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Abstract

Evaluation of word segmentation algorithms applied
on handwritten text

Andreas Isaac

The aim of this thesis is to build and evaluate how a word segmentation 
algorithm performs when extracting words from historical handwritten 
documents. Since historical documents often consist of background noise, 
the aim will also be to investigate whether applying a background 
removal algorithm will affect the final result or not. Three different 
types of historical handwritten documents are used to be able to compare 
the output when applying two different word segmentation algorithms.  
The result attained indicates that the background removal algorithm 
increases the accuracy obtained when using the word segmentation 
algorithm. The word segmentation algorithm developed successfully 
manages to extract a majority of the words while the obtained algorithm 
has difficulties for some documents. A conclusion made was that the type 
of document plays the key role in whether a poor result will be obtained 
or not. Hence, different algorithms may be needed rather than using one 
for all types of documents.  
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Populärvetenskaplig sammanfattning

Ett stort antal historiska skrifter finns tillgängliga p̊a bibliotek och

museum för att nämna ett f̊a tal platser. Dessa dokument är av stor

betydelse för forskare över hela jorden. För att kunna analysera dessa

dokument är ett viktigt steg att kunna extrahera orden dokumenten

best̊ar av för att möjliggöra flera applikationer där dessa behövs. Ett

exempel gäller att kunna identifiera skrifter där författaren inte är

känd. Genom att kunna extrahera ord och sedan kunna jämföra

den stil författaren skriver med andra stilar kan man dra slutsatser

gällande huruvida det är stilarna matchar eller inte.

Till skillnad fr̊an maskinskriven text s̊a är handskriven text betydligt

mycket sv̊arare att extrahera ord ifr̊an, vilket beror p̊a en mängd olika

anledningar. Faktorer som spr̊ak, författarens handstil, ojämna rader,

varierande mellanrum mellan ord och bokstäver har alla en stor be-

tydelse för hur framg̊angsrik extraheringen blir. När det gäller äldre

dokument, kan kvaliteten p̊a dessa variera d̊a bakgrunden kan vara

sliten och vara missfärgad p̊a olika platser. Av den anledningen är det

intressant att undersöka huruvida en algorithm som neutraliserar och

tar bort den typen av problem fr̊an bakgrunden kan p̊averka resul-

tatet när man extraherar ord fr̊an de handskrivna dokumenten. För

att kunna undersöka detta kommer tv̊a ordsegmenterings algoritmer

att användas och jämföras med varandra, en som utvecklats under

arbetets g̊ang, samt en som erh̊allits fr̊an forskningsgruppen q2b fr̊an

Uppsala universitet. Dessa tv̊a kommer därefter att appliceras p̊a tre

olika dokument för att kunna erh̊alla information gällande huruvida

olika dokument p̊averka det slutgiltiga resultatet samt hur de tv̊a al-

goritmerna presterar.

Efter att ha kört algoritmerna kan ett tydligt samband ses där algorit-

men som tar bort bakgrundsbrus och skillnader i bakgrund p̊averkar

resultatet positivt. Algoritmen som extraherar ord fr̊an dokumentet

lyckas finna fler ord efter detta. Ytterligare n̊agot som kan konstateras

är att resultatet är starkt beroende p̊a det specifika dokumentet. En-

bart för att algoritmen som extraherar ord fr̊an ett dokument presterar

bra i form av antal ord som hittas, betyder det inte att det kommer

prestera p̊a ett liknande sätt när det appliceras p̊a ett annat dokument.
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1 Introduction

1.1 Background

Being able to extract words from handwritten documents is still of impor-
tance in a great number of fields such as word spotting and word recognition,
for researchers who wants to consult the manuscripts originally written [1][2].
Therefore, a word segmentation algorithm to extract words from these doc-
uments is a crucial step. Museums and libraries are two examples of which
hold a great number of historical documents which can be important for re-
searchers and scholars to name a few [3]. Not enough work has been done
within the field of word segmentation applied on handwritten documents.
Hence, it is important to analyse and develop algorithms for word segmen-
tation further to understand how and when they work and what variables
are important for di↵erent types of documents [2]. Something the histori-
cal documents have in common is the quality of the documents. It is not
uncommon that these documents have a significant amount of background
noise, contain letters of di↵erent quality and script sizes to display a few ex-
amples of di�culties which can occur when applying an algorithm to extract
the words from documents. In addition to this, another complication with
the historical handwritten documents is the variation regarding the space
between letters and words which strictly depends on the writer [4]. When
applying an algorithm to extract words from several handwritten documents,
the di↵erences between the documents can be enormous, resulting in di�cul-
ties when trying to obtain a consistent output for all documents. Thus, the
segmentation of historical handwritten documents is a challenging problem
because of the strong influence from the scribes [5].

To obtain the final output given an original document containing handwritten
text, the process can be divided into di↵erent phases happening in a specific
order. This process has been illustrated in Figure 1 consisting five blocks
representing the di↵erent stages.
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Figure 1: An illustration of the di↵erent steps. The noise from the document
is first being removed and the image will be in gray scale. Secondly, the
document has to be divided each row separately to be able to run the word
segmentation code which is drawing a box around each word and extracting
them.

