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Abstract: - In this paper a brief overview of document categorization process is presented, with the focus on
documents obtained by OCR (Optical Character Recognition) technology. Work of different authors from area
of document categorization is described. Text obtained by OCR needs to be prepared in a way that
categorization algorithms can use it to provide better categorization accuracy, thus such methods are
introduced. A comparison of results of different categorization algorithms is shown. Most authors obtained the
best results with SVM (Support Vector Machine) classifier. Two document categorization software programs
are introduced, both commercial and open source. An invoice recognition project on which authors of this
paper are working on is introduced.
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insignificant even when average word error rate is
around 50%. For document categorization Price and
Zukas in [22] used Latent Semantic Indexing (LSI)
algorithm and showed that this technique is highly
resistant to noise in text that is generated by OCR.
Guowei et al. in [12] showed that accuracy of text
categorization was not reduced significantly until
word recognition rate was reduced to 80%.
On the other side Hoch in [21] has found that
nosy OCR text can affect text categorization
especially when disturbed words are words which
are significant for a specific document category.
Also, Taghva et al. [15] in their research run
automatic correction of noisy text over two OCR
documents that couldn't be categorized and after
automatic correction one document did get
categorized correctly. Brooks at al. [5] showed that
with their approach almost all OCR errors can be
removed. They compared standard text block from
noisy structured scanned document with small set of
known corrected text. The noisy text block is
replaced with the text which is most similar to it.
Volk at al. [28] created an algorithm that compares
the output of two OCR systems (Abbyy FineReader
7 and OmniPage 17) and showed that combination
of two outputs leads to improved recognition
accuracy and reduces OCR errors.
The main purpose of the paper is to present work
of different authors from the area of document
categorization,
introduce
and
compare
categorization algorithms, present document

1 Introduction
Document categorization refers to a process of
grouping documents into predefined set of
categories. The purpose of this paper is to bring an
overview of document categorization process based
on the OCR (Optical Character Recognition)
technology. The OCR technology transforms
scanned document images into editable textual
documents. However, the result of OCR process is
not perfect because it doesn’t give the same result
quality for all documents [8]. For high-quality
scanned documents OCR will give almost perfect
result, but sometimes a few errors may occur. When
dealing with low-quality scanned documents OCR
will produce inaccurate results [8]. Therefore, the
question is: Do OCR errors affect document
categorization accuracy based on document’s
content?
A number of papers explored this problem. In
[16] authors showed that OCR errors have little or
no effect on categorization when classifier based on
Naive Bayes model is used. Agarwal et al. in [3]
used Naive Bayes and SVM (Support Vector
Machine) classifier for text categorization and came
to conclusion that accuracy of text categorization
won’t change much as long as up to 40% of
document’s content is affected by noise. Vinciarelli
in [27] used clean and nosy version of the same
texts and compared the both. Results showed that
loss in categorization performance of nosy text is
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categorization software programs and invoice
recognition project.
An important task in text categorization is to
prepare and represent text in a way usable by a
classifier [24], and such methods are introduced in
Section 2. Popular algorithms which are used for
document categorization are shown in Section 3
while Section 4 brings comparison of results of
introduced algorithms from many different authors.
In Sections 5 and 6 two document categorization
software solutions are introduced both commercial
and open source. Section 7 introduces a document
categorization project on which authors of this paper
are currently working on. Section 8 concludes the
paper.

have special software tool with intelligent
algorithms. Categorization can be also considered as
supervised classification. To categorize documents
we need a labeled set, i.e. a set of documents where
we know the category that the document belongs to.
These documents we split into the training and
testing part. Training part is used to build the model
which will be tested using testing documents. In
unsupervised
categorization
(also
called
classification), assignment to groups is done without
having any information about the group that the
documents really belong to [13]. Usually performed
document categorization algorithms are:
Vector Space Model – centroid algorithm. This is
one of the simplest categorization algorithms. The
tf-idf (term frequency - inverse document
frequency) is a weighting factor often used in
information retrieval and text mining [32]. The tf-idf
assigns a weight to each word in a document. The
weight will be the highest if a word occurs many
times within a few documents. It will be lower if a
word occurs fewer times or it occurs in many
documents. It will be the lowest if a word occurs in
almost all of training documents [7]. The tf-idf
weighting scheme is often used in the vector space
model together with cosine similarity to determine
the similarity between two documents [13]. During
the learning stage only the average feature vector for
each category is calculated and set as centroidvector for the category [6]. A new document is
categorized by finding the most similar centroidvector (class vector) to its feature vector (document
vector). One of disadvantages of this algorithm is its
performance when the number of categories is very
large [6].
Linear support vector machine is a supervised
learning algorithm used for categorization [6].
Based on set of training documents, each belonging
to one of two categories, Linear SVM builds a
model which will categorize new document into
specific category. Built model is a representation of
documents as points in space where documents of
different categories are separated from each other by
clear gap that is wide as possible. Therefore, the
main idea of Linear SVM is to construct a
hyperplane as the decision surface such that the
margin of separation between two categories of
documents is maximized [31]. Documents which are
closest to the decision surface are called support
vector. SVM is a very powerful algorithm and has
outperformed others algorithms in several studies
[6].
k-Nearest neighbor. In pattern recognition, the k
-nearest neighbor algorithm (k-NN) is a method for
categorizing objects based on closest training

