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Abstract  

 

Handwritten character segmentation is the process of dividing a character into multiple 

segments so that it can be passed to the recognition system and on the basis of these 

segments the recognition system can recognize that particular character. In this process 

user provides the input through any touch devices like PDA, Mobiles or by the Tablets 

and the segmentation tool takes the input and break the character into segments. There 

are various tools available which performs the segmentation but no one is available in all 

the platforms. 

The aim of this thesis is to represent a methodology which does not segment the 

characters on the basis of their shapes. Instead of segmenting the character on the basis of 

their shapes, it divides the character into the points. It finds the co-ordinate of the every 

point where pen move from the pen down to pen up. This is a platform independent tool 

that runs online on any browser which is HTML5 enabled. Since it does not depend upon 

the shape of the character, it segments more efficiently than other tools. 
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Chapter 1 

Introduction 

 

1.1 Handwriting Character Recognition 

Handwriting character recognition is the ability of a computer to take and understand 

handwritten character as input from sources such as paper documents, mobiles, touch-

pads, photographs, and any other devices. Several types of interpretation, analysis and 

recognition may be associated with handwritten character. Handwriting character 

recognition is a process of transforming a language represented character into its 

symbolic representation. A handwriting recognition system should handle formatting of 

the character and should perform correct segmentation of the characters to find the most 

possible words. 

For the devices with a stylus or digital pen, such as that used with a Mobile phone, 

Personal Digital Assistant (PDA) devices and Tablet PC, the handwritten recognition 

technique is important to take characters and symbols as input. A classifier, which does 

not depend on writer, is constructed using them and training examples acquired from 

many individuals. However, the recognition performance is insufficient, since the size, 

style and shape of handwritten patterns varies among several users. Generally a specific 

user uses the device which is for personal use. If user properly corrects the recognition 

errors at the time of writing then the class label input patterns can be acquired. Therefore, 

a classifier is constructed which is dependent on the writer. It’s considered that the user-

specific classifier is better in the terms of performance than that of the generic one. 

However, for obtaining a high performance user specific classifier, a large number of 

training examples should be gathered. This requires lot of time and effort to be spent for 

collecting the samples. To solve this problem, several methods have been proposed. In 

this method, for constructing a classifier which understands the input patterns of a 

specific user, a prepared generic classifier is updated or modified every time the user 

writes any pattern. As a result, it has been reported that even when very few samples per 
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class have been entered the recognition error rate can be reduced by the constructed 

classifier [1].  

Most of the handwritten character recognition system uses linguistic knowledge to 

improve the recognition accuracy of the system. For the tasks which use limited 

vocabulary, such as language models based on lexicon, address reading are used 

successfully. On the other side, character level (character n-grams) language models can 

bring advantage to a task with the large vocabulary. 

Handwriting is a digitized, dynamic representation of the pen movement, which 

describes sequential information about acceleration, position, velocity, or pen angles as a 

function of time. Every component contains the sequence of pen tip information, which is 

sampled from the movement of writer’s pen. Here the horizontal and vertical coordinates 

are referred. When the pen tip touches the surface pen down components are recorded 

and when the pen is lifted pen up components are recorded. 

In handwritten character recognition, mostly the character recognition is done on the 

basis of the stroke identification. A character is divided into multiple parts which are 

called strokes and then these strokes are matched to the stroke database. By matching the 

strokes from the database that stroke is get identified and by merging all the strokes of 

that particular character system may also identify the character. For the handwriting 

recognition stroke-level Hidden Markov Model [2] and segmental Hidden Markov Model 

[3] may be used. 

The handwritten character recognition procedure includes data collection and their 

analysis, segmentation, feature extraction, training, classification, stroke identification 

from stroke database and then recognition of the character. Data is capture through the 

user by the pen and then it pass to the preprocessing step. Segmentation and feature 

extraction is the pre-activities for the system as shown in the figure 1.1. 
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Fig.1.1 Model Design of Handwritten character recognition system 

As shown in the figure 1.1, first of all system takes the input from the any tough 

sensitive devise through any compatible pen, stylus or finger tips. After tacking the input, 

that handwritten input is further segmented into the multiple parts. These segmented parts 

are called the strokes. These strokes are used for the feature extraction and they these 

features are used for the training of the system. After training of the system, these strokes 

are stored into the stroke database where they have assigned a unique stroke ID. When a 

new stroke is occurs then that stroke is matched to the stroke which is stored into the 

stroke database. After matching the stroke that stroke may be identified. By generating a 
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character from these identified strokes, system can identify the character which is given 

by the user as handwritten input.  

In this proposed approach, any handwritten character is a combination of various 

strokes and every stroke is measured according to the movement of the pen tip on the 

writing area (from pen down to pen up). When pen tip makes the contact with the writing 

surface then a new stroke generated and when the pen tip leaves the writing surface then 

this stroke is completed. Therefore the very first step for the handwritten character 

segmentation is to find the various strokes from the given character. For finding the 

strokes of the characters we divide the character in multiple parts and this process is 

called segmentation. When the stroke is identified we can easily identify the appropriate 

character. 

