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ABSTRACT

Keyboard based devices face many problems relating to hardware failure or damages
occurring due to multiple users handling a device and decaying of the device as hardware
gets old. So there is a need to provide other ways of communication between machine
and human beings, it is done through speech input and handwriting input. Handwriting is
a natural way of communication between machine and human with pen-based technology

emerging rapidly.

This thesis deals with word segmentation from online handwritten Gurmukhi
sentences. For recognizing sentences, proper segmentation of sentences into words is
very important. The method proposed in this thesis for word segmentation considers
online data at stroke level in which white spaces between the words are not explicitly
known. This work, as such, focuses on the recognition of online Gurmukhi sentences.
Thresholding approach is used for segmenting words from a sentence. The basic
handwriting unit of a sentence is a stroke. One or more strokes form the words and
creation of words is nothing but a sentence. In the proposed approach, vertical gap
between the strokes are first located and then based on the maximum threshold value the
word is extracted from the sentence. Testing of proposed approach has been performed
on 200 sentences. A segmentation accuracy of 91.0% has been achieved with the use of
the proposed algorithm for segmenting sentence into words for the online Gurmukhi

script.
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CHAPTER 1

INTRODUCTION

These days, a number of researchers are involved in handwritten script
recognition. A very handy and useful work has been done in online handwritten
Gurmukhi script recognition (Sharma et al.,, 2008). Segmentation is one of the
important phases in online handwritten script recognition process to get meaningful
recognized data as an output. We work in regional languages to communicate
effectively with the machine. As we know, there are only two ways to communicate
with the machine, through speech, and through writing. Research have shown that

writing is a better and effective way to communicate with the computer.

Over a period of time, many techniques have been developed to segment offline
data, but little work has been done on online data. Word segmentation is a difficult
task in the field of natural language programming. So, the methodology presented in
this paper focuses on online handwritten Gurmukhi script data. We first collect online
handwritten stroke level Gurmukhi script data for sentence and perform different

experiments on online data to segment words.

A number of techniques are studied to segment online stroke level data and
character level data, but to segment words from sentences has not been studied. While
writing on writing pad the pen tip position captures the data when the pen moves from
one position to another and the movement of the pen when the writer put’s pen on the
writing pad till the pen lifts up is one stroke. Such a digital pen having sensors
captures the data stroke wise and it is easy to recognize the online data at stroke level.
The various methods are available for segmenting the words, but are restricted to
offline handwriting recognition only. Techniques like vertical histogram projection on
machine printed character, Otsu method, heuristic method and feature detection of

word images are available for segmentation of offline handwritten script data.

Sentence segmentation is a difficult task in the field of natural language
processing. Improving segmentation accuracy to the highest level has always been a

motivation for researchers. The script, like Gurmukhi, has always been difficult to



handle because of the unpredicted writing style of different users. There are many
languages like Gurmukhi for which inputting data to a computer is difficult. So there
IS a need to provide a communication between machine and human beings. As
mentioned earlier, there are two ways to provide communication in between machine
and human and that is through writing and speech. For those who are not able to
write, speech recognition is the best way for communication with a machine, but it is
not very efficient in a noisy environment. Here, we input data to the computer through
handwriting. But there are many problems in online handwriting as there are many
variations between different users of handwriting. So to attain high accuracy in

segmentation is always a difficult task.
1.1 Foundations

Handwritten script data can be taken from images and from writing pads.
Handwriting recognition is of two types i.e. offline handwriting recognition and
online handwriting recognition. In offline handwriting recognition system, the
scanned images are passed to the recognition systems. There are many tools available
to segment offline data. In online handwriting recognition, automatic conversion of
handwritten data to its corresponding pixel value has been carried out with the help of
digital pen having a sensor to capture consecutive x and y coordinate of each pixel.
Since touch screen devices are emerging rapidly, handwriting recognition of all
languages also attracts researchers towards them. The present work focuses word

segmentation from sentences of online handwritten Gurmukhi script data.
1.2 Gurmukhi Script

Gurmukhi is the script of Punjabi language which is widely spoken across the
globe. The word Gurmukhi means “from the mouth of Guru”. Gurmukhi script which
was first used by second guru, Guru Angad, is being used by over 130 million people

across the world. Salient features of this script (Sharma et al., 2008) are:

i.  The Gurmukhi script is written from left to right.
ii.  The horizontal line at the upper part of a character called the headline.
iii.  Gurmukhi word can be partitioned into three zones (Figure 1.1). The
zone above the headline is called an upper zone where vowels and

sometimes a portion of vowels reside. The second zone is called a
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middle zone where consonant and subpart of vowels dwell. This is the
busiest (most involved) zone. The third zone is called a lower zone and
it is located just below the middle zone.

iv.  Gurmukhi script has 12 matras and 41 characters shown in Figure 1.2
(Verma and Sharma, 2016).

