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The animated story of  
Tell Sabi Abyad clay tablet T98-34 

From its recovery, cast, and loss in Syria  
to  

its 3D digital preservation, reproduction 
and  

full translation in Europe!  
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The animated story of  
Tell Sabi Abyad clay tablet T98-34 

With this tablet in chocolate  
you can taste the richness of Syrian cultural heritage  

and  
you are supporting refugee students  

in the Netherlands. 
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Chocolate  
Cuneiform Tablet 

This chocolate tablet is a reproduction of a 12th 
century BCE cuneiform clay tablet found at Tell Sabi 
Abyad in Syria. It was recovered in the 1990’s by 
Leiden archaeologists and stored locally at Museum 
Raqqa. The museum was plundered and bombed 
during the recent Syrian war and this particular clay 
tablet vanished. Luckily, Leiden archaeologists had 
already cast the tablets for detailed description. 
Through 3D digital technology TU Delft was able to 
reproduce the clay tablets for the Syrian people and 
for science.  
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The animated story of T98-34,  
the clay tablet born again and again 
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1 
• From recovery in Tell Sabi Abyad to loss in Raqqa 

• with silicone rubber casting 

2 
• Digital preservation techniques 

• X-ray µ-CT scanner, close range light scanner, and portable light dome 

3 
• From manual decipherment to translation and interpretation 

• Starting from basics of cuneiform writing   

4 
• Digital processing 

• imperfection removal, digital decipherment and automatic character recognition   

5 
• 3D printing 

6 
• Conclusion 

7 
• Acknowledgements 
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From recovery to loss 
 

 
 
 
 
 
 
 
The chocolate tablet is a reproduction of a 12th century BCE 
cuneiform clay tablet (Tablet T98-34) found at Tell Sabi Abyad in 
Syria, 80 km North of Raqqa.  

Raqqa 
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From recovery to loss 
 

 
 
 
 
 
 
 
Tell Sabi Abyad means the “mound of the white boy” in Arabic. 
It was a ‘fort’ erected by the royal family to better control newly 
occupied territories.  

Image courtesy: Peter Akkermans 
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From recovery to loss 
 

 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 

The tablet was made of clay and the wedge-shaped characters 
were impressed with the tip of a reed stylus. 

48 mm 

54 mm 
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From recovery to loss 
 

 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 

There was no shortage of clay and reed along the Euphrates river 
and its tributaries! 
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From recovery to loss 
 

 
 
 
 
 
 
 
 
The tablet was recovered by Leiden archaeologists in 1998.  

Images courtesy: Peter Akkermans 
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Images courtesy: Peter Akkermans 
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From recovery to loss 
 

Image  courtesy: Viktor Klinkenberg 

It had been disposed with 400 other tablets in Tell Sabi Abyad “fort” 
during Middle Assyrian times (ca. 1200 BCE). 13 



From recovery to loss 
 

 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 

The tablets are a precious testimony on life at Tell Sabi Abyad, 
1200 years BCE. Their texts range from personal stories, lists of 
merchandise, tax levees, to political intrigues. 

Image courtesy: Peter Akkermans 
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From recovery to loss 
 

 
 
 
 
 
 
 
 
Tablet T98-34 was stored at Museum Raqqa.  
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Image courtesy: Olivier Nieuwenhuyse 
 



 

Source: Reuters 

The museum was plundered and bombed during the Syrian war. 

From recovery to loss 
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Presenter
Presentation Notes
To quote Olivier Nieuwenhuijse, the Leiden archaeologist involved in the project:
“It is the only museum in Syria that is in such a poor condition… Other provincial museums in Syria were able to take their collections to the capital of Damascus, but no one had predicted how quickly Raqqa would fall.”


The situation of Raqqa Museum as of April 12, 2017, is demonstrated in these photographs taken by a delegation of ATPA in Al Jazira Canton, Syria.
ATPA delegates ( Ristam Abdo – Amer Ahmad – Muntaser Qassem ) documented the museum of Raqqa entirely. In the photos we can see that some of the potteries, mosaic, plastering frames, crowns of columns and sarcophaguses are still existant inside the museum. Most valuable contents have been robbed by armed robbers.
As you can seen, the roof of museum has been subjected to missile strikes and burning in the garden area. Part of the museum eastern wall is crumbled, windows and doors are broken. The museum also still contains mines. 
________________

Looting in times of war are as common now as they were with the Romans, the Crusades, the Napoleonic Wars, etc. The only difference perhaps is that today there exists a very complex trafficking Enterprise. 
P. B. Campbell describes this in 4 repeating stages of a networked structure: This includes: (1) the looter, (2) middlemen (3) dealers (4) collector/buyer. The cycle implicates abuse amongst locals. And what is most difficult is that the structure can be called ‘elusive’ to modern law, since ‘members of this hierarchy are replaceable’ and its relatively easy for provenance to be artificially added onto artifacts as they get passed on from dealers to collectors. 

Of course, within heritage, you have various laws that have attempted to help this situation: I can summarize some of the main legal infrastuctures. 
As follows: 

The first is the Lieber Code, of 1863: (by Francis Lieber, at request of Abraham Lincoln (I’m not sure why?) This was the first wartime code of conduct to the protection of cultural property, and eventually led to the Hague Conventions of 1899 and 1907.

Later we have the Protection and Salvage of Artistic and Historic Monuments in War Areas (MFAA officers or Monuments Men): led by Franklin D. Roosevelt who authorised it in 1943 to protect cultural heritage during armed conflict. (for instance, it was used in the return of the works that were stolen by the Nazis). It was later disbanded after WWII. 

What we have today is that of the United Nations Educational, Scientific and Cultural Organisation (otherwise known as UNESCO) and their draft of the 1954 Hague Convention (called the Protection of Cultural Property in the Event of Armed Conflict with Regulations for the Execution of the Convention 1954): It consists of 115 nations, and it is obligatory during armed conflicts. The UK was the last to become a member (in 2015) following the conflict and destruction in Syria and pressure from British Museum director, Neil MacGregor. 