In our approach, the handwritten character is represented as a combination of 

various strokes. A stroke is defined as the movement by the pen tip from the instant when 

it makes contact with the writing surface to the earliest moment when the contact with the 

writing surface is broken. Therefore, the very first step in the handwritten character 

recognition is to recognize all the component strokes in a character and we can do this by 

the segmentation. Once the segmentation is done and the strokes are identified, the 

character itself can be easily identified. 

1.2 Handwritten Character Segmentation  

Online handwritten character segmentation is essential process in which sequence 

of continuous handwritten characters are decomposed into sub-strokes for the recognition 

system. In this process, the feature of an unknown stroke is founded so that it can be 

compared with a database of such strings. This stroke database contains the feature 

strings of all the strokes that form handwritten Characters. There may be multiple 

variations of a single stroke. All the variations of any single stroke are given a common 

identity which is called the stroke ID. Then the stroke identification consists of mapping 

an unknown string of stroke features onto a stroke ID. As shown in the figure 1.2 

segmentation is a process of understanding and generation. Segmentation system 

understands the handwritten input and then divide the input characters into multiple parts 
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which is called the generation. Handwritten input is passed to the segmentation tool and 

then this tool segments the handwritten input. 

 

 

Figure 1.2 Block Diagram of Segmentation 

Handwritten character segmentation is the process of dividing a character into 

multiple segments so that it can be passed to the recognition system and on the basis of 

these segments the recognition system can recognize that particular character. In this 

process user provides the input through any touch devices like PDA, Mobiles or by the 

Tablets and the segmentation tool takes the input and break the character into segments. 

There are various techniques available which performs the segmentation of the 

handwritten input. The aim of this paper is to do survey of various techniques and find 

out the best among them. 

Segmentation of handwritten character is one of the most important processes to 

do for the better handwriting recognition. If a character is not properly segmented then it 

may cause to false recognition of the character. The segmentation of the handwritten 

characters is a difficult task because there are many writing styles for a single character 

and characters may be written in a way to touch each other or to overlap with each other. 

As far as the segmentation is concerned, the character writings in any language may be 

classified into the following types. 

 Handwritten input characters should not be connected or overlapped. They should 

be separated from each other and should be isolated. 

 The components by which that handwritten characters is composed should also 

not be overlapped. They should be written too far apart. 
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 Adjacent characters are written closely in such a way that the bounding boxes of 

these characters over- lap with each other but these characters don’t touch each 

other. 

 Adjacent characters are written closely in such a way that they touch each other 

but the bounding boxes of these characters do not overlap. 

 Adjacent characters are written closely in such a way that they touch each other 

and also their bounding boxes overlap. 

1.3 On-line and Off-line Recognition 

 In online handwriting recognition, the system takes the input on the touch device 

and when user writes the system also performs the recognition process on the back end. 

When user pen ups then it is completion of a stroke and after the completion of a stroke 

system tries to identify that stroke. By identifying the strokes and merging them, system 

identifies the handwritten character which is given as input. 

 In offline handwriting recognition, system takes the input from the file which is 

written previously in past and then system tries to recognize the character of that input 

file. Offline handwriting recognition system generally takes an image as input and then 

tries to find out the boundary within the characters are written and then it tries to segment 

them. After segmenting these characters, the offline handwriting recognition system tries 

to identify these strokes and the characters. 

In the on-line handwriting recognition, system automatic converts the text which is 

written through special digitizer or mobile or any PDA devices, where a sensor picks the 

pen-tip movements as well as it also pick the points where pen-up and pen-down so that 

system can easily recognize the pen-up/pen-down switching. This type of data is called as 

digital ink and can be treated as a digital representation of handwritten character. The 

captured signals are converted into the letter codes which can be used within text-

processing applications and computer. Figure 1.3 shows typical input signals that can be 

analyzed in both cases. 
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In off-line character recognition, document that is written in past is scanned by the 

system. This means the every individual character will need to be extracted which is 

contained in the scanned image. There are many tools available that are capable of 

performing this task. However, there are many common imperfections in this task. The 

most common task is when the characters that are connected to each other are returned as 

a single sub-image which contains both characters. It creates a major problem in the stage 

when characters are recognized. However, there are many algorithms are available which 

reduce the risk of connected characters. 

 

Figure 1.3 (a) Off-line handwritten character segmentation,(b) On-line handwritten 

character segmentation [4]. 

The raw data storage requirements in off-line and on-line handwritten character 

recognition are widely different. The data requirements in the on-line handwriting 

recognition (figure 1.2b) for an average cursively written word are a few hundred bytes 
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per second and in the case of off-line handwriting recognition (Figure 1.2a), few-hundred 

kilo-bytes. The recognition rates reported are much higher in case of on-line recognition 

comparison with the off-line recognition [5].  

On-line handwriting recognition means that while the user writes the machine 

recognizes the writing. Sometimes the term dynamic or real time has been used in place 

of online. Depending on the speed of the computer and the recognition technique, the 

recognition lags behind the writing to a lesser or greater extent. On-line handwriting 

recognition systems need to be fast enough to keep up with the writing. Average writing 

rate of a human is 1.5-2.5 characters per second for English alphanumeric language. Peak 

writing rate can approach to 5-10 characters per second, for example a sequence of 1’s 

can be written quickly.  

