RECENT ADVANCES IN AVATARS

David Moreno, Peter Eisert, Fraunhofer HHI
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Vision & Imaging Technologies s T
Innovative research along the entire video processing chain

Imaging Computer Vision & Imaging
Technologies Visual Computing Technologies
Capturing Image/ Video Generative D_ispla_y &_
Systems Analysis & Models & visualization

Understanding Animation technology
Capturing & Modelling & Digital Visualization
Processing Representations & Rendering
Reasoning Interaction& HCI

Cognitive & Interactive Systems
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Fields of Application et
MRS

VERSE

Industry & Construction

Multimedia Security
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Avatars as Intuitive Interfaces o
Applications

Employee- and communication
training

-

o

o
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Medicine & therapy Digital sign language

specialist
Virtual assistants
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Realism vs Interactivity S‘A[Nous

Models

Images, videos, volumetric video...
== Highly interactive, modifications possible + Highly detailed and realistic

== Realism is expensive (motion & appearance)

= No modification possible

CG Data Real World Data

\
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Creation of highly realistic representations of virtual humans that can naturally interact with users

via text and speech
Personalization of avatars to new target persons

Style, semantic content and emotion adapted animation of virtual character

\
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Volumetric Video Studio @ Fraunhofer HHI i

LUMINOUS

\
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E AUGMENTATION
HUMANVERSE

PTURING WITH 16 STEREO CAMERA PAIRS

PTH ESTIMATION FOR ALL 16 PAIRS AND
SION TO A COMMON POINT CLOUD

A. Hilsmann et al, IET Comp. Vision, 2020
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Kinematic Animation of Volumetric Video ube T
Head Rotation: VR Experience Eva Umlauf- Her Testimony
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From Volumetric Video to Virtual Humans e T
Learning animatable representations from volumetric video

Novel pose,
Novel viewpoint,

Novel facial expression

\Z

Latent space
representation

e
R
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Volumetric Video with fitted model
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Neural Face Representation a
. . . LUMINOUS
Hybrid face capture & representation learning

W. Paier et al.,, CVMP 2020
W. Paier etal., IET CV 2020
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Neural Face Representation kot
LUMINOUS

Variational Autoencoder

FOR HUMANVERSE

Variational Auto-Encoder

~

Texture

A

AUNK AN

VAN
A
oo PCA-Weights

ez

encoder decoder

Geometry
Geometry

PCA-Weights

W. Paier et al., IEEE CGA 2021
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Neural Face Representation oot
LUMINOUS

Variational Autoencoder

ANVERSE
13

=]
|
Texture

Latent vector
= animation parameters [|

Geometry

\ :
PCA-Weights

W. Paier et al., IEEE CGA 2021

= Fraunhofer
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Neural Face Representation “hiodor o
- LUMINOUS
Variational Autoencoder

=]
|
Texture

VAYNA

»
VAN,
PCA-Weights e oAN

Latent vector
= animation parameters H

Meaning ?

Geometry

INPUT \
- %

GIERERLLRMD - | RS (v% W. Paier etal., IEEE CGA 2021
W. Paier et al., Graphics & Visual Computing

Hello

» Learn a mapping to text, audio, video

Z Fraunhofer
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Neural Face Animation kot
. LUMINOUS
Speech synthesis results A

[
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Neural Face Animation wikop &
LUMINOUS

ANGUAGE AUGMENTATION

Speech synthesis results — different styles

= Fraunhofer
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Animation Control e
LUMINOUS

e G G

'g y! ¢ @ y! '3. x y!

AR

Driving video Style 1 Style 2 Style 3

\
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Integrated Avatars




Learning a Generative Model for Virtual Humans ot

Ini LUMINOUS
Training a pose-dependent decoder
' ..||
Vi ; :
Volumetric Projected Confidence Map «, Synthe3|zed
Video Frame Texture ¢,

5'“ 9 pose feat Texture ¢’
cos 9 latent CUb0|d

y
| =
L MLP

<4
P [ : I
M loss = ||kece — ke + |lwedy — wed'||
Fitted
Shadow Model Displacement Map d, Visibility Map w, Synthesized Displacement d’
Morgenstern et al., IEEE VR 2024
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Learning a Generative Model for Virtual Humans EG‘AX[NOUS
Results

synthesized
model

volumetric
video

|
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SMPL Aligned NeRF

~

| Pose
SMPL pose -{ Encoder }

' ™ !
Global Ray 3 :
diteotion  [-rrerrra Qe SRR

d ) ) | L :
J i | pr —
_ i | Local ; : Density
: direction d ! f
: i ! .o

Y
Ray query Surface . .
h UVH [ Multiresolution
point Aligned uvh f remapping uvh’ ff gt ps
L X Mapplng

