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Foreword 

Jacob L. Dahl 

In a recent article in Scientific American, David Pogue discusses the fight against ‘file format rot’ (D. 
Pogue, ‘How to Fight Format Rot’, Scientific American, November 1, 2017). Pogue begins his article with 
a story about how his own digital sheet-music files had fallen victim to file format rot and bases the 
remainder of the article around a discussion with staff from the Library of Congress, an institution 
where file format rot could have more serious consequences than for most of us. Unsurprisingly, the 
Library of Congress has been a leader in digitisation of collections for two decades. Somewhat 
offhandedly, Pogue mentions the dramatic increase in capture resolution over the past two decades. 
Consequently, the digitisation of the Library of Congress collections is never finished: the files have to 
be continuously re-formatted to prevent format rot, and the original documents have to be 
continuously re-imaged with new and improved technology. Although one of the ultimate goals of 
digitising heritage collections is to reduce handling, we should therefore not expect that one round of 
digitisation will ever be enough—rather we should expect to produce generations of images, 
documenting the objects in increasingly better quality, but also any change over time. 

My own knowledge of cultural heritage imaging comes from years of imaging cuneiform tablets and 
cylinder seals, and the observations of this introduction are almost entirely derived from my work in 
this area over the past two decades, and from my association with the Cuneiform Digital Library 
Initiative (CDLI, https://cdli.ucla.edu). The CDLI is without question the world’s leading online project 
for cuneiform studies, serving a catalogue with more than 330,000 records and large amounts of meta-
data such as well-structured transcriptions of more than 100,000 of these ancient texts, as well as 
various generations and types of visual documentation. Like the Library of Congress, we have also 
experienced an almost exponential growth in the possible capture resolution concurrently with a 
reduced cost of storage, yet we have resisted the temptation to increase our general capture 
resolution (600 ppi, serving only 300 ppi images online). There are two particular reasons for this. 
Obviously, cuneiform studies are not as well funded as an institution such as Library of 
Congress and never will be: increasing capture resolution leads to an increase in capture time and 
costs. But more importantly, perhaps, all of our objects originate from countries in the Middle East 
where access to the Internet is still lagging behind that which can be expected on campuses in other 
parts of the world, and increased file size will therefore lead to reduced access to these objects in the 
countries of origin. 

But there is another, more crucial, reason for continuing to image everything first with simple 
techniques and at a relatively low resolution. In order to get an overview of a cuneiform 
tablet collection (and some are very large, such as the British Museum with more than 100,000 
tablets), speed is of the essence. Capturing most collections at the same resolution also makes data 
management an easier task. Consider having to recover data after any emergency if your core data 
consists of thousands of tiny JPEGs used to deliver a non-static image in tiles (the standard delivery 
method for Reflectance Transformation Imaging data, e.g. https://cdli.ucla.edu/?q=rti-
images). An overview of collections also enables us to answer different research questions and to fully 
integrate the study of text and artefact. And in the end, any image is better than no image. We need 
only remind ourselves of the most recent destruction of cultural heritage in the Middle East to 



ii	

conclude that whatever can be done to capture the form and content of cuneiform tablets and 
other artefacts should be done.  

Insisting on such simple standards does not mean that we have neglected any investigation or use of 
other novel capture technologies. About 10 years ago, I enthusiastically joined an Oxford-
Southampton collaborative project led by Graeme Earl to build and test several camera dome 
systems for Reflectance Transformation Imaging (RTI) and to increase use and awareness of these 
systems in Oxford, Southampton, and beyond. Following some initial difficulties, especially how to 
share the results of dome captures online, we eventually co-opted this technology to target specific 
objects within a given collection. We therefore decided on a pragmatic approach to capturing these 
endangered collections. We insist on initially imaging all collections with the same technique 
(flatbed scanners) and the same resolution to gain an overview of the collection and to be able 
to quickly present collections online. We then use this overview to identify those objects that we 
deem important to capture with specialist equipment. This choice is made on a number of criteria. Is 
the object unique? Is it a high-impact object? Is the text deciphered? Is the text difficult to read 
and/or the object deteriorating? Is the object sealed? Usually, about one-fifth of a collection needs 
special attention, whereas the other four fifths can be imaged using standard equipment.    

Whereas we had thus overcome the problems of imaging seal impressions by using RTI, the physical 
seals themselves remained very difficult to digitize. The most common Mesopotamian seal found 
impressed on cuneiform tablets, and therefore of particular interest to us, is the cylinder seal. These 
tiny cylindrical seals, engraved in intaglio on stones with a great variety of visual grain, are 
notoriously difficult to image. In modern publications, they are traditionally rolled in plasticine or a 
similar product and a black-and-white photo of the impression is reproduced. The paper by Dahl et al. 
(pp. 47-72) describes in detail the work we have undertaken to capture a fuller representation of 
cylinder seals. This work has the potential to revolutionise the study of cylinder seals, and with it the 
study of ancient Near Eastern art and iconography, and of ancient Near Eastern administration. 
To date, no unifying catalogue of cylinder seals exists, and no-one knows how many seals there are in 
collections worldwide. Instead, individual collections, often with very idiosyncratic collecting 
histories, have been published with little regard to the implications for wider study of cylinder 
seals. Being in its infancy, imaging cylinder seals will therefore surely lead to generations of images, 
and the constant need to update formats to avert format rot. But that is not a problem, as we must 
expect technology to progress and new research questions to be asked.  

