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The Invisible Library

Problem: How do we determine what these scrolls 
contain without irreparably damaging them?

En Gedi Scroll, damaged by fire, c. 600CE

Herculaneum Scroll, damaged by Vesuvius 
eruption, c. 79CE, further damaged by physical 
unwrapping in 1883-4CE
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The Volume Cartographer
A computer program for virtually unwrapping 
ancient scrolls while keeping them intact

Developed at the University of Kentucky by Dr. 
Brent Seales



The Process of Unwrapping 
the En-Gedi

1. Noninvasive volumetric scan
2. Segmentation
3. Texturing
4. Flattening
5. Merging and visualization



Volumetric Scan
Can be done with a variety methods

Dependent on the scale and the material and 
physical properties of the object.

Artec Space Spider 3-D scanner → 



Background Information
Mesh: a set of 3D points connected in faces



Segmentation
construction of a geometric model localizing the 
shape and position of the substrate surface within 
the scan on which text is presumed to appear

(A) Texture generated when the surface is only partially localized. (B) Texture generated when 
surface is accurately localized.



Segmentation



Texturing
assignment of an intensity, “or brightness” to each 
point on the surface

neighborhood-based directional filtering method

The texture intensity is calculated from a filter 
applied to the set of voxels within each surface 
point’s local neighborhood



Flattening
Necessary to create a readable document

Different Methods could be used:

● Least Squares Conformal Mapping
● Area-Based Flattening
● Physics-Based Modeling



Flattening Methods

ABF LSCM PBM



Distortion Mapping
Determined by z-score

Average 
(z=0)

Minimum 
(z=-1)

Maximum 
(z=1)



Distortion in Flattening

Area Error Maps: ABF (left), LSCM (middle), PBM (right)



Merging & Visualization



Further Research
● Improving the pipeline to account for different 

paper and ink types

 A: Reference photograph 

B: Integral texture image 

C: Network-generated carbon 
ink prediction image 

D: Network-generated 
photorealistic rendering
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Questions?Questions?


