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Abstract 

The Ny Carlsberg Glyptotek and Rigsters 3D are exploring the potential of merg-

ing photogrammetry and multispectral imaging (MSI). MSI is a widely employed 

photographic method of analysis in studies of ancient polychromy. The collabo-

ration has resulted in the first 3D model including visible-induced infrared lumi-

nescence (VIL) imaging, illustrating the distribution of the ancient synthetic pig-

ment Egyptian blue. The collaboration illustrates how the combination of meth-

ods developed in the fields of humanities, natural sciences, and digital industries 

can contribute to knowledge exchange as well as the development of new ways 

of disseminating scholarly research in museum exhibitions as well as online and 

for teaching purposes. 

Keywords: Ancient polychromy, photogrammetry, multispectral imaging, VIL 

imaging.  

1 Introduction 

[HUMlab] at the Copenhagen University Library aims at introducing the digital hu-

manities to students and staff at the University by building new data competences and 

establishing collaborations with other institutions and private companies. Thus, 

[HUMlab] reached out to the polychromy research team at the Ny Carlsberg Glyp-

totek, who have welcomed [HUMlab] in their efforts to develop educational activities 

for students with an interest in digital archeology and dissemination of cultural herit-

age. Concurrently, [HUMlab] was contacted by the innovative start-up company 

Rigsters, which is a 3D scanning and photogrammetry studio providing 3D digitisa-

tion services. This resulted in an educational partnership, which has been a great 
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opportunity to exchange ideas, knowledge, and technical experience and is thus an ex-

cellent example of digital humanities applied in practice. 

In addition to working with students via [HUMlab], the Glyptotek and Rigsters have 

engaged in a joint collaboration exploring the potential of merging photogrammetry 

and multispectral imaging (MSI). Thus, the Glyptotek and Rigsters have embarked on 

a joint venture producing the first 3D model including visible-induced infrared lumi-

nescence (VIL) imaging. 

2 Polychromy research 

Polychromy research aims at uncovering and describing ancient polychromy in order 

to deepen our knowledge of the ancient Mediterranean cultures and their art. ‘Poly-

chromy’ is derived from the Greek words poly (many) and chroma (colour), i.e. multi-

coloured. Describing colourfully decorated sculpture and architecture, the term typi-

cally refers to painted decoration. However, ‘polychromy’ also includes e.g. glazed 

surfaces, inlaid materials, and details in coloured marble. Although white marble has 

generally been considered a typical image of antiquity, the lack of colour has no relation 

to ancient aesthetics. In fact, the ancient Greeks and Romans cultivated a wealth of 

colours and their expression in arts and crafts is thus essential to our understanding of 

these ancient cultures.  

Assessing Greco-Roman polychromy is, however, anything but simple. Paint layers are 

fragile and easily decompose when exposed to the elements or when buried in the Med-

iterranean soil for centuries. Furthermore, many artefacts – particularly marble sculp-

tures – have been persistently cleaned after excavation removing any visible traces of 

painted decoration. Thus, the remaining traces of paint are very small and few in num-

ber. Bearing the general state of Greco-Roman marble artefacts in mind, it is no wonder 

that the misleading notion of white marble as a Classical ideal is so widespread and 

tenacious.  

For over a decade polychromy research has been conducted in the outstanding collec-

tion of antiquities of the Ny Carlsberg Glyptotek [1]. Targeting minute and, often, very 

degraded traces of paint, polychromy research is highly interdisciplinary drawing on a 

number of fields including archaeology, conservation science, chemistry, physics, ge-

ology, and geochemistry. Of all the techniques employed in polychromy research, the 

single most important tool is multispectral imaging (MSI). It offers the cheapest, least 

time-consuming, and least destructive way of gaining insight into the fading traces of 

ancient polychromy. By utilising near-ultraviolet, visible, and near-infrared wave-

lengths, these photographic techniques can detect and map the distribution of pigments 

which are no longer visible [2, 3, 4]. Therefore, MSI techniques form the basis of every 

investigation conducted within the field of polychromy research [2, 5].    



