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Traditional 
colour 

reconstruction 
pipeline
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1. Identification of residual traces

2. Repainting physical copies

3. Digitally manual coloring of defined areas in 
image editing softwares 

4. Digitally stretching and deforming images of 
comparative artworks (i.e. using other sculptures 
or mummy portraits) showing similar paint layers



Repaints of physical copies – started with mid 
19th century
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Polychrome plaster cast of 
the so-called Bluebeard (or 
Three-Body Man), created 
by a Danish artist Anne 
Marie Carl-Nielsen (1863–
1945) featured in the 
“Farben Sehen”exhibition 
(March 13-17 2024) 

Siotto, E., & Cignoni, P. (2024). Digital methods and techniques for reconstructing and visualizing ancient 
3D polychromy–An overview. Journal of Cultural Heritage, 68, 59-85.



“Gods in Colour” project

• Since 2001/03, physical reconstructions of lost 
polychromy were brought to life by Vincenz 
Brinkmann and Ulrike Koch-Brinkmann

• “Bunte Götter”or “Gods in Color” travelling 
exhibition

• Showcased over 100 painted sculptures at 
Frankfurt’s Liebieghaus Museum 

• 1:1 replicas

• Re-included in the Chroma: Ancient Sculpture in 
Color at the MET (July 5 2022 - March 26, 2023)
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Reconstruction 
of a marble 
finial in the form 
of a sphinx
©Vinzenz 
Brinkmann
Ulrike Koch-
Brinkmann

Marble 
capital 
and finial 
in the form 
of a sphinx
Greek, 
Attic
ca. 530 
BCE



Fragment of the marble stele (grave marker) of a youth,
Greek, Attic, ca. 530 BCE

Colour 
reconstruction, 
©Vinzenz Brinkmann
Ulrike Koch-
Brinkmann
2009
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Colour reconstruction, 
© Vinzenz Brinkmann
Ulrike Koch-Brinkmann
2006

Fragment of the marble stele (grave marker) of a youth
Greek, Attic
ca. 530 BCE 11
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Giovanni Verri, 2010 – digital 
colour reconstruction

Study 1 of the color scheme of the so-called Treu Head, 
© Vinzenz Brinkmann, Ulrike Koch-Brinkmann
2014/ 2020
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©Harry Seymour in 
the Art Newspaper, 
2020
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Judean Pillar Figurines
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False color texture map was made by 
applying DStretch image processing 
to the texture map made from the 
original photographs.

https://laurmcco.github.io/judeanpillarfigurineexhibit/

https://dstretch.com/


Athena reveals her true colours

• Produced by 
Black Math in 
2021

• In collaboration 
with Museum of 
Fine Arts in 
Boston

• https://www.mfa.
org/video/athena-
reveals-her-true-
colors
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How would you describe the aesthetics of the 
colour reconstructions so far?
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https://www.menti.com/alygqfrj4qum

Code: 8603 9616

https://www.menti.com/alygqfrj4qum


Quality of 
traditional 

techniques
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Flat apperance Overly saturated 
colours

Translucency of 
marble tends to 
get lost both in 

physically 
repainted plaster 
replicas or digital 
reconstructions

High degree of 
subjectivity



Aimed at creating a new way to perceive, 
preserve, curate, exhibit, understand and 
access coloured museum collections, 
promoting their re-appropriation. These 
collections are fragile and in danger. 
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Lost Polychromy scenario - Venus Anadiomene at 
MANN
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Aim
• Digitally reconstruct original colour of the Venus Anadiomene 

statues at the MANN museum 
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Physically-
based colour 

reconstruction 
pipeline

1. Identification of polychromy traces 
(data collection)

2. Experimental fabrication of mock-ups

3. Capturing measurements and digital 
modelling of mock-ups

4. Atlas-based segmentation of a 
sculpture based on a 3D model

5. Application of mock-up models as 
shaders
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Modelling

Data Acquisition

PERCEIVE Final Review Meeting 3.3.2026
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For further details see:
Arteaga, Y. et al. (2026). Methods and Workflows for Colour Change Modelling and Reconstruction. In: Ciortan, I.M.,
Ferdani, D., Hardeberg, J.Y., Sotiropoulou, S., Veggi, M. (eds) Chromatic Visions. Lecture Notes in Computer Science, vol
16450. Springer, Cham. https://doi.org/10.1007/978-3-032-17700-1_1 24



Material and pigment identification: 
visible induced infrared luminescence (800-1700 nm)
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Material and pigment identification: 
ultraviolet induced luminescence 
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Mock-up design

• Raw materials:
• Type of marble

• Pentelic
• Paros

• Pigment
• Egyptian blue
• Red ochre
• Yellow ochre
• Madder lake
• Cinnabar

• Ground layer
• Lead white
• Calcite

• Binders
• Egg tempera
• Wax

• Parameters:

• Type of marble

• Type of pigment

• Number of layers

• Granulommetry 

• Mixture with ground layer

• Binary layers

• Binder

No ground Lead white
Calcium

carbonate

1
la

ye
r

2
la

ye
rs

3
la

ye
rs
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Mock-up fabrication

• Based on interpretation of 
analytical data and ancient 
recipes 
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5 cm

5 cm
1.25 cm

1.25 cm
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Bidirectional measurements and texture 
images 

• X-Rite MA-T12 multiangle spectrophotometer
• 12 reflectance spectra [380 780] nm 
• 6 texture images
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SVBRDF modelling with PANTORA

• Spatially varying bidirectional reflectance distribution function 

Guarnera, D. (2016)
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Paros marble, 1 layer of Egyptian blue with 
Punic wax binder, no ground layer

5 cm

5 cm
1.25 cm

1.25 cm
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Polychromy database

https://ancientpolychromy.streamlit.app/

Credits:
• Donata Magrini, Roberta Iannacone 

(CNR, ISPC), Yoko Arteaga (NTNU): 
mock-up fabrication.

• Yoko Arteaga (NTNU): measurements
• Lu Xu (NTNU): website
• Petros Stravoulakis, Sophia 

Sotiropoulou (FORTH): purchasing 
marble
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https://ancientpolychromy.streamlit.app/
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StyleShade3D – online visualization tool for the colour reconstruction
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https://perceive-tools.igd.fraunhofer.de/venus/
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Exhibition 
“Echoes of 

Colour”, 
Digital 

Heritage 
Siena, 2025
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AI-powered technique & Roman Emperor 
Project
• Artbreeder by 

Daniel Voshart

• Generative AI 
(GAN)

• Historical 
photographs

• Photo editing
• Comparable to 

the deep fake 
technology

https://voshart.com/roman-emperor-project41



42



Summary & conclusions

• Traditional techniques
• Pro: physical replicas, real-size
• Cons: artificial, not realistic enough, 

subjective
• Physically-based models and automatic 

segmentation
• Pro: loyal to material’s appearance, 

more objective
• Cons: resource heavy

• AI techniques using neural nets
• Pro: creative and progressive
• Cons: low level of authenticity
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MuLaX tool Polychromy database Let there be light project
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