“This agreement remains the most important and widely ratified international convention in regards to cultural preservation, signifying a nearly global endorsement of the value of cultural property protection.” (Researcher Shelburne 6) 


The problem with the Hague Convention is its weak and often vague language: 
[For instance, Article 4, of the Hague Convention 1954, enables military to occupy cultural heritage property if it is of “military necessity” (paragraph 2)]
Also it’s a question as to whether it applies to non-state actors? Decisions are ambiguously left up to individual states (no global governing body) … 

“very few articles qualify as customary international law, and without a central enforcement agency and indisputable terminology, the enforcement of this Convention continues to be extremely difficult.” (Shelburn 8)

Finally, the Convention of 1970 on the Means of Prohibiting and Preventing the Illicit Import, Export and Transfer of Ownership of Cultural Property (the UNESCO Convention of 1970): which is the International regulation of trafficking of cultural goods. 
It is widely supported by archaeologists, but lacks clear terms and limits and is incompatible in some cases with other international directives. It also combines with decentralised, working/initiatives, including: the International Council of Museums (ICOM), the European Association of Archaeologists (EAA), the Archaeological Institute of America (AIA) (who write up reports, campaigning, educating, market-watching). 


Now, on from all this theory...
________________

Statement SfS:
“ The relentless civil war in Syria is having disastrous effects on the people of Syria and their rich cultural heritage. Initiatives are taken across the world to preserve the archaeological materials or at least the scientific information they contain. We propose to safeguard information from lost artefacts by making high-resolution three-dimensional scans of plastic moulds cast in Syria before the war and subsequently physical replicas of the original objects by 3D printing. The short life expectancy (30 years) of the moulds necessitates measures for long-term preservation. The project focuses on casts of Assyrian clay tablets (ca. 1200 BC) from the site of Tell Sabi Abyad (northern Syria) excavated by Leiden University in the 1990’s but lost in the fog of war in 2012. Professional assyriologists have confirmed the fidelity of a first replica that has been made in a pilot study (https://www.youtube.com/watch?v=fcvbgmmVdHY). This project aims to optimize the method of preservation in terms of time and cost without compromising accuracy. It will safeguard precious archaeological information and make the objects accessible to both scholars and non-scholars. An exhibition and a symposium will be organized by the National Museum of Antiquity (Leiden) and Leiden University, respectively. These events will highlight innovative methods for heritage preservation and engage the public to understand the legacy of the Assyrian civilisation, which laid the foundations of our current civilisation. The project will have significant impacts on the development of education via the multiple usage of replicas of archaeological artefacts for the Archaeology of the Future. “

___________________________

Research combines several different fields: international art, anthropology, archaeology, criminal justice, politics, heritage and conservation… while each field is specialised, the problem becomes one of examining preventative measures for substantiating methods to protect lost or damaged heritage. 

These artefacts are irreplaceable sources of knowledge for enriching global cultural historical understanding and for preserving complex and abundant local ancestral narratives. The significance of these iconic sources of knowledge surpasses nationalist interests, ideologies, or geopolitical climates. More gravely, the damage goes hand-in-hand with the traumatic, too-often direct environmental damage upon local life. 

While the discussion over the legitimacy for cultural ‘looting’ as a source of economic or spiritual subsistence has been a more recent matter of anthropological debate (as much as it is an archaeological problem), when it comes to the out-right mass destruction of archaeological centres for heritage preservation, like in the case of the museum of Raqqa, what we witness are acts of violence: - illicit antiquities trafficking ; - intentional destruction/punishment, meant to ‘glorify victors, eradicate memories, claim legitimacies of rulership, control time’ (Patty Gerstenblith, US State Department of Cultural Property Advisory Committee, Shelburne 2016:2). 

“[T]he civil war that has raged on in Syria since anti-government protests turned violent in March 2011 stands as an ongoing case study of modern looting, trafficking, and destruction of cultural heritage items in conflict zones.” (Shelburne 2016: 3)

The conflict between Shia government, Sunni rebels and jihadist organization Islamic State of Iraq and Syria (ISIS) has enabled the destruction and looting enterprise. 

Measures to prevent the spread of artifacts in the market: 
-International Council of Museums, Emergency Red List of Syrian Cultural Objects at Risk, ICOM, 2013
-United Nations Security Council. “Unanimously Adopting Resolution 2199 (2015), Security Council Condemns Trade with Al-Qaida Associated Groups, Threatens Further Targeted Sanctions,” UN News Centre, February 12, 2015. http://www.un.org/press/en/2015/sc11775.doc.htm

Currently in Syria: some 13 million people in need of basic provisions (aid/protection), this is the 7th winter since the start of the conflict in March 2011. In NE Syria, tens of thousands of people are still under threat and displaced since Dec 2017. Emergency medical centre (the only in the region) in Modira has been made inoperable recently by airstrikes
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… and this particular clay tablet vanished. 

From recovery to loss 
 

17 

Presenter
Presentation Notes
To quote Olivier Nieuwenhuijse, the Leiden archaeologist involved in the project:
“It is the only museum in Syria that is in such a poor condition… Other provincial museums in Syria were able to take their collections to the capital of Damascus, but no one had predicted how quickly Raqqa would fall.”