183 

3 VIL imaging: highlighting traces of Egyptian blue 

One of the most important imaging techniques employed in polychromy research today 

is based on visible-induced (infrared) luminescence (VIL). Developed in the late 2000s 

by Dr Giovanni Verri at the British Museum, the technique has now been adopted by a 

vast number of researchers examining ancient sculpture and architecture in collections 

as well as on site [6, 7, 8]. Similar to the well-known phenomenon ultraviolet fluores-

cence (UVF), VIL is radiation which is absorbed and then immediately reemitted at a 

lower wavelength. In the case of UVF, absorbed UV radiation appears as a lumines-

cence phenomenon in the visible part of the electromagnetic spectrum. In the case of 

VIL, the absorbed radiation is visible light and the luminescence phenomenon occurs 

in the near-infrared (NIR) part of the spectrum. Only the three ancient vitreous pigments 

Egyptian blue, Han blue, and Han purple and the modern pigments cadmium yellow 

and cadmium red exhibit very strong VIL properties [9, 10, 11]. Since Han pigments 

were only in use in China during the Warring-States Period (475-221 BCE) and the 

Han Dynasty (208 BCE-220 CE) and the cadmium pigments were first synthesized in 

the early 19th and early 20th centuries respectively, the only strongly NIR luminescent 

pigment employed in the Classical world is Egyptian blue (Fig. 1a-b) [12]. Thus, VIL 

identified on ancient artefacts from the Mediterranean region is a strong indicator of 

Egyptian blue. The IR emission exhibited by Egyptian blue is unusually intense. In fact, 

it is the strongest emission (ΦEM = 10.5%) known for a molecule-level chromophore 

emitting in the 800-1,100 nm range (λmax = 910 nm). This makes Egyptian blue ideal 

for VIL imaging, allowing detection of single pigment grains, even when concealed by 

surface coatings or patina (Fig. 2a-b) [10, 11, 13].   

Fig. 1a-b. Slag with pellets of Egyptian blue pigment (left) and terracotta fragment with Egyp-

tian blue coating (right). From Memphis, Egypt, 1st century BCE. Ny Carlsberg Glyptotek, inv. 

nos. ÆIN 1185 and 1262.  

Besides revealing distinct traces of polychromy where none are discernible to the naked 

eye, VIL imaging is useful when assessing authenticity. Egyptian blue is a synthetic 

pigment, the manufacture of which requires very specific knowledge and skills. Hith-

erto, the pigment was thought to have been of little importance outside of Egypt and 

Mesopotamia. However, due to the employment of VIL imaging and instrumental 
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analyses such as Raman spectroscopy and scanning electron microscopy coupled with 

energy dispersive spectroscopy (SEM-EDS), we now know that Egyptian blue was used 

extensively in the Mediterranean region throughout antiquity. In addition to blue paint 

layers, Egyptian blue is found in a range of pigment mixtures forming white, green, 

purple, brown, and black paint layers on ancient artefacts. Interestingly, Egyptian blue 

is only rarely found on artefacts dating from later periods, suggesting that the know-

how for the manufacture was lost sometime after the Roman era [12, 14]. The first 

modern synthesis of the pigment was published in 1959 [15]. This did, however, not 

lead to a production of commercially available Egyptian blue. Considering the fact that 

Egyptian blue has been overshadowed by azurite and lapis lazuli in the centuries past 

and that it has not been commercially available until very recently, it is highly unlikely 

that forgers would have made use of the pigment. Thus, the presence of Egyptian blue 

on an artefact acquired before the widespread use of the pigment was realized, is indic-

ative of an ancient origin [16].  

Fig. 2a-b. Photo and VIL image (right) of the left foot of the marble statue of an Amazon. Ny 

Carlsberg Glyptotek, inv. no. IN 1568. 2nd century CE. Photos: Maria Louise Sargent. 

4 VIL in 3D for the first time 

In collaboration with Rigsters entirely new avenues of multispectral imaging are being 

explored. By merging imaging techniques used in polychromy research with photo-

grammetry, we have succeeded in creating a 3D model showing the distribution of 

Egyptian blue. To our knowledge, the VIL 3D model presented in this paper is the first 

of its kind in the world.   