Drs Kelley and Wood assembled an exciting group of scholars for what was first thought of as an 
informal gathering, but which quickly developed into an important, albeit brief, workshop on current 
trends in imaging of ancient artefacts. A healthy mix of historians, engineers, and curators 
contributed to the success of the workshop. It is my view that it is exactly when we are able to bring 
together specialists from different disciplines that we make progress in the digital humanities, as well 
as in traditional humanities disciplines. It is a testimony to this that all of the papers here engage with 
humanities research questions, while exploring new methods to answer them.   
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Introduction 

Kate Kelley and Rachel K. L. Wood 

This volume brings together new lines of research across a range of disciplines from participants in a 
workshop held at Wolfson College, Oxford, on 23rd May 2017. In light of rapid technological 
developments in digital imaging, the aim in gathering these contributions together is to inform 
specialist and general readers about some of the ways in which imaging technologies are transforming 
the study and presentation of archaeological and cultural artefacts. The periods, materials, geography, 
and research questions under discussion therefore are varied, but the contributions are united in 
shared interests concerning how technological development can encourage new types of research and 
public engagement.  

Over eight chapters, various imaging methods are introduced and their capabilities explored. A key 
feature of this volume is the diversity of specialists involved, including archaeologists, art historians, 
conservators, curators, computer scientists, imaging technicians, and heritage outreach specialists. It 
aims to offer an exchange of ideas between groups working across the sciences and humanities, and 
joins the ranks of other volumes, conferences, and special journal editions that recognise the ‘urgency 
of providing a common ground, where technology may meet humanities’ (Stanco, Battiato, and Gallo 
2011). Bridging these gaps is perhaps easier said than done, but we hope this collection will contribute 
fresh and up-to-date perspectives to a growing inter-disciplinary dialogue.  

The aims of cultural heritage imaging projects can generally be divided into three groups: outreach, 
preservation/conservation, and historical or archaeological research—each of which is touched upon 
in this volume. A particular focus is put on research: digital imaging of material culture is a key 
component of the digital humanities, which broadens the scope and nature of ‘traditional’ humanities 
research questions by applying digital information technologies to the presentation, organisation, and 
mining of data. This includes both textually encoded data and, increasingly, visual data. In some ways, 
the study of uninscribed artefacts with imaging technologies has lagged behind that of archaeological 
landscapes and inscribed objects, although interest in artefact imaging is quickly growing in 
momentum.1  

Not only ‘how?’, but ‘why?’ is an important question when it comes to the digital imaging of cultural 
heritage. When we have the ability to use new imaging techniques, in what situations should they be 
used? What are the aims and intentions in using particular imaging technologies? Popular and 
academic debate about, for example, 3D reconstructions of the arch of Palmyra, have emerged, often 
focusing on ethical and political issues (Clammer 2016; Harrowell 2016; Munawar 2017; Newhard 
2015). Consequently, there are growing efforts to present applications of technology with more 
explicit comment on their significance and theoretical implications (Hermann 2016; Huggett 2015; 
Warwick, Terras, and Nyhan 2012), themes that are also brought out in this volume.  

The following chapters explore applications of developing technologies in artefact imaging and the 
impact of those technologies upon the study and presentation of material culture. Technologies 
include photogrammetry, hyperspectral and multispectral imaging, reflectance transformation 
imaging (polynomial texture mapping), structured light scanning, portable light microscope, and 3D 

1	At	least	two	other	important	recent	conferences	have	presented	a	broader	focus	on	imaging	of	cultural	
heritage,	from	objects	to	landscapes:	‘3D	Imaging	in	Cultural	Heritage’	(The	British	Museum,	9–10th	November	
2017)	and	‘Digital	Cultural	Heritage’	(The	Final	Conference	of	the	Marie	Skłodowska-Curie	Initial	Training	Network	
for	Digital	Cultural	Heritage,	Olimje,	Slovenia,	23rd–	25th	May	2017).	Both	events	demonstrate	the	interest,	
relevance,	and	advances	made	in	recent	work	on	the	digital	imaging	of	artefacts.	
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printing, among others. In the first chapter, Steven Dey provides perspectives from a 3D digital 
professional, describing various 3D imaging technologies and strategies in relation to artefacts, 
including photogrammetry, structured light scanning, CT and micro-CT scanning, and the potential 
applications of these methods for research and especially in public engagement and museum 
contexts. David Howell uses hyperspectral imaging to discover colour and lost polychromy on 
different types of artefacts and reflects on the future potential for new applications of these methods.   

