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Introduction
Reading Closed Books*



Photography
X-ray image

The closed book (selfmade)
*Stromer et al. “Browsing through closed books: fully  
automatic book page extraction from a 3-D X-ray CT.” volume @ ICDAR 2018.





Introduction
From Books to Scrolls

1700 B.C. – 300 A.D.
Wooden scrolls were the main media in ancient China
Made of bamboo, ranging from 20–70 cm
Symbols brushed or carved on it (or both)






Motivation
In 2002, around 37,000 pieces of the Liye Qin (里耶秦簡) Slips have been discovered from underground…

Source: http://i2.ce.cn/ce/culture/list02/03/news/
201001/21/W020100121386549423056.jpg
… in a very poor condition
… heavily soiled

… with more than 200,000 characters





Motivation

Source: http://www.chinascenic.com/magazine/the-haihunhou-tombs-a-surprise-to-entire-nation-393.html

Source: http://i2.ce.cn/ce/culture/list02/03/news/
201001/21/W020100121386549423056.jpg







Materials & Methods








Chinese Bamboo Scroll
32 Bamboo slips, connected with strings
Writings carved into wood and blackened with ink (depth )
584 symbols written from top to bottom (Chinese surnames)
 single element:  
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‹Nr.›
Towards More Realism


The scroll was soiled with potting earth and rolled up again. Afterwards it was put in a plastic bag.
Contamination of scroll with potting soil (including minerals)
Soiled in intermediate areas as well as outside
Plastic bag for scanning purposes
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‹Nr.›
Non-Invasive Volumetric Scan 
3-D X-ray CT
The X-ray source and detector are fixed, while the turntable rotates stepwise around the y-axis. After every step, an image is taken and afterwards reconstructed by appropriate algorithms resulting in a 3-D volume.

X-ray source
detector
turntable
y
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‹Nr.›
Rolled up scroll diameter: 
Upright placement to enforce constant 
    X-ray beam length
FDK reconstruction

3-D X-ray CT Scan

	Parameter	Value
	Energy	
	Current	
	Exposure time	
	Projections	
	Trajectory	Full-circle
	Volume Resolution	0.1 

Some Useful Physics
Beer-Lambert law: 			  
  								
The higher the X-ray energy, the smaller  Rising influence of 
Bamboo and soil both based on cellulose, but density differs
Bamboo   Potting soil 
Higher energies allow suppression of carvings‘ filling material
		Emitted intensity 
		Measured intensity 
		X-ray attenuation coefficient
		Thickness of material 
	 	Mass absorption coeff. 
		Material density 
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‹Nr.›

10

Industrial CT System
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‹Nr.›
3-D X-ray CT Scan Setup
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‹Nr.›
3-D X-ray CT Scan Setup

Daniel Stromer - Virtual Unrolling a Soiled Chinese Bamboo Scroll by Using 3-D X-ray CT






‹Nr.›
Results






X-ray CT Volumetric Scan Results




Clean scroll – -slice
Soiled scroll – -slice and -slice

and -slice
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‹Nr.›
From Manual to Virtual Unwrapping





-slice
-slice
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‹Nr.›
From Manual to Virtual Unwrapping
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‹Nr.›
2-D Representation of Surface – Clean Scroll
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‹Nr.›
Although the scroll was soiled with earth, the result do not differ a lot. The big white dots denote minerals (Mg, Ca, etc) that are part of the potting soil. 


2-D Representation of Surface – Soiled Scroll
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‹Nr.›
Binarization by Hessian Filter and Thresholding



Segmented scroll surface
Binarized scroll surface
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‹Nr.›
Conclusion
Digitization of bamboo scrolls without manual cleaning by X-ray CT
Helping conservators to preserve writings
High resolution volumetric digital data
Manual segmentation





Future work
Automatic algorithm to extract data 
Different scrolls (no carvings): phase contrast CT
Need for adapted or new digitization/segmentation algorithms
Provide more scans
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‹Nr.›
Outlook (not yet published)
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‹Nr.›
Give it a try – Dataset publicly available

Until now:
Photography of scroll
Clean X-ray volume
Soiled X-ray volume
Segmented slips
Unwrapped 2-D images
Soon (August):
Automatic segmentation algorithm (baseline)
Not that soon:
Much more scans

Daniel Stromer - Virtual Unrolling a Soiled Chinese Bamboo Scroll by Using 3-D X-ray CT





‹Nr.›
Questions?



Dataset
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