The situation of Raqqa Museum as of April 12, 2017, is demonstrated in these photographs taken by a delegation of ATPA in Al Jazira Canton, Syria.
ATPA delegates ( Ristam Abdo – Amer Ahmad – Muntaser Qassem ) documented the museum of Raqqa entirely. In the photos we can see that some of the potteries, mosaic, plastering frames, crowns of columns and sarcophaguses are still existant inside the museum. Most valuable contents have been robbed by armed robbers.
As you can seen, the roof of museum has been subjected to missile strikes and burning in the garden area. Part of the museum eastern wall is crumbled, windows and doors are broken. The museum also still contains mines. 
________________

Looting in times of war are as common now as they were with the Romans, the Crusades, the Napoleonic Wars, etc. The only difference perhaps is that today there exists a very complex trafficking Enterprise. 
P. B. Campbell describes this in 4 repeating stages of a networked structure: This includes: (1) the looter, (2) middlemen (3) dealers (4) collector/buyer. The cycle implicates abuse amongst locals. And what is most difficult is that the structure can be called ‘elusive’ to modern law, since ‘members of this hierarchy are replaceable’ and its relatively easy for provenance to be artificially added onto artifacts as they get passed on from dealers to collectors. 

Of course, within heritage, you have various laws that have attempted to help this situation: I can summarize some of the main legal infrastuctures. 
As follows: 

The first is the Lieber Code, of 1863: (by Francis Lieber, at request of Abraham Lincoln (I’m not sure why?) This was the first wartime code of conduct to the protection of cultural property, and eventually led to the Hague Conventions of 1899 and 1907.

Later we have the Protection and Salvage of Artistic and Historic Monuments in War Areas (MFAA officers or Monuments Men): led by Franklin D. Roosevelt who authorised it in 1943 to protect cultural heritage during armed conflict. (for instance, it was used in the return of the works that were stolen by the Nazis). It was later disbanded after WWII. 

What we have today is that of the United Nations Educational, Scientific and Cultural Organisation (otherwise known as UNESCO) and their draft of the 1954 Hague Convention (called the Protection of Cultural Property in the Event of Armed Conflict with Regulations for the Execution of the Convention 1954): It consists of 115 nations, and it is obligatory during armed conflicts. The UK was the last to become a member (in 2015) following the conflict and destruction in Syria and pressure from British Museum director, Neil MacGregor. 

“This agreement remains the most important and widely ratified international convention in regards to cultural preservation, signifying a nearly global endorsement of the value of cultural property protection.” (Researcher Shelburne 6) 


The problem with the Hague Convention is its weak and often vague language: 
[For instance, Article 4, of the Hague Convention 1954, enables military to occupy cultural heritage property if it is of “military necessity” (paragraph 2)]
Also it’s a question as to whether it applies to non-state actors? Decisions are ambiguously left up to individual states (no global governing body) … 

“very few articles qualify as customary international law, and without a central enforcement agency and indisputable terminology, the enforcement of this Convention continues to be extremely difficult.” (Shelburn 8)

Finally, the Convention of 1970 on the Means of Prohibiting and Preventing the Illicit Import, Export and Transfer of Ownership of Cultural Property (the UNESCO Convention of 1970): which is the International regulation of trafficking of cultural goods. 
It is widely supported by archaeologists, but lacks clear terms and limits and is incompatible in some cases with other international directives. It also combines with decentralised, working/initiatives, including: the International Council of Museums (ICOM), the European Association of Archaeologists (EAA), the Archaeological Institute of America (AIA) (who write up reports, campaigning, educating, market-watching). 


Now, on from all this theory...
________________

Statement SfS:
“ The relentless civil war in Syria is having disastrous effects on the people of Syria and their rich cultural heritage. Initiatives are taken across the world to preserve the archaeological materials or at least the scientific information they contain. We propose to safeguard information from lost artefacts by making high-resolution three-dimensional scans of plastic moulds cast in Syria before the war and subsequently physical replicas of the original objects by 3D printing. The short life expectancy (30 years) of the moulds necessitates measures for long-term preservation. The project focuses on casts of Assyrian clay tablets (ca. 1200 BC) from the site of Tell Sabi Abyad (northern Syria) excavated by Leiden University in the 1990’s but lost in the fog of war in 2012. Professional assyriologists have confirmed the fidelity of a first replica that has been made in a pilot study (https://www.youtube.com/watch?v=fcvbgmmVdHY). This project aims to optimize the method of preservation in terms of time and cost without compromising accuracy. It will safeguard precious archaeological information and make the objects accessible to both scholars and non-scholars. An exhibition and a symposium will be organized by the National Museum of Antiquity (Leiden) and Leiden University, respectively. These events will highlight innovative methods for heritage preservation and engage the public to understand the legacy of the Assyrian civilisation, which laid the foundations of our current civilisation. The project will have significant impacts on the development of education via the multiple usage of replicas of archaeological artefacts for the Archaeology of the Future. “

___________________________

Research combines several different fields: international art, anthropology, archaeology, criminal justice, politics, heritage and conservation… while each field is specialised, the problem becomes one of examining preventative measures for substantiating methods to protect lost or damaged heritage. 

These artefacts are irreplaceable sources of knowledge for enriching global cultural historical understanding and for preserving complex and abundant local ancestral narratives. The significance of these iconic sources of knowledge surpasses nationalist interests, ideologies, or geopolitical climates. More gravely, the damage goes hand-in-hand with the traumatic, too-often direct environmental damage upon local life. 

While the discussion over the legitimacy for cultural ‘looting’ as a source of economic or spiritual subsistence has been a more recent matter of anthropological debate (as much as it is an archaeological problem), when it comes to the out-right mass destruction of archaeological centres for heritage preservation, like in the case of the museum of Raqqa, what we witness are acts of violence: - illicit antiquities trafficking ; - intentional destruction/punishment, meant to ‘glorify victors, eradicate memories, claim legitimacies of rulership, control time’ (Patty Gerstenblith, US State Department of Cultural Property Advisory Committee, Shelburne 2016:2). 

“[T]he civil war that has raged on in Syria since anti-government protests turned violent in March 2011 stands as an ongoing case study of modern looting, trafficking, and destruction of cultural heritage items in conflict zones.” (Shelburne 2016: 3)

The conflict between Shia government, Sunni rebels and jihadist organization Islamic State of Iraq and Syria (ISIS) has enabled the destruction and looting enterprise. 

