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Introduction



The importance of OCR and HTR

The Optical Character Recognition (OCR) is a bottleneck in many activities that 
need large quantities of legacy information:

● digital libraries
● corpus linguistics
● digital history
● …



The importance of OCR and HTR

Nowadays OCR can perform 99% of accuracy on recent, good quality printed 
editions and it can reach 98% of accuracy on challenging printed documents

The new field of Handwritten Text Recognition is very promising, so that libraries, 
universities and other institutions (such as state archives) are planning to acquire 
the digital text not only from printed documents but also from manuscripts 



Acquisition and pre-processing of digital images



Digital images and digital texts

Scanning is the process of acquiring information from two-dimensional or 
three-dimensional objects, in order to create digital images

Different operations can be performed on digital images of a document and digital texts:

● crop an arbitrary part
● change brightness and contrast
● compare the high fidelity of the 

layout and of the figures to the 
original manuscript or printed edition

● ...

● copy and paste it
● search it
● tokenize it
● count the tokens
● make indexes
● … 



Scanners

Various kinds of scanners are available, but a simple flatbed scanner can be enough, if 
the document is not fragile. The coplanarity of the written surface of the document with 
the moving carriage of the scanner has a high impact on the accuracy of the recognition 



Scanners

Currently documents are acquired also by smartphones, but the quality of the 
acquisition is poor, compared to a flatbed scanner



DPI and PPI

DPI means Dots per Inch and PPI means Pixels per Inch. In order to have an 
accurate OCR, 600 DPI are optimal, but 300 DPI can be acceptable.



The preservation of the master images and metadata

Along the digital text acquisition workflow one or more image elaborations are 
required. It is necessary to keep always the original images and possibly to 
preserve also the metadata related to the necessary transformations and use 
naming conventions for the files, with minimal metadata about dpi, color, etc.



OCR (or HTR) preprocessing on images

In order to improve the accuracy of OCR or HTR, images must be processed at 
least with the following operations:

● fixing orientation (if necessary)
● splitting pages (if two pages have been scanned together)
● deskewing (i.e. small rotation)
● selecting content
● adding margins
● change the output resolution (if necessary)
● binarization
● dewarping



Fixing orientation



Splitting pages



Deskewing



Selecting content



Adding margins



Changing resolution



Binarization



Despeckling



Dewarping



Manual or automated?

On small projects, this operations usually are performed 
manually; on massive projects, usually they are performed 
automatically.



Exercise

Compare processed and raw images on https://archive.org

https://archive.org


Optical Character Recognition (OCR)



Commercial applications

There are many commercial applications for Optical Character Recognition, such 
as Abbyy FineReader, Adobe Acrobat Pro, etc. (Among many other comparative 
evaluations, see for example: https://www.adamenfroy.com/best-ocr-software)

There are also many solutions online (e.g. a new service on GoogleDrive to 
extract text from PDF of images)

And finally there are many apps to capture images with a smartphone and convert 
them into text or searcheable PDFs.

https://www.adamenfroy.com/best-ocr-software


Commercial applications: strength points

The main advantages of commercial software are:

● simple to install on Windows and Mac
● easy to use
● graphical interface



Commercial applications: weakness points

The main issues of commercial software are:

● necessity to renew the license for new versions
● scalability (when you must pay per page recognized)
● languages and scripts (FineReader has additional packages for old or ancient 

scripts, such as Fraktur)



Open source applications for OCR

The most performant open source applications for OCR are:

● Tesseract (https://github.com/tesseract-ocr/tesseract)
● OCRopus (https://github.com/ocropus/ocropy) and its derivatives, listed below
● Kraken (http://kraken.re)
● Calamari (https://github.com/Calamari-OCR/calamari)

Another interesting OCR project is

● Gamera

https://github.com/tesseract-ocr/tesseract
https://github.com/ocropus/ocropy
http://kraken.re
https://github.com/Calamari-OCR/calamari


Open source applications: strength points

The main advantages of these projects are:

● scalability (to process millions of pages)
● scientific research to process challenging documents (endangered languages, 

ancient languages and scripts, low quality paper and ink, damaged 
documents)

● support of the community



Open source applications: weakness points

The main issues of these projects are:

● incompatible versions in quick evolution
● no graphical interface (only command line)
● not available for all the Operative Systems



What is an OCR engine?