Headline

\

—— Tlpper Zone

+— Muddle Zone

+—— LowerZone

Figure 1.1: Three zones in Gurmukhi script.

| wm | v | ww | T Tk
I | 9| I | W | =® i
g | 8| 7| 85| =¥ it
= | ' =B | = m 5
3| 9| | | 3& E 3,

= -
y | 8| 9| F | H|<= o
T 9| BF| |3 3
¥ | 8§ | & | H | T 3
= 41 Consonantis 3
iy &% 3 Nasal Symbols

Figure 1.2: Gurmukhi characters and matras.



1.3 Online Handwriting Recognition System

Online handwriting recognition systems have six stages viz. data collection,
segmentation, preprocessing, feature extraction, recognition, and post-processing
Preprocessing involves further four stages viz. size normalization and centering,

interpolation of missing points, smoothing and resampling shown in Figure 1.3.

.| |
'I_
|
|
I
I
N~
|
N
|
NV

Figure 1.3: Phases of OHWR system.



1.3.1 Data Collection

In data collection phase, data are collected from a pen computing device or
digitizer. Such devices have a sensor that uses a pen-tip position, pen-up and pen-
down switching to capture x and y coordinates. It records the sequences of
consecutive x and y points of the coordinate plane accurately.

For the present study, we used tablet PC to collect online handwritten data. Some
commonly used pen computing devices are Cross Tech3+ Multifunction Pen, Wacom
CTL 471/K0-Cx Tablet, Apple 12.9-inch IPad PR. Figure 1.4 shows devices which
captures the movement of the pen.

Figure 1.4: Pen computing devices.

1.3.2 Segmentation

It is an important stage in online handwriting recognition and the accuracy of
recognition depends on proper segmentation. Data is represented at a stroke or
character level so that we can contemplate stroke and character separately.
Segmentation is of two types; internal segmentation and external segmentation
(Figure 1.5). Internal segmentation is performed during the recognition process and
external segmentation is performed prior to recognition. External segmentation

provides good interactivity and saves the computation time.

Many of the segmentation algorithms are available for offline data, but only
limited work had been done on online data and that too only for segmentation
performed on a word to separate strokes and characters. Line segmentation into words
for online data has not been studied for Gurmukhi script.



Segmentation

l
l 1

Internal Segmentation External Segmentation

Figure 1.5: Types of Segmentation.

1.3.2.1 External Segmentation Technique

As discussed earlier, the external segmentation procedure is performed prior to
recognition. Means, it is always carried out before recognition procedure. This

technique, as such, saves computation time and provides good interactivity.

Sometimes, it is necessary to segment data before preprocessing and recognition
stage, this strategy comes in the category of external segmentation. External
segmentation can be performed on both online and offline data. External segmentation
performed on online handwritten Gurmukhi data is discussed in Chapter 1.6. For
segmenting online data using an external segmentation technique, we need the online
captured data of the script. This online data is captured by pen computing device
having sensors to capture consecutive x and y coordinate. External segmentation also
performed on offline data. Offline data are of printed or handwritten documents.
Many techniques are available for segmenting offline data and it is discussed in
Chapter 2.1.

1.3.2.2 Internal Segmentation Technique

Internal segmentation can be used for offline and online data. The segmentation
performed during the recognition procedure is called as internal segmentation. When
a writer writes on pen computing device, the system recognizes online handwritten
script data and output shows properly segmented recognize data. Then it is an internal
segmentation technique. The internal segmentation algorithm to recognized online

handwritten Gurmukhi data is discussed in Chapter 4.



