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 Given:  
◦ A cross cut document 



 Output: 
◦ An image of the original document 

reconstructed from the shreds 



 Edge-Based Matching 
 Content-Based Matching 
◦  e.g. brightness, color, etc. 

  Semantics-Based Matching 
◦  e.g. OCR in combination with algorithms and 

techniques borrowed from NLP and 
information retrieval 
  This is the focus of the REU project 
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1.  Construct synthetic dataset for testing 
2.  Apply optical character recognition 
3.  Build algorithm for restricting space of 

potential solutions using OCR output 
4.  Integrate OCR-restriction algorithm 

into existing de-shredding software 
5.  Test on DARPA challenge dataset  



 Microsoft Word 
 Machine-printed typeface 
◦ Arial, Times New Roman, handwriting-

mimicking font 

 Natural language text from classic novel 
 Broken into grid 
 Erosion and Gaussian noise applied along 

edges 





 Actual scan of printed document 
 Machine-printed typeface 
 Natural language 
 Grid with offsets, so shreds don’t align 

perfectly 
 Experiment different deformations applied 

to edge 



 Apply open-source, freely available 
software 
◦ Google’s Tesseract v. 3.02.02 
  Designed for reading passages of machine-printed 

text 
  Ultimately it will be applied to short sequences of 

characters of noisy, handwritten text 



 Output: 'Afher L ’ 



  Shredded documents have more noise 
and deformities than typical documents 

 How to account for noise? 
1.  Train OCR software on noisy data 
2.  Clean image 



 Build character set (62 characters) 
 23 transformations 
◦ Morphology 
◦ Noise 
◦ Cuts 
◦  Etc. 

 Apply combinations of 3 transformations 
to characters 

 Train Tesseract 





 Advantages 
◦  Should (in theory) increase robustness 

 Disadvantages 
◦  Very time consuming 
◦  Very labor intensive 
◦  Very application-specific 
◦  Too much variation in characters can cause 

severe drop in Tesseract’s accuracy 
◦  Tesseract OCR features are designed to be 

robust to noisy input 
  Only trained on small subset of clean data 



 Clean images with ImageMagick using 
cleantext script 

  Improves results slightly 



1.  Cut off characters 
◦  Most common reason, easily addressable 

2.  Noise along seam and edges 
3.  Similar characters 



 Building new synthetic dataset 
 Researching algorithms for edit distance, 

and bigram, trigram, word validation 
 Determining which software to add OCR 

component to 




