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Much of our work in Family History Technologies over the past decade has been toward the development of the  
Digital Microfilm Pipeline [1-2, Fig. 1]. This pipeline was first envisioned and architected over 10 years ago. Self-
funded work on pieces of that pipeline has progressed steadily over that time, as indicated by the dates in the boxes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Because we believed these technologies were important to the Church, we embarked on a path of research in 
Document Understanding and associated Image Analysis and Recognition methodologies, including OCR. As can 
easily be seen, there has been a sustained effort in the development of enabling technologies that now spans well 
over two decades. A short summary of theses and seminal papers in these areas follows: 
 
1991 A One-Pass Neural Network for Probabilistic Character Recognition (Kelly Lent) 
 (This was the initial work on OCR using profiles) 
1992 Towards Intelligent Document Understanding (Mai Zhuang) 
 (This was the initial work on Document Zoning – distinguishing text from graphics and images) 
1993 Distributed Processing of Computationally Intensive Robot Vision Tasks (Tim Heaton) 
 (This was the initial work on recursive profile parsing that is now used in frame cropping) 
1995 Use of Pyramidal Structures in the Generalized Hough Transform for Scale and Rotation Independent 
 Template Matching (Yoonkoo Cho - Efficient, hierarchical search and match of arbitrary patterns) 
1996 Posting Paper on the Web: Document Component Recognition and Linking (Rex Barzee) 

(Paper In -> HTML Out: Automatic Recognition of Document Components (text, captions, graphics), 
highly accurate OCR engine, automatic link generation) 

1998 Breakpoint Skeletal Representation and Compression of Document Images (Kai Wing Tam) 
 (Medial Axis compression and representation of scanned characters) 
1999 Automatic Cost-Ordered Edge Linking (Glen Sawyer) 
 (Robust linking of lines in noisy images, such as handwriting) 
 

Figure 1. The Digital Microfilm Pipeline includes the tasks of scanning, cropping, deskewing, scaling, 
registering, image enhancement, zoning and labeling, OCRing and indexing, with companion browsing 
technologies for efficient, low-bandwidth internet access and information extraction. 
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2001 Houghing the Hough: Peak Collection for Detection of Corners, Junctions, and Line Intersections  
 (Kevin Petersen – Robust (straight) line detection, such as in document tables) 
2003 Consensus-Based Table Form Recogntion (Heath Nielson) 
 (Automatic document zoning, zone labeling, and creation of document template) 
2003 Just-In-Time Browsing for Digital Images (Doug Kennard) 
 (Completely scalable browsing technology – browse documents over low-bandwidth modem) 
2003 Fast Registration of Tabular Document Images Using the Fourier-Mellin Transfrom (Luke Hutchison) 
 (Automatic detection and reversal of document transformations, including scale, skew and rotation) 
2004 Decision Tree Discrimination of Text Types (Sam Pinson) 
 (Automatic discrimination of different types of text, especially machine print vs. handwriting) 
2004 Automatic Indexing of Ribbon Microfilm (Mark Pinson) 
 (Automatic indexing of the content of a scanned ribbon of microfilm – from frame cropping (macro level)  
 to zone indexing (micro level)) 
2011 Recursive Otsu Thresholding Method for Scanned Document Binarization. Treats handwriting as multi- 

layered, consisting of dark strokes, light strokes and in between. Recursive thresholding peals away layer of 
strokes and composites them together for the complete binarized result. 

2011 Word Warping for Offline Handwriting Recognition. This is a break-through technology that recognizes  
handwriting based on morphing one piece of handwriting to another and then computing the distance, or 
difference, between the two glyphs. The less the stretch/distance, the closer the match. In-vocabulary 
recognition rates are approaching 90% with 95% in the top three. 

2011 Connected Component Level Discrimination of Handwritten and Machine-Printed Text Using Eigenfaces.  
 A Principle Component Analysis technique for discriminating between machine print and handwriting. 
2011 Linking the Past: Discovering Historical Social Networks from Documents and Linking to a Genealogical  

Database. Using the FamilySearch Database and Historical indexes to discover historical social networks 
(HSNs). Which people knew each other? And wrote about each other? What was their HSN? HSNs can be 
used to infer histories about people who never kept them based on what others have written. 

2012 Further developments of word warping for handwriting recognition, including applications to other  
languages (French, Dutch, Chinese) and application to forgery detection. 

2012 Text extraction and noise removal from Cemetery Headstones. 
2015 Intelligent Indexing: A Semi-Automated, Trainable System for Field Labeling. Leverages word-warping  

handwriting recognition for semi-automated labeling and simultaneous transcribing of multiple fields in 
tabular documents.  

2015 Segmentation of Cursive Handwriting in Tabular Documents for segmenting and disentangling overlapping  
handwritten strokes. 

2016 Intelligent Pen: A Least Cost Search Approach to Stroke Extraction in Historical Documents. Use of  
Intelligent Scissors technology to trace strokes in cursive handwriting. A Preprocessing step for 
handwriting analysis and recognition.  

2016 Major breakthrough in handwriting recognition using a Convolutional Neural Network (CNN) and a Long  
Short-Term Memory (LSTM) network (READNET1.BYU ) for recognition of medieval (1400’s – 1700’s) 
German Handwriting. 5% Character Error Rate (CER), ~19.7% Word Error Rate (WER).  

2016 Development of Subword Spotting technology for semi-automated transcription and performing subword  
recognition for document searching and simi-automated indexing. 

2016 Creation of a system for extraction of genealogical information from Jia Pu (Chinese Genealogical  
Records) and for creating training sets for recognition of Chinese characters and words. 

2017 Symbol Stitching for Handwriting Recognition – recombine handwritten characters to create novel words  
and increase training data for handwriting recognition.  

2017 Use of Data Augmentation to produce state-of-the-art results (< 2.82% CER, 4.97% WER on the IAM  
dataset of 600 different authors) and (< 1.36% CER, 2.85% WER on the RIMES dataset), eclipsing 
previous best results by other researchers. 

2017 First place in the ICDAR 2017 competition for reading handwriting in old (19th century) letters in German,  
French and English. 10,000 different letters, different authors, languages. ~7% CER, 17% WER. Next best 
was 25% CER, 42% WER. 

2017 Creation of a Neural Network for Semantic Labeling of Document Components (Machine Print,  
Handwriting, Lines, Stamps) 

2017 First place in the pixel labeling competition for ICDAR/HIP. 
2017 PageNet – a Neural Network for segmenting the top page of an opened book. 
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