2 Document representation methods
This section will introduce different methods which
are used to prepare recognized OCR text for
categorization. Idea behind these methods is to
assist categorization algorithms to improve
categorization accuracy. Among all methods only
next three methods will be introduced:
Elimination of stop words. Stop words are
eliminated to speed up categorization process. These
are the most common English stop words: the, is, at,
which, and on. Stop words are eliminated because
they don’t explain what a document is about. Each
language has list of stop words which is created
manually.
Lemmatization is the algorithmic process of
determining the lemma for a given word [30]. In
English language the word work can be used as
worked, working, works etc., therefore the word
work is lemma. Authors in [4] showed that when
lemmatization is used for categorization of
documents which are written in Basque
categorization results were improved.
N-grams of characters. An N-gram is an Ncharacter slice of a longer string [29]. For the string
“This is n-gram text” with the N=4 the result of 4gram will be: [This, his_, is_i, s_is, _is_, is_n, s_n-,
_n-g, n-gr, -gra, gram, ram_, am_t, m_te, _tex, text].
In [29] authors introduced n-grams base approach
which is ideal for document categorization of noisy
text that is coming out of OCR process.

3 Document categorization algorithms
Document categorization is a problem in
information technology when hundreds of
electronics documents need to be categorized
automatically. To do such task computers need to
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examples in the feature space [13]. What makes this
algorithm interesting is that skips the learning phase.
The categorization is performed on set of the
training documents. The new document is
categorized based on the categories of its k nearest
documents (neighbors). How close documents are to
each other can be evaluated by measuring for
instance the angle between two feature vectors or
calculating Euclidian distance between the vectors
[6]. Although Euclidian distance is probably the
most commonly used distance function, other
distance functions like Manhattan or Maximum can
be also used [19]. An advantage of the k-nearest
neighbor algorithm is its simplicity but it is really
slow in process of categorization especially when
the number of training documents is growing [13].
Naive Bayes classifier is the simplest instance of
a probabilistic classifier. Therefore, categorization is
based on probability which means that the output
Pr(C|d) of this classifier represents the probability
that a document d belongs to a category C [25]. To
each word in a document probability is given based
on number of its occurrence in that particular
document [25]. A new document is categorized
based on the highest probability. Naive Bayes
performs very efficiency during categorization of
new documents [6][25].

4 Results
of
categorization
comparison of algorithms

Most commonly used data set is Reuters-21578
[17]. Authors in [24] used OCRed documents for
categorization and obtained results are same as
results of other authors. In most cases SVM
outperforms the other algorithms. Only in one case
Naive Bayes outperformed SVM and in some cases
it performed almost equally well as SVM.

categorization
5 Document
ABBYY - commercial

ABBYY FlexiCapture is data capture and document
processing software. FlexiCapture as input can have
many various scanned documents and based on
OCR technology it has ability to recognize text and
objects from documents. Using obtained results
from OCR it can categorize documents into specific
categories and export recognized data to a different
file formats.
To identify document type FlexiCapture uses
FlexiLayout which is an integral part of the
FlexiCapture software. For each document type one
FlexiLayout needs to be created. FlexiLayout
describes: how to identify a document, what data
need to be extracted and how to find this data.
Therefore, FlaxiLayout represents a simple
document classifier which has to have unique
features of a specific document. Based on these
unique features it has ability to recognize the right
type of the document. One or many features can be
used for document recognition. For example, to
recognize an invoice the software can search for the
keyword “invoice” or “invoice number”. Except text
i.e. keywords other features can be also used such
as: bar codes, lines, logos and gaps. The
categorization process with FlexiLayout is simple
and takes very little time [2].

–

In previous section popular document categorization
algorithms were proposed. This section will show
comparison of proposed algorithms. Table 1 shows
comparison results of categorization algorithms
from nine authors [6]. Most of the authors used
news stories from different datasets for comparison.

Authors
[1]
[9]
[26]
[14]
[33]

[23]
[11]
[24]
[25]

Centroid
x
x

SVM
x
x

Result
SVM performed better than other algorithms.
x
(SVMs) are very accurate, quick to train, and quick to
evaluate.
x
x
SVM performs better then Naive Bayes.
x
x
x
SVMs consistently achieve good performance.
x
x
x
SVM and k-NN outperformed NB when there is less than
10 instances per category, but all algorithms performed
similarly when there are more than 300 instances.
x
x
SVM performs better then K-NN.
x
x
x
SVM performs better than other algorithms.
x
x
x
Best results are obtained with the SVM.
x
x
Naive Bayes is the best in terms of accuracy and
computational efficiency.
Table 1. – Comparison of different categorization algorithms from different authors [6]