The first part is the input to any algorithm, the original image or document
to which it should be applied. Depending on whether the image consists of
background noise or not, the second part may be applied to remove as much
noise as possible. This second step is especially important for old documents
where the quality has been reduced over the years. For many word segmen-
tation algorithms, it is required that the input to the algorithm is one line at
the time. Hence, the third step in the full process is to segment each line of
the document to prepare them for the fourth step. The fourth step which is
the word segmentation part is the core of the problem. Being able to extract
words from a document in a rapid speed and at the same time retain a high
accuracy is a crucial step in the process. When words have been extracted
from the document, the clustering is the last step. Depending on the aim, dif-
ferent information can be collected and analysed when clustering the words.
One example is to build a database with words from di↵erent scribes and
compare the structure of these words with documents with unknown scribes
[6]. By doing this, conclusions can be drawn whether the unknown scribes
of the papers can be found. The clustering aspect would be interesting and
important for further investigation beyond this master thesis to understand
how di↵erent parameters and features a↵ects how many words are correctly
grouped together. Clustering words into di↵erent groups is crucial to create
an atlas and to understand how di↵erent words interrelate [7].

The main goal of this thesis will be to focus on two of the steps presented in
Figure 1, more specifically the background removal and the word segmenta-
tion part.

1.2 Research question

The aim of this thesis is to obtain a complementary understanding for the
extraction of words from historical handwritten documents, and to build an
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algorithm for this. With a variety of features playing an important role
in the final result, it is crucial to understand and investigate how some of
the most important properties a↵ects the output. In addition to this, one
thing that is emerging when dealing with historical handwritten documents
is the background noise as a result of the quality of the documents. Whether
the noise will a↵ect the output obtained when using the implemented word
segmentation algorithm is interesting to investigate. Hence, the research
questions can be summarized as follows:

• How does background noise a↵ect the result when extracting words
from historical handwritten documents?

• Build and evaluate a word segmentation algorithm for di↵erent hand-
written documents.

• Investigate and evaluate the importance of di↵erent features existing
in the algorithms.

To be able to answer these questions, a word segmentation algorithm devel-
oped will be compared with a word segmentation algorithm obtained from
the subject reader. These will be applied to di↵erent handwritten documents
both when a background removal algorithm is being used and when it is not
being used to remove the background noise.

2 Theoretical Background

In the following section, a theoretical background will be given starting with
related work done within this field where earlier solutions and suggestions
will be presented. Thereafter, the theoretical background for the di↵erent
stages will be explained before describing which datasets are used in this
thesis.

2.1 Related Work

Because of the interest within this field of line and word segmentation, a
number of techniques and methods have been developed to build an accurate
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algorithm for handwritten documents. The fact that people are still process-
ing previous published work and are still trying to develop new algorithms
proves the importance and complexity of creating a complete algorithm work-
ing for all kinds of handwritten documents.

One approach to tackle the problem regarding segmentation of words from
handwritten documents is to find the space between words and finding the
distance between them [8][9]. The method mentioned in [8] calculates the
distance between characters and puts it against a chosen threshold to deter-
mine whether the obtained distance is smaller or larger than the threshold. A
found distance smaller than the threshold results in the space being between
two characters while a distance larger than the threshold results in a space
between two words. Due to the fact that the majority of the distances be-
tween words is greater than the distance between characters, this algorithm
manages to successfully distinguish the words from each other. At the same
time, it depends on what type of document it is being applied to. Some
documents consist of words with rarely any spacing between them. Hence,
it would be di�cult for the algorithm to find much di↵erence regarding the
spacing between the letters and the words in the document. A similar way
to solve the problem has been presented in [10] where the horizontal distance
between the bounding boxes for each component are used. That results in a
method where the di↵erent bounding boxes for letters or words will be com-
pared to determine whether the bounding box is a correctly found word or
not. In [11], the smallest distance between letters are found and compared.
In addition to this, three distances between letters are used since it can vary
on the top, middle and the bottom of each line which is being illustrated in
Figure 2. The smallest distance can be seen in Figure 2 (c), while the three
di↵erent distances can be seen in Figure 2 (d). The mean value of these three
values can then be used to obtain a better precision regarding the distance
between the potential words. On the other hand, these require handwrit-
ten documents with clear spaces with not many overlapping characters and
words. Depending on the documents used, the result may therefore vary
within a large range. The average results obtained in [11] ended up being
approximately 80% where values vary depending on the document investi-
gated.
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Figure 2: An illustration of spaces between two words and from where the
di↵erent distances can be found [11]. In (a), the two words used can be
seen while the bounding box around them can be seen in (b). The smallest
distance between the two words is being shown in (c). Finally, the three
distances between the two words from the top, middle and the bottom of the
words can be seen in (d).

Another approach designed to handle with the extraction of words from hand-
written documents has been mentioned in for instance [12]. Rather than
calculating all the spaces and comparing them against a specific threshold
to complete the segmentation, they solve the problem through a four step
segmentation. Since some words from historical documents are very di�cult
to extract, this four step segmentation is intended for this type of document.
The initial step is to identify the bounding boxes covering the text in the doc-
ument and the lines in the document are then identified as the second step.
This is being done by using a Gaussian filter, and if there are overlapping
words, the projecting in the vertical axis will be used to determine where the
split between the two overlapping words should be drawn [13]. This proce-
dure is being illustrated in Figure 3. The third step is to split the document
in a vertical direction. Although, in many cases it is not possible to split it
vertically with a straight line due to the fact that some characters intersect.
This was solved with the fourth step by applying a graph-based method to
find the lines in an optimal way. To be able to find the optimal path for the
lines, the Dijkstra’s algorithm was used [12]. When the four steps have been
applied to the documents, a dynamic time warping technique is used to be
able to find the words [12][14].
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Figure 3: An example of two overlapping words where the line to distinguish
the two words are drawn in the middle between them.

