White Light Contains All Colours:

The Myth of Whiteness and
the Spectral Life of Artworks

Irina Ciortan
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“ONTRAPPOSTO ) PUDICA
‘Weight on one leg, A modest pose, often
- creating a natural used by female figures
S-curve in the body. to cover themselves.
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(3) abrocutio

(ORATOR POSE)

Raised arm and
open gesture used
by orators to address
an audience.

FIGURA

SERPENTINATA
A dynamic twisting pose
with the body coiled
in a spiral, full of
tension and movement.

oy

VENUS

A seated or crouching

pose, often to cover leaning

the body or in moments on a support, showing :
of rest, strength and calm. 1

T
,.'\.n‘

=

"




The White Marble Ideal

o

"« The Erasure of Time: Centuries of underground burial and oxidation
stripped away fragile mineral extracts and beeswax binders.

» The Historical Bias: 18th-century art historians like ].J. Winckelmann * The Spiritual Canvas: Greek and Roman sculptors considered
established a false classncal ideal, claiming in 1764 that “the whiter the body unpamtgc! marb]g ugly; color was necessary to serve as a container
is, the more beautiful it is.” for the living spirit.

« The Preservation Error: Renaissance collectors and early museum curators * The Vivid Palette: Ancients utilized vivid primary shades derived from
actively scrubbed away surviving pigment specks, believing them to be dirt. mineral extracts.

What remains today is not the artist’s intent, but the skeleton of antiquity.’.....cc.




S)
Pre-Newtonian Optics Newton’s 1704 Opticks

* The lllusion of Purity: Thinkers like Descartes and * The Dispersion Reality: Through his crucial prism
Hooke believed white light was instantaneous, experiment, Newton proved that white light is actually
simple, and homogeneous. a compasite mixture of all visible wavelengths.

* The Color Corruption Theory: Colors were thought y *» The Intrinsic Color: Passing a dispersed color through
to be physical modifications or ‘corruptions’ of white a second prism proved color is an intrinsic property of
light=mixtures created by adding darkness to light. the light wave itself, not a modification by the glass.

Analogy: “White" marble hides its
original painted colors,

just as ‘white’ light hides a
spectrum of wavelengths.
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Multispectral Imaging: Seeing Colours That Time Erased

Data Cube
Optical filters T

Multispectral imaging uses
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Traditional
colour
reconstruction
pipeline

1. Identification of residual traces

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
19% century

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 Gotter”or “Gods in Color” travelling
exhibition

 Showcased over 100 painted sculptures at
Frankfurt’s Liebieghaus Museum

* 1:1replicas

* Re-included in the Chroma: Ancient Sculpture in
Color at the MET (July 5 2022 - March 26, 2023)




Marble

capital i
P . Reconstruction
and finial
. of a marble
in the form ..
) finialin the form
of a sphinx .
of a sphinx
Greek, .
. ©Vinzenz
Attic )
Brinkmann
ca. 530 Ulrike Koch
BCE

Brinkmann




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
Fragment of the marble stele (grave marker) of a youth Ulrike Koch-Brinkmann

Greek, Attic 2006
ca. 530 BCE 1




Researchers demonstrate the process of applying color to the Treu Head, from a Roman sculpture of a goddess, made
in the second century A.D. Ancient sculptures were often painted with vibrant hair colors and skin tones. Photograph
by Mark Peckmezian for The New Yorker
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Study 1 of the color scheme of the so-called Treu Head,
© Vinzenz Brinkmann, Ulrike Koch-Brinkmann
2014/ 2020

Giovanni Verri, 2010 - digital
colour reconstruction
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Beauty brought to
life in vivid colour

Ancient Palmyra’s painted lady is digitally reconstructed from
traces of pigments for new exhibition at Ny Carlsberg Glyptotek

ANTIQUITIES &
ARCHAEOLOGY

COPENHAGEN. Harald Ingholt, a Danish
archaeologist, was on his third cam-
paign of excavations at Palmyra, in
present-day Syria, in 1928, when his
ream unearthed a half-length portrait
of an unknown woman made between
AD190 and 210 in a tomb dubbed Qasr

The following year Ingholt presented
The Beauty of Paimyra and around a dozen
other sculptures to Copenhagen’s Ny
Carlsberg Glyptotek, a museum built on
the collection of the Carlsberg brewery
scion Carl Jacobsen, where the archaeol-
ogist was also a curator. Today, the Glyp-
totek’s collection of Palmyrene tomb
sculptures is the largest outside Syria.

