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Abstract

We present a computational method that uses historical black-and-white photographs combined with recent multi/hyperspectral
imaging to detect colour changes in artworks caused by exposure to environmental conditions or other factors over time. The
method is based on the comparative study of a historical black and white photograph with a corresponding image derived com-
putationally from the spectral data cube of the most recent acquisition with a spectral camera, by simulating the capture mode
based on the sensitivity curves of the film. The proposed method is completed with the necessary calibrations and refinements of
the simulation. In this paper, we present the application of the method to the painting of Edvard Munch’s The Scream (1910?)
located in the MUNCH Museum in Oslo, of which a historic black and white photograph was taken with orthochromatic film
in 1938. The comparison revealed significant differences in lightness, indicative of colour changes, such as fading in the yellow
areas and unexpected brightening in the blue areas, a phenomenon not previously reported. The results provide new insights
into the material ageing of The Scream and offer a valuable opportunity to study a historical photographic document that
captured the painting only a few decades after its creation, preserving evidence of its original appearance that is no longer
accessible through direct visual observation. Furthermore, the methodological approach demonstrated here broadly applies to
other cultural heritage objects for which historical photographic records and modern spectral imaging are available, providing

a non-invasive, data-driven framework for tracking colour and material changes over time.

CCS Concepts

* Applied computing — Digital libraries and archives; * Computing methodologies — Image processing;

1. Introduction

From the moment a work of art is created, the passage of time and
exposure to environmental conditions begin to affect its material
integrity and conservation state. Movable heritage, in particular, is
more susceptible to such changes due to its frequent relocation,
which often results in variable and potentially more aggressive age-
ing conditions when exposed to risk factors. Understanding the sta-
bility or sensitivity of an artwork’s materials to these factors is cru-
cial not only for the long-term preservation of cultural heritage but
also for identifying potential deviations between the current and
original appearance of the object. Historical black-and-white pho-
tographs provide valuable visual records that may capture artworks
in a state closer to their original condition; however, their meaning-
ful interpretation requires careful calibration and comparison.

Since its earliest days, photography, has been adopted and widely
used in museums, as a technique that provides visual documen-
tation and supports archival and conservation practices. From the
19th century onwards, museums have embraced photography as a

© 2025 The Author(s).

Proceedings published by Eurographics - The European Association for Computer Graphics.

This is an open access article under the terms of the Creative Commons Attribution License, which
permits use, distribution and reproduction in any medium, provided the original work is properly
cited.

precise and efficient means for documenting objects and interven-
tions recording exhibitions and preserving visual evidence of art-
works and cultural artefacts. These monochrome photographs are
valuable historical records, that can provide otherwise lost infor-
mation about the condition and appearance of artworks in the past
[Edw19].

In this study, we investigate whether historical monochrome
photographs can be systematically used to detect changes in art-
works, with a particular focus on identifying colour changes.

The approach is applied to a case of exceptional cultural signifi-
cance: Edvard Munch’s The Scream (1910?). This iconic painting,
renowned worldwide as a symbol of modern anxiety and dispair,
represents a unique piece of art both artistically and historically.
Understanding its material evolution over time is critical not only
for its preservation but also for ensuring that future generations ex-
perience the artwork, knowing and understanding as closely as pos-
sible how it was in its original appearance.
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Recent advances in spectral imaging and computational mod-
elling now enable accurate reconstructions of historical photo-
graphic processes, offering new opportunities for non-invasive
comparative study of the past and present condition of artworks
through comparison of historical photographs and equivalent con-
temporary simulations. By combining these technologies, we aim
to explore material changes in The Scream and assess the broader
potential of this methodology for cultural heritage studies.

2. Methods
2.1. Orthochromatic photograph of Munch’s paintings

For the analysis, we used a copy of a digitized photograph taken on
monochrome film by Edvard Munch in his studio in 1938, which
captures several of his famous paintings (Figure 1). The film used
was an Agfa Chromo-Isolar-Platte with an orthochromatic emul-
sion. Orthochromatic film is primarily sensitive to the blue and
green regions of the visible spectrum, while being largely insen-
sitive to red light. As a result, red areas in the original paintings ap-
pear black or very dark in the photograph. The digital image of the
historic photograph was cropped, resized, and geometrically regis-
tered to the SRGB image reconstructed from the multispectral data
recently acquired on The Scream (1910?) (Figure 2).