Another way to tackle the problem of word segmentation is by dividing the
problem into two di↵erent steps. For the first part, the adjacent component
distances, in form of the Euclidean distance, is being calculated and can be
seen in Figure 4, where the arrows corresponds to the Euclidean distance [15].
The second step concerns whether the distance is between letters or words.
Together, the gap between components can be calculated for each case in the
document and will be projected into a black-white illustration of the words
for each line. The result obtained when using this segmentation algorithm
di↵ered a lot for the documents. The highest accuracy was approximately
90% while the lowest at approximately 48%. This is a wide span regarding
the accuracy the algorithm manages to obtain when being used on a few
di↵erent documents.

Figure 4: The Euclidean distance illustrated as arrows between the letters,
image from [15].

Using the same principle as before, by handling line by line, the pixels can
be used to determine where the words are being located. Starting at the
bottom left corner of the image (the origin), moving all the way to the right,
the amount of darker pixels in the y-axis will di↵er when there is a letter or
not [16]. Every time the algorithm moves one pixel to the right, the amount
of darker pixels along the y-axis will be observed regarding the amount of
darker colored pixels which is being illustrated in Figure 5. With multiple
vertical segments consisting of a majority of darker colors, it can be assumed
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that the observed region is a word. This can be repeated for the whole row
to be able to extract or mark the words for each row separately.

Figure 5: A word from a handwritten document and how the amount of black
pixels di↵ers, image from [16].

In [17], a method to first be able to handle with cursive words from hand-
written documents has been suggested. The algorithm is working in such a
way that they in the initial step are using the density values for which the
distribution is being collected. The solution is divided into two parts. The
first one focuses on the core of the words where the density can be seen as
high, while the second mode focuses on the remaining part, excluding the
core, where the density can be seen as low. To be able to put those two cases
against each other, they are being separately compared against a threshold.
When the core of the words is found, a fitting technique is used to find the
region. In addition to this suggested method using the core of the words,
another algorithm also focuses on the key points of the words and has been
suggested in [18]. Di↵erent key values are collected, more precisely the lines
of the words, the corners of the words and the blobs of the words in the
handwritten document.

A total of four di↵erent key values are collected from the words to more
precisely find the lines together with the corners and the blobs of the words
in the handwritten document.

The di↵erent approaches di↵er quite a lot regarding their suggested methods,
while a great number of similarities can be found. At the same time, it
is di�cult to compare the result they obtained using their algorithms. In
order to compare these fairly, they would have been applied on the same
documents, but also di↵erent types of documents. The reason why di↵erent
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types of documents would be needed, consisting of di↵erent types of writings,
is since they may di↵er in severity for di↵erent algorithms to handle.

2.2 Background Noise

When working with historical documents, it is not uncommon that back-
ground noise can be detected in the documents. When mentioning back-
ground noise, it is not one single case of which this is occurring. The impact
on the outcome depends on the amount of noise the document consists of
together with the type of noise. The rate of recognition of letters and words
will therefore mainly depend on four di↵erent types of commonly occurring
background noises illustrated in Figure 7 divided into the four cases a) - d)
[19]. In a), the background noise is a slight representation of another digit
or letter which has been erased and rewritten. Another case where this par-
ticular background noise can occur is when a thin paper is being used and a
faint letter appears on the next page, this is called bleed-through and can be
seen in Figure 6 [20].

Figure 6: Example of bleed-through where text from the second page is
visible.

The situation found in b) can occur when a form is being filled in or when the
digits or letters are written on a controlled notepad. The last two examples
represent the noise of darker color over one or multiple characters. This
occurs regularly on historical documents and is the most common type of
noise found in the document analysed in this thesis.
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Figure 7: Commonly occurring cases of background noises discovered in
handwritten documents.

2.3 Word Segmentation

One important aspect when working with historical handwritten recognition
is the segmentation of the words the documents consist of [21]. Being able to
extract words from a document is crucial and a di�cult problem to solve due
to a number of reasons. Existing research within this field is mainly applied
to more modern documents which do not have the same di�culties as older
documents due to their age and current condition [3]. One problem when
extracting words from a historical handwritten document is the fact that
the spacing between words can di↵er throughout the document [2]. Some
words can be closer to each other which makes it impossible to determine
whether it is one or two words. On the other hand, some letters can have
spaces between them, which makes it look as if it is two di↵erent words rather
than one. Another aspect that a↵ects the result is the variation of the size
for the di↵erent letters. Hence, some words may overlap and contribute to
di�culties when trying to segment the words. An example of overlapping
words is illustrated in Figure 8.

Figure 8: Two words overlapping.