Off-line handwriting recognition is generally performed after user completes the 

writing. The scanners have x and y resolutions of typically 250-400 points per inch. 

Optical character recognition (OCR) is a superset of offline handwriting recognition. 

Generally most of the OCR work has been on machine-printed characters, there has been 

considerable effort on handwriting as well [6], [7]. Optical character recognition systems 

typically process hundreds of characters per second. 

An advantage of the on-line handwriting recognition devices over the off-line 

handwriting recognition devices is that they capture the temporal or dynamic information 

of the writing. This temporal or dynamic information consists of the speed of the writing 

within each stroke, the direction of the writing for each stroke, the number of strokes and 

the order of the strokes. Pen movement from pen down to pen up is called a stroke. Many 

of on-line transducers capture the line drawing as a sequence of coordinate points or trace 

of the handwriting. On the other hand, off-line conversion of scanner data to line 

drawings usually requires imperfect preprocessing. On-line entry provides the temporal 

information which improves recognition accuracy [8]. In some experiments, the on-line 

recognized data were converted to the form of off-line data to show that on-line is 

superior to off-line recognition on the same data. Conversely, off-line recognized 

handwritten data have been converted by line thinning to sequences of points similar to 
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on-line recognized handwritten data (but without the information of timing), achieving 

reasonable accuracy of recognition [9]. 

1.4 Handwritten Input 

The movements of the pen tip may be sensed “on line”, for example by a pen-

based PDA surface or pen-based computer screen surface. In the on-line handwriting 

recognition case, the 2-D coordinates of successive points of the writing as a function of 

time are stored in order, i.e., the order of strokes made by the writer is readily available. 

In the off-line handwriting recognition case, the completed writing is available as an 

image. Alternatively, the image of the previously written text may be sensed “off line” 

from a piece of paper by intelligent word recognition or optical scanning (optical 

character recognition [10]). 

1.5 Elements of the Handwritten character Segmentation Interface 

The elements of the on-line handwriting segmentation interface typically include: 

 A stylus or pen from which user write the input. 

 Any touch sensitive surface, which may be adjacent to or integrated with, an 

output display for taking input. 

 A software application which captures the movements of the pen or stylus from 

the writing surface and then translate the resulting stroke into digital text. 

 

1.4 Organization of Thesis 

This thesis is organized as followed 

Chapter 2:  Previous work on the handwritten character segmentation is represented in 

this chapter. 

Chapter 3: What are the various problems we have faced in the handwritten character 

segmentation is represented in this chapter. 
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Chapter 4: The objective of this research work and the methodologies used to full file 

these objectives are represented in this chapter.   

Chapter 5: This chapter represents implementation and result of the proposed work. 

And the last chapter is devoted to the conclusion. 

Chapter Summary  

 Handwritten character recognition is process of taking handwritten character as 

input and then understanding it. Handwritten character recognition and its uses are 

discussed in detail in this chapter. For the better handwriting recognition there is need to 

perform the handwritten character segmentation. As discussed in this chapter handwritten 

character segmentation is a process of dividing a character into multiple parts and then 

extracting the feature of that character. After extracting the feature of the handwritten 

character, the strokes are used for the handwritten character recognition. There are two 

type of handwriting character recognition that are online and offline handwritten 

recognition. These types of handwriting recognition are also discussed in this chapter. 

Also the handwritten input and various elements of the handwritten character 

segmentation are discussed briefly in this chapter.  
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Chapter 2 

Literature Survey 

 

The handwritten character segmentation is an important preprocesses of the on-

line handwritten character recognition and incorrect segmentation will lead to false 

recognition of the character. There are some techniques which are previously used for the 

handwritten character segmentation. 

2.1 Nebulous Stroke Models 

 Nebulous stroke model method is a shape based segmentation method. In this 

method, the characters are segmented on the basis of their shaper. Different-different 

characters may have the some similar shapes and these common shapes help to recognize 

these characters [11]. 

The drawback of these approaches is that the handwritten sample has to be 

segmented before the recognition, which generally prematurely limits the hypothesis 

space. Furthermore, the training of any sub-character model can be difficult task, because 

while training of the letter models are initiated using samples of individual letters that is 

hard to obtain reliable samples of isolated sub-character patterns. 

A letter model is made by the concatenation of many stroke models. A stroke is 

the any segment of a handwritten script. In this process the only limitations of the system 

are the number of strokes in a particular letter, and which strokes can be shared. Manual 

segmentation is not involved in training: the stroke models trained at first on later on 

whole word samples and isolated letters, but didn’t train on isolated or segmented 

strokes. Figure 2.1 shows the segmentation of some handwritten samples when a Hidden 

Markov Model is used to model. "a," "g," and "j" is segmented in respectively six, eight, 

and five strokes in the samples shown in the figure 2.1, respectively. "a" and "g" share the 

4 strokes S1, ,S4, S5, S6; while "g" and "j" has four strokes S18, S19, S20, S1 common;  

S l stroke is shared by all three samples. 
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Figure 2.1 Stroke segmentation of three letter samples [12] 

2.2 Elastic Matching 

There are very large character datasets and because of this there are so many 

variations in the training data and for overcome this problem we use elastic matching. 