Three contributions to this volume discuss imaging of small objects including ancient seals, engraved 
gems, and coins. The contribution from the Seals and their Impressions in the Ancient Near East research 
team (Jacob Dahl, Jonathon Hare, Kate Kelley, Kirk Martinez, and David Young) discusses their project 
to develop and test a new system capable of imaging large numbers of ancient Near Eastern cylinder 
seals. Their work diverges from the majority of 3D imaging efforts by aiming to capture an entire 
corpus (of c. 50,000 objects) rather than select items. Elise Morero, Hara Procopiou, Jeremy Johns, 
Roberto Vargiolu, and Hassan Zahouani use a digital microscope and interferometry to identify tool 
traces that can assist in the study of lapidary craftsmanship, presenting aspects of their work on early 
Islamic rock crystal vessels and Mughal hard stone production. Hendrik Hameeuw explores technical 
difficulties in reconstructing the surface shape and appearance of stone seals and metal coins using 
photometric stereo (PS), challenging researchers to produce the most accurate images possible for 
each unique cultural heritage object.  

Moving from the miniature to the monumental, a series of free-standing sculptures are discussed by 
Alexander Geurds, Juan Aguilar, and Fiona McKendrick, who take us to a small family-run museum in 
Nicaragua. They use photogrammetry as a means to create digital immersive virtual environments 
and augmented reality for understanding prehistoric statuary in its original landscape and assisting in 
its presentation to the contemporary public. In Oxford’s Ashmolean Museum, Alison Pollard uses 
multi-spectral imaging on Roman marble sculpture from the Arundel collection to investigate 
polychromy, ancient and modern restorations, the carving process, and ancient and modern display, 
demonstrating how digital imaging can contribute to object biographies and the history of museum 
collections. In the final chapter, Rachel Wood documents the process of 3D imaging and printing of a 
high-impact, but materially challenging, object within the time constraints of planning a temporary 
exhibition, providing the viewpoint of a classical archaeologist making their first engagement with 
digital imaging.  

Wood and Kelley



Digital	Imaging	of	Artefacts	

3	

References 

Averett, E.W., D. B. Counts & J. M. Gordon (eds) 2016. Mobilizing the Past for a Digital Future. University of 
North Dakota: The Digital Press. 

Bukreeva, I. (et al) 2016. Virtual unrolling and deciphering of Herculaneum papyri by X-ray phase-
contrast tomography. Scientific Reports 6.27227, accessed 23/08/18: 
https://www.nature.com/articles/srep27227.pdf 

Cameron, F. and S. Kenderdine (eds) 2007. Theorizing Digital Cultural Heritage: A Critical Discourse. MIT 
Scholarship Press Online. 

Clammer, P. 2016. Erasing ISIS. How 3D technology now lets us copy and rebuild entire cities. The 
Guardian, 27 May 2016. 

Harrowell, E. 2016. Looking for the future in the rubble of Palmyra: Destruction, reconstruction and 
identity. Geoforum 69: 81–3.  

Hermann, J. 2016. Digital 3D models for Science Outreach. Center for American Archaeology. 
https://www.caa-archeology.org/digital-3d-model-koster-dog/ 

Hess, M. and S. Robson 2012. 3D imaging for museum artefacts: A portable test object for heritage and 
museum documentation of small objects. Paper delivered at The XXII Congress of the International Society 
for Photogrammetry and Remote Sensing, 25 August – 1 September, Melbourne, Australia.  

Howell, D. forthcoming. Conservation Research in Libraries. Current Topics in Library and Information 
Practice. De Gruyter. 

Huggett, J. 2015. Challenging digital archaeology. Open Archaeology 2015/1: 79–85. De Gruyter. 

Macdonald, L. (ed.) 2006. Digital Heritage: Applying Digital Imaging to Cultural Heritage. Burlington, MA: 
Elsevier. 

Munawer, N. A. 2017. Reconstructing Cultural Heritage in Conflict Zones: Should Palmyra Be Rebuilt? 
Ex Novo Journal of Archaeology 2017/2: 33–48.  

Newhard, J. 2015. 3D imaging in Mediterranean archaeology. What are we doing, anyway? in B. R. 
Olson & W. R. Caraher (eds), Visions of Substance. 3D Imaging in Mediterranean Archaeology: 9–16. 
University of North Dakota: The Digital Press. 

Roosevelt, C. H., P. Cobb, E. Moss, B. R. Olsen, S. Ünlüsoy 2015. Excavation is destruction digitization: 
Advances in archaeological practice. Journal of Field Archaeology 40/3 : 325–46.  

Stanco, F., S. Battiato, and G. Gallo 2011. Digital Imaging for Cultural Heritage Preservation. Analysis, 
Restoration, and Reconstruction of Ancient Artworks.  

Scopigno, R. (ed.) 2008– Journal on Computing and Cultural Heritage. New York: Association for 
Computing Machinery (ACM).  

Warwick, C., M. Terras, J. Nyhan (eds) 2012. Digital Humanities in Practice. London: Facet Publishing. 