Internal segmentation works during recognition. In this case, one cannot get a
dataset to performed segmentation. Segmentation carried out internally with
recognition procedure. This makes procedure too tedious to understand what exactly
happens internally. So, it is good to use the advantages of external segmentation to
perform segmentation using internal segmentation strategy. To segment offline data,

there are many standard techniques available. One such technique is an Otsu method.
1.3.3 Preprocessing

Preprocessing in online handwriting recognition is applied to minimize noise and
contortions in the input text, which happens due to software and hardware restrictions.
This noise contains unequal distances of points from neighboring locations, the
inconsistent size of text, left and right bend in handwriting, missing points and jitter in
the text. A novel stride for rearrangement of recognized stroke for the recognition of
online handwritten Gurmukhi characters is proposed by Sharma et al., (2009). The
proposed technique consists of stroke’s identification as dependent and major
dependent strokes, the rearrangement of strokes, according to their positions, and the
combination of strokes to recognize characters.

In online handwriting recognition process, it specifically includes size
normalization and centering, interpolation of missing points, smoothing, slant

correction and resampling of points.
1.3.3.1 Size Normalization and Centering

The handwriting style of every user is distinctive, some of the writers write in
small size, while others write in large size. Therefore, it is needed to convert them to a
uniform size. Some of the writers write at the border of writing pad, so the centering

method is required. The following steps are used for normalization,
1.3.3.1.1 Translation

Translation is used to locate every stroke uniformly with respect to its origin to
remove the translation variation and it is carried out by the addition of translation
factor and its originating location. Translation basically moves a point starting with
one position, then onto the next position on the screen. We would be able to move the

point in two-dimensions by including translation coordinates or translation vectors



‘tx> and ‘zy” from its original point x and y to get new points as x’ and y’ shown in

Figure 1.6.

v
__________ o <. ¥)
t’; p(yf
- i
- ;
5 -

Figure 1.6: Translation of points in 2D.

From above figure, we can write that-
X' =x+tx
y'=y+ty

1.3.3.1.2 Rotation

Rotation is used to rotate an object with a specific angle from its inception. In the
underneath Figure 1.7, we would be able to shift line OP to OP' by rotating through an
angle theta, so that P(x, y) goes to P'(x’, y).

y
P'(x",y")

Lo P(X.Y)

o
¥

Figure 1.7: Rotation of points in 2D.

From above figure and using standard trigonometric, we represented origin point as

X=1rcos@........... (1)



In the same way, we can represent P'(X’, y') as-
x'=rcos(@+ 0) = rcos@cosf — rsin@siné...... 3)
y' = rsin(@+ 6) = rcos@sinf + rsin@cosé.........(4)
Substituting equation (1) and (2) in (3) and (4) respectively,
x' =xcos@ —ysin6
y' =xsinf + ycos6f
1.3.3.1.3 Scaling

Scaling is utilized to change the measure of an object and is necessary in an online
handwriting process, because every writer writes in different styles and size. Someone
may write in small size and someone may use a particular stroke or character. And
hence there is a need to normalize an object to a uniform size and it is carried through
scaling factor. In scaling we like to compress or to expand the dimension of the object
to a uniform size. Scaling can be achieved by multiplying the scaling factor with its

original coordinates to get desired uniform coordinates.

Let us take A, B, C and D are the original coordinates and Sa, Sh, Sc and Sd are
the scaling factor and hence by multiplying original coordinates with scaling factor to
get new scaled coordinates as A’, B’, C' and D’ respectively shown in underneath

Figure 1.8.

15T

Figure 1.8: Scaling of the object.



As shown in above figure, we represented scaling as follows-

A'=A X Sa
B'=B x Sb
C'=C x Sc
D'=D x Sd

1.3.3.2 Interpolation of Missing Points

Writing speed of every user is different. Writing on writing pad at higher speed
may miss some points. This missing point is interpolated using many techniques like

Bezier curve.
1.3.3.3 Smoothing

Smoothing in an input text is required to remove jitter in handwriting. Smoothing
IS averaging a point with its neighbor.