Elastic matching overcome that problem at some extent [13][14]. Tappert uses the elastic 

matching technique [15] to match and handwritten cursive character with its possible 

sequences (figure 2.2).  

 

Figure 2.2 Illustration of elastic matching [15] 
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It is an online method in it the unknown words are represented by means of the 

angles and y-location of the strokes joining digitization points. In elastic matching the 

sum of distance between these word feature and the letter prototypes sequences had to be 

minimized. Segmentation constraints were used to improve the performance and 

Dynamic programming is used with the warping function to neglect the unnecessary 

features. 

2.3 Analysis-by-synthesis 

There is another approach for the character segmentation called analysis-by-

synthesis (Figure 2.3), sometimes it also called recognition by generation [16], [17]. This 

model generally uses strokes and the rules for connecting them to build symbols. The 

symbols are generated from the inventory of strokes constitute idealized standard 

representations of symbols. An approximation to the real handwritten character can be 

attained by specifying strokes with mathematical models that describes the movement of 

a pen tip as a function of time. Then, a handwritten character can be divided into strokes, 

then using the model parameters the strokes are classified, and the letter sequences and 

character recognized [18]. 

 

Figure 2.3 Illustration of analysis-by-synthesis [19] 
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2.4 Dissection Techniques for Segmentation 

Dissection techniques are the decomposition of frames into sequence of the sub-

frames using the general features (see fig 2.4). Dissection techniques are the process 

which divides the frames without using any specific information about the shapes of the 

data. 

 

Figure 2.4 Dissection of the handwritten word 

In some systems where classification and segmentation are performed separately 

and they do not interact with each other, dissection is the entire handwritten character 

segmentation process. We have saw in many current studies that handwritten character 

segmentation is a very complex process so there is always a need of dissection to make 

smaller frames for the segmentation. 

2.4.1 White Space and Pitch Removing 

In handwritten characters, white spaces are generally used for the separation of 

the successive words. When we divide the frames into sub-frames then we create separate 

boxes for the connected characters and do not include the white spaces into these boxes. 

By applying that rule we can correctly segments the handwritten characters which are 

overlapped or connected to each other or merged by a line. 

User writes the inputs on any particular devise and then an application reads these 

characters from left to write and removes the white spaces between the characters. 
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Hoffman and McCullough [20] have generalized that process and in this formulation, the 

segmentation stage consist the three steps: 

(1) Detection of the start of a character. 

(2) Sectioning of the character. 

(3) Detection of end of the character. 

2.4.2 Projection Analysis 

The vertical projection is used for counting the black pixels in each column. It is 

also used for detecting the white space between the successive letters. Figure 2.5 

represents the vertical projection of a line which consists of a simple running count of the 

black pixels in each column. 

 When the written character touches, or overlaps horizontally, the projection 

generally contains a minimum at the proper segmentation column. The projection was 

first obtained, and then the ratio of second derivative of this curve to its height was used 

as a criterion for choosing separating columns [21]. 

 

Figure 2.5 Vertical projection of an image [21] 
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2.4.3 Connected Component Processing  

Projection methods are very useful for better character segmentation, where 

adjacent characters can be separated at columns. A one-dimensional analysis is feasible 

in such a case. 

Segmentation of handwritten character is done by two-dimensional analysis, for 

even nonteaching characters may not be easily separated along a single straight line. 

There is a common approach shown in the figure 2.6 which is based on determining 

connected black regions, the connected components. There some extra processing is 

necessary to combine or split these components into character images. 

 

Figure 2.6 Connected components 

There are two types of follow up processing. First one is boundary box analysis 

which is based on location and dimensions of each connected component and the second 

one is splitting of connected components. 

2.4.3.1 Boundary Box Analysis 

 The boundary boxes do the proper segmentation of an image consisting of non-

cursive characters. By testing their adjacency relationship to perform merging, or their 

size and aspect ratios to trigger splitting mechanisms, much of the segmentation task can 

be accurately performed at a low cost in computation. 
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This approach has been applied in segmenting handwritten postcodes [22] using 

knowledge of the number of symbols in the code. The connected components can be split 

according to rules based on the width and height of the boundary boxes (See Figure 2.7). 

Connected components are also used as segmentation of handwritten words. It is 

considered that words do not overlap but they can be fragmented. 

 

Figure 2.7 Boundary box Analysis 

2.4.3.2 Splitting of Connected Components 

Boundary Box analysis provides an efficient method to segments the non-

touching handwritten characters. However there is some detailed processing is necessary 

in order to split the overlapped characters. The overlapping of two characters provides 

some special features. The dissection methods are used to detect these features and use 

these features to split the connected characters into segments (see figure 2.8). 

 

Figure 2.8 Splitting of Connected Components [22] 
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2.5 Binary Segmentation 

 In binary segmentation algorithm before segmentation we define the lower and 

upper boundary for the segmentation (see figure 2.9) and then decide the segmentation 

point at which we can segment the character as shown in the algorithm 2.1. 