The capture process used for creating the VIL 3D digital replica of the artefact involved 

two sets of capture stages. In the first stage, photographs for the geometric reconstruc-

tion of the artefact were taken with a digital camera and large ambient visible light 

sources. Approximately 400 overlapping images from multiple angles were taken. In 

the second capture stage, VIL emitted by Egyptian blue was recorded in a blackout 

room using an infrared-sensitive camera fitted with an external filter with an infrared  
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Fig. 3. Sequence illustrating the stages of the 3D digital replica including VIL imaging. From 

left to right: A: Original artefact. B: wireframe image. C: VIL wireframe image (grey scale). D: 

VIL wireframe image with luminescence coloured. The replica is based on a Greek terracotta 

figurine from the 3rd century BCE. Height: 40 cm. Ny Carlsberg Glyptotek, inv. no. IN 895.  
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sensitivity range of c. 800-1,000 nm and LED lamps exclusively emitting visible light 

[10, 11]. Due to long exposure times, the camera had to be mounted on a tripod for the 

VIL images. The process was made possible by placing the artefact on a turntable. This 

ensured that the distance between the object and the camera lens could be maintained 

fairly constant, thus reducing focus adjustments to a minimum. Considering that focus-

ing is done manually and requires removal and remounting of the external filter, this 

was definitely a great timesaver. The 400 photographs were later aligned with the VIL 

images. The conventional 3D model and colour texture were reconstructed using the 

regular photographs from the first set. The aligned VIL images were then used to pro-

ject the VIL patterns onto the 3D model. Colouring the patterns in blue and overlaying 

that texture on the final model highlights the distribution of Egyptian blue in 3D (Fig. 

3-4).

Fig. 4. The finished 3D digital replica illustrating the presence of Egyptian blue. 
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5 The potential of MSI 3D models 

Conveying results obtained in polychromy research has proved a very challenging task. 

Words simply do not suffice when dealing with visual expressions which are no longer 

visible to the naked eye. Thus, communicating ancient polychromy requires visual 

means [17]. In its capacity as an image-based methodology, MSI is a phenomenal tool 

for answering research questions as well as conveying research results to lay and aca-

demic peers alike. In mapping the distribution of pigments such as Egyptian blue, MSI 

techniques are essential whether highlighting the actual traces of polychromy or em-

barking upon reconstructive initiatives. The 3D VIL model presented in this paper takes 

MSI to a whole new level by greatly improving the overview and impression of the 

distribution of Egyptian blue. Surely, implementing 3D models such as this would be 

beneficial for the purpose of education and other communication. In the exhibition, the 

use of 3D models would make the visual comparison between the actual sculpture and 

the MSI findings easier than with the 2D images used hitherto. Furthermore, when ac-

cessed online, 3D models lead to a much better understanding of the artefact and the 

current pigment distribution than is afforded by 2D images [18]. Thus, there is much to 

gain from continuing the development of MSI 3D models.  

6 [HUMlab] 

There exists a definite curiosity about using new digital methods at the Faculty of Hu-

manities at the University of Copenhagen, but there are virtually no curricular pro-

grammes that focus on digital methods. Thus, digital humanities still constitutes a 

niche at the edge of the research and teaching environment. [HUMlab], part of the 

Copenhagen University Library, was therefore established to support the establish-

ment of digital humanities at the University. It functions as a meeting place for stu-

dents and employees, giving them an actual platform where they can learn, teach, and 

use data, digital methods, and various programmes and software. Indeed, the aim of 

[HUMlab] is to be a place where like-minded digital humanists can meet across vari-

ous subjects and interests, thus generating inspiration and new knowledge. The activi-

ties of [HUMlab] are developed through a dynamic, informal dialogue with people in-

terested in the digital humanities. The activities help students and staff gain a better 

understanding of the concepts related to digital humanities, making it possible to ad-

vise on how to work with data and to apply digital methods to research – as well as 

offering a space for sharing knowledge by giving staff and students an opportunity to 

experiment with digital projects.  

7 Conclusion 

This collaboration illustrates how the combination of methods developed in the fields 

of humanities, natural sciences, and digital industries can contribute to knowledge ex-

change as well as the development of new ways of disseminating scholarly research. 

An excellent example of digital humanities applied in practice and the potential of joint 
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ventures, this fruitful collaboration is hoped to spark interest inspiring students to make 

use of the facilities offered by [HUMlab]. We are looking forward to continuing our 

collaboration exploring the existing possibilities lying ahead. Next step is to develop a 

version showing the artefact as it appears when exposed to ultraviolet radiation (UVF). 
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