State-of-the-Ar#iReport on

How to Build Digital Humans?

From Priors to/Photorealistic Avatars

J&ﬁw
May 40 2026 HHEH EN 2026



Current Developments on Avatars
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Category

Datasets

Data Type

Data Modality

Needed Assets

Input

Additional Priors

Creation Speed

Animation Signal
Lighting Control

Animation Speed

Image Synthesis

STAR Website

Icons

Prior Stage
0 2k2K AIST ActorsHQ 3 Ava256 B3 BCNet @ CT2Hair  [EBLEEEA% [ Cloth3D @) CustomHumans @ Ensemble @@ FFHQ @ FaceScape
FaceVerse @B HumandDIT @@ InterHand2.6M @ Internal [ LPFF MEAD @@ MRI-Hand G NPHM @D NeRSemble  [B Next3D samples B PanoHead samples

3 RenderPeople B SURREAL B3 Sewing Pattern £ THuman2.0 &) Twindom @ USC-HairSalon @ VFHQ V@ VoxCeleb2 B3 ZJU-MoCap

= Real

Synthetic @ Generated (e.g., by a pre-trained generative model)
p 3D Strands &% MRI @ Meshes “ Mono video .. Multi-view image “ Multi-view video ..‘) OLAT multi-view image Q.D OLAT multi-view video

El Sewing Pattern . Single image
Creation Stage

C Cameras  [HP Hand Pose L' Known Lighting M Meshes (Ml Registered Meshes T Textures 3. Tracked 3DMM S’ segmentation masks

Text ' Audio A Zero é\j Few “ Mono video .. Multi-view images “‘ Multi-view video ..‘) OLAT multi-view images
*.7 OLAT multi-view video & Meshes ~, Depth 5 3D density volume ..? Point cloud

3 3DMM  cc ContourCraft ~ [BF DeepFeatures ~ DH DeepMVSHair (64 GPT-4V 6T Garment templates  6€ GroomCap S| Grounded-SAM BJ Image Diffusion

H NeuralHaircut P Physics PA PortraitAnimation R Relighting (88 Semantic segmentation ~ Wv Wave2Vec

D Slow (>6hours) P Medium (<6hours) PP Fast (<30 minutes) L3 % ANEERTES RN}

Animation Stage

@ 3DMM expr General expr .. Multi-view image /ﬁ Pose “ Video

£ Distant Light “ Local Light

p offiine(<1fps) PP Interactive (5 1ps) LS MEIETIACENRIS)

G 3DGS mv MVP M Mesh N' NeRF  INR Neural Rendering 5! SDF  [sF Strands

Filter and search through 616 avatar papers

https://w

How to build

Paper metadata + Add entry

Citation key *

e.g. AuthorSurname2024keyword
Auto-generated from author + year + title. You can edit it.
Title *

Paper title

Authors *

First Last, First Last, ...

Comma-separated list of authors

Year * Entry type
2024 inproceedings
Venue

-- Select venue --

Add your own method

ital-humans/

Dlgltal H umans Tobias Kirschstein - May 4th, 2026


https://wojciechzielonka.com/how-to-build-digital-humans/
https://wojciechzielonka.com/how-to-build-digital-humans/
https://wojciechzielonka.com/how-to-build-digital-humans/
https://wojciechzielonka.com/how-to-build-digital-humans/
https://wojciechzielonka.com/how-to-build-digital-humans/
https://wojciechzielonka.com/how-to-build-digital-humans/
https://wojciechzielonka.com/how-to-build-digital-humans/
https://wojciechzielonka.com/how-to-build-digital-humans/
https://wojciechzielonka.com/how-to-build-digital-humans/

What is an Avatar?

E‘g How to build
&S o e
"” D1 glt al Humans Tobias Kirschstein - May 4th, 2026



What is an Avatar?

An Avatar is a function A(.)
that takes control signals C
and synthesizes images/videos |

AC) = 1

Dlgltal Humans Tobias Kirschstein - May 4th, 2026
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What are Control Signhals C?

Controls

Yang et al. “VRMM?”, SIGGRAPH 2024
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What are Control Signhals C?