® Extended Surface aligned NeRF [XFM22]

B Mapping of canonical space to uv-height coordinates

of SMPL model

B Remapping of coordinates with learned frame
embeddings to account for alignment errors

B Can be animated via skeleton to unseen poses

[Knoll VISAPP 2024]
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Learning a Generative Model for Virtual Humans

AR Visualization

[Morgenstern IEEE VR 2024]
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Human Animation

Learning Co-Speech Gesture Generation

Level 1 . - Level 2 P Level L o s e
Y g b .‘ ~”§ Q N )J} Bt -(J}
q r= & I @& & Weide 45 i €
Ran('iom Generatlye » ‘{T}” E Upsamplg& » T}’ ( \ é Upsampk.a& Ly 7}’ ( \ F ‘, \
Noise Convolution {\f‘ N Convolution fif' 1) /ﬂ Convolution {\ ‘/4 Al \f/
If ( i i
* {5 QS * S K I $ LSS S {1
PO Speech L Speech N
Speech Encoder Discriminator Discriminator Discriminator
Encoder Encoder
Speech Random Speech Random Speech
Input Noise Input Noise Input
Moreno et al.,, CVMP 2024
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Gesture Animation

LUMINOUS
New approach

® We include skeletal-aware convolution layers in different motion tokenizers

® Each motion tokenizer learns a compact motion representation of the upper body,
lower body and hands

*{ Encoder Jﬁ Tokens —{ Decoder }4

- Skeletal Convs

\

~ Fraunhofer

HHI



Gesture Animation
Tokenized Motion

LUMINOUS

® A transformer network predicts motion tokens based on semantic text embeddings
(Llama embeddings)

Text
(Llama embeddings)

]_,

' 1
Masked » o | o
E—*% :m E' e g §
i = 19k g m| X —
Motion Tokens 2 "‘.§"§, 3 ga %5
= I = ”‘._’.| =R
(upper/lower/hands) g i 3

{
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From Velumetric-Video to Realistic Avatars ikt

LUMINOUS
What's next7 ____________________________________________________________________ .

3D-aware GAN R 5122 @ 30 FPS

Tri-plane

latent
vector

StyleGAN
Backbone

NeRF Super-
Renderer resolution

, Gaussian Gaussian Export
\Zietg: S’MESAN Splatting Splatting — " as3b
ACKOONE Decoder Renderer ~ Asset

Gaussian Splatting Renderer, standard rendering possible, e.g. Unity, 150fps

Novel mapping network synthesizing Gaussian properties

End to end training without superresolution network
[Barthel CVPR 2024]
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From Velumetric\Video to Realistic Avatars whishet
What's next?

LUMINOUS

/
=
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From Velumetric-Video to Realistic Avatars
What's next?

(5;2 *3) | Positional
Encodin;

(512 x 512)
Backbone
Comera 2z2€ Z
(512)e —1»  6xAdaptive [ ToGauss —
l l Transformer Block I
:
Mapping [ G
| aptive || [ Pomt Upsample 1
—
Transformer Block -)[ X4 )—[: oG
. v ToAnchor
| | Adaptive ||, Point Upsample : ]
(512) Transformer Block 236 UEEENED |
— v ToAnchor
Adaptive Point Upsample
wew Transformer Block -)[ 36t T Dites
j ToAnchor
| | Adaptive ||, [ Pomnt Upsample
| Transformer Block -’{ xiz8 ’—[: ToGauss |
. 2 ToAnchor o LN
Adaptive Point Upsampl [ ] *
7 Transfom’;er Block _-){ ’ ng:mpe }_" oo | ; \

J”L_
S

N —
Pl

StyleGAN2

% S real / fake
Discriminator

T (512 x 512)

Adaptive
Transformer Block

Adaptive Instan¢e Normalization
(AdaIN)

z — mean(z,dim = 0)
std(z, dim = 0)

Value

correlate
features

Weight
(8% 512 % 64)

points

Mip

FC (out=2048)

