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Abstract
Advances in digital technology for the graphic and textual representation of manuscripts have not, until re-
cently, been applied to the worldõs oldest manuscripts, cuneiform tablets. This is due in large part both to the 
three-dimensional nature of cuneiform tablets and to the complexity of the cuneiform script system. The Digital 
Hammurabi Project and the Initiative for Cuneiform Encoding announce success in encoding Sumero-Akka-
dian cuneiform in Unicode while also demonstrating advances in 3D scanning and visualization of cuneiform 
tablets, showcased by iClay, a cross-platform, Internet-deployable, Java applet that allows for the viewing and 
manipulation of 2D+ images of cuneiform tablets.
 
Categories and Subject Descriptors: H.3.0 [Information Storage and Retrieval]: Character Encoding; H.3.7 
[Digital Libraries]: Standards; I.3.3 [Picture/Image Generation]: Digitizing and scanning; I.4.1 [Digitization 
and Image Capture]: Scanning; I.7.2 [Document Preparation]: Standards

1. Introduction

Modern digital technologies greatly en-
hance the access to, reproduction of, and 
publication of cultural heritage materials, 
particularly manuscripts. Parchment, papy-
rus, and paper manuscripts lend themselves 
to effective two-dimensional visualization; 
and the scripts in which most are written 
have standard computer encodings in place. 
Neither, however, is the case for the worldõs 
oldest manuscripts, cuneiform tablets.

Cuneiform tablets exhibit several levels 
of three-dimensionality. (Figure 1) The me-
dia are three-dimensional - rounded clay 
tablets; the characters are three-dimension-
al - wedge impressions in damp clay; and 
the writing streams themselves are three-
dimensional - sentences often running over 
the fronts and onto the sides and backs of 
the tablets. Two-dimensional reproduction 
simply falls short of capturing the three-di-
mensional reality of cuneiform tablets. As 

a result, most scholars to this very day still 
publish cuneiform tablets in hand-drawn 
copies. (Figure 2)

Another issue impacting cuneiform re-
search and publication, is the fact that, un-
like for most writing systems in the world, 
there is still no standard computer encod-
ing for cuneiform text. The general practice 
among cuneiformists of working almost ex-
clusively in Latin alphabetic transliteration, 
although useful for its intended purposes, 
is, in fact, a hindrance to the pervasive use 
of computers in cuneiform research and 
instruction. Latin transliteration represents 
the researcherõs context-bound interpreta-
tion of the cuneiform text, but for effective 
automated cuneiform text processing, we 
also need the simple context-free descrip-
tion of the text provided by a native cunei-
form computer encoding. 

The Digital Hammurabi Project [DHP] is 
a multi-discipline research effort begun at 

Figure 1: 3D scan of tablet 
T24. Johns Hopkins Archeo-
logical Collection
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Johns Hopkins University aimed at providing solutions for 
both problems. We are developing 3D scanning and visual-
ization technologies for cuneiform tablets along with a stan-
dard computer encoding for cuneiform text. iClay is the þrst 
publication of software showcasing our efforts to date and 
can be viewed over the Internet at this URL: <http://www.
jhu.edu/digitalhammurabi/iClay>

2. Cuneiform as text

Cuneiform was used in the Ancient Near East for more 
than three millennia, from ca. 3200 BC to 100 AD, to write 
everything from ephemera to literary masterpieces, medical 
treatises to historical texts, mathematical and grammatical 
exercises, beer recipes, international treaties, musical scores, 
legal codes, religious rituals, sales receipts, maps, and astro-
nomical tables. There are approximately 600,000 known cu-
neiform tablets and fragments in the worldõs museums, with 
perhaps 100,000 of them having been read by modern schol-
ars. (The inventory of cuneiform tablets was dramatically 
increased just this last summer when, in Iraq, the birthplace 
of cuneiform, 200,000 previously unknown tablets were dis-
covered in the basement of the Baghdad Museum. [CP04])

Sumero-Akkadian cuneiform is a complex syllabic and 
ideographic writing system, with different signs for the vari-
ous syllables, such as signs for òbaó, òbió, and òsaó (but none 
for the phonemes òbó, òsó, òaó, and òió). There are also signs 
for words, numbers, grammatical features (like òpluraló), 
and certain unpronounced semantic classiþers (like òsome-
thing made of stoneó or òa god nameó). The approximately 
1000 different cuneiform signs form a complex script system 
in which practically every symbol is polyvalent, i.e., having 

multiple phonemic and/or semantic realizations. Adding to 
the complexity of the script is the fact that the individual 
glyphs exhibit dramatic paleographic development over the 
three millennia of their use. In the early periods the signs 
were large, complex and curvilinear, resembling at times the 
very objects they signiþed; in later periods the signs become 
simpler and more abstract.

In 1999 members of the Digital Hammurabi team began 
efforts at Johns Hopkins University to encode Sumero-Ak-
kadian cuneiform in Unicode. This Initiative for Cuneiform 
Encoding (ICE) brought together an international team of 
leading cuneiformists, Unicode experts, software engineers, 
and font architects to work out the theoretical and practical 
issues surrounding this complex encoding.