When extracting the words from a handwritten document, line by line will
be examined and in a later stage paired together again. Each word image
containing a di↵erent amount of letters will be portrayed as a blob which
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can be observed as linked regions in space [2]. Laplacian of a Gaussian
(LOG) is used to create the blob [22]. To make sure that the words are
filtered in an appropriate way, a number of properties have to be considered.
The dimension of the word is crucial information where the y dimension
corresponds to the height of the word while the x dimension corresponds
to the length of the word. In general, a word consists of more than one
character and the ratio between the length and the height will therefore be
greater than one. Hence, the first constraint will be that the scale of the x
dimension will be greater than the y dimension. The Gaussian filter is given
by the following equation:

E(x, y; l, h) =
1

2⇡lh
e�( x2

2l2
+ y2

2h2
) (1)

where x and y corresponds to the coordinate in space, while l and h corre-
sponds to the length and height of the word respectively [2].

2.4 Dataset

Rather than only using already labeled data, the used dataset consist of
historical handpicked documents provided by the supervisor. The first doc-
ument, SDHK-9346, belong to the SDHK collection from year 1368 and are
written in Latin. Each document from this collection consists of one single
page but di↵er in the number of rows and words. The data was normalized,
labeled and sorted by the author of this thesis. The document from this
collection will throughout this thesis be called for SDHK-9346. When the
word segmentation algorithm is being run, to be able to compare the output
with the solution, the words have in addition been correctly segmented by
hand. Hence, the result is being compared with the ground truth provided
by the author of this thesis.

To be able to evaluate the results for these specific historical documents
handpicked by the supervisor, documents from a commonly used dataset is
also used for comparison. These documents belong to George Washington’s
manuscripts and are written in English from the 18th century. They are
in a good condition regarding the quality, containing no noise. Therefore,
the background removal algorithm will not be applied to the handwritten
documents from George Washington’s manuscripts.
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The third and last handwritten document used is also written in English and
the name of this specific document is p002 which will be used throughout
this thesis [23].

3 Implementation

In this section, the implementation will be described for the di↵erent seg-
ments and algorithms starting with the prepossessing or the data preparation
which will be explained. Apart from that, the background removal algorithm
and the word segmentation algorithm will be further explained consisting of
important parameters which can be changed by the user depending on the
document they are being applied on.

3.1 Preprocessing/Data Preparation

Being able to visualise and evaluate segmented words in handwritten text
requires preprocessing the data. This process can be divided into di↵erent
segments; removal of background noise, segmentation of the lines and the
words in the handwritten document and finally clustering the outcome. The
focus regarding the implementation in this thesis will be for the background
removal algorithm together with the word segmentation algorithm to be able
to extract words from historical handwritten documents and evaluate the
performance. In order to evaluate the results, a comparison between the
implemented code in Python used for the background removal and the word
segmentation will be made against the outcome obtained by doing this by
hand. In addition to this, a comparison will also be made against the result
obtained when using a second algorithm obtained for comparison handling
with the background removal and segmentation of the words at the same
time. Apart from removing the background noise from handwritten docu-
ments, the documents will also be transformed into a gray scale image. To
run the word segmentation algorithm, it is crucial that as much background
noise as possible is removed to obtain as good results as possible when ex-
tracting the words from the document. The code for the word segmentation
requires one line at the time rather than the entire document as an input.
The reason for this is due to the fact that the algorithm developed focuses
on going through the x dimension to find the bounding boxes surrounding
the words. Each line will not necessarily be perfectly straight which leads to
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di�culties and a poor result if the code is not applied to each row separately.

3.2 Background Removal

The background removal algorithm removes the noise from handwritten doc-
uments which can occur due to being in a poor condition [24]. Noise on old
documents can either look like stains or that some parts of the document are
darker than other parts. Once the line and the word segmentation code is
implemented and used, the background noise on the handwritten documents
can a↵ect the final result. The background removal algorithm is implemented
in such a way that the input is supposed to be a grey scale image with a range
of [0, 1]. The output will be the processed image with less noise. An example
of a document before applying the background removal code is visualised in
Figure 9.

Figure 9: A document containing handwritten text before applying the back-
ground removal code.

The initial step concerns the transformation of the original document into a
gray scale image which is being required by the word segmentation algorithm.
The code itself contains two crucial parts, a blurry filter and a thin filter.
The blurry filter is used within several fields and contributes to the reduction
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of the noise in the documents [25]. These two filters are used to remove noise
from the document.

The background removal algorithm removes noise from the part of the doc-
ument which does not consist of any text in contrast to other algorithms
using for instance binarization. The way binarization works is that it con-
verts the document from gray scale to a binary document, often in black and
white [26]. Hence, all words will become black on the now white background
rather than containing the same structure and only removing the noise from
the background which is the aim when using the background removal algo-
rithm.

3.3 Word Segmentation

The implementation for word segmentation is divided into two parts and is
being executed line by line. The first step is to read the images and making
sure that they are gray scaled. Each image will be prepared by being resized
to all have the same height. After this step, a kernel will be created to meet
the parameters written in Table 1.

Table 1: The parameters for the word segmentation.

Image The resized gray scaled image.
Kernel size Size of the kernal filter.
Minimum area The minimum area for each word box.
Sigma, � The Gaussian function standard deviation which is be-

ing used for the kernel filter.
Theta, ✓ The ratio between the words length and height.