Measures to prevent the spread of artifacts in the market: 
-International Council of Museums, Emergency Red List of Syrian Cultural Objects at Risk, ICOM, 2013
-United Nations Security Council. “Unanimously Adopting Resolution 2199 (2015), Security Council Condemns Trade with Al-Qaida Associated Groups, Threatens Further Targeted Sanctions,” UN News Centre, February 12, 2015. http://www.un.org/press/en/2015/sc11775.doc.htm

Currently in Syria: some 13 million people in need of basic provisions (aid/protection), this is the 7th winter since the start of the conflict in March 2011. In NE Syria, tens of thousands of people are still under threat and displaced since Dec 2017. Emergency medical centre (the only in the region) in Modira has been made inoperable recently by airstrikes





From recovery to loss 
 

 
 
 
 
 
 
 
 
 
Luckily, Leiden archaeologists had already cast the tablet (and 19 
other tablets) for detailed translation in the Netherlands.   

Photo casting 

Methodology to cast artefacts. 
Image  courtesy: German  Archaeological  Institute 
Berlin.  
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From recovery to loss 

 
 
 
 
 
… but the silicone rubber mould will deteriorate within 2 
decennia and its precious text will vanish forever, unless… 
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Digitalisation 

The mould is digitized and  preserved using one of the tools of 
modern archaeology: 
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TU Delft  
X-ray µ-CT scanner  

Heidelberg University  
close range high resolution  
light scanner  

KU Leuven  
portable light dome 
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1 
• From recovery in Tell Sabi Abyad to loss in Raqqa 

• with silicone rubber casting 

2 
• Digital preservation techniques 

• X-ray µ-CT scanner, close range light scanner, and portable light dome 

3 
• From manual decipherment to translation and interpretation 

• Starting from basics of cuneiform writing   

4 
• Digital processing 

• imperfection removal, digital decipherment and automatic character recognition   

5 
• 3D printing 

6 
• Conclusion 

7 
• Acknowledgements 



X-ray µ-CT scanner 

 
 
 
 
Using a desktop X-ray µ-CT scanner, TU Delft was able to 
reproduce the clay tablets from the casts for the Syrian people 
and for science. 22 



 
 
 
 
 
The X-ray µ-CT scanner works using the same principle as medical 
scanners employed in hospitals, but on a smaller scale and at a much 
higher resolution, about 1/2000th of the object width. 

X-ray µ-CT scanner 
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X-ray µ-CT scanner 

The object is rotated over 360o step by step and at each step, an 
X-ray image is recorded.  24 



X-ray µ-CT scanner 

The X-ray images are then combined to re-construct in 3D both 
the external and internal structures of the object. 25 



 
3D reconstruction of the silicone rubber mould from X-ray µ-CT 
scan. 
 

X-ray µ-CT scanner 

26 

mould 



cut made to 
extract the tablet 
from the mould 
in Syria 

X-ray µ-CT scanner 
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Mould cut virtually by a horizontal orthoslice.  
 

X-ray µ-CT scanner 
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The void left by tablet does not attenuate X-ray. It is black.  
The silicone rubber of the mould attenuates X-ray. It is grey. 

void 

silicone rubber mould 

orthoslice: 

X-ray µ-CT scanner 
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Underneath the orthoslice, the surface of the mould is clearly 
visible! 

X-ray µ-CT scanner 
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Note the cuneiform characters on all 4 side faces of T98-34! 

Tablet front face 

X-ray µ-CT scanner 
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X-ray µ-CT scanner 
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X-ray µ-CT scanner 

The tablet is turned to see its back face underneath the orthoslice. 
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Tablet back face 

X-ray µ-CT scanner 

34 



X-ray µ-CT scanner 
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Air bubbles were trapped at the tip of some wedges when the 
cast was made.   

Large bubble in 
contact with the 
mould. 
It can be used as 
marker or digitally 
cut! 
 

X-ray µ-CT scanner 
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The volume representing the tablet is created by interactive 
thresholding of grey levels followed by labelling of voids, discarding of 
external void and bubbles not connected to the tablet . 

X-ray µ-CT scanner 

37 



Binary representation of the tablet to produce the 3D model of 
the tablet. 

X-ray µ-CT scanner 
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The surface of the tablet is generated from the 3D model. 

X-ray µ-CT scanner 
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The tablet surface is meshed for further processing and 3D 
printing. 

X-ray µ-CT scanner 
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Detail of the mesh 

X-ray µ-CT scanner 
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Detail of the mesh 

X-ray µ-CT scanner 
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0.38 mm 

3.41 mm  

3.05 mm 

X-ray µ-CT scanner 
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Very fine and tiny signs are visible on the digital model  
with a voxel size: 30 x 30 x 30 µm3! 
 

Stroke thickness: 0.19 mm 

X-ray µ-CT scanner 
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X-ray µ-CT scanner 

  
Technical details of scan of  mould T98-34  
• Scan duration    =   75 min  
• Scan processing =   20 min 
• Resolution  =   30 µm  
• Raw data size =   11 200 MB (30 µm resolution) 
                             1 400 MB (60 µm resolution) 
 
⇒Accurate (but voluminous) 3D digital model.  
⇒Very good legibility of the digital model.  
⇒Model can be printed in 3D to obtain a faithful physical 

replica. 
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X-ray µ-CT scanner 

  

Evaluation of the digital model of T98-34 by assyriologists: 
 
• Prof van Soldt (Leiden University) 
 “Almost as good as the original tablet!” 
• Prof Waerzeggers & Theo Krispijn (Leiden University) 
 “We can read it!” 
• Dr Rients de Boer (Vrije Universiteit Amsterdam, NINO) 
 “Excellent legibility!”  
• Prof Stefan Jakob (Heidelberg University) 
 “Easy to read!”    
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Close range high resolution 
 light scanner 

Projection unit 

Triangulation  
angle 

Digital camera 

MPT Projector 

Digital camera 

Digital camera Digital camera 

Projector 

Digital camera 

Digital 
camera Projection unit 

The mould of Tablet T98-34 was also scanned with a close range 
high resolution light scanner at Heidelberg University, … 

[images courtesy: AICON] 



Close range high resolution 
 light scanner 

Projection unit 

Triangulation  
angle 

Digital camera 

MPT Projector 

Digital camera 

Digital camera Digital camera 

Projector 

Digital camera 

Digital 
camera Projection unit 

… with the aim of speeding up the digitalization process. 