 

Algorithm 2.1 Body region and Segmentation point selection [23] 

 

Figure 2.9 Lower and upper bound selection and Body region extraction [23] 
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After selecting the body region character is segmented as shown in the figure 

2.10. The fig represents the segmentation tree. And then the next figure 2.11 represents 

the results of the segmentation tree. 

 

Figure 2.10 Segmentation Tree [23] 
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Figure 2.11 Resulting segmentation of the word after the segmentation tree 

The overview of binary segmentation algorithm is presented in the figure 2.12. 

 

Figure 2.12 Representation of binary segmentation 
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As shown in the figure 2.12 in the binary segmentation approach a character is 

passed to the system and it generate suspicious segmentation points (SSPs). System 

generates the multiple sets of the suspicious segmentation points. Out of these suspicious 

segmentation points one set is selected and out of these sets one suspicious segmentation 

point is selected. This selected point used for the segmentation. On this selected point, 

system does the binary segmentation. Using this binary segmentation, a character is 

divided into multiple sub-characters and these sub-characters make a set. 

 Out of these sets, one set of sub-character is selected and out of that set one sub-

character is selected, which can be further segmented, and this sub-character is again 

passed to the system for further segmentation. This repetition is done since we get the 

sub-characters which can’t be segmented. After the segmentation we get a set of 

segmented sub-characters. 

2.6 Hidden Markov Models (HMM) 

Hidden Markov Model (HMM) is a widespread method for handwritten character 

segmentation. The Hidden Markov model represents state to state transitions within a 

character. These transitions provide a sequence of observations on the character. Features 

are typically measured in the left-to-right direction. In this model segmentation is done by 

matching the given sequences of the feature to the model. In Hidden Markov Model, to 

choose the most appropriate word from a set, the designer of model may select either the 

composition model or else model which maximize the probability of the observation. 

Every letter does not have the different boundaries and for mapping that fact the 

HMM is very powerful tool. Generally the perfect letter dissection can’t be achieved and 

this problem can be handled by using HMM because they learn by the observing letter 

segmentation on a training set. 

2.7 Line terminal and Shape feature 

In feature extraction phase system finds the feature of the given input. System 

finds the shape, size and boundary of the given input. System calculates the line terminals 

and shape features (see figure 2.13). In the shape features system calculates the cusps 
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points, bumps points, loop points, angle points and cross points. With the help of these 

various points system finds the shape of the given handwritten character. These shapes 

help of the system to segment the handwritten character. These features are collected and 

used for the training of the system. These features also help for the stroke identification. 

 

Figure 2.13 Line Terminals and Directional Coding 

Cusps: A point where derivation of x with respect to time and derivation of y with 

respect to time simultaneously go to zero is called cusp (R).  

Loop point: A point where a loop starts and end called the loop point, and loop is a point 

where a point of the stroke and end point is same. 

Cross-point: Where two strokes intersects each other a cross point exist. 

Angle point: An angle point is exists between two strokes. 

Cusp points, loop points and cross-points are known as critical points. Table 2.1 

represents the critical points. 
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Table 2.1:  Critical points 

Feature Description Example 

R Cusp point 
 

S Loop point 

 

X Cross point 

 

 

Bumps point: A points where any tangent exist and on side of this tangent is wholly is 

called the bumps point. Table 2.2 represents the bumps points. 

Table 2.2: Bump points 
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When the preprocessing is done on the given stroke data then either system find 

the 8-Directional code feature or find the shape feature as shown in the figure 2.14. In 

case of 8-directional code, system detects the line terminal. After detecting the line 

terminal, system creates a string of these detected line terminals. 

 

Figure 2.14 Feature Extraction Process Flow Diagram 

When system works on the shape feature, system detects the cusps points and then 

loop, cross and angle points. And then it detects the bumps points. After detecting these 

shape features, system creates a string of these detected shape features. This queue is 

used for the detection of the handwritten character. 
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Chapter Summery 

In this chapter, various techniques which are used for the handwritten character 

segmentation are represented. Most of the methodologies which are used for the 

handwritten character segmentation are based on the shape identification. Since there are 

highly similarities between the characters then these methodologies does not work 

perfectly for every language. In this chapter some famous work done on handwritten 

character segmentation like Nebulous Stroke Model, Elastic Matching, Analysis-by-

synthesis, Dissection Techniques for Segmentation, Binary Segmentation, HMM, Line 

terminal and Shape feature are represented very briefly. 
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Chapter 3 

Problem Statement 

 

There are several tools available for taking a handwritten input from the user and 

segment the handwritten characters. There are also several problems associated with 

these tools which are follows: 

 Various tools which are available for the taking input from the user and segment 

these are machine dependent and there is not any tool available which works on 

the all type of systems and platforms. 

 Every tool need to install some type of framework or application the system for 

the working. 

 Most of the tools are language dependent so they need to install these language 

frameworks on the system. 