The words will be portrayed as blobs by using Laplacian of Gaussian. The
blobs will illustrate either words or letters depending on their size. At a small
scale, the blob will correspond to a letter while a blob at a larger scale will
correspond to a word. When all blobs are created, a bounding box will be
placed around the large blobs and they will then be transferred back to the
original image.

One important parameter to further investigate is ✓ representing the ratio
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between the length and the height of the words. This dimension is used to
predict the average size of the words to determine whether the found word
is a word or noise because of the quality of the document. Depending on
the chosen value of ✓, the accuracy regarding the number of words found can
di↵er. It has previously been suggested that ✓ resulting in the best accuracy
is supposed to be between four to five [2]. Depending on the quality of the
handwritten documents and what language it is written in, the ratio between
length and height may di↵er [27]. Hence, an investigation will be made to
obtain the value of ✓ that results in the best accuracy which will be used
when extracting the words from the handwritten document.

The parameter � is set to seven and will not be changed during this thesis
since it is used for the kernel filter. Regarding the parameter minimum area
size, the dependence of the chosen document has a great impact regarding
what value to choose. The size of the words di↵ers a lot depending on
when the handwritten document was written, by whom it was written, and
how much space there is to write on. Putting the minimum area to zero
contributes to a greater proportion of errors when extracting words. A narrow
space between two letters will make the algorithm predict the separate letters
as words. For the given documents used, an acceptable value for the minimum
area was put to 300.

Using the variables mentioned, a kernel filter will be created. In addition
to this, the x-position and the y-position of the corner together with the
width and height of the word are used to create the bounding boxes. Using
the minimum area variable will limit the amount of bounding boxes in the
document. The result will be displayed line by line with all boxes found for
â hat specific line together with all words separately.

The advantage of the word segmentation algorithm implemented is the us-
ability to use and change variables depending to fit the specific documents.
It does not require much computing power and does not take much time to
run.

The word segmentation algorithm obtained is handling the problem in a
di↵erent way. Rather than portraying letters and words as smaller and larger
blobs, another approach is being used. This algorithm will also go through
line by line, starting from the left and moving to the right side. It is finding
the spots where you can cross a parts of the line without crossing a letter.
When there are no segments of a letter on a vertical basis, there has to be
a space at that position. Hence, using this algorithm will identify empty
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spaces, where a word will be marked between two of those spaces found. If
there is an ascender or a descender, those will then be added to the found
word.

4 Results

In following section, the result will be presented and visualised for two di↵er-
ent kind of documents. For the initial step, the importance of the parameter
✓ for the accuracy is illustrated in Figures 11 - 12. To analyse the word seg-
mentation algorithm, a truth for each one of the documents has been made
to be able to compare the result when using the word segmentation algo-
rithm. These outputs are presented in Figures 13 - 18. Finally, the result is
summarised in the Tables 2 - 3

4.1 Background Removal

Applying the background removal algorithm to the historical handwritten
document a↵ects the result in such a way that the document will look di↵er-
ent. Depending on the document and the amount of noise it consists of, the
output will wary. Rather than having blurry documents consisting of noise,
the output will be clearer. The result when using the background removal
algorithm for the SDHK-9346 document as an example is being illustrated
in Figure 10.

(a) Before applying background removal (b) After applying background removal

Figure 10: An example of a handwritten document before and after applying
the background removal code.

In Figure 10a, the original handwritten document is illustrated containing
a varying noise across the document. In Figure 10b, the same document is
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presented when the background removal algorithm has been used to remove
the noise. Hence, the structure of the document is clearer throughout the
document. Rather than being a document of darker color, the brightness will
be increased to easier be able to distinguish between the background against
the letters and words.

4.2 Accuracy

To understand how the parameter ✓ a↵ects the result obtained when using the
word segmentation algorithm, an illustration has been made where di↵erent
ratios has been investigated. Since ✓ is the ratio between the height and the
length of a word, the accuracy will be derived when using ✓ in the range from
one to ten. In Figure 11, the accuracy is plotted for di↵erent values of theta.
The accuracy is the percentage for the number of correctly segmented words
when the background removal algorithm was used.

Figure 11: The accuracy for ten di↵erent values of ✓ between one and ten.

On the other hand, varying ✓ a↵ects the number of bounding boxes marked
on the handwritten documents. How the output varies depending on di↵erent
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values of ✓ is being illustrated in Figure 12.

Figure 12: The number of bounding boxes for ten values of ✓ between one
and ten.

In Figure 12, the red line represents the number of bounding boxes marked
while the blue straight line corresponds to the correct number of words the
specific document consist of.

4.3 Word Segmentation

4.3.1 SDHK-9346 Document

When applying the word segmentation algorithm developed for this thesis, on
the SDHK-9346 handwritten document, a major di↵erence will be obtained
whether or not the background removal algorithm is used. To be able to
compare the two cases against each other, and against the correct solution,
a ground truth has been made which is illustrated in Figure 13.
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Figure 13: truth for extracting all words from the SDHK-9346 handwritten
document.

The truth is developed my the author of this thesis. A total of 567 words
were found and extracted from the handwritten document. This number will
be the total number of correctly found words in this specific document when
comparing to the result obtained for the di↵erent cases, depending on which
algorithm is used and whether the background removal algorithm is used or
not.