[images courtesy: AICON] 



Close range high resolution 
 light scanner 

Projection unit 

Triangulation  
angle 

Digital camera 

MPT Projector 

Digital camera 

Digital camera Digital camera 

Projector 

Digital camera 

Digital 
camera Projection unit 

Patterns of stripes of light are projected onto the 3D object.   

[images courtesy: AICON] 



Close range high resolution 
 light scanner 

Projection unit 

Triangulation  
angle 

Digital camera 

MPT Projector 

Digital camera 

Digital camera 

[images courtesy: AICON] 

Digital camera 

Projector 

Digital camera 

Digital 
camera Projection unit 

Seen from points of view other than that of the projector, the 
pattern appears geometrically distorted due to the surface shape 
of the object.  



Close range high resolution 
 light scanner 

Projection unit 

Triangulation  
angle 

Digital camera 

MPT Projector 

Digital camera 

Digital camera Digital camera 

Projector 

Digital camera 

Digital 
camera Projection unit 

The distortion is used to retrieve the 3D coordinates of points on the 
surface of the object. 

[images courtesy: AICON] 



Close range high resolution 
 light scanner 

Technical details of scan of  mould T98-34  
• Resolution:  
 Depends on the optics of the cameras that are used. 
 5 µm with the scanner used!  
• Duration:  

 20 to 90 min, depending on the complexity of the mould  
 geometry, in other words, on the amount of information  
 hidden in mould concavity.  

• Processing for 3D model production:  
      Depends on number of scans to be stitched! 

• Raw data set: 500 MB. 52 



The White Light Portable Light dome 

The mould was also photographed with the 80 cm diameter 
white light portable light dome (WL PLD) developed by KU 
Leuven. Again to speed-up the digitalization! 53 

[Source: TU Delft ID minor students 2017] 



The White Light Portable Light dome 

The WL PLD acquired a dataset of images on which the mould 
was exposed by LED emitters from 260 different angles. 

[Source: TU Delft ID minor students 2017] 
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The White Light Portable Light dome 

The true reflection values and surface orientations of every pixel 
were  calculated to obtain 2D and 3D models of the mould. 55 

[Source: TU Delft ID minor students 2017] 



The White Light Portable Light dome 
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Virtual illumination of T98-34 front face under various angles.  



The White Light Portable Light dome 

Technical details of WL PLD images of mould T98-34  
 
• Resolution: More than sufficient even with a 5 millions pixel 

camera sensor! 
• Duration: Quick! Only a few min for scanning each (inner) face 

of the mould and for processing the images and obtaining the 
2D model. 

• Excellent legibility using virtual illumination of tablet surfaces 
under various angles. 

• Excellent texture and colour rendering using spectral light. 
• Size of raw data: 2 x 5 x 24 LED x 5*= 1200 MB  
  

 

57 
* 2 ½ moulds, 5 faces with info each, 24 LED on, 5  MB image.  



The White Light Portable Light dome 

Technical details of WL PLD images of mould T98-34  
Little disadvantages: 
 
• Information hidden in the concavities of the moulds cannot 

be reached in one recording. 
• Several recordings are made with the mould inclined at 

various angles and then stitched together. 
• 3D models can be produced from the photos taken by the WL 

PLD  by integrating the local surface orientation. Fine details 
like engravings are captured well, but the overall shape (e.g. 
the curves at the sides) may be distorted. 
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Digitalization techniques 
applied to mould with concavities 

X-ray µ-CT 
scanner 

Close range 
high 
resolution 
light scanner 

White Light 
Portable Light 
dome 

Mobility - + ++ 

Acquisition time  - + ++ 

No hidden text ++ - - 

Processing time   + + ++ 

Resolution + ++ ++ 

Raw data size -  + + 

Text legibility ++ ++ ++ 

Texture and colour - + ++ 

3D model accuracy  ++ ++ - - 
59 
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1 
• From recovery in Tell Sabi Abyad to loss in Raqqa 

• with silicone rubber casting 

2 
• Digital preservation techniques  

• X-ray µ-CT scanner, close range light scanner, and portable light dome 

3 
• From manual decipherment to translation and interpretation 

• Starting from basics of cuneiform writing   

4 
• Digital processing 

• imperfection removal, digital decipherment and automatic character recognition   

5 
• 3D printing 

6 
• Conclusion 

7 
• Acknowledgements 



Translation process 

Translation is a time consuming 3-steps process!  

1. tablet reading and decipherment                   

` 
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 3. translation  2. Latin transliteration       



The tablet carries information on its 6 faces! 

Translation process 
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How one can read the 6-faces tablet, line (l) per line (l)? 

Front face  

Translation process 
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l1 

How one can read the 6-faces tablet, line per line? 

Front face  

Translation process 
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l1 

Note the varying inclination of the tablet that changes illumination 
angle for a better legibility! 

Front face  

Translation process 
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l1 
Front face  Side face 1 

 
Lines would be 
continued  
on Side face 1 if 
characters would 
not fit on Front 
face!  

Note the varying inclination of the tablet that changes illumination  
angle for a better legibility! 