In simple words, an OCR engine is a classifier, which assigns a label (i.e. a 
character or a sequence of characters) to an image region

For this reason, the most recent OCR engines are based on Neural Networks

 

datascience.stackexchange.com



Layout analysis

In order to assign a label, at the character level, to an image region, regions must 
be identified by layout analysis and segmentation

The layout analysis decomposes the page in its textual and graphical 
components (e.g. columns of text, illustrations, and tables)

 



Segmentation

Textual blocks are hierarchically segmented in lines, words, and characters

 

how-ocr-works.com



Segmentation issues

Bad segmentation causes bad OCR

Factors that must be taken into account:

● avoid artifacts during the image acquisition process, such as page warping 
(when it is possible, pages should be unbounded!)

● preprocess the images to reduce artifacts
● if an OCR engine makes a bad segmentation, try another one (for example, if 

Abbyy FineReader does not satisfy your needs, try tesseract or Kraken and 
vice versa)

 



Trained data sets

Both commercial and open source OCR applications are provided with pre-trained 
data sets

For this reason, we can perform the optical character recognition on a variety of 
languages and scripts, without taking care of the training phase

 



Training

When the accuracy of the recognition is not satisfactory, it is necessary to train the 
system

Training is based on an accurate association between text and image

The text that exactly matches the image is called ground truth

Some OCR engines, such as tesseract, need a small amount of ground truth, 
some others on the contrary need a large amount.



Training: the case of tesseract



Performing OCR

tesseract -l ita+lat img001.tiff doc001

(training data are available here: https://github.com/tesseract-ocr/tessdata)

tesseract -l <language(s)> <image> <output without suffix>

https://github.com/tesseract-ocr/tessdata


hocr

tesseract -l ita+lat img001.tiff doc001 hocr
tesseract -l <language(s)> <image> <output without suffix> hocr



Early printed editions and
Handwritten Text Recognition (HTR)



Early printed editions and manuscripts

Early printed editions and manuscripts are challenging:
● complex and/or irregular layout
● abbreviations
● ligatures
● irregular letters



Kraken on early printed editions



How to train Kraken

Tutorial:

http://kraken.re/training.html#training 

Training ancient Greek, early editions:

https://github.com/pharos-alexandria/ocr-greek_cursive/blob/91d72606e2a60593e5eccafe14e6c98493a90ce7/README.md

http://kraken.re/training.html#training
https://github.com/pharos-alexandria/ocr-greek_cursive/blob/91d72606e2a60593e5eccafe14e6c98493a90ce7/README.md


How to train Kraken
ketos transcribe -o train.html img001.tif img002.tif



Improving OCR and HTR 



Accuracy

OCR is evaluated according to the accuracy, a measure that is expressed by the 
following formula

matches / (matches+mismatches+adds+dels)

according to the general formula

TP+TN / (TP+TN+FP+FN)

matches are the agreement between the OCR result and the ground truth



Techniques to improve OCR and HTR

OCR and HTR can be improved by postprocessing

A couple of strategies are worthy of attention:

● alignment of multiple and independent OCR engines with efficient selecting 
criteria

● alignment to different editions of the same text, with criteria to distinguish 
between OCR errors to be corrected and genuine variants



Alignment
https://link.springer.com/article/10.1007/s10032-020-00359-9

https://link.springer.com/article/10.1007/s10032-020-00359-9


Exercise
Try to align two sequences of characters

https://bioboot.github.io/bimm143_W20/class-material/nw

https://bioboot.github.io/bimm143_W20/class-material/nw


Manual correction



WikiSource



WikiSource



Commerce Numérique



Lace (http://heml.mta.ca/lace)



Conclusion



OCR and HTR

It is necessary to continue improving OCR accuracy, because it is the real 
bottleneck for computational linguistics and digital humanities

Currently OCR is very satisfactory on modern languages and documents with a 
simple layout, but it is challenging on early documents and old or ancient scripts

HTR is emerging with very promising results