When applying the word segmentation algorithm developed on the handwrit-
ten document without using the background removal algorithm, the output
with the found words can be seen in Figure 14.
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Figure 14: Extracting the words when using the word segmentation algorithm
developed during this thesis for the SDHK-9346 document without using the
background removal algorithm.

The output obtained when using the background removal algorithm before
extracting the words from the handwritten documents di↵er from the case
when the algorithm is not used. In Figure 15, the bounding boxes have
been marked for the same handwritten document when using the background
removal algorithm before extracting the words.

Figure 15: Extracting the words when using the word segmentation algo-
rithm developed in during this thesis for the SDHK-9346 document when
the background removal algorithm is being used.
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When applying the word segmentation algorithm obtained to compare the re-
sult against the algorithm developed for this thesis, the background removal
algorithm will not be run. The reason for this is because this word segmen-
tation algorithm already has an algorithm built in, which is transforming
the images and removing the noise during the process. When applying this
algorithm to the handwritten document in Figure 9, the result is illustrated
in Figure 16 where the specific document is compressed in comparison to
when the algorithm developed is being used.

Figure 16: Extracting the words for the SDHK-9346 document when using
the word segmentation algorithm obtained as comparison.

The output when using the word segmentation algorithm obtained di↵ers
in regards of appearance. Rather than visualising the words found with
bounding boxes, the words are marked with a yellow color.

Crucial data has been collected to be able to compare the results for the four
cases; using the algorithm developed to extract words from the handwrit-
ten document by hand, extracting the words without using the background
removal algorithm, extracting the words when the background removal al-
gorithm is being used and finally when applying the word segmentation al-
gorithm obtained. These results will be compared with the output for the
handwritten document which belongs to George Washington’s manuscript.
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A total of four variables providing the important values can be found in Table
2.

Table 2: The result visualised in the table for the four figures when using the
word segmentation algorithm developed to extract words by hand, using the
word segmentation algorithm developed with and without applying the back-
ground removal algorithm and finally when applying the word segmentation
algorithm obtained. This data is for the SDHK-9346 document.

By
hand

Without
background
removal

With
background
removal

Using
the al-
gorithm
obtained

Correctly found words 567 357 421 466
Words not found 0 210 146 101
Number of bounding boxes 567 466 565 591
Wrongly found words 0 109 144 125

When extracting the words by hand for the SDHK-9346 document in Figure
13, a total of 567 words were correctly found and marked with a bounding
box. This is the ideal case where not a single word is missing. For the second
case when using the word segmentation algorithm developed during this the-
sis before using the background removal algorithm, a total of 357 words were
correctly found. This corresponds to an accuracy of approximately 63%. The
number of bounding boxes found are 466 which displays the number of words
which were wrongly found to 109. A wrongly found word corresponds to a
bounding box enclosing parts of a word or something that is not a word in
the document. Finally, this leads to 210 words which were not found.

Using the background removal algorithm before extracting the words from
the handwritten document for the algorithm developed contributes to a result
that di↵ers from the first two cases. The accuracy regarding the number
of correctly found words is approximately 74% with a total of 421 words
correctly found. In total, 565 bounding boxes were marked which results in
144 words wrongly found while the number of words not found ended up
being 146.

The last case, when applying the word segmentation algorithm obtained,
a total of 466 words were correctly found, corresponding to an accuracy of
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approximately 82%. The number of words the algorithm marked and thought
it found was 591. This results in 125 wrongly found words and in the end,
101 words were not found when using the algorithm.

4.3.2 George Washington’s Manuscript

When extracting the words from George Washington’s manuscripts, the im-
age was already gray scaled and did not consist of any background noise.
Hence, the background removal algorithm was not executed for this hand-
written document. A ground truth has been produced to be able to compare
with the output obtained when extracting the words using the word segmen-
tation algorithm. The ground truth can be found in Figure 17.

Figure 17: truth for extracting all words from a handwritten document from
George Washington’s manuscript.

The number of words found in Figure 17 was 131.

Using the word segmentation algorithm developed during this thesis on the
handwritten document from George Washington’s manuscript provides a re-
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sult displayed in Figure 18

Figure 18: Extracted the words when the word segmentation algorithm de-
veloped during this thesis is being used for a document from George Wash-
ington’s manuscript.

When applying the word segmentation algorithm obtained for comparison
on the handwritten document from George Washington’s manuscript, the
background removal algorithm is not used for the same reason as for the
SDHK-9346 document. A background removal algorithm is already included
in this algorithm. The result when extracting the words for this case is
illustrated in Figure 19.
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Figure 19: Extracted the words when using the word segmentation algorithm
obtained for a document from George Washington’s manuscript.

The result collected when using the algorithm developed to extract words
from George Washington’s manuscript and finally when the word segmenta-
tion algorithm obtained is being used can be found in Table 3.

Table 3: The result visualised in the table belongs to the three cases where
the words have been extracted by hand, when the word segmentation algo-
rithm developed was used and finally when the word segmentation algorithm
obtained was used on the handwritten document from George Washington’s
manuscript.

