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Abstract: Extracting text from images of text 

is a challenging task. Among the greatest 
challenges of text recognition is the optical 
character recognition (OCR) of historic books. 
Due to low-quality images, rare fonts, and 
unknown dictionary standard OCR, software 
often fails in recognizing these texts. In this 
paper, we discuss existing OCR systems with a 
focus on learning strategies, and present an 
OCR model which is optimized to recognize old 
books. Additionally, we describe the process to 
measure the quality of the outcome.  

  
Index Terms: OCR, language models, text 

processing, string similarity, web-books 

1. INTRODUCTION 

HE recognition and conversion from images 
of text have always been a challenging 

task for automatic data processing and 
information retrieval and services. In particular, 
the task of scanning books and making them 
not only digital readable, but also searchable, 
is important to retrieve and collect information. 
In this way, the information of old books, 
newspapers, or other texts can be a valuable 
and interesting source to build a strong and 
complete information network. Different 
organizations are interested in the mass scale 
digitization of historic documents with a focus 
on offering improved full-text searching [1].   
Among them are efforts like austria-forum.org 
and serbia-forum.org in which the authors are 
involved. However, the optical character 
recognition of old books or newspapers often 
fails for several reasons. First, the orthography 
of old writings differs a lot from dictionaries 
available nowadays. Second, many books are 
not well preserved, thus, the quality of the 
scans is often not good. Third, the typeface, 
often “Fraktur” (a blackletter font), is not well 
covered by available OCR-software, and often 
lacks accuracy. Letters are written very similar 
(f/s), or are used in several different ways, and 
the distance between the characters or words  
is often inconsistent [2]. The most challenging 
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part is the fact that every historic book is 
different and poses new challenges. Different 
generations of OCR systems have introduced 
new techniques and algorithms to enhance the 
recognition of books, letters, handwritings, and 
other written texts. Most recent systems use 
different learning systems, such as neural 
networks or export systems to enhance pattern 
recognition [3][4]. Such systems can achieve a 
very high accuracy rate of the recognition of 
unusual/unknown writings, such as historic 
fonts with well-prepared training sets. 
However, to optimize the outcomes of the OCR 
systems, different methods to improve the 
OCR accuracy have to be applied [1].  
In this paper we introduce our OCR process for 
historic books and describe how the OCR 
accuracy can be improved in the different 
steps of this process. Also, we discuss how to 
measure and compare the quality of the 
results. The goal of this paper is to first analyze 
typical problems of OCR systems with historic 
texts, to present an optimized OCR process for 
old books, and discuss how to measure the 
quality of OCR techniques. We use the old 
book series “Wurzbach Lexikon” as a case 
study to describe the approach.  

2. OCR PROCEDURE  

Different digital collections and information 
systems digitalize old documents, such as old 
books or newspapers. However, optical 
character recognition of old documents often 
poses different challenges [2]. In the following 
chapter we summarize the main issues.  
 

2.1 OCR problems of Historic Books  

Working with historic books, we face different 
problems.  
 
1. Image problems: One of the major 

problems is the quality of the original book 
and the quality of the scan. This includes 
issues such as curled pages, blurred fonts, 
or manually edited pages (e.g. stamps or 
hand-written notes). Examples are 
illustrated in Figures 1-3. Also, the pages 
are often soiled, letters are hard to read 
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and recognize, and thus scans are often 
blurry and noisy.  
 

 
 

Figure 1: Blurry scan 

 

 
 

Figure 2: Curved Scans 

 

 
 

Figure 3: Edited Original Pages 

 
2.   Font type and layout: Many historic fonts 

(e.g. Fraktur) are not supported by 
standard OCR software. Old fonts are in 
particular hard to recognize, because they 
use letters which often look very similar 
(see Figure 4). In earlier times, different 
spacing of characters was used to achieve 
alignment of lines. Thus, also the spacing 
between words and characters is often not 
consistent (see Figure 5). Old texts also 
often use different fonts in the same text 
(see Figure 6). Additionally, historic papers 
often use different and inconsistent layout 
structures (see Figure 7). 

 

 
Figure 4: Different letters are often written very similarly or 

the same letter has different writing styles (from left to 
right: f, s, s, and s) 

 

 

Figure 5: Different spacing of characters 

 

 
 

Figure 6: Different fonts and languages 

 

 
 

Figure 7: Layout of old books 

 
3. Missing knowledge base: Traditional OCR 

software uses knowledge bases based on 
contemporary dictionaries and 
grammatical structures to enhance the 
OCR procedure and does not provide 
historic dictionaries. Additionally, historic 
texts often do not follow specific 
orthographic structures and rules, thus 
words can be written differently in the 
same text. 

 
Every historic book or newspaper is different. 
Thus, very specific and unique problems can 
occur for every project. In the next section, we 
take a closer look at the overall OCR process, 
and possibilities to improve the different steps. 
  

2.2 OCR Process 

Since every historic book presents new 
challenges to cope with, it is important to focus 
on these specific problems in the OCR 
process. In the following section, we describe 
the procedure of OCR with a focus on creating 
a learning / feature base for historic books, 
which can be used for improving machine 
learning algorithm. To improve the accuracy of 
the OCR process, different actions can be 
taken in every single step of the process [1]. 
Figure 8 gives an overview of the entire 
process.  
 



 

 Scanning: The first step is the 
scanning phase. This phase is already 
one of the most crucial phases. If 
available, scans should be made of 
well-preserved and clean originals. 
The scanning resolution should be at 
least 300 dpi and the output image a 
lossless format (e.g. tiff) 

 Pre-processing: In this step, the 
scanned document (image file) can be 
manually optimized for the OCR 
process. This includes image editing 
processes such as increasing the 
contrast, reducing noise, or simplifying 
the colors.  