Controls
) Motion control  lighting

@ Vo Formally: | |

TBodyPose C — {M, Tl:[, L]}
e Expression . | _

viewpoint

,_# Lighting
“/

J In practice:
C = {anyhing humans find intuitive}
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2D vs 3D Avatars

2D Avatars 3D Avatars
* Direct synthesis of pixels * Factorize image formation into:
1. Create 3D representation S
| = CAZD(C) 2. with renderer R
- § = fap (ML L])
Note: can be still viewpoint I = Azp(C) = R(S,m)
controllable!

' X How to build
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Vldeo World Model 3DGS

Weng et al. “HumanNeRF”, Saito et al.
CVPR 2022 “Relightable Gaussian
| Codec Avatars” CVPR 2024

A3p

Vldeo Model as Neural Renderer

How to build Cao et al. “Uni3C”, SIGGRAPH Asia 2025
Dlgltal Humans Tobias Kirschstein - May 4th, 2026 13




2D vs 3D Avatars

+ Generalization
+ Visual Quality %\ 7 + Speed

- Consistency <3 ~, N ==“® | Consistency

- Expensive ' - Generalization

CAZD C/q3D

A
Z5825 How to build
'4&«‘
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How to Create an Avatar A7

dentity Spees | 7 T €1 Avatar Creation Process
J | X f ! Given:
cOnLols y— * |dentity specifications J

def

* Corresponding control signals C

Produce:

g e Avatar A
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What are Identlty SpeC|f|cat|ons J7?

Images

=/ Text

| \ Clothing

» Hair Style
A Random Sample

== 4"7 How to build
Digital Humans

Linetal. “LayGA”, SIGGRAPH 2024 Kim et al. “HairCUP”, ICCV 2025

Zhou et al. “HeadStudio”, ECCV 2024 Sun et al. “Next3D”, CVPR 2023
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Under-constrained Avatar Creation

Single Input Image 360° Complete Avatar

T~ . Kirschstein et al. “FlexAvatar”, CVPR 2026
: <~ How to build
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Under-constrained Avatar Creation

Identity Specs =, ; ;o B Avatar Creation Process
J ) 4 1 Given:
| . L
Controls * | * |dentity specifications J

@ C T o  Corresponding control signals C

Prior e Human Prior P
‘P |
> A ‘ Produce:
e Avatar A
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What is a Human Prior P?

DEEEE * Models distribution of human
=D appearance / shape / motion

* Distilled from large-scale dataset
of human examples

Goal: In-paint aspects of the avatar that were
not described by |dentity Specifications J

== l'f How to build
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Common Types of Human Priors P

3DMMs 3D Strand VAEs

s i How to build
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3D Morphable Models (3DMMs)

SMPL FLAME

FLAME 2020
Shape 1

Model Decomposition

)))))

Expression 7

Pose and Shape
/ “[]. . ," | /‘; of/ ’,.‘

NIMBLE

Pose Change

How to build
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3DMM Prior: Explicit Surface Geometry

C_) Technique:

Define 3D primitives
relative to S3DMM mesh

Qian et al. “GaussianAvatars”, CVPR 2024

4
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3DMM Prior: Motion

Local coordinate (u, v, h)

d
(view direction)

NeRF

Deformation

Skeleton

Copy
transformation

X
:Projecr tog Bi-linear
Esurface Interpolation
Liu et al. “Neural Actor”, SIGGRAPH Asia 2021 -QO:-Technique:

Derive 3D deformation field
from SDMM movement
to model animations

Tobias Kirschstein - May 4th, 2026 23




-O:- Technique:

Achieve Motion transfer by
only copying

3DMM expression /pose
parameters to avatar

Driving video

Sun et al. “Next3D”, CVPR 2023

How to build
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Newer 3DMMs

SDF-based

3D Gaussian-based

Xu et al. “GPHM”, ECCV 2024

Tobias Kirschstein - May 4th, 2026 25



3D Generatlve Adversarlal Networks (3D GANS)

v A
\_m N’
|
Latent Code ——— g
Camera Pose l—— AG3D
Human Pose ——— @
Chan et al. “EG3D”, CVPR 2022 Dong et al. “AG3D”, ICCV 2023

