O. (2018). The
Unreasonable Effectiveness of Deep Features as a Perceptual Metric. In
IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR)
(S. 586—-595). IEEE. https://doi.org/10.1109/CVPR.2018.00068

Till Davin and Jens Herder, Real-Time Relighting of Video Streams for Augmented Virtuality Scenes, GI-VRAR 2021


http://vsvr.medien.hs-duesseldorf.de/productions/ivs2020/
http://vsvr.medien.hs-duesseldorf.de/productions/ivs2020/
https://doi.org/10.1007/11861898_67
https://doi.org/10.1145/3355089.3356571
https://doi.org/10.1145/3355089.3356571
https://doi.org/10.1109/ICPR.2010.579
https://doi.org/10.1109/ICPR.2010.579
https://doi.org/10.1016/J.JMSY.2014.05.009
http://vsvr.medien.hs-duesseldorf.de/tech/captury/
http://vsvr.medien.hs-duesseldorf.de/tech/captury/
http://vsvr.medien.hs-duesseldorf.de/productions/ivs2018/
https://doi.org/10.20385/1860-2037/2.2005.1
https://doi.org/10.20385/1860-2037/2.2005.1
https://doi.org/10.1016/S0925-7721(01)00047-5
https://doi.org/10.1016/S0925-7721(01)00047-5
https://doi.org/10.1109/CVPR.2018.00068