Translation process 
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Note the varying inclination of the tablet that changes illumination 
for a better legibility! 

l1 

Front face  Side face 1 
 
Lines would be 
continued  
on Side face 1 if 
characters would 
not fit on Front 
face!  

Translation process 
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Note the varying inclination of the tablet that changes illumination 
for a better legibility! 

Front face  Side face 1 
 
Lines would be 
continued  
on Side face 1 if 
characters would 
not fit on Front 
face!  

Translation process 

68 



Front face  Side face 1 
 
Lines would be 
continued  
on Side face 1 if 
characters would 
not fit on Front 
face!  

Note the varying inclination of the tablet that changes illumination 
for a better legibility! 

Translation process 
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l2 

Front face  

Translation process 
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l2 

Front face  

Translation process 
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l2 

Front face  

Translation process 
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l2 

Front face  

Translation process 
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Front face  

Translation process 
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l3 

Front face  

Translation process 
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l3 

Translation process 
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l3 

Translation process 
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Front face  

Translation process 
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l4 

Front face  

Translation process 
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l4 

Front face  Side face 1 
 
Last character of 
line 4 finished on  
Side face 1! 

Translation process 
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l5 

Front face  

Translation process 
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l5 

Front face  

Translation process 
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l6 

Front face  

Translation process 
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l7 

Front face  

Translation process 
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l8 

Front face  

Translation process 
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l9 

Front face  

Translation process 
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l10 

Front face  

Translation process 
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l10 

Front face  

Side face 2 

Translation process 
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Side face 2 

Back face   

Translation process 
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Side face 2 

Back face   

Translation process 
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Back face   

Translation process 
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l11 Back face   

Translation process 
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l11 Back face   

Translation process 
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l11 Back face   
Side face 1 
 
Lines of back 
face would also 
continue 
on Side face 1 if 
characters would 
not fit!  

Translation process 
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l12 

Back face   
Side face 1 
 
Lines of back 
face would also 
continue 
on Side face 1 if 
characters would 
not fit!  

Translation process 
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l12 

Back face   
Side face 1 
 
Lines of back 
face would also 
continue 
on Side face 1 if 
characters would 
not fit!  

Translation process 
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l13 

Back face   

Translation process 
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l14 

Back face   

Translation process 
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l15 

Back face   

Translation process 
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l16 

Back face   

Translation process 

100 



l16 

Back face   
Side face 1 
 
Last character of 
line 16 finished 
on Side face 1! 

Translation process 
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l17 

Back face   

Translation process 
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l18 

Back face   

Translation process 
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l19 

Back face   

Side face 3 

Translation process 
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l19 Side face 3 

Back face  

Front face  

Translation process 
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l20 
Side face 3 

Back face  

Front face  

Translation process 
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l20 Side face 3 

Back face  

Translation process 
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Side face 4 Side face 3  

Front face  

Translation process 
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l21 
Side face 4 

Front face  

Side face 2 

Translation process 
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l21 

Front face  

Side face 4 Side face 2 

Translation process 
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l22 

Front face  

Side face 4 Side face 2 

Translation process 
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l22 

Side face 2 

Front face  

Side face 4 

Translation process 
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Note that the last characters of the last line of Side face 4 (l23) 
are placed on the adjacent face! 

l23 

Front face  

Side face 4 Side face 2 

Translation process 
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Note that the last characters of the last line of Side face 4 (l23) 
are placed on the adjacent face! 

l23 

Side face 2 

Front face  

Translation process 
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l23 
Front face  

Side face 3 Side face 4 

Translation process 

Note that the last characters of the last line of Side face 4 (l23) 
are placed on the adjacent face (Side face 3)! 115 



Note that the last characters of the last line of Side face 4 (l23) 
are placed on the adjacent face (Side face 3)! 

l23 

Front face  

Side face 3 Side face 4 

Translation process 
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And the last characters interfere with the text of that face (Side 
face 3)! 

l23 

Front face  

Side face 3 Side face 4 

Translation process 
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Basics of cuneiform writing 

Translation process 
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Basics of cuneiform writing 
Sign indicating ‘personal name’ 

Sign indicating 
‘personal name’ 

Translation process 
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Basics of cuneiform writing 
Sign indicating ‘personal name’ 

9 personal names 

Translation process 
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Translation process 

Basics of cuneiform writing 
Sign indicating personal name 

9 personal names 
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and  a 10th 
personal 
name! 

Translation process 

Basics of cuneiform writing 
Sign indicating ‘personal name’ 

9 personal names 
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Basics of cuneiform writing 
Cuneiform numbers 

Translation process 
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Basics of cuneiform writing 
Cuneiform numbers 1 and 100 

10 and 100? 

Translation process 
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Basics of cuneiform writing 
Cuneiform numbers 1, 100 and 22 

10? 

Translation process 

125 



Basics of cuneiform writing 
Cuneiform numbers 1, 100 and 22 

10! 

Translation process 
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Basics of cuneiform writing 
Cuneiform numbers 1, 100 and 22 

10! 

Translation process 
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1 x 100? 



Basics of cuneiform writing 
Cuneiform numbers 1, 100 and 22 

10! 

Translation process 
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1 x 100! 



Basics of cuneiform writing 
Cuneiform numbers 1, 100 and 22 

and 22? 

Translation process 
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Basics of cuneiform writing 
Cuneiform numbers 1, 100 and 22 

Translation process 
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22 = 
2 x 10    2 x 1  
 



Basics of cuneiform writing 
Cuneiform numbers 1, 100 and 22 

Translation process 
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22 = 
2 x 10    2 x 1  
 
 
22? 



Basics of cuneiform writing 
Cuneiform numbers 1, 100 and 22 

Translation process 
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22 = 
2 x 10    2 x 1! 
 