Figure 1: “The Gates of Hell” in Munch’s winter studio at
Ekely. Photograph of Edvard Munch’s artworks taken in 1938.
“The Scream” (1910?) is visible in the left side of the door, above
two other paintings, “Anxiety” and “Despair” (Photo: R Vering,
MM.D.02386 ©Munchmuseet, 1938?).

To make a meaningful comparison between the images, it was
first necessary to compensate for the non-linear response of the
film used in the 1938 photograph. Photographic films, such as the
orthochromatic one used in this study, exhibit a nonlinear response
characterized by the Hurter—Driffield (H-D) curve [JM77]. To cor-
rect for this nonlinearity, an H-D correction was applied to the
scanned photograph. The normalized pixel intensity, E, represent-
ing film density, was mapped to the relative normalized exposure,

y, using:
E=—1m (L_1> +b
a y+e

where is a small constant to avoid division by zero, with a = 12

Figure 2: Magnified view of the photograph shown in Figure I,
presenting The Scream (1910?) painting (left) and the correspond-
ing SRGB image generated from the multispectral dataset (right).

and b = 0.45. This correction linearizes the pixel response, enabling
direct comparison with the simulated orthochromatic images. The
H-D correction curve and the corrected image are presented in Fig-
ure 3.
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Figure 3: The corrected digitised image of the 1938 photograph
of the Scream (right) after application of the Hurter—Driffield (HD)
correction represented in the plot (left).

2.2. Multispectral imaging of the Scream (1910?)

Multispectral analysis of the Scream was carried out using a pro-
totype scanner developed by CNR-INO, based on a point-scanning
approach [SRB*18]. A single photodiode per wavelength captures
the radiation reflected from the surface during a vertical boustro-
phedon scan, producing high-quality reflectograms. The system si-
multaneously acquires 32 narrow-band images (16 VIS: 390-780
nm, 16 NIR: 750-2500 nm). The scanner includes an XY (Z) scan-
ning unit with high-precision stages and an optical head uses a
45°/0° illumination/observation geometry with halogen lamps and
high-power LEDs. Collected radiation is focused onto a 6x6 optical
fiber bundle leading to an array of Si and InGaAs photodiodes, each
with narrow-band filters. Calibration uses certified color standards
and an in-scene white reference. The 16 channels in the visible (390
to 780 nm) were used to generate the simulated orthochromatic im-
age. In the Figure 2 the sSRGB image of the painting created from
the multispectral data is presented.
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2.3. Methodology for generation of simulated orthochromatic
image from multispectral data

Ideally, the orthochromatic photograph would be replicated today
using analog film to support the validation of the simulation. How-
ever, this is not feasible due to strict conservation protocols and the
practical difficulties of reproducing historical photographic condi-
tions, such as the original film stock, camera settings, and develop-
ment processes. As an alternative, multispectral imaging provides
a flexible, accurate, and non-invasive method for simulating vari-
ous black-and-white photographic responses. This makes it partic-
ularly well-suited for sensitive cultural heritage objects, where di-
rect analog reproduction is not possible. The relative spectral sensi-
tivity of the orthochromatic emulsion was obtained from literature
data [WD13]. A sensitivity coefficient was assigned to each mul-
tispectral channel in the visible range (Figure 4). The simulated
orthochromatic pixel intensity was calculated as:

Ipixel: Z Ipix@l(i)s(i)

ichannel

where 1,,;(;) is the pixel intensity in channel i, and S(i) is the
corresponding sensitivity coefficient from Figure 4. Pixel intensi-
ties were subsequently normalized across the full dynamic range.
The resulting simulated orthochromatic image is shown in Figure
4.
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Figure 4: Graph showing the relative sensitivity of the orthochro-
matic film at the wavelengths corresponding to the multispectral
channels (left). Simulated orthochromatic image of the Scream
(1910?) created from multispectral data (right).

2.4. Intensity calibration of the 1938 image

To enable a more accurate comparison between the simulated or-
thochromatic image and the corrected orthochromatic image from
1938, a calibration of pixel intensities was performed. To do this,
pixels within a green region to the right of the image were selected
to construct a calibration curve. The green area has been chosen
because it composed mainly of the chrome based green pigments
(Viridian or chrome oxide) [SSF*22], which are known for its
chemical stability [EWCSO07]. As a result, any color changes over
the years are expected to be insignificant .