1.3.3.4 Slant Correction

Different writer has a habit of writing at different slope. Some writings lean to the
left while others lean to the right. So, slant correction is applied to normalize the

slope. Therefore, it’s an important process in online handwriting recognition.
1.3.3.5 Resampling

Resampling, means to make adjacent points equidistant from their neighboring

points. To make them equidistant will also help to extract feature.
1.3.4 Feature Extraction

Feature extraction technique is an essential step in handwriting recognition. As
best feature provides the best result, it is an important to extract efficient and essential
feature for data representation and processing. Some of the features are more suitable
for one script, while others are more suitable for another script. There are two sorts of
the features; high-level feature and low-level feature. The high-level feature includes
headlines, dots, straight line, crossing and loops and low-level feature includes slant,

directions, area, slope, and positions.

10



Some techniques are available for extracting features. DFT (Discrete Fourier
Transform) based feature extraction technique to recognize online handwritten
Gurmukhi stroke is proposed by Aggarwal and Sharma, (2016). To attain high
recognition accuracy, computation of good feature is very important. To extract good
features, the authors employed Discrete Fourier Transform (DFT). In their work, they
used 86 stroke classes with 75-100 variations of each stroke. A total of 8408 stroke
samples were considered. They have utilized LibSVM with RBF kernel and 11-fold
cross validation approach for recognition.

Baseline detection is also important for recognition of the word. A new
methodology is proposed to detect the baseline in Arabic handwritten words
(Pechwitz and Margner, 2002). Baseline estimation is an inception for word and
precondition for preprocessing, segmentation and recognition process. In this paper,
they introduce a technique that is applicable to polygonally approximated skeleton
handling. They find the feature in skeleton using an algorithm and preprocessed using
linear regression.

A new framework has been proposed for recognition of unconstrained Bangla
vocabulary using HMM (Samanta et al., 2014). The word is first segmented into sub-
strokes, but instead of recognizing sub-strokes, they focused on recognition of the
whole word. In their work, they consider a linear and circular feature. The Gaussian
distribution is utilized for the linear feature and VVon Mises distribution is utilized for
the circular feature. They implement smoothing of HMM constraint to evade potential
over-fitting and poor generalization. They consolidate the recognition result of two
HMMs: one in view of the input sample in expected sort and the other considering the
sample in the invert sort.

Swethalakshmi et al. (2006) have proposed a framework for recognition of online
handwritten Devanagari and Tamil characters using SVM. They also discussed the
preprocessing steps along with feature extraction method proposed for better
recognition accuracy. The result obtained from their work shows that the unfailing

classification is achievable using SVM.
1.3.5 Recognition

In online handwriting recognition, recognition is an essential stage, where the
classifier classifies input data and matches it with the associated stored class file. The
input vector of stroke matches with the stored class of feature vectors, which

11



determines the recognition accuracy. There are many classifiers available, like naive
based, Support vector machine (SVM), Hidden Markov Model (HMM), neural
network, etc. Normally for pattern recognition, text processing, etc., Support vector
machine is highly recommended.

Support vector machine (SVM) is the supervised learning model which is utilized
for classification and separating the classes in feature space. It is regularly and
popularly used for image processing, text processing, and iris recognition, etc. The
name itself hint to providing support to something, so let’s take an example where a
person wants to walk from the bridge where a bridge doesn't have a side rope for a
person to get balance over there. So, in this situation, a normal person likes to walk
from the center of the bridge instead of walking across the boundary of the bridge.
Support vector machine works exactly same as it likes to separate different class of
data in such a way that we can get large margin. To separate different class of dataset,
SVM draws the hyperplane in such a way that it efficiently separate dataset with a
large margin. A margin is a distance from hyperplane to the nearest data point of the
dataset shown in underneath Figure 1.9. Larger the margin minimum will be the

generalization error occurs.

r s
> Hjy Hz Hs
: - >
o © -
= ~
b o "‘\.) - \maximum
N / margin
. /// O classifier
) ——'—H\Qj @)
—
support \ - @)
vectors N O
- O O
- \
o

Figure 1.9: Support vector machine (SVM).

In addition, to performing classification on the linear dataset, it also performs
classification on the non-linear dataset using a kernel trick. There are four different
kernels on which SVM works and they are,

1) Linear kernel

2) Polynomial kernel

12



3) Radial basis function (RBF) kernel
4) Sigmoid kernel

As it is the supervised learning model, the dataset should be labeled. If dataset is
not labeled then supervised learning is not required. For such dataset, we should use
unsupervised learning methods. For this, we have to form a group of clustered data by

using unsupervised learning algorithm, which is also called support vector clustering.