ICE participants agreed on the following principles for the 
encoding of Sumero-Akkadian cuneiform: 

Å Encode all characters occurring in URIII and later texts
Å Include pre-URIII characters if well established
Å Order cuneiform characters according to Unicode name
Å Use URIII period for the representative glyphs
Å Encode complex signs as single characters
Å Encode compound signs as separate characters
Å Use the standard, modern names for the characters
Å Encode each unit number separately
Å Encode all members of sign mergers and splits

After 4 1/2 years of effort, involving over 3,000 emails, 
two international conferences, and hosting a Unicode Tech-
nical Committee meeting at Johns Hopkins University, the 
Initiative for Cuneiform Encoding, under the auspices of 
the Digital Hammurabi Project, successfully completed the 
historic effort toward the international standard computer 
encoding of Sumero-Akkadian cuneiform when both the 
Unicode Technical Committee and the ISO 10646 Working 
Group 2 unanimously approved the Initiative for Cuneiform 
Encoding proposal in their June 2004 meetings in Toronto, 
Canada.

The cuneiform sign repertoire embodied in the ICE pro-
posal is a truly historic milestone in cuneiform studies, rep-
resenting, as it does, the merger of the three most important 
cuneiform sign lists in the world, all of them previously un-
published, and with some of them in development for more 
than 40 years. The authors of these three lists, Dr. Miguel 
Civil, Professor of Sumerology, Oriental Institute, Univer-
sity of Chicago, Editor, Materials for the Sumerian Lexicon, 
Prof. Dr. Rykle Borger, Georg August Universitaet, Goet-
tingen, author of Mesopotamisches Zeichenlexikon, and Dr. 
Robert England, Director of the Cuneiform Digital Library 
Initiative, UCLA, all gave ICE permission to use their un-
published materials to generate our master list of cuneiform 
signs for the Unicode encoding. 

Figure 2. Traditional hand-copy and translitera-
tion of cuneiform tablet. Highlighted portions of the 
text run off the front of the tablet and onto its right 
side. David I. Owen, Neo-Sumerian Texts From 
American Collections, Materiali per il Vocabulario 
Neosumerico, XV.
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Dr. Steve Tinney, editor of the Pennsylvania Sumerian 
Dictionary, University of Pennsylvania, edited the cunei-
form proposal and created the cuneiform font (Cuneiform 
Classic) for the Unicode Consortium. [EFT04] (Figure 3)

We estimate that cuneiform will appear in version 5 of 
Unicode in 2005, with all the major computer operating sys-
tems and programming languages supporting it. 

In the very near future cuneiform scholars will be able to 
work with native cuneiform text on their computers as easily 
as, for example, one does now with Japanese. And with an 
international standard encoding for cuneiform in place, we 
expect to see the long anticipated growth in software tools 
for cuneiform philology - automated character recognition, 
natural language processing, sign concordancing, etc.

3. Cuneiform as artifact

The multi-tiered three-dimensionality of cuneiform tablets 
has, of course, driven our decision to explore 3D techniques 
for data capture and visualization of cuneiform tablets.

3.1. 3D Surface scanning

Much research has been devoted over the last several de-
cades to three-dimensional surface scanning technologies. 
One pioneer in this þeld, the Visual Information Technol-
ogy group of the National Research Council of Canada, has 
developed a three-color laser surface scanner that can scan 
three-dimensional artifacts of widely varying sizes at ap-
proximately 250 dots per inch (100 dots per cm). The NRC 
technology has been licensed by several companies, includ-
ing Arius3D, Kestral3D, and Neptec, and has been suc-
cessfully used for artifact reproduction in museum settings. 
[RBB*00] [BBC*00] [Rio99]

The Digital Michaelangelo Project at Stanford Univer-
sity Computer Graphics Laboratory has done pioneering re-
search with very large-scale 3D data sets resulting from their 
work on laser scanning and visualizing of massive statues. 
[LPC*00] In addition they have published some interesting 
work on ÿattening 3D models of cuneiform tablets. [AL02]

Hewlett-Packard has taken an image-based approach to 
representing and rendering cuneiform and other artifacts. 
They capture pictures of a tablet from a single viewpoint 
using a myriad of individual lighting directions. From this 
data, they derive Polynomial Texture Maps, which allow in-
teractive relighting of the surface viewed from that single 
viewpoint. [MGW01] We favor a more geometric approach 
in our work, because it allows interactive viewpoint control, 
geometry-derived rendering enhancements, etc.  

The Egyptian Culture Project, a joint venture between IBM 
Research and the Egyptian government, has recently used a 
combination of 2D and 3D imaging to populate the Eternal 
Egypt web site [FEE*03]. Like us, they use a combination 
of geometry scanning with photometric capture to provide 
the necessary detail for their models. Their system uses laser 
scanning rather than structured lighting techniques.

Though not using 3D images, we must mention here the 
impressive Cuneiform Digital Library Initiative at UCLA, 
which combines two-dimensional scans of cuneiform tablets 
with transliterations of the texts, providing access over the 
Internet to tens of thousands of hitherto unpublished cunei-
form tablets. [CDLI]

In deþning our scanning system concept, we considered 
the general requirements of resolution, accuracy, speed, 
complexity, size, and cost. Speciþc technical requirements 
called for acquiring color, texture, and shape of clay artifacts 

Figure 3: A sample glyph chart from the 
Unicode cuneiform proposal. Font by Dr. 
Steve Tinney, University of Pennsylvania.
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