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Metahumans Unreal Engine

They look like real humans and they have natural interaction capabilities similar to human beings
Sensing and analyzing users/environment   Decision making and Dialogue   Appearance and motion



Global Digital Human Market is 
expected to reach 527 billion 
USD in 2030.

Rapid progress in computer 
graphics, coupled with advances 
in artificial intelligence (AI), is 
now putting humanlike faces on 
chatbots and other computer-
based interfaces.





HellBlade

Uncharted 4

https://www.youtube.com/watch?v=CmrXK4fNOEo


VR Training

Meta Horizon WorkroomsMicrosoft Teams and Mesh

VR Training



S. Ma, et al., "Pixel Codec Avatars," in 2021 IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), Nashville, TN, USA, 2021 pp. 64-73.







Pixar in a Box at Khan Academy - https://www.khanacademy.org/partner-content/pixar

https://www.khanacademy.org/partner-content/pixar




• Data-driven animation
• Digitizing live motion and applying to 3D objects
• Motion capture and AI

Van Welbergen, Herwin, et al. "Real time animation of virtual humans: a trade‐off between naturalness and control." Computer Graphics Forum. Vol. 29. No. 8. 
Oxford, UK: Blackwell Publishing Ltd, 2010.







Reblika – Valentina 4D

Masahiro Mori, Karl F. MacDorman, and Norri Kageki. 2012. The uncanny valley. IEEE Robotics and Automation Magazine 19 (2012), 98–100. Issue 2. https://doi.org/10. 1109/MRA.2012.2192811
Darragh Higgins, Donal Egan, Rebecca Fribourg, Benjamin R. Cowan, Rachel McDonnell . Ascending from the valley: Can state-of-the-art photorealism avoid the uncanny? ACM Symposium on Applied Perception (SAP), Article No. 7, pp 1-5, 2021



N. Amadoue, K. Haque, Z. Yumak, Effect of Appearance and Animation Realism on the Perception of Emotionally Expressive Virtual Humans, ACM Intelligent Virtual Agents (IVA 2023)
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Durupinar et al. 2021
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Ichim et al. 2015
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Taylor et al. 2017 Fan et al. 2022

Yi et al. 2023



A. Vinciarelli, M. Pantic, H. Bourlard. Social Signal Processing: Survey of an Emerging Domain, Image and Vision Computing Journal, Vol. 27, No. 12, pp. 1743-1759, 2009.
A. Beck, Z. Yumak, N. Magnenat-Thalmann. Body movement generation for virtual characters and social robots. Social Signal Processing, Cambridge University Press, 2016.



C. Charalambous, Z. Yumak, A.F. van der Stappen. Audio‐driven emotional speech animation for interactive virtual characters. Computer Animation and Virtual Worlds, June 2019

Comparison to FaceFX and RogoDigital

✓ Ours (58%) vs FaceFX (42%)

✓ Ours (57%) vs RogoDigital (43%)



FaceXHuBERT: Text-less Speech-driven E(X)pressive 3D Facial Animation Synthesis Using Self-Supervised Speech Representation Learning, Kazi Injamamul Haque and Zerrin Yumak, 25th ACM International 
Conference on Multimodal Interaction, ACM ICMI 2023, Paris France 
FaceDiffuser: Speech Driven 3D Facial Animation Synthesis using Diffusion, Stefan Stan, Kazi Injamamul Haque and Zerrin Yumak, ACM Siggraph Conference on Motion, Interaction and Games, MIG 2023, 
Rennes, France



BIWI VOCASET Multiface

UUDaMM BEAT

High dimensional 
3D vertex

Low dimensional 
parameterized data











A. Klein, Z. Yumak, A. Beij and A. F. van der Stappen. Data-driven Gaze Animation using Recurrent Neural Networks. ACM Siggraph Conference on Motion, Interaction and Games, October 2019 (Best Student Paper Award)
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A. Bogaers, Z. Yumak, A. Volk. Music-Driven Animation Generation of Expressive Musical Gestures. ACM International Conference on Multimodal Interaction (ICMI 2020)



F. de Coninck, Z. Yumak, G. Sandino and R. Veltkamp. Non-verbal Behavior Generation for Virtual Characters in Group Conversations. 2nd IEEE Artificial Intelligence and Virtual Reality Conference (IEEE AIVR 2019)
(Honorable Mention Award)





Samsung Neon

Nvidia Violet Samsung Sam

UneeQ



Understanding social 
and affective cues

Decision making 
and Dialogue

Generating social 
and affective cues



T. Fong, I. Nourbakhsh, and K. Dautenhahn,  A survey of socially interactive robots, Robotics and Autonomous Systems, vol. 42, pp. 143–166, 2003.



Z. Yumak and N. Magnenat-Thalmann. Building long-term relationships with virtual and robotic characters: The role of remembering. The Visual Computer. 28(1). pp. 87-97. Springer-Verlag. 2012.
Z. Yumak, M. Ben Moussa, P. Chaudhuri, N. Magnenat-Thalmann. Making them Remember-Emotional Virtual Characters with Memory. IEEE Computer Graphics and Applications, Vol. 29, No. 2, pp. 20-29, 2009.

ZerrinScene01.wmv
kasapthalmann_RO-MAN.wmv


Z. Yumak, B. van den Brink, A. Egges. Autonomous Social Gaze Model for an Interactive Virtual Character in Real-Life Settings, Computer Animation and Virtual Worlds, 2017.

Feature Explanation

Change of 
distance and 
orientation

If the user is not only passing by but 
staying stable for a while

Greeting/
calling by name

If the user calls by name or greets 
explicitly

Waving hand If the user waves hand

Distance If the user is closer to the vh

Orientation If the user configures his/her body 
towards the vh

Closeness to the 
center of FoV

If the user is closer to the center of the 
field of the view of the vh

Speaking If the user is speaking

Smiling If the user is smiling



R. Harel, Z. Yumak, F. Dignum. Towards a generic framework for multi-party dialogue with virtual humans, CASA 2018, Beijing, China, May 2018



IEEE VR 2023 and 2024MASSXR Workshop – Social and Affective Behavior 
Analysis and Synthesis in XR)

https://sites.google.com/view/massxrworkshop2023

https://sites.google.com/view/massxrworkshop2024/