GeLU

FC (out=512)
F

1 :
:_ (512 x 512)

A

b TS

F. Barthel et al., Arxiv 2025
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LUMINOUS

B Gaussian Splatting
representation for
high quality and real-time
rendering

B Easy personalization by GAN
structure

synthesizes arbitrary faces

B GAN inversion adjusts model to
1 or
more pictures of a person

Submitted to NeurlIPS F. Barthel et al., Arxiv 2025
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Editing of Face Properties Through Latent Space Offsets"

bt
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Fraunhofer-Institut fur Nachrichtentechnik, bt €
Heinrich-Hertz-Institut, HHI Attt

WE PUT SCIENCE
INTO ACTION. hirbop

LUMINOUS

Contact:

David Moreno
david.moreno@hhi.fraunhofer.de

SPONSORED BY THE

Peter Eisert _ B
peter.eisert@hhi.fraunhofer.de W | eiaion

and Research

Einsteinufer 37
10587 Berlin
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ANGUAGE AUGMENTATION
FOR HUMANVERSE
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Neural Radiance Fields (NeRF)

5D Input Output
Position + Direction Color + Density

ZOg)— I]] » (RGBa) —-\
Ray 1

o ) 1 ‘;Lj :
¥ N

e .//

(a) (b)

® MLP that reconstructs RGBA for a 3D point x

® Volume rendering by accumulating line of
sight

B Enables static 3D object rendering

® Instant NGP for fast training
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» Load
» Camera

P Performance

Varname y min -10 val 0 Add slider

Safe Load

Browse Presets
_xyz _xyz
-rotation —rotation
_scaling _scaling
-opacity _opacity
_features_dc _features_dc
_features_rest _features_rest

Preset Name
» Eval
V¥ Latent

Latent 0.796  -0.497 Drag

Latent Space

V 1 08 -06 -04 -02 0
Truncation PSI
Camera Conditioning  frontal

Latent Space w

10.000

David Moreno — EuroXR

F. Barthel et al., Arxiv 2025
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Gesture Animation - Preliminary Results
LUMINOUS
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GAN Synthesis of Gaussian Splatting Faces [B'J(N i

- ~ FOR HUMANVERSE

’ _ L 5122 @30 FPS
Trioplane SD-aWare GAN @

latent StyleGAN NeRF Super-
vector Backbone Renderer resolution

""""""""""""""""""""""""""""""""""""""""""" . 10242 @ 90 FPS
Gaussian Gaussian .
latent StyleGAN . . . , Exportas
vector Backbone Splatting Splatting ! 3D Asset
Decoder Renderer

B Presented @ CVPR 2024

B Mapping network that creates properties of Gaussian Splats (size, color, opacity, orient.)
B Fast rendering with standard libraries

® No need for super-resolution step
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Editable 3D Renderings e

LUMINOUS

_
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Lip Animation Through GAN Inversion ik
LUMINOUS

B GAN inversion for frames of a video
sequence

B Create latent vectors defining motion
space

M For different individuals, mimic directions
can differ in latent space

M Retraining of generator to reshape GAN
space such that same motion of different
individuals is aligned

\
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Expression Transfer it
LUMINOUS

\
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Compression of Gaussian Splatting Scenes oot

LUMINOUS
3D Gaussian Splatting Ours B R
B
M Gaussian Splatting scenes show high Millions of Gaussians
quality results but are very large in e Me |
Size |nC;eX (u.uz,?a‘:::zw) (n.s71,ca:l13,roass) (o.aqqi?alfo.m) Ol;jlety
Wt Sorted
= Efficient coding and storage = El
necessa ry 2,;@7 (OAOZ7,DV:IYM,D,DZ) (0204,0.;69,0316) (D.ﬁ77,n,;53,0,416) 0;87
B  Our codec compresses exploiting :
I
high dimensional sorting .
4 3 ..

scene refinement

B Size reduction of a factor 15-25 at
almost same quality

[Morgenstern et al. ECCV 2024] PSNR 24.89dB PSNR 24.83dB
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Fraunhofer-Institut fur Nachrichtentechnik, bt €
Heinrich-Hertz-Institut, HHI Attt

WE PUT SCIENCE
INTO ACTION.

Contact:

Peter Eisert
peter.eisert@hhi.fraunhofer.de
+49 30 31002 614

Einsteinufer 37
10587 Berlin
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