 
22!  
 



sun, day 
 

Translation process 
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Basics of cuneiform writing 
Sign development over ca. 3500 years- example : ‘day’ 



Basics of cuneiform writing 
Sign development over ca. 3500 years- example : ‘day’ 

day? 
 

sun, day 
 

Translation process 
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Basics of cuneiform writing 
Sign development over ca. 3500 years- example : ‘day’ 

day! 
 

sun, day 
 

Translation process 
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Basics of cuneiform writing 
Sign development over ca. 3500 years- example : ‘man’ 

 man/ person 

Translation process 
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Basics of cuneiform writing 
Sign development over ca. 3500 years- example : ‘man’ 

 

man? 

man/ person 

Translation process 
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Basics of cuneiform writing 
Sign development over ca. 3500 years- example : ‘man’ 

 

man!  

man/ person 

Translation process 
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Basics of cuneiform writing 
Sign development over ca. 3500 years- example: ‘man’ 

 

man  

man/ person 

The signs evolved  
constantly over the  
years  and  
every scribe had  
their own 
handwriting  
as well! 
 
The most important  
thing was that the 
general shape 
of the sign was  
correct! 
  

Translation process 
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Basics of cuneiform writing 
Sign development over ca. 5500 years- example: ‘man’ 

 

man  

man/ person 

  The sign for man on 
Tablet T98-34 is a 
simplified version of 
charater shown left. 
  
It is still the same 
sign!   
  

Translation process 
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Basics of cuneiform writing 
Syntax: plural of living being- example: plural of ‘troop’ 

 

troop  
  

MEŠ Plural of living being 

Translation process 
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Basics of cuneiform writing 
Syntax: plural of living being- example : plural of ‘troop’ 

 

troop  
   +  
plural of  
living being  
   =  
troops 

MEŠ Plural of living being 

Translation process 
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Basics of cuneiform writing 
Syntax: plural of living being- example : plural of troop 

 

troop  
   +  
plural of  
living being  
   =  
troops 

MEŠ Plural of living being 

The sign for 
plural on tablet 
T98-34 is slightly 
different! 
The scribe 
probably wrote 
quickly! 
   
  

Translation process 
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Basics of cuneiform writing 
Syntax: plural of living being 

 

troop 
   +  
plural of  
living being  
   =  
troops 
 
 
Another living  
being in plural?  

MEŠ Plural of living being 

144 
Basics of cuneiform writing 
Syntax: plural of living being- another example  



Basics of cuneiform writing 
Syntax: plural of living being 

 

troop  
   +  
plural of 
living being  
   =  
troops 
 
 
Another living  
being in plural!  

MEŠ Plural of living being 

145 
Basics of cuneiform writing 
Syntax: plural of living being- another example  



Basics of cuneiform writing 
Syntax: plural of living being 

 

troop  
   +  
plural of 
living being  
   =  
troops 
 
 
Another living  
being in plural: 
shepherd!  

MEŠ Plural of living being 
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Basics of cuneiform writing 
Syntax: plural of living being 

 

troop  
   +  
plural of 
living being  
   =  
troops 
 
 
Another living  
being in plural: 
shepherd!  

MEŠ Plural of living being 

147 

Line 12 specifies that the “10 troops” from line 11 are shepherds! 



Because  
• the signs evolved constantly over the past 3500 years! 
• the signs varied from place to place and  
• every scribe had their own hand writing 

– Small / Large 
– Sloppy / Neat and tiddy, 

 
there is a need to re-examine previous decipherment(s) and re-
translation(s)! 

Translation process 
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Manual decipherment   
by Frans Wiggermann (VU Amsterdam) 
 
 

 

Translation process 
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Manual decipherment  by Frans 
Wiggermann (VU Amsterdam) 
 
 

 

Translation process 
 

Transcription in Latin letters   
and translation by Rients de Boer  
(Nino and VU Amsterdam) 150 



 
 

Text interpretation by Frans Wiggermann: 
 
Apparently there are problems in the north of Ili-pada's realm of which Tammitte, 
the Assyrian governor wanted to stay exactly informed; hostile Muski or Kaska 
tribes, for example, who try to cross the Euphrates.  
 
The use of shepherds as spies has one major disadvantage, namely that they do not 
show up when you expect them…  
 
Tammitte promises shepherds in his service a hundred strokes when they miss their 
annual appointment - rather futile when they are not there! 

 

  
 
Source: Wiggermann, F.A.M. 2010. Wein, Weiss und Gesang in 
een Midden-Assyrische nederzetting aan de Balikh, Phoenix 
56/1-2, 17-57. 
  

Translation process 
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The animated story of T98-34,  
the clay tablet born again and again 

152 

1 
• From recovery in Tell Sabi Abyad to loss in Raqqa 

• with silicone rubber casting 

2 
• Digital preservation techniques  

• X-ray µ-CT scanner, close range light scanner, and portable light dome 

3 
• From manual decipherment to translation and interpretation 

• Starting from basics of cuneiform writing   

4 
• Digital processing 

• imperfection removal, digital decipherment and automatic character recognition   

5 
• 3D printing 

6 
• Conclusion 

7 
• Acknowledgements 



Digital processing 

The digital models can be plugged into GIGAMESH, a suite of 
smart algorithms developed by Hubert Mara at Heidelberg 
University, Germany for: 
 
• Cleaning of the imperfections in the moulds 
• Digital decipherment 
• Automatic character recognition 
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Air bubbles were trapped in some wedges when the silicone 
rubber cast were made.  
Bubbles can be automatically detected and cut!  
  