Support vector machine is used for classification and regression. There are five
SVM listed below,

1) cSvC

2) nu-SVC

3) One-class SVM
4) Epsilon SVR
5) nu-SVR

The fourth and fifth types of SVM are used for regression and called as support

vector regression (SVR).
1.3.5.1 Techniques for Recognition

The elastic matching technique is proposed for online handwritten Gurmukhi
character recognition (Sharma et al., 2008). Recognition of character is done in two
stages. In the first stage, recognition of strokes is done and in the second stage,

recognition of character is done based on the recognized strokes.

A new technique is proposed for database creation and recognition of online
handwritten isolated characters of Bangla script (Mondal et al., 2009). It depicts a
plan for extraction of sub-strokes from the online examples written by hand Bangla
characters, which are notably cursive in shape. They incorporate another feature
vector to be processed for each sub-stroke. They performed recognition using two
classifiers, viz. Hidden Markov Model (HMM) and the nearest neighbor classifier in
view of Dynamic Time Warping (DTW). The second classifier outflanks the HMM-

based classifier.

Belhe et al. (2012) have proposed an approach performs the recognition of online

handwritten isolated Hindi words utilizing a blend of HMMs based on Devanagari
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symbols. The encompassing assignment of Akshara segmentation, symbol detection,
and resulting word recognition is the focus of their work. Utilizing online stroke
information for proposing symbol candidates and getting HOG attribute set by
comparing with their corresponding pictures will give us recognition which is free of
stroke arrangement and stroke shape varieties. The proposed framework is appropriate
to unconstressed handwriting. They extracted symbol from 60,000 words for training
and tested the 140 symbol-HMM models. The framework is intended to yield at least
one competitor words to the client, by following different tree ways under the
condition that the symbol probability at each node is above the threshold. The tests

are performed on 10,000 words yield an accuracy of 89.0%.

Aparna et al. (2004) proposed a methodology for recognition of online
handwritten Tamil character. A structure or shape-based portrayal of a stroke is
utilized, in which a stroke is represented to be a string of shape feature. Utilizing this
string representation, an obscure stroke is recognized by contrasting against the
database, using string matching technique. Character end is resolved by utilizing FSA.

A full character is recognized by distinguishing all the part of strokes.
1.3.6 Postprocessing

Postprocessing phase is used to correct misclassified stroke using linguistic
knowledge. The post-processor can be used to obtain the estimates of smaller as well

as a larger linguistic unit such as words.
1.4 Problems in Online Handwriting Recognition System

The handwriting recognition system is basically of two types, offline handwriting
recognition system and online handwriting recognition systems. The document is
scanned first and then it is recognized by the computer in offline handwriting
recognition systems. In online handwriting recognition system, the system recognizes
handwriting while the text is being written. Online handwriting is an effective way
where problems can be spotted by the user at the time of recognition. The system can
be modified to correct such misclassified stroke and detect the correct character.
Online handwriting recognition systems capture the set of strokes and its associated

consecutive sequence of points for each stroke. The process by which computer
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recognizes character written by hand is called a natural handwriting recognition

system.
1.4.1 Changes in Handwriting Pattern

There are many changes in writing style and their pattern. Change occurs due to
writing speed, character size, their style, and pattern of writing. Variation in
individual writing also depends on the mood of the user, it is due to writing from long
time or writing on dissimilar devices. The shape of the stroke and character also
depend on the word and also on the order and the direction of the stroke. The
variations in Gurmukhi character written by a different user and written by same user
shown in underneath Figure 1.10 and Figure 1.11 respectively (Aggarwal and Sharma,
2016).

Bl BT ool aF e
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Figure 1.10: Variations in Gurmukhi characters written by five users.
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Figure 1.11: Variations in Gurmukhi characters written by the individual user.
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1.4.2 Material and Personal Factors

Material factor depends on the hardware device, and the level of comfort provided
to the writer. Personal factor depends on the individual user as a writer could be left
handed or right handed and could result in different variations in their writing. Both
left and right handed writers use different slant direction and position in handwriting.