 There are some technologies that work upon the concept of n-gram model which 

work on the concept of probability, i.e. the probability of occurrence of a 

character when another character has already occurred, most of the time does not 

work correctly. 

 Tools which are available for the segmentation, segments the handwritten 

character according to their shapes and then provide these shapes to the 

recognition machine to recognize these shapes but most of the times these 

segments create the ambiguity for the system to recognize these shapes, because 

most of the characters shares the same segments. 

 There are several difficulties involved in segmenting a character into the sub-

character. Another problem is that it is not clear how to break a letter into sub-

character units. 

 Sometimes a character can be over segmented and then these segments can make 

a different character. When a character is over segmented then one of its segment 

may become another character, this is called the over segmentation. Once a 

character is over segmented, it cannot be recovered and cannot be recognized. 
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Developing the Online Handwritten character Segmentation system has some greater 

challenge because of the following reasons: 

 Presence of very large number of character sets 

Since there are very large numbers of data sets because of very large 

number of characters in the different-different languages then it is very difficult to 

properly segment them. There are so many languages and these languages have so 

many characters. These characters make a huge data set which creates the 

problem for the system for segmenting these characters. 

 High degree of similarity of shapes between the character 

In the characters set, there are so many characters which have the fame 

features like shapes and any other. Due to similar shapes it is very difficult to 

segment the character perfectly and recognize the desire character. When system 

tries to segment the character which has similar shapes then it creates the 

ambiguity for the system. This ambiguity creates the problem in the proper 

segmentation of the handwritten character. 
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                                           Chapter 4   

           Objective and Methodology  

 

Generally humans can write faster than they can type on the computer. So 

there is a need to add a methodology by which humans can give a command to 

the system through handwriting. For that requirement, there is a need to create 

handwritten character recognition system. Across the globe there are billions of 

users which can use this system. Since different users has different languages and 

different handwriting styles and speed, there is a need to create an input tool that 

can take input in any handwriting style and can properly segment them. 

To make a platform independent tool, it is important that the tool must 

support and able to accept all handwritten characters and accept it. The most 

challenging part is to recognize the characters of different and uneven user’s 

handwriting.  

4.1 Objectives 

The main objective of research work is to create a tool which is able to 

accept all handwritten characters of different users and match it with training set 

of alphabets of different languages. In order to perform this task, following 

objectives are proposed to be carried out. 

i) To create a platform independent tool for taking handwritten input 

ii) The tool should be able to capture and process the handwritten input 

for all languages. 

iii) To segment and capture different strokes. 

4.2 Methodology 

To achieve the objectives discussed in section 4.1, HTML5 is used.  

i) To achieve the first objective, canvas is developed using HTML5. Canvas 

provide feature to store the relevant set of coordinates (x,y). Each pair of 

coordinates is stored in an array so that the manipulation of coordinates 

became easy. 



35 
 

ii) Different strokes are captured in different array. Since we are getting the 

co-ordinates of the canvas where user pens down or mouse down to pens 

up to mouse up, we can extract the feature as there is any change in 

direction of the writing.  

iii) We have created a window as the canvas window created earlier to show 

the normalized handwriting. Since we have not restricted the user to write 

in particular area of the canvas. So it was important that the user 

handwriting is pre-processed as normalized handwriting. 

For this purpose, the height of the normalized window is fixed i.e. 

150 pixels in our case. This was important because uneven height may 

produce problem while matching with the characters from the database. 

Since only left to right writing languages have been considered in our case, 

thus we didn’t restricted area for writing running in x-direction. It benefits 

us to divide the normalized window in more number of segments to match 

it against the characters stored in database. 

iv) To develop data set of different characters of different languages the 

handwritten characters from the normalized window have been encoded 

and converted into 64bit encode. Then that encoded text is to be transfer in 

image. Manually the user has to save the image to be saved for the 

character matching through matcher. That image is collected in a folder 

from where one by one it is called and reverse process is performed to 

finally match and get that character segmented from the handwriting.  

v) According to the width of the called character from the dataset, the 

normalized window is divided along width. Pixel by pixel is matched 

between both the windows. If the pixel matched is above the certain 

amount of the pixels then the character is found. According to the 

assumption, the segment having maximum pixel matching represents the 

found of called character in the segment of the normalized window. If the 

segment is not matched or found, the width is increased by 10 pixels to the 

right and the process is repeated again.   
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Chapter 5 

Implementation 

 

There are several applications and techniques available for the segmentation of a 

handwritten character but there is a major problem that how to break a handwritten 

character into multiple parts so that these parts can be passed to the recognition system 

for the recognition of that handwritten character.  

 

Figure 5.1 Components of the handwritten character segmentation tool 

For solving these types of problems, which are mentioned above, a new 

segmentation methodology is proposed. In this methodology the handwritten characters 

are not segmented on the basis of their shapes instead of that the handwritten characters 

are being taken on a platform by a touch devices like any PDA device, any touch pad, 

mobile or tablets and then the co-ordinates of the each point, where pen or stylus moves 

from pen down to pen up, is being taken. The interface of this tool is represented on the 

figure 5.1. 
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 As shown in the above diagram, there is a writing area where user writes the 

character. There is stroke’s area, each stroke area shows a stroke by which that character 

is written by user. There is also a co-ordinate area where co-ordinates of the written 

character are shown according to their strokes. There is a normalization window where 

handwritten characters get normalized. There is database output-input window, input 

window is used to store a character in the database for the training and output window 

shows the character which is matched to the handwritten input and this character is taken 

from the characters’ database. Figure 5.2 represents the working of the handwritten 

character segmentation system. 