Digital processing 
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Bubbles cleaning process- Automatic detection of bubbles 

Digital processing 
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Bubbles cleaning process- Automatic detection of bubbles 

Digital processing 
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Bubbles cleaning process- Automatic cutting of bubbles 

Digital processing 

157 



T98-34 before bubble removal 

Digital processing 
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Digital processing 

T98-34 after bubble removal 
159 



Digital decipherment 

Manual decipherment is time consuming: about 4 hours for T98-34! 
Digital decipherment can help! 
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Digital decipherment at Heidelberg U 
measuring the curvature mapping, using the distance from 
virtual smooth envelope wrapping the tablet to the tablet itself  

Digital decipherment 
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Digital decipherment at Heidelberg U 
measuring the curvature mapping, using the distance from 
virtual smooth envelope wrapping the tablet to the tablet itself  

Digital decipherment 

162 



Digital decipherment at Heidelberg U 
measuring the curvature mapping, using the distance from 
virtual smooth envelope wrapping the tablet to the tablet itself  

Digital decipherment 
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Digital decipherment at Heidelberg U 
Relief extraction 

Digital decipherment 
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Digital decipherment at Heidelberg U 
Character separation 

Digital decipherment 
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Digital  decipherment                                 versus          manual decipherment 

 

Digital decipherment 

166 



Digital decipherment is almost perfect! 
  

Very few imperfections! 

Digital decipherment 
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And this for both types of scans! 

 

Close range High resolution Light scanner µ-CT scanner 

Digital decipherment 
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 To be expected since the difference between both meshes after 
self alignment is below 30 µm [away from bubbles!]. 

Digital decipherment 
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And soon at Heidelberg U: automatic character recognition! 

10 men 

etc… 

total 

Digital decipherment 
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The animated story of T98-34,  
the clay tablet born again and again 
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1 
• From recovery in Tell Sabi Abyad to loss in Raqqa 

• with silicone rubber casting 

2 
• Digital preservation techniques  

• X-ray µ-CT scanner, close range light scanner, and portable light dome 

3 
• From manual decipherment to translation and interpretation 

• Starting from basics of cuneiform writing   

4 
• Digital processing 

• imperfection removal, digital decipherment and automatic character recognition   

5 
• 3D printing 

6 
• Conclusion 

7 
• Acknowledgements 



3D printing 

The tablet has been printed with two types of 3D printing 
technologies: material jetting and stereolithography.  
 

172 



3D printing 

The colored models have been printed with material jetting. For 
this process droplets of materials are selectively deposited and 
cured with UV light.  
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3D printing 

The black and white models have been printed with 
stereolithography. This 3D printing process uses a liquid 
photopolymer that is selectively cured by a laser. 174 



3D printing 

 
 
For both systems, one print of Tablet 98-34 lasts 
about  5 hours. Luckily batch printing of 4 
tablets together is possible! 
 

175 

Presenter
Presentation Notes
3D printers
Stereolithography:      Form2
Material jetting:          Object 350 connex 3




3D printing 

• High resolution printer required to avoid loss of tiny details 
• Various materials: resin, ceramics, … 

– Ceramics has to be baked and shrinks during baking. Mesh 
compensation is needed! 

– No direct 3D printing in REAL chocolate! 
• Various colours 

– Avoid white, prefer blue, black, or grey for better legibility. 
• Various textures depending on finish 

– Prefer mate to glossy finish for legibility. 
– Avoid cleaning of material jetting prints in a caustic bath of sodium 

hydroxide and sodium metasilicate.  
• Possible magnification/ reduction 
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3D printing 

Attractive and legible models despite a few imperfections: 
Tablet in ceramics will shrink and even crack during baking! 
Layering visible on side faces of tablet made using material jetting.  
Contact points between model and scaffolding visible on 2 tablet faces. 
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3D printing 

The 3D printed models are displayed at the National Museum of 
Antiquities.  
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3D printing 

Visitors can hold them in their hand for a better connection to 
the Assyrian heritage. 
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3D printing 

They are often surprised by the amount of information that was 
communicated on such a small piece of clay! 
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The animated story of T98-34,  
the clay tablet born again and again 
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1 
• From recovery in Tell Sabi Abyad to loss in Raqqa 

• with silicone rubber casting 

2 
• Digital preservation techniques  

• X-ray µ-CT scanner, close range light scanner, and portable light dome 

3 
• From manual decipherment to translation and interpretation 

• Starting from basics of cuneiform writing   

4 
• Digital processing 

• imperfection removal, digital decipherment and automatic character recognition   

5 
• 3D printing 

6 
• Conclusion 

7 
• Acknowledgements 



The animated story of T98-34,  
the clay tablet born again and again 

• Starting from moulds rather than tablets 
complicates the digitalisation and digital 
processing.  

• Nevertheless, faithful digital and physical 
replicas of T98-34 have been produced. 
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Multiple users of the digital models 
and physical replicas  

• Assyriologists and their students from the Netherlands and 
elsewhere for re-translation and re-interpretation.  

• Musea to augment public engagement with Assyrian cultural 
heritage. 

• Charity organisations- Sales of chocolate replicas to raise  
funds for refugee students in the Netherlands. 

• Future generations as long as continuity in digital data 
archiving is warrantied. 
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The animated story of T98-34,  
the clay tablet born again and again 
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1 
• From recovery in Tell Sabi Abyad to loss in Raqqa 

• with silicone rubber casting 

2 
• Digital preservation techniques  

• X-ray µ-CT scanner, close range light scanner, and portable light dome 

3 
• From manual decipherment to translation and interpretation 

• Starting from basics of cuneiform writing   

4 
• Digital processing 

• imperfection removal, digital decipherment and automatic character recognition   

5 
• 3D printing 

6 
• Conclusion 

7 
• Acknowledgements 
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Scanning for Syria 
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Four Dutch partners contributed to the digital preservation of clay 
tablets lost in Raqqa during the Syrian Civil War:  
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 - Delft University of Technology and  
 - Leiden University,  
• one knowledge centre, the Leiden-Erasmus-Delft  

 Centre for Global Heritage and Development and  
• one museum, The National Museum of Antiquities, in Leiden 

186 



Scanning for Syria 
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