The Beauty of Palmyra has begun to
vield some of its secrets. For the past 18

a team reconstructing how the tomb
sculpture may originally have looked.
The research, financed by the Carls-
berg Foundation, will be featured in The
Road to Palmyra, an exhibition opening
on 20 September at the Glyptotek and
celebrating the return of the museum's
tomb sculptures from a year-long loan to
the J. Paul Getty Museum in California.
The researchers’ work began with a
digital reconstruction of the sculpture’s

Glyptotek, the British Museum and the
Louvre, Brons says.

The next step was to establish the
pigments used to paint the skin, hair,
jewels and textiles. Using X-ray fluores-
cence, the team identified the chemical
composition of paint patches, which
were well preserved due to the sculpture
having been underground for nearly two
millennia. Most of the colours turned
out to be local earth pigments, including
red and yellow ochre. The researchers
also found madder lake, which fluo-
resces with a coral colour under ultravi-
olet light. “For such a fine and elaborate
portrait, the pigments weren't at all pre-
cious,” Brons says.

The team also employed visible
induced luminescence, used to identify
a pigment known as Egyptian blue that
was in use from the third millennium
BC. “What was intriguing is that we
didn’t find any on The Beauty of Palnyra,
despite its widespread use in the ancient
world at that time," she says.

Some of the other works in the Glyp-
totek’s tomb sculpture collection appear
to have applications of lapis lazuli from

From left, The Beauty of Palmyra today,
withreconstituted elements, and in the
final stage of digital reconstruction

Once established, the pigments were
incorporated in the reconstruction to
create a video bringing The Beauty of
Palmyra back to life. As a final touch, her
Jjewels were reset digitally with the types
of precious stones found in excavations
at Palmyra.

Still, the project involved some
guesswork. "It was easy to say, ‘Make
the jewellery look gold', but areas such

The sculpture had
beenunderground
for nearly two
millennia

as her eyes had no traces of colour left,”
Brons says. The Los Angeles County
Museum of Art has a funerary portrait
from Palmyra with inlaid black-glass
eves. so the team followed that example

©Harry Seymour in
the Art Newspaper,

2020
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Judean Pillar Figurines

False color texture map was made by
applying DStretch image processing
to the texture map made from the
original photographs.

LET THERE BE LIGHT
RELIGHTING AND RECOLORING ANCIENT ARTIFACTS

https://laurmcco.github.io/judeanpillarfigurineexhibit/
15


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 she was meant to be seen, in glorious color.
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How would you describe the aesthetics of the
colour reconstructions so far?

Oreen
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https://www.menti.com/alygqfrj4dqum

Code: 8603 9616

E| .-"EE'.I.!-
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https://www.menti.com/alygqfrj4qum

Quality of
traditional
techniques

Flat apperance

Translucency of
marble tends to
get lost both in
physically
repainted plaster
replicas or digital
reconstructions

Overly saturated
colours

High degree of
subjectivity




PERCEZIVE

Perceptive Enhanced Realities of Colored collEctions
through al and Virtual Experiences

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.