 OCR-process: In this step, the chosen 
OCR system reads the images and 
applies an algorithm to recognize the 
characters. For this step, it is crucial to 
choose OCR software that fits the 
current problem and supports a 
training/learning algorithm. Different 
systems that support training are 
discussed in the next section. 

 Create learning base: To improve the 
OCR-process it is crucial to create and 
improve the learning base for training 
the OCR system. This base consists of 
a dictionary fitting the document 
improved character pattern. 
Additionally, knowledge, such as 
different languages, document
layout, and knowledge about typical 
word or document patterns (e.g. topic 
abbreviations in an encyclopedia) can 
be applied to improve the OCR 
process. 

 Post-processing: In this step, 
knowledge can be applied which had 

 
Figure 8: OCR Process 
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The last steps can be describe
loop with human input for training to improve 
the outcomes [5]. In the next section, we 
discuss software packages that support 
training possibilities and such feedback loops. 
 

2.3 OCR Systems 

Different OCR systems use different algorithms 
and techniques to recognize characters. Due 
to the differences between historic document
it is important to choose 
supports training of the process, i.e. the user 
can train the software to recognize specific 
characters in the future. Abbyy Finereader 
is commercial OCR software and also provides 
OCR dictionaries for time periods between 
1800 and 1938. It has its own interface to allow 
the user to train. A free and open
that provides training possibilities
It uses a segmentation
algorithm [10][11]. Segmentation
training would use different segments of the 
text (e.g. characters) as an input and map it 
with a training process to the different 
character-representations. OCRopus is 
another open source implementation of an 
OCR system.  In an updated version, it uses 
Long Short-Term Memory (LSTM) networks 
and line normalizations methods for an 
improved OCR process [12]
updated version of recurrent neural networks, 
a machine learning approach, which is 
optimized for recognition task for non
segmented applications, such as handwritings 
or historic fonts. Line normalization is for 
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example used to straighten curved words in a 
pre-processing step.  
All these systems support feedback loops to 
improve the quality and accuracy of OCR. 
However, how can we measure the accuracy? 
In the next section we discuss metrics to 
measure the performance of OCR systems.  

3. OCR PERFORMANCE METRICS  

To measure the performance of the OCR 
output, different metrics are defined in 
literature. Feng an Manmatha [4] describes a  
performance metric which used alignment of  
 

OCR output to ground truth to measures 
accuracy rates (ratio of the number of correctly 
recognized characters to total number of 
characters) and missing rates (ratio of the 
number of characters missing compared to 
total number of characters). 
Another metric to measure similarity of two 
strings is the Levenshtein distance, which is 
defined as the minimum number of character 
edits to convert one string to the other with 
operations such as deletion, insertion, or edits 
[7]. To normalize this metric, we can use the 
following formula:  
 

 

 
 
 
 This formula describes the similarity of two 
documents (strings) based on the edit distance 
and relates it to the total length of the strings. 
The result is a number between 0 and 1, and 
can be used as percentage values, where 
100% is a full match.   

4. CASE STUDY – WURZBACH 

The book series “Biographisches Lexikon 
des Kaiserthums Oesterreich” is a 60-volume 
biographical encyclopedia collected by 
Constant, Ritter von Tannenberg, and 
Wurzbach between 1856 and 1897 with a 
focus on Austrian persons. Each volume 
consists of about 500 pages; all in all, 
Wurzbach is a collection of more than 24,000 
biographies [14][15].  

 
In this old collection, traditional OCR 

approaches mainly face the following 
problems: 
  

 Typeface: The typeface used is a very 
old font, the scans lack quality. 
Additionally, the author used several 
different type settings.   

 Missing dictionary: The languages used 
in this collection are mainly an old 
German, but also quotes, and titles in 
Latin, Italian, French, or Hungarian.  

 Unknown words: The main part of this 
collection are different names for 
persons, titles, cities, towns and 
districts. Personal names are hard to 
verify and differ from standard 
dictionaries.  

 Encyclopedia style: This biographical 
encyclopedia uses many abbreviations  

 
(e.g. letters for names of the current 
paragraph)  

 
Some of these problems are very specific for 

this book series. However, these problems can 
also be used as a learning basis for building a 
strong feedback loop. In the case of Wurzbach, 
the first volume (400 pages) of the series was 
manually edited by the community [14]. Based 
on this volume, a first learning base was built 
containing knowledge of the personal names 
and a book-specific dictionary.  

This edited version was also used as 
validation of our different learning algorithm. 
We used the normalized Levenshtein distance 
to measure and compare the accuracy of the 
different software systems, and to find out if 
applying different learning strategies would 
improve the accuracy.  

5. CONCLUSION 

In this paper, we tried to elucidate the 
process of OCR of historic books. Our analysis 
of this process again proves that creating a 
huge knowledge base of the features 
(dictionary, specific typeset features) is indeed 
the most important step of the process, as 
traditional OCR software most often fails to 
work with historic books with old fonts and 
inconsistent language and layout. To compare 
the accuracy of the OCR methods, a 
normalized version of the Levenshtein distance 
can be used. Since every historic book is 
different and poses its own and new 
challenges, the most important step of an OCR 
process is building a learning base. We applied 
this principle to the 60-volume series 
“Wurzbach”. Thanks to a community-edited 



volume, we were able to build a book-specific 
dictionary as a learning base. Further specific 
“problems” of this series were used as learning 
“rules” to iteratively enhance the accuracy. The 
main contribution of this work is a model for 
OCR processes of historic books with old 
fonts. With such a model, with respect to pre- 
and post-processing, the accuracy of OCR of 
historic books can be improved significantly, 
compared to related approaches. Future works 
include a more detailed evaluation and 
comparison of this model.  
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