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The Information 

Birmingham, Francis Son Yes
 

M W 22 S No Yes Illinois Irish Free State Irish Free State 
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Image sizes 

• 9312x6648 
•	 ~5 MB file 
•	 61,906,176 pixels 

•	 5351x3635 
•• ~500 KB file ~500 KB file 
• 19,450,885 pixels 

•	 7984x5608 
• ~1.2 MB file 
• 44,774,272 pixels 

•	 6288x3704• 6288x3704 
• ~600 KB file 
• 23,290,752 pixels 



 

  

Solutions 

• OCR 
• T pe ritten characters Type written characters 

• Separation a a a a a a• Low variability 
• Pretty good these days 

• 71% - 98% [R. Holley, 2009] 

CENSUS PLACE OF BIRTH N NCENSUS PLACE OF BIRTH N N 
MOTHER 



 

Solutions 

• OCR 
• T pe ritten characters Type written characters 
• Hand written characters 

• Connected characters 
• Large amounts of variability 

• Writer 
• Slant 
• Shapes 
• Sloppiness 
• etc… 



 

  

Solutions 

• OCR 
•	 T pe ritten characters Type written characters 
•	 Hand written characters 

•	 Offline methods: 
•	 95%, 85%, 75% for 10, 

100, 1000 word lexicons 
[R. Plamondon, 2000] 

•• Open research topic Open research topic 
•	 Online methods: 

•	 80% for 21,000 word 
lexiconlexicon 

• Temporal component 
• Much better accuracy 
• Used in mobile devices 
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Handwriting Retrieval 
R M h t l  “W d S tti A N A h•	 R. Manmatha, et al., “Word Spotting: A New Approach to 
Indexing Handwriting”, CVPR, 1996 
•	 Index documents written byy same pperson 
•	 Cluster segmented words based on a distance measure 

• Drop top n clusters assuming stop words 
•• Present the next 2000 clusters to a user for transcription Present the next 2000 clusters to a user for transcription 



  

Handwriting Retrieval 
• T. Rath, et al., “Word Image Matching Using Dynamic Time 

Warping”, CVPR, 2003 
• Prune using area, aspect ratio, and decenders 
• F tFeatures 

• Projection profile (1) 
• Word profile (2) 
• Ink transitions (1)Ink transitions (1) 



Handwriting Retrieval 
• T. Rath, et al., “Word Image Matching Using Dynamic Time 

Warping”, CVPR, 2003 
• Feature distance: squared Euclidean distance 
• Score obtained from dynamic time warping 



          

Handwriting Retrieval 
• J. Rothfeder, et al., “Using Corner Feature Correspondences 

to Rank Word Images by Similarity”, Workshop on Document 
Image Analysis and Retrieval, 2003 
• Use detected corners as features 
• Small windows around corners used to find matches 

• Constrained to be nearby 
•• Score based on sum of distance between matching corners and Score based on sum of distance between matching corners and 

number of correspondences 



Handwriting Retrieval 
• J. Rothfeder, et al., “Using Corner Feature Correspondences 

to Rank Word Images by Similarity”, Workshop on Document 
Image Analysis and Retrieval, 2003 
• Overall fastest but slightly less accurate than DTW 



     

Handwriting Retrieval 

•	 J. Rodriguez-Serrano, et al., “A Similarity Measure 

Between Vector Sequences with Application to 

Handwritten Word Image Retrieval”, CVPR, 2009
 Handwritten Word Image Retrieval , CVPR, 2009
 
•	 Groups examples into a small sets containing similar features 
•	 Represents new examples based on these small sets 



 

 

Solutions 

• OCR 
• T pe ritten characters Type written characters 
• Hand written characters 

• Human Intelliggence 
• Transcription companies 

• High accuracy 
•• Costs money Costs money 
• Human error 

• Crowd Sourcing 
• Amazon Mechanical Turk 

• Costs money 
• Varying accuracy [J. Downs, 2010] 

• reCAPTCHA 



   

reCAPTCHA 

•	 CAPTCHA [L. von Ahn, 2003] 
Disting ish comp ters and h mans• Distinguish computers and humans 

• reCAPTCHA [L. von Ahn, 2008]
 
• Distinguish computers and humans 
• Transcription 



Human Intelligence 

• 3D Reconstruction 
• [P Debe ec 1996] [R Cipolla 1999][P. Debevec, 1996], [R. Cipolla, 1999] 
• Mark parrallel lines 



Human Intelligence 

• Foreground/Background Segmentation 
[Y Bo ko 2001] [C Rother 2004] [A Delong 2011]• [Y. Boykov, 2001], [C. Rother, 2004], [A. Delong, 2011] 

• Mark examples of foreground and background 



Human Intelligence 

• Tracking 
• [Z Kalal 2010][Z. Kalal, 2010] 
• Mark object in a frame 



Unorthodox Interfaces [R. Veltkamp, 2000] 
• Query image (one or more) 

• From database 
• Sketching 

• Draw shape
• From URL 
• Sub-images 
• Sub-region (segmented area) 
• Map area 

• Clusters and key images 
• RefinementRefinement •
 

• Successive filtering and query re-submission 
• Relevance labeling 

• Color selection • 
• List 
• Percentages 
• Values 
• Dominance hierarchy 

• Texture selection 
List 

• Assiggn weigghts to convex parts 
• Select internal colors/texture 
• Select region in example image 
• Semantic queries: place icons containing meaning (e.g. faces) 
• Enforce relationships (e.g. next to, inside, outside, size) 

C i iComparison crit  iteria 
• 
• 

Text
 
•
 
•
 
•
 
•
 
•
 

Feature selection
 

Measure selection (e.g. weighting features)
 

Keyywords
 

Topic (NLP)
 
Boolean operations on feature values
 

SQL queries with keywords and values
 

Voice (voice recognition)

• List 
• Sub-area 
• Values 

• Boundary selection 
• Location selection 



 

  

Solutions 

• OCR 
• T pe ritten characters Type written characters 
• Hand written characters 

• Human Intelliggence 
• Transcription companies 
• Crowd Sourcing 

•• A Hybrid Approach A Hybrid Approach 



John Smith John Smith









Form Segmentation
[R. Casey, 1990] [J. Liu, 1995] 



Form Segmentation 



Form Segmentation 



Form Segmentation 



Handwriting Retrieval 



Handwriting Retrieval 



Handwriting Retrieval 

…
 

…
 



  

        

Indexing 

• DTW 
• Fle ible ith regards to riting ariationsFlexible with regards to writing variations 
• Non-linear (i.e. features not independent) 

• Costly retrievals 

• Linear features 
• Less accurate 
•• Can build a tree of indices for efficient retrieval Can build a tree of indices for efficient retrieval 



Image Pyramid 



Image Pyramid 



    

   

     

Data 
• Images 

• 7.0 TB 
• Cell boundaries 

• ((52 + 39)) x 2 b yytes = 4,,056 byytes 
• 14.7 GB for all images 

•	 Index 
•• 50 x 38 cells (1900) 50 x 38 cells (1900) 
• 8 x 4 bytes per feature vector 
• 220.3 GB 

• Annotations 
• 10 characters per annotation 
• Top 5 annotations Total of 9 7 TB  p 
• 344.2 GB 

• Image pyramids 
• 1 3 times original size 

Total of 9.7 TB 
or 

~40% more data • 1.3 times original size 
• 2.1 TB 

~40% more data 
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