ISBN: 978-960-474-304-9

k-NN
x

with

NB

411

Recent Advances in Information Science

FlexiCapture has three categorization modes:
autolearning, rules-based and combined. Based on a
set of training documents in the autolearning mode
software automatically recognizes unique features
and learns to recognize different document types.
The rules-based mode recognizes documents based
on rules which are specified by the user. In
combined mode both autolearning and rules-based
modes are used: first autolearning mode is applied
and in case of uncategorized documents rules-based
mode is additionally applied [2].
Mikrografija d.o.o. 1 is Slovenian company which
offers modern solutions for electronic document
management and electronic archiving [18]. They are
daily facing with a huge number of received
documents of different types from their clients. One
of solutions they offer is data capture solution
“mZajem” which uses different OCR tools with
ability to read and process the documents. One of
OCR tools they already use is ABBYY
FlexiCapture. They want to use this tool in order to
automatically categorize documents with very high
accuracy and export data to different systems
(CRM, ERP, DMS,...). Since they want to provide
such service for small and medium-sized enterprises
from Slovenia and some other countries from
Adriatic region, for a small price, they are highly
motivated to compose new software based on
available SDK.

categorization
6 Document
Ephesoft – open source

appearance i.e. layout, graphics and formatting, is
consistent [20].
Extraction based categorization. By using OCR
output documents can be categorized based on the
keywords. Ephesoft can be configured to capture
unique feature from a document like invoice
numbers so that documents like this can be
categorized as invoices [20].
Content
analysis
based
categorization.
Documents can also be categorized by using a few
documents as training sample. Based on training
sample Ephesoft learns the content of the document
and creates model for that type of document. Each
model represents a document category. A new
document will be a part of a specific category only
if its content is similar to a model of that category
[20].
As an example we mention Mountain West
Financial, Inc. which is a full-service, privately held
mortgage banker that processes a tremendous
volume of paperwork. All this paperwork was
processed manually before using Ephesoft solution.
With Ephesoft they trained 225 mortgage document
types. Mountain West is reporting 95% accuracy in
document categorization process [10].

7 Invoice recognition project
The general activity of Mikrografija d.o.o. 1 is to
capture, process and storage paper documents into
electronic form. The problem the company faces is
that small and medium-sized enterprises have hard
time in making decision when it comes to using
automatic data capture software which will convert
their paper documents into electronic ones. The
main reason of this problem is the price of such
software. On the other side, what most of enterprises
want to only have is automatic capture of received
invoices. Therefore, they don’t need complex data
capture software tools like TIS, Kofax and ABBYY.
Mikrografija d.o.o.1 wants to offer an invoice
recognition software solution to the enterprises from
Adriatic region with the reasonable price which will
be able to train, recognize and extract data from
invoices. Such software will be able to recognize
special characters like (č,ž,š) which are present in
Adriatic region. Faculty of Information Studies2 is
doing this project for Mikrografija d.o.o. 1
Researchers from Faculty of Information Studies
need to explore the market to find needs of
enterprises from Adriatic region and develop such
software by using ABBYY SDK. We will report the
results on the conferences in 2014.

with

Ephesoft is open source document capture software
which can be trained to distinguish the difference
between different types of documents and extract
meta-data from the content of a document using
OCR
technology.
Ephesoft
has
different
categorization solutions that can be used depending
on the format of scanned document image [20].
These solutions are:
Barcode categorization is categorization of
documents based on special barcodes. To achieve
this Ephesoft uses barcodes such as QR, 3 of 9, and
Data Matrix [20].
Image/Layout categorization. For documents
with unchanged structure and finite pages
categorization can be achieved based on their
layouts. Ephesoft uses this technique when
categorization can’t be done based on documents
content. Examples of these documents are fixed
forms which do not have a lot of text or their text
content is unpredictable but their physical
1 Mikrografija d.o.o. - http://www.mikrografija.si/
2 Faculty of Information Studies - http://www.fis.unm.si/si/
ISBN: 978-960-474-304-9
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8 Conclusion
In this paper basic steps of automatic document
categorization based on OCR technology are
introduced. The quality of scanned document is not
always good enough, so document categorization is
usually done over noisy documents’ content. Work
of different authors is introduced. Some authors
showed that a little noise can’t affect document
categorization accuracy much. On the other side
some of them showed that noise can affect
document categorization accuracy if disturbed
words are significant for specific category. Some
authors introduced different solutions for noise
reduction. An important step in document
categorization is text representation and preparation.
Result of text representation and preparation
methods is handed over to document categorization
algorithm. Couple of algorithms are introduced and
compared. SVM usually performs the best, while
Naive Bayes often performs almost well as SVM.
Document categorization solutions of commercial
ABBYY FlexiCapture and open source Ephesoft
software programs are explained.
Automatic document categorization software is
very helpful and time-saving for enterprises. Small
and medium-sized enterprises are mostly dealing
with invoices and often refuse such software
because of its complexity and price. Authors of this
paper are part of the project whose aim is to develop
affordable invoice recognition software for small
and medium-sized enterprises in Adriatic region.
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