1.4.3 Writer-Dependent vs. Writer-Independent Recognition System

Both writer-dependent and writer-independent system reflects their results in
recognition accuracy. In writer dependent recognition system, the machine remembers
the writing style of the writer and can use the data for better recognition of the
characters written by that writer. Hence the recognition accuracy will be much better
in writer dependent recognition system. But in case of writer-independent recognition
system, the system does not give weight to the individual style of the writer. The
writer-independent handwriting recognition system is more difficult to develop in
comparison to the writer-dependent handwriting recognition system, because it checks

all the aspects of handwriting and likely to store all variations of writing.

1.5 Gurmukhi Word Segmentation using External

Segmentation

As mentioned earlier, internal segmentation is performed during recognition and
external segmentation performed prior to recognition. External segmentation also
saves computation time and provides good interactivity. The advantage of external
segmentation can also be used while performing internal segmentation during
recognition. It is, therefore, imperative that segmentation algorithm should be tested

for its accuracy before running online handwriting recognition procedure.

The testing procedure involves using different writers and collecting their sample
writings in XML file. The system does not recognize explicit values of white spaces
and is a drawback of this XML file. Therefore, the input file is read in x and y

coordinates of consecutive stroke. The sample data file is shown in Figure 1.12.
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<?xml version="1.0" encoding="UTF-8" standalone="no" ?>
- <wordSetDef>
<wordNo>1</wordNo>
<wordDesc>UTFEt & a9a o 5Iar</wordDesc>
<totalStrokes=>27 </totalStrokes>
- <stroke>
<strokeNo>1</strokeNo>
<point>
<K=4D5< /XK=
<Y>105</Y>
< [point>
- <point>
<X>=05</X>
<Y>101</Y>
< [point>
- <point>
<X>08</X>
<Y>101</Y>
</point>
- <point>
<X=T1</X>
<Y>101</Y>
</point>
- <point>
<X>T4</X>
<Y>101</Y>
</point>

Figure 1.12: Input dataset of stroke wise samples.

As mentioned earlier, the captured data from the pen computing device are stored
in the XML file. This XML file is parsed by the DOM parser to get stroke wise data
stored in the data structure. The proposed segmentation algorithm described in
Chapter 4 is applied on a given dataset. The segmented result containing word-wise
data are then stored in CSV file. This CSV file is then given to handwriting
recognition systems. The structure of CSV file containing segmented words is shown

in Figure 1.13.
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wld_ldll) 14522103 3:65 4:101 5:68 6:101 7:71 8:101 9:74 10:101 1176 12:101 13:78 14:101 15:80 16:101 17:31 18:101 1:83 20:101 20:84 22101 23:85 24:101 25:36 26:101 27:87 28:101 2988 30:101 31:89 32:101 33:90 34:1(
999 gidk1000 1:220 2:104 3:2294:1195:229 6:120 7:228 8121 9:226 10:123 11:24 12:124 13:222 14:126 15:220 16:128 17:217 13:129 19:113 20:130 20:211 22:131 23:208 24:133 25:205 26:133 27:204 28:134 13:202 30:134 31:20:
999 k1000 1:230 2:1603:234 4:178 5:234 6:179 7:234 8180 9:234 10:181 11:234 12:18 abe

999 qidk1000 1:271 2104 3:2724:123 5272 6:135 T2 8127 9272 10:109 11:272 12:130 13:272 141132 15:272 16:133 17:272 18:134 19:272 20:135 20272 2136 23:272 24137 25:272 26138 4abe

999 qi1000 1:368 2:105 3:368 4:125 5:368 6:127 7:368 8130 9:368 10:131 11:367 12:133 13:366 14:134 15:366 16:135 17:366 18:136 19:366 20:137 21:365 22:137 23:364 24:137 25:362 26:137 27:360 28:137 15:358 30:137 31:351
999 k1000 1:317 2:105 3:325.4:120 5:326 6:123 7:328 8:125 9:328 10:127 11:329 12:129 13:329 14:130 15:330 16:131 17:330 18:132 19:330 20:133 £abe