19



Lost Polychromy scenario - Venus Anadiomene at

20



Aim

* Digitally reconstruct original colour of the Venus Anadiomene
statues at the MANN museum

:

SOGS

21
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1. Identification of polychromy traces
(data collection)

based COlOU r 3. Capturing measurements and digital

reconStrUCtiOn modelling of mock-ups

" " 4. Atlas-based segmentation of a
pl pel'l ne sculpture based on a 3D model

5. Application of mock-up models as
shaders




Venus Anadyomene

Identification of
polychromy traces

3D model -
photogrammetry

Fabrication of
mock-ups

Atlas-based
segmentation

SVBRDF
modelling

Paros marble — Mo preparatony layer, red labe,
S cgyptan blue and caloum carbonate mised with
P wine, 00w paint layer an the top

StyleShade - Reconstruction

23



Data Acquisition

ok age b 0

Multi-angle reflectance

PREPARATION OF
CONTROLLED MOCK-UPS

AXxF file

Texture images

24



Material and pigment identification:
visible induced infrared luminescence (800-1700 nm)

Consiglio
r Nazionale
delle Ricerche



Material and pigment identification:
ultraviolet induced luminescence

1 A NS 3
& ol 1 ¥ i 4 2
- l‘ B > e v e
Consiglio STITUTO df
Nazionale ET‘;\\}T CULTURALE
delle Ricerche R
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Mock-up design
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carbonate
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e Raw materials:

* Type of marble
* Pentelic
* Paros

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

 Ground layer
* Lead white
* Calcite

* Binders
* Eggtempera
* Wax

e Parameters:

* Type of marble

Type of pigment

Number of layers

Granulommetry

Binary layers

Binder

Mixture with ground layer

27



Mock-up fabrication

* Based on interpretation of
analytical data and ancient
recipes

z ISTITUTO di
SCIENZE del
PATRIMONIO CULTURALE

Consiglio
r Nazionale
delle Ricerche

28



5cm




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

(a) Basic reflection models (b) Diffuse (c) Glossy (d) Specular

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

5cm

5cm







Polychromy database

https://ancientpolychromy.streamlit.app/

Credits:

* Donata Magrini, Roberta lannacone
(CNR, ISPC), Yoko Arteaga (NTNU):
mock-up fabrication.

* Yoko Arteaga (NTNU): measurements
 Lu Xu (NTNU): website

* Petros Stravoulakis, Sophia
Sotiropoulou (FORTH): purchasing
marble

Single mock-up multiangle reflectance

Reflectance spectra of single mock-up. The mock-ups have been named using the following convention: Marble_Binder_Pigment_Ground_nLayers.

Texture images

Texture images of mock-up. The mock-ups have been named using the following convention: Marble_Binder_Pigment_Ground_nLayers. More
information in the Home page.

Mock-up: PEN_PW_GE_CC_2

illumination angle: -60 viewing angle: 15 illumination angle: -45 viewing angle: 15 illumination angle: -30 viewing angle:

illumination angle: 0 viewing angle: 15 illumination angle: 30 viewing angle: 15 illumination angle: 65 viewing angle: 15
PEN_PW_GE_CC_2 Pentelic Punic wax green earth Calcium carbonate 2
PEN_PW_GE_NG_3 Pentelic Punic wax green earth No ground 3
34

PEN_PW_GE_MC_1 Pentelic Punic wax green earth Mixed with calcite 1


https://ancientpolychromy.streamlit.app/

3D model

Path
planning

Multi-view
renderings

—ee —

2D parameterized

segmentation map over
Al assisted multi-view the 3D surface

segmentation (Segmentation atlas)
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StyleShade3D - online visualization tool for the colour reconstruction

Options Panel

Intensity

Color temperature (Light) 4000 K

Show segments v

‘ Download "Rendered Output" ‘

https://perceive-tools.igd.fraunhofer.de/venus/
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Options Panel

Intensity

Color temperature (Light) 4000 K

‘ Show segments

Download "Rendered Output"




Exhibition

“Echoes of

Colour’,
Digital
Heritage
Siena, 2025
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Al-powered technique & Roman Emperor

Project

* Artbreeder by
Daniel Voshart

e Generative Al
(GAN)

* Historical
photographs

* Photo editing

« Comparableto
the deep fake
technology

https://voshart.com/roman-emperor“project
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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
* Altechniques using neural nets
* Pro: creative and progressive
* Cons: low level of authenticity

43



Bibliography

* The Myth of Whiteness in Classical Sculpture — article in The New Yorker
magazine by Margaret Talbot