'-..;\ = How to build
y D1 glt al Humans Tobias Kirschstein - May 4th, 2026 26



3D GAN Prior: Use pre- tralned models

--------------------- Expression Transfer -----------------
: v
: Transformer Transformer Transformer : Camera Volumetrlc
: block block - block : pose Renderer
: A A 4

s [T ot e e e e s e e e e | IS me e el e e e e

predlctlon
»1 DeeplLabv3
Transformer Transformer Transformer
‘ block ]'9’[ block ]‘é}’ block s°9F°’ s
source / tri-plane

Tran et al. “VOODOO XP’, SIGGRAPH Asia 2024

VR Telepresence

Q Technique:

Improve generalization capabilities
by building on top of a pre-trained
3D GAN Inverter

&K l'f How to build
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3D GAN Prior: Synthetic Data Generation

Image-Level 4D Data
Adversarial Learning Synthesis

4D Generative
I > Model |:>

Y W= SelfReenactment
Training

.,z |:> 4D Reconstruction
.ﬁa - Model

N o o

---------------------------------------------------------------------------------------------------------------------

Deng et al. “Portrait4D”, CVPR 2024
-O:- Technique:

Use a 3D GAN to
generate large-scale 4D training data

259225 How to build
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Image / Video Diffusion Models

In pixels'dance, Al's craft will ise,
Transforming visions through machine eyes!
From dreams to screens, new worlds unfurled.
Al’s brush reshapes our visual world!

e~

FLUX image generator WAN video model

How to build
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Diffusion Prior: Dataset Extension

ﬁ E ? :
- > N )
» ) \ f
— | . )
(3' - .
- o q
3 %)
5 N |

Fit 4D Gaussian
avatar

Generate images
with MMDM

1 ' N

Reference I'mage(s) Genrated Images Real-time 4D Avatar
Taubner et al. “CAP4D”, CVPR 2025

Q Technique:

Fine-tune 2D diffusion model to

Py predict more images for avatar creation
SR How to build
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Diffusion Prlor Score Distillation Sampling
l—>£(<I>,h, ﬁ):£’+£"+£‘""+£”+£ +9£3d“’ ‘j Kolotouros et al. “DreamHumén’j NeurlPS 2023

o Zoom

A [l p Full body
i ® photo of {p} . e
. I| -QO: Technique:

Albedo ¢
NeRF A Headshot of {p} ' Diffusi
. - el I-Renderer}—> 4 » Diffusion
f(®,ds,0, f) R _ E Model
B !
> ’ i
P Spherical

9/ || Spheric Photo of as a loss function
S arrr;onlcs right arm of {p} ) )
| : to supervise via text

Use 2D diffusion model
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Digital Humans

Caoetal. “Uni3C” SIGGRAPH Asia 2025
-O- Technique:

Condition 2D diffusion model

on 3DMM / pointcloud renderings
to create human videos with
animation and viewpoint control

Tobias Kirschstein - May 4th, 2026
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A common Avatar Framework

Execution Environment Datasets o= $$$ Identity Specs ° ¢
[ ] - _— 2
&= Compute Cluster & User = D i’ “] -
Cost & | 1 RE
$  Cheap: Seconds - Minutes ontrols »
$$ Moderate: Seconds - Hours @ C CH( |
$$$ Expensive: Days - Weeks 1 ‘
. Prior
Identity Specs Controls S P ~ "
{l Viewpoint Lhbidda i 4
T Body Pose LY i “{“‘ A
. L : (v iﬁ",“{ ’ CA
'ﬁﬁ Clothing @ Expression reEE_J
@ Hair Style ,/4 Lighting Stage 1 Stage 2 Stage 3
/ Avatar Prior Learning Avatar Creation Avatar Animation
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Datasets i sss Identity Specs

€D

3DMMs 3D Strand VAEs
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Time Speaker Talk

13:20 &MatthiasNieBner History of Avatars

13:35 Shunsuke Saito Scaling Digital Humans

13:50 ﬂTobias Kirschstein |STAR Taxonomy

14:05 ﬂMarc Habermann |Towards Generalized Physical Avatars
and the Role of Foundation Models

14:20 |52 Justus Thies Digital Humans in Motion

14:35 | Organizers STAR Summary
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