By hand Using the al-
gorithm devel-
oped

Using the algo-
rithm obtained

Correctly found words 131 113 37
Words not found 0 18 94
Number of bounding boxes 131 126 352
Wrongly found words 0 13 315
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For the document from George Washington’s manuscript, the ground truth
and the total number of words found by hand was 131 for the document
visualised in Figure 17. The maximum number of words to be found is
therefore 131 for the document from George Washington’s manuscript. Since
this document was already gray scale and did not consist of any background
noise, the word segmentation algorithm developed was run directly on the
handwritten document. The most important output observed can be found
in Table 3.

When using the word segmentation algorithm developed, a total of 113 words
were correctly found, corresponding to an accuracy of 87%. Regarding the
number of bounding boxes found, it ended up being 126. Hence, the number
of words wrongly found by the algorithm was 13. This leads to a total of 18
words which were not found in the handwritten document when extracting
the words using this word segmentation algorithm.

When applying the word segmentation algorithm obtained, the number of
correctly found words were 37 which corresponds to an accuracy of 28%.
The total number of marked words suggested by the algorithm ended up
being 352, which results in 315 number of words wrongly found. Finally, the
number of words not found by the algorithm were 94.

4.3.3 P002 Document

When the word segmentation algorithm developed for this thesis is applied on
the p002 document, the background removal algorithm was not needed since
the noise of the document was already removed. The image will be converted
into a gray scale image before using the word segmentation algorithm. The
truth used to be able to compare the results can be seen in Figure 20.
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Figure 20: Ground truth for extracting all words from the handwritten doc-
ument p002.

The number of words found ended up being 82 which will be the correct
answer to compare with when using the word segmentation algorithms.

When applying the word segmentation algorithm developed during this thesis
on the p002 document, the result is illustrated in Figure 21
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Figure 21: The result when extracting the words from the p002 document
using the developed algorithm.

When using the word segmentation algorithm obtained on the p002 hand-
written document, the output can be seen in Figure 22.
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Figure 22: The result when extracting the words from the p002 document
using the obtained algorithm.

All the important values regarding the p002 document has been collected
and written in the Table 4 when using both word segmentation algorithms
and comparing them with the truth.

Table 4: The result illustrated in this table belongs to the three cases where
the words from the p002 document have been extracted by hand, when the
word segmentation algorithm developed was used and finally when the word
segmentation algorithm obtained was used.

By hand Using the al-
gorithm devel-
oped

Using the algo-
rithm obtained

Correctly found words 82 80 48
Words not found 0 2 34
Number of bounding boxes 82 82 147
Wrongly found words 0 2 99

Di↵erent values have been obtained when extracting the words from the
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handwritten document p002. The most important once can be seen in Table
4. When the word segmentation algorithm developed is used, a total of 80
words were found. This corresponds to an accuracy of approximately 98%.
The algorithm did not found two words and managed to create a bounding
box around two wrongly found words.

When the second word segmentation algorithm was used, the one obtained,
a total of 37 words were correctly found which corresponds to an accuracy
of approximately 58%. This results in 34 words which were not found by the
algorithm.

5 Discussion

It is proposed in Section 4.2 that the optimal accuracy obtained in terms of
the number correctly extracted words occurs when the value of ✓ is between
six and seven. With ✓ equals seven, the maximum accuracy is obtained and
the number of bounding boxes found is the closest to the number of words
the document consists of. However the obtained result may vary depending
on the chosen document the algorithm is applied to. In addition to this, the
language the document is written in does also a↵ect the result. As mentioned
before, earlier studies suggest a value for ✓ to be between four and five for
best possible accuracy which di↵ers from the value obtained in this study.
Therefore, a recommendation would be to try a few values of ✓ to retrieve a
✓ that matches the specific set of documents applied to.

From the ground truth for extracting words from the handwritten documents,
it is important to take into consideration that the solutions are composed by
the author of this paper. Hence, some bounding boxes may be incorrectly
marked.

5.1 SDHK-9346 Document

When analysing the output from the word segmentation algorithm developed
depending on whether the background removal algorithm was used or not,
interesting observations can be found for the SDHK-9346 document. The use
of the background removal algorithm contributes to an increased accuracy
of 11 percentage, from 63% to 74% words correctly extracted. Due to the
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fact that these values corresponds to words which has been fully covered by
the bounding boxes, a lower accuracy has been obtained to not overestimate
the results. When analysing the two figures showing the output for the word
segmentation algorithm developed with and without using the background
removal algorithm, the result varies across the document. In the middle and
right part of the handwritten document, the algorithm successfully identifies
and extracts most of the words for both cases. The impact of the background
removal algorithm can be observed on the left part of the document where
the majority of the noise can be found. When using the background removal
algorithm, the word segmentation code manages to identify the spaces be-
tween words. Hence, a greater proportion of words are correctly found when
using the background removal algorithm.

Table 2 contains the results of interest for the word extraction by hand, us-
ing the algorithm developed without any background removal and when the
background removal algorithm is used and finally when the word segmen-
tation algorithm obtained for comparison is being used. Since the specific
document has a total of 567 identified words, a perfect solution would be
an algorithm which identifies all 567 words correctly. Hence, this would cor-
respond to 567 bounding boxes marked on the document and an accuracy
of 100%. Before applying the background removal algorithm for the algo-
rithm developed, a total of 357 words were correctly identified. Subtracting
357 from the total number of words the document consists of results in a
total of 210 words which were not found. Consequently 63% of the words
were correctly found while 37% of them were not correctly identified by the
algorithm. In addition to this, the number of bounding boxes marked was
also derived and was found to be 466 bounding boxes. The accuracy for the
number of correctly found words against number of bounding boxes marked
was 77% and a total of 109 words were wrongly found by the algorithm.

