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What Is 
Optical 
Character 
Recognition
(OCR)?
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Defined as: the process of extracting 
text from images

OCR model is something performing 
this process

Useful to digitize scanned documents 
(for research, digital accessibility, etc.)

Reduced accuracy on certain 
documents
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OCR Stages
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Classification 
Method – 
Matrix 
Matching
• Foundational 

classification method

• Patented in early 1930s

• In use into the 1990s

Input Processing Output

From TLD Stage
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Diagram inspired by LI
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Classification Method – Neural Network
•A more complex version of Matrix Matching

• Matrix Matching – each pixel has uniform impact
• Neural Networks – each pixel and outcome has an associated weight 

•Easier to update collection of known characters

•Allows us to identify full lines of text at once

Each possible 
outcome (character) 
and a confidence  %

Pattern 
recognition

+ some 
standardizing
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Summary
ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopqrstuvwxyz
0123456789
.,!@#$%^&*()

Limited to “known characters” 
and fonts

Hegghammer, 2022

Need examples of more 
characters and fonts

Case study is a document collection to evaluate accuracy, but can be used to train
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Case Study

• Thomas Hegghammer, 2021

• Historian who works with 
Arabic texts

• Collection is called Noisy OCR 
Dataset (NOD)

• Focus on noise, layout, and 
language

How accurate are general OCR models on 
documents found in social studies and 
humanities research?

Source 
Documents

• Old Books
• Arabic 

Wikipedia

Apply 
Noise

Apply OCR
•Used 3 

popular 
models from 
the time
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Comparison
•Many ways to compare OCR models

•For accuracy:
• Need OCR output
• Need ground truth

• Judge accuracy by individual characters

OCR Output

Ground Truth

[algodaily.com]
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https://algodaily.com/challenges/levenshtein-edit-distance/algodaily-cheatsheet


Layout
Exa m p les  a re  o f  En g l i sh  o ld  b ooks  [ H eg gha m m er,  2022]

A ra b ic  Wik ip ed ia  a r t i c les  h a d  l im i ted  layout  va r ia t ion

Does  n ot  in c lu d e  two  co lu m n  layouts  a nd  ta b les
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Preserving Layout
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Noise
Picked because they are the most common 
noise found in historical documents

Falls into two categories:

• Integrated: built into page

•Superimposed: added on top of text

Noise can obscure and/or add characters

Integrated

Blur

Weak Ink

Salt and Pepper

Superimposed

Scribbles

Ink Stain

Watermark Examples from Hegghammer, 2022
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Impact of Noise
Mistaken for text:

1. Remove noise (pre-processing)

2. Spellcheck (post-processing)

Obscured Text:

OCR needs to know what to do with the 
unreadable space (related to layout struggles)

Hegghammer, 2022

Case Study 14



Writing Systems
•Most OCR are made for Latin based written languages: English, Spanish, German, etc.

•Latin is the most widely used writing system

•OCR Recognition is limited to characters it has been exposed to previously

•Arabic, the third most widely used writing system is very different from Latin
• Diacritics
• Cursive or connected characters
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Why is Writing System a Challenge 
•Need to adjust Text Line Detection box sizes

•Noise prevention techniques can remove diacritics

16Case Study

Example of output from a model which uses full lines of text

Areas with low confidence Fateh, 2023



Results – Models, Writing Systems, and 
Layout

•Some OCR models cost money

•Some were easier to use

•Some had limited support for languages 

•Layout variety was minimal – a limitation

Model Paid? User Interface? Arabic?

Google Document AI Yes Yes Yes

Amazon Textract Yes Yes No

Tesseract No No Yes
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Results – Noise
•Documents with multiple types of noise added, had lower accuracy

•Some noise types had a larger impact on accuracy

Blur Weak Ink Salt and Pepper

Hegghammer, 2022
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Case Study 
Significance

Conclusion 19

Insight on impact of noise

Commentary for other academics

Document collection and data is 
publicly available

Noise generator is publicly available



[hegghammer.net]

[Palash Calligraphy]

Larger Picture
•Guides future research

• Increases number of datasets and 
related tools

•Addresses specific needs

•Addresses broader needs

Conclusion 20

https://hegghammer.net/
https://youtu.be/Jdbq3dsGSAY?si=6IkKombFdHMDhAtW


Questions?

21
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