 

Figure 5.2 Working of the handwritten character segmentation tool 

5.1 Architecture of Segmentation tool 

 Architecture of handwritten character segmentation is shown in the figure 5.3. 

The architecture of handwritten character segmentation tool contains the Handwritten 
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input, Normalization, Character Database, Feature extraction, Indexing, Character 

matching and Output phase, which are described below. 

 

Figure 5.3 Architecture of handwritten character segmentation 

5.1.1 Handwritten Input 

 In this system a writing area is created with the help of canvas tool of HTML5. 

This writing area is used for taking handwritten input from the user. User gives the 

handwritten input on this writing area using any touch sensitive devise like Mobile, 

Tablet, and PDA etc. It uses the two functions pen up and pen down. When user touches 

the device using any pen, stylus or finger then it is called the pen down and the moment 

when he disconnect the pen to the device then it is called the pen up. The movement of 

the pen from pen down to pen up is called a stroke. User can either write a single 

character into multiple strokes or multiple characters into single stroke. 

5.1.2 Normalization 

User writes the input on the writing area and then this input is normalized into the 

normalized area. Figure 5.4 represents the flow diagram of the normalization of the 

handwritten character which is given as input by the user on the writing area. 
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 Figure 5.4 Flow diagram of normalization 
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 As shown in the figure 5.4, at first system finds the left most character and then 

the first color pixel and from this color pixel, system start to create a normalize window. 

The creation of boundary box is also shown in the figure 5.5. The boundary is created 

from left to right until system finds the last rightmost pixel of the input and then similarly 

it finds the boundary from top to bottom. When system finds the left most and rightmost 

pixel it creates a boundary from left to right and when it finds the topmost and 

bottommost pixels, system also creates the top to bottom boundary and in this way it 

creates a rectangle boundary of the handwritten input. 

 

Figure 5.5 Boundary box creations 

Let’s consider that the first pixel in the x axis is Xs and the last pixel in the x axis 

is XL similarly the first pixel on the y axis is Ys and the last pixel on the y axis is YL. 

For calculating the total area a formula is used. 

Length of X axis =   -   

Similarly, 

Length of Y axis =   -   

This is the area of variable window size. Now this variable window will be converted into 

fixed size window. This fix sizes window is called Normalization window. Figure 5.6 

represents the normalization of the handwritten user input from the formulas which are 

described above.  
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Figure 5.6 Normalization of Handwritten character 

5.1.3 Character Database 

 After normalized the character, this character can be saved into the character 

database so that we can further segment any character on the basis of that character. 

There is a database input window by which we can save any character into the database. 

As shown in the figure 5.7 we can save the normalized character into the database. 

Character database contains all the characters which are stored from the database input 

window. Lately these characters are used for the segmentation of the similar characters. 
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Figure 5.7 Database Input 

5.1.4 Feature Extraction 

 After the normalization of the handwritten input, all the pixel co-ordinates of the 

input are calculated and that are used for the single character segmentation. If a character 

is written into multiple strokes then these strokes are shown in the stroke’s area as shown 

in the figure 5.8. 

 

Figure 5.8 Single character’s strokes 
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 If user write the single character into single stoke then it will also give the number 

of strokes by which this character can be created. These numbers of strokes we can see in 

the co-ordinates area. A character will be generated by multiple strokes and out of them 

some will be discarded. All the discarded and actual number of strokes will be present in 

the strokes area as shown in the figure 5.9. 

 

Figure 5.9 Single character segmentation 

 The co-ordinates which are represented into the co-ordinates’ area are calculated 

from the normalized window. Let’s consider the co-ordinates of x axis of the user input 

on the writing area are stored in the array a[i] and co-ordinates of the y axis of the user 

input on the writing area are stored in the array b[i]. 

 Size of variable window is Wb and size of fix normalized window is Ws. Height 

of the variable window is Hb and height of fix normalized window is Hs. 

Then, 

 The co-ordinates of x axis on the fix normalized window 

  X[i] = [a[i]-Xs]×
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 The co-ordinates of y axis on the fix normalized window 

  Y[i] = [b[i]-Ys]×
  

  
 

 There is also an xml file can be created from these co-ordinates and it can be 

compared to the standard co-ordinates of that character and in this way it is also may use 

for the segmentation and recognition of the handwritten character segmentation. The 

standard co-ordinates of a character are shown in the fig 5.10. 

 

Figure 5.10 Standard co-ordinates of the character 
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5.1.5 Indexing 

 After the feature extraction we get so many strokes of a character out of which 

some are not desired. In indexing, the system discards the undesired strokes and only 

keeps the co-ordinates of the strokes which are desired. It calculates the number of 

strokes and then display to the end of the stroke. Because of indexing we can calculate 

that a character will be segmented into how many segments and that helps in the 

handwritten character segmentation. 