Analysing the second case when the background removal algorithm was used,
an increased number of words were correctly found, more precisely 421 words
which correspond to 74% of the words. The amount of words not found ended
up being 146, that is 26%. This result is an increase in accuracy regarding the
number of correctly found words by 11% in comparison to the previous case
when the background removal algorithm was not used. On the other hand,
when the background removal algorithm was used, a total of 565 bounding
boxes were marked on the document. This results in an accuracy of 75%
against the number of correctly found words. Comparing this number with
against the accuracy without applying the background removal algorithm,
a decrease of two percentage can be observed. This may occur since more
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words become clearer. The word segmentation algorithm manages to find
more words while some parts become less clear and does not count towards
the list of correctly found words. Finally, the number of wrongly found words
are 144.

When the word segmentation algorithm obtained was used on the SDHK-
9346 document, the largest accuracy was obtained with a value of 82%. The
reason for this may be due to the fact that the this word segmentation al-
gorithm uses the core of the words. It manages to better find the words of
smaller size which were not included when using the algorithm developed
during this thesis. These words can either consist of a few number of letters,
have letters of small size or that parts of the word are missing due to the
quality of the document.

Even though the SDHK-9346 document analysed is a more di�cult and chal-
lenging one in comparison to other modern documents, the word segmenta-
tion algorithms manages to identify the majority of the words. The hand-
written document contained a great amount of noise and the document is
written in such a way where letters and words were intersecting with each
other multiple times.

5.2 George Washington’s Manuscript

For the handwritten document from George Washington’s manuscript, the
most important values can be found and compared in Table 3. According
to the truth, the document consists of 131 words. As earlier mentioned,
the background removal algorithm is not being used for the document from
George Washington’s manuscript due to the absence of background noise.
Hence, the comparison discussed will apply for the two algorithms used
against each other and against the ground truth.

In contrast to the SDHK-9346 document, when using the word segmen-
tation algorithm developed for the document from George Washington’s
manuscript, an accuracy of 86% has been obtained. As earlier suspected,
the reason for a higher accuracy when using the document from George
Washington’s manuscript is most likely due to the fact that the document
is easier for the algorithm to extract words from. Rather than having rough
and intersecting letters, the words are easier to distinguish for the this doc-
ument. Therefore, an increased accuracy of correctly found words have been
obtained. Apart from the high accuracy, the number of wrongly found words
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were only 13.

When using the word segmentation algorithm obtained on the document
from George Washington’s manuscript, a poor result was obtained for the
accuracy. Only 37 words were correctly found corresponding to an accuracy
of 28%. Apart from the low accuracy regarding the number of correctly found
words, also the number of words wrongly found were many. The result ob-
tained for this document from George Washington’s manuscript when using
the word segmentation algorithm obtained di↵ers quite a lot when comparing
the result from the SDHK-9346 document where the accuracy dropped from
86% to 28%. This proofs that this word segmentation algorithm manages to
find words from the more di�cult document rather than the easier document
from George Washington’s manuscript. On the other hand, this document
consists of words with smaller cores than for the SDHK-9346 document. Since
this algorithm uses the core from the words to find words, the size of the cores
a↵ects the result. Therefore, many single letters from a word are marked as
words since the letters are easier to separate for the document from George
Washington’s manuscript in comparison to the SDHK-9346 document.

5.3 P002 Document

When analysing the results obtained when extracting words from the p002
handwritten document, a variation regarding the accuracy can be seen for the
two word segmentation algorithms. The document consists of a total of 82
words which has been illustrated in Figure 20. The background removal algo-
rithm was not used on the document from George Washington’s manuscript
because of the lack of noise. The same holds for the p002 document.

Applying the word segmentation algorithm developed on the p002 document,
an accuracy of 98% was obtained. This accuracy is the highest obtained for
any of the cases investigated during this thesis. The reason for this is due to
the fact that the p002 document consists of words which are easy to separate.
There are no overlapping letters between di↵erent words.

Regarding the output when using the word segmentation algorithm obtained,
an accuracy of only 58% was achieved.
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6 Conclusions

Regarding the word segmentation algorithm built and its performance, it
is working decently for both types of documents used in this thesis. The
main problem when using the algorithm developed occurs when a document
consists of a lot of words and letters intersecting.

The first conclusion that can be made is regarding how the background re-
moval algorithm a↵ects the output when using the word segmentation algo-
rithm on historical handwritten documents. Since historical documents often
consist of di↵erent kind of noises due to their ages, applying a background
removal algorithm removing the noise increases the accuracy regarding the
number of words correctly found and extracted.

Regarding the choice of algorithm, we can conclude that the di�culties of
di↵erent handwritten documents has a great impact on the results. Hence,
using a single algorithm on all kind of handwritten documents may not be to
prefer. Depending on the structure of the documents where variables such as
font size, core size and the amount of intersecting letters play an important
role whether the algorithm performs poorly or not. Therefore, it is important
to analyse what kind of documents are being used and thereafter use a word
segmentation algorithm suitable for that case.
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