Liverani, P. 2004. "Augusto di Prima Porta," in | colori del bianco. Policromia
nella scultura antica, De Luca Editori, Rome: 235-242

Verri, G., etal (2014). ‘In picturae modum variata circumlitio? The
reconstruction of the polychromy of a Roman ideal female head (Treu Head)

E. Siotto, et al, Ancient polychromy: study and virtual reconstruction using
open source tools in (JOCCH), Vol. 8 Issue 3, May 2015, Article No. 16

E. Siotto et al A multidisciplinary approach for the study and the virtual
reconstruction of the ancient polychromy of Roman sarcophagi JCH 2015

44



Bibliography

* 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.

* https://www.trackingcolour.com/film

* https://www.mfa.org/video/athena-reveals-her-true-colors

* Neural-net ArtBreeder and Roman Emperor project
https://voshart.com/roman-emperor-project

45


https://www.trackingcolour.com/film
https://www.trackingcolour.com/film
https://www.mfa.org/video/athena-reveals-her-true-colors
https://www.mfa.org/video/athena-reveals-her-true-colors
https://www.mfa.org/video/athena-reveals-her-true-colors
https://www.mfa.org/video/athena-reveals-her-true-colors
https://www.mfa.org/video/athena-reveals-her-true-colors
https://www.mfa.org/video/athena-reveals-her-true-colors
https://www.mfa.org/video/athena-reveals-her-true-colors
https://www.mfa.org/video/athena-reveals-her-true-colors
https://www.mfa.org/video/athena-reveals-her-true-colors
https://www.mfa.org/video/athena-reveals-her-true-colors

Acknowledgement to all PERCEIVE partners

‘I' anamnesia

Con5|g||o
Nazionale
delle Ricerche
FOUNDATION FOR RESEARCH AND TECHNOLOGY - HELLAS
E T Lucerne University of
== Applied Sciences an d Arts
NTNU ZF hof

~ Fraunhorter

=4 HOCHSCHULE

Norwegian University of LUZE

Science and Technology
museo
J\/Varcheolqglco e
di napoli INSTITVTE
CHICAGO

Spc







	Diapositiva 1: White Light Contains All Colours: The Myth of Whiteness and the Spectral Life of Artworks
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6: Traditional colour reconstruction pipeline
	Diapositiva 7: Repaints of physical copies – started with mid 19th century
	Diapositiva 8: “Gods in Colour” project
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15: Judean Pillar Figurines
	Diapositiva 16: Athena reveals her true colours
	Diapositiva 17: How would you describe the aesthetics of the colour reconstructions so far?
	Diapositiva 18: Quality of traditional techniques
	Diapositiva 19
	Diapositiva 20: Lost Polychromy scenario - Venus Anadiomene at MANN
	Diapositiva 21: Aim
	Diapositiva 22: Physically-based colour reconstruction pipeline
	Diapositiva 23
	Diapositiva 24: Data Acquisition
	Diapositiva 25: Material and pigment identification:  visible induced infrared luminescence (800-1700 nm)
	Diapositiva 26: Material and pigment identification:  ultraviolet induced luminescence 
	Diapositiva 27: Mock-up design
	Diapositiva 28: Mock-up fabrication
	Diapositiva 29
	Diapositiva 30: Bidirectional measurements and texture images 
	Diapositiva 31: SVBRDF modelling with PANTORA
	Diapositiva 32: Paros marble, 1 layer of Egyptian blue with Punic wax binder, no ground layer
	Diapositiva 33
	Diapositiva 34: Polychromy database
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37: StyleShade3D – online visualization tool for the colour reconstruction
	Diapositiva 38
	Diapositiva 39: Exhibition “Echoes of Colour”, Digital Heritage Siena, 2025
	Diapositiva 40
	Diapositiva 41: AI-powered technique & Roman Emperor Project
	Diapositiva 42
	Diapositiva 43: Summary & conclusions
	Diapositiva 44: Bibliography 
	Diapositiva 45: Bibliography 
	Diapositiva 46: Acknowledgement to all PERCEIVE partners
	Diapositiva 47