However, it is important to consider that the complete paint sys-
tem, which includes the binding medium, may still have experi-
enced aging-related changes over time. Environmental exposure
may have led to yellowing or other physical or chemical alterations
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in the binder, potentially affecting the appearance of the green area.
Although this region was selected based on the presumed stability
of its pigments and the absence of visible degradation, we acknowl-
edge that possible changes in the binder or surface condition could
introduce uncertainties into the calibration process. This limitation
should be considered when interpreting the results.

The calibration curve was generated by plotting the pixel intensi-
ties from the green area of the 1938 image against the correspond-
ing pixel intensities from the simulated image (Figure 5). A linear
regression was then applied, and the resulting equation was used to
adjust the pixel intensities of the 1938 image accordingly.
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Figure 5: Linear calibration curve based on pixel intensities from
green-coloured areas of the corrected 1938 photograph and the
simulated orthochromatic multispectral image.

3. Results

A methodical visual comparison of the two images was conducted.
This examination revealed prominent differences in specific areas
of the painting, in particular within three distinct colour ranges cor-
responding to shades associated with specific pigments. These dif-
ferences suggest possible colour changes in areas where these pig-
ments are predominant (Figure 6).

The first and most striking change was observed in the blue areas
(Figure 6a), where the originally dark blue shades appear to have
brightened over time.

While changes in blue pigments have been previously reported
in other paintings by Edvard Munch, they have primarily involved a
darkening phenomenon associated with ultramarine and cobalt blue
[BFG*24], [BFG*25]. In contrast, the present study on The Scream
(19107?) identifies a distinctly different alteration characterized by a
brightening of the blue areas, which to our knowledge has not been
documented before.

Macro X-ray fluorescence (MA-XRF) mapping of the artwork,
as part of a MOLAB campaign carried out in 2017 [CSR*19]
indicates that the primary pigment used in the vivid blue re-
gions exhibiting this brightening effect is ultramarine, a complex
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sodium aluminosilicate containing sulfur. Cobalt blue, also known
as Thenard’s blue, was also identified in the painting, but appears
to have been used only in specific regions details.

One possible explanation for the observed colour change is what
has been reported in the literature as dissociation of the oil binder
in the oil paints, resulting in colour desaturation and a visual ap-
pearance closer to that of the unbound pigment [DLRMN*17],
[MDLR24]. However, we acknowledge that this remains a work-
ing hypothesis, and further research is ongoing to fully understand
the mechanisms underlying this phenomenon.

Finally, changes in the yellow areas are noted, particularly a de-
crease in lightness (Figure 6b). These changes are likely related
to degradation of the cadmium yellow pigment, a phenomenon that
has been previously documented in various paintings [VDSID*12].
Cd yellow investigation performed by Monico et al [MCR*20]
showed that specific types of this pigment can fade under exposure
to high relative humidity and light [CAG*22, SGL*19, SFM*18,
CSR*19,MCR*22].
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Figure 6: A side-by-side comparison between the corrected 1938
photograph and the simulated orthochromatic image, allowing to
observe differences in the dark blue areas (a) and yellow areas (b).
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4. Conclusion

This study demonstrated that the combined use of historical black-
and-white photographs and modern spectral imaging provides a
powerful, non-invasive approach for detecting material and colour
changes in artworks over time. By simulating the spectral sensitiv-
ity of the orthochromatic film used in a 1938 photograph of Edvard
Munch’s The Scream (1910?) and reproducing a corresponding im-
age from recent multispectral data on the painting, the comparative
study identified significant colour changes.

Specifically, a brightening of the dark blue regions and a fading
of the yellow areas were observed. These findings highlight the po-
tential of historical photographic records, when properly calibrated
and compared with modern imaging data, to uncover previously
ignored aspects of an artwork’s material history.

This approach can be broadly applied to other cultural heritage
objects, offering a robust, non-invasive, and data-driven methodol-
ogy for tracking the evolution of artworks over time.

Ongoing work focuses on the in-depth analysis of imaging, scan-
ning, and spectroscopic data mainly from the MOLAB campaign,

with the aim of validating the observed colour changes and investi-
gating the specific chemical reactions responsible for the underly-
ing degradation processes.
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