5.1.6 Matching 

 A handwritten input character is matched from the character database in the 

matching phase. After Normalization, let the window be Nw. The character to be 

matched comes one by one in called temporarily in window Mw. The Algorithm 5.1 

represents the working for matching. 

Algorithm 5.1 

1. Start 

2. Declare TotalPixelMatched=0; compare=0; i=0; m=0; 

3. Mw= call alphabet to be matched  

//get image data of window to be matched, Mw 

4. Imagedata1getImageData (0,0, Mw.width, 150) 

Data  imagedata1.data 

5. Repeat until i <= Nw. width 

        TotalPixelMatched=0 

//get image data of handwriting character 

5.1 image data 2 get image data (i,o, Mw. Width,150) 

data2 imagedata2. Data 

           // count total pixel matched in segment. 

5.2 repeat until m < data2. length 

{ if data1 [m]==data 2[m] 
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    TotalPixelMatched ++} 

5.3 if (TotalPixelMatched >= 52,000 && TotalPixelMatched > compare 

{compare== TotalPixelMatched 

 // Get imagedata of matched segment 

// Replaced if matched earlier 

imagedataget Image Data (i,0,Mw.width,150) 

Dataimagedata.data} 

            5.4 i+=20 

6. Put image data of matched segment on output window 

Put Images (imagedata,0,0) 

7. Stop 

5.1.7 Output 

 If the shape of the handwritten input character is matched with the shape which is 

stored in the database then that character is recognize from the input and then segmented 

as shown in the figure 5.11. 

 

Figure 5.11 Output of the segmentation tool 
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As shown in the above figure, a user gives “kml” as the handwritten input and 

after all the process the first character is matched with the character “k” which is store in 

the database so the character “k” from the input is recognized and segmented which is 

shown in the output. 

Chapter Summery 

This chapter represents the work done for creating a universal handwritten 

character segmentation tool. Most of the tools which are available for the handwritten 

character segmentation are either machine dependent or shape recognition based. In this 

chapter the implementation of the proposed work is represented. In the represented 

methodology, user gives the handwritten input on the writing area and then that input is 

normalized into the normalization window. System finds the co-ordinate of that 

normalized input from the normalization window. These co-ordinates are used for the 

segmentation of the character and also used for the recognition of the character. This tool 

is runs on the all browsers which are HTML5 enable. Since now days most of the 

browsers are HTML5 enable then it is a universal tool for taking an input from the user 

and then segment it.  
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Chapter 6 

Conclusion 

 

Tools which are available for the segmentation segment the handwritten character 

according to their shapes and then provide these shapes to the recognition machine to 

recognize these shapes. The tools which recognize the characters on the basis of their 

shapes cannot work correctly. They create the ambiguity for the system. For solving these 

types of problems a new segmentation technique is proposed in this report. In this 

technique the handwritten characters are not segmented on the basis of their shapes 

instead of that user draw the character on an interface and system segments that 

character. System finds the co-ordinates of the character which is drawn by the user. 

These co-ordinates can be used in character recognition or in shape recognition. If we use 

the co-ordinates for the recognition of any character then they can be recognized without 

ambiguity.  

 During recent years, the online handwriting recognition has become a very 

important task in every day applications. Characters are written left to right and top to 

bottom. Generally a writer writes the words in which characters are connected to each 

other. When characters are connected to each other they create the different-different 

shapes which are not easy to segment. So there was need of a different technology to 

segment any handwritten character which can segment the character vary efficiently and 

this technology is proposed in this project. 

The handwritten character input and segmentation tool is an online tool. This tool 

is based on the HTML5. HTML5 is a hypertext markup language which is used for 

structuring and presenting content for the W3 (World Wide Web) and a core technology 

of the Internet. HTML5 is the 5th revision of the HTML standards. This tool is 

constructed using HTML5 and java script. 

 Since this tool is constructed using HTML5, it is a universal tool. This tool can 

run on any browser which has HTML5 enable. Now days every browser is HTML5 

enable so it is a universal tool for the segmentation of the handwritten character. Since it 

http://en.wikipedia.org/wiki/Markup_language
http://en.wikipedia.org/wiki/World_Wide_Web
http://en.wikipedia.org/wiki/Internet
http://en.wikipedia.org/wiki/HTML
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made by the HTML5 then it is also supported by the standard Mobile and Tablet devices. 

In this project the Canvas tool of HTML5 is used. When user gives an input then it is 

written on the canvas tool and it converts that input into co-ordinates. 

 User gives the input on the writing area and system normalizes that handwritten 

input. After normalizing the input system finds the co-ordinates of the pen movement. 

From pen down to pen up on the canvas or touch sensitive screen, all the movements are 

captured from the system and these movements are converted into the co-ordinates on 

which pen moved. All of these co-ordinates are used for the segmentation of the single 

character. Remaining all canvases which are placed into the stroke area used to represent 

the strokes which are drawn by the user of the system. On these canvases we represent 

the strokes by which a character is drawn. 
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