999 gi1000 1:369 2:101 3:369 4:83 5:369 6:79 7370 8:76 9:372 1073 11:37 12:69 13:374 14666 15:376 16:61 17:377 18:38 19:380 20:55 21:382 22:53 23:384 24:52 25:386 26:51 27:388 28:51 23:390 30:50 31:393 32:30 33:394 14
999 gil1000 1:153 2:103 3:174 4:100 5:179 6:100 7:134 £:99 9:189 10:99 11:194 12:99 13:199 14:9 15:202 16:38 17:209 18:97 19:215 20:95 21:221 22:96 23:227 24:36 25:132 26:35 27237 28:95 29:241 30:34 31:24732:33 33:253
999 gidk1001 1:552 2:103 3:558 4:120 5:359 6:123 7560 8:125 9:560 10:127 11:561 12:130 13:561 14:131 15:561 16:133 17:561 18:134 19:361 20:135 21:561 22:136 23:561 24:137 25:560 26:137 27:559 28:138 13:557 30:138 3L:551
999 k1001 1:562 2:1373:581 4:137 5:583 6:137 7585 8:1379:589 10:137 11:591 12:13713:593 14:137 15:596 16:137 17:598 18:136 19:500 20:138 20:601 22:139 23:503 24:13 25:604 26:140 27:605 28:141 13:606 30:141 3L:60"
999 qidk1001 1:625 2:104 3:6304:123 5:631 6:124 7631 8:126 9:631 10:127 11:631 12:129 13:631 14:130 15:631 16:131 17:631 18:132 19:631 20:133 20:631 22:134 #abe

999 qick1001 1:529 2:1073:548 4:107 5:352 6:107 7557 8:106 9562 10:105 11:566 12:105 13:569 14:105 15:573 16:105 17:576 18:105 19:580 20:105 21:584 22:104 23:587 24:103 25:351 26:103 27:595 28:103 25:598 30:103 3L:60;
999 k1002 1:774 2104 3:7784:122 5778 6:124 7778 8:127 9.778 10:129 11:778 12:131 13:777 14:134 15777 16:136 17:775 18:136 19:774 20:140 20:773 2:142 23:773 4:343 25:772 26: 144 27772 28:145 25:770 30:148 31,76t
999 qi1002 1:841 2:104 3:841 4:124 5:841 6:127 7841 8130 9:841 10:133 11:541 12:135 13:841 14:139 15841 16:142 17:541 18:145 19:841 20:147 21:840 22:150 23:340 24:152 25:839 26:155 27:839 28:157 15:838 30:160 31.831
999 gi1002 1:502 2:103 3:902.4:122 5:902 6:124 7902 8:126 9:902 10:128 11:502 12:130 13:902 14:131 15:902 16:132 17:302 18:133 19:302 20:134 20:901 22:134 23:300 24:134 25:899 26:134 27:896 28:134 13:897 30:134 3L.8%1
999 gick1002 1:501 2:134 3:5204:134 5:920 6:135 7924 8135 9:926 10:136 11:92712:13713:529 14:133 15:931 16:139 17:932 18:141 19:933 20:143 21:934 22:145 23:335 24:146 25:936 26:148 27:937 28:150 13:937 30:152 3L:93%¢
999 k1002 1:750 2:106 3:768 4:107 5:774 6:107 7.779 8:107 9784 10:107 11:788 12:107 13:792 14:107 15757 16:107 17:802 18:107 19:807 20:107 21:811 22:107 23:816 24:107 25:821 26:107 27:827 28:107 13:833 30:107 31:83'
999 k1003 1:1099 2:105 3:1104 4:123 5:1104 6:125 71104 8:127 5:1104 10:129 12:1104 17:130 13:1104 14:131 15:1104 16:133 17:1104 18:134 19:1103 20:135 21:1103 22:135 23:1102 24:137 25:1101 26:139 27:109 28:140 29:
999 qick1003 1:1142 2:104 3:1142 4127 5:1142 6:124 71142 §:127 5:1142 10:130 12:1147 17:133 13:114 141135 15:1142 16:138 17:1142 18:141 19:114 20:143 20:1142 12:145 23:1142 24:145 25:1142 26:147 27:1142 28:143 29:
999 k1003 1:1085 2:107 3:10844:107 5:1088 6:107 71094 8:107 5:1099 10:106 12:1105 12:105 13:1110 14:105 15:1115 16:105 17:1120 18:105 19:1124 20:105 21:1129 22:105 23:1135 24:105 25:1141 26:105 27:1146 28:105 29:
999 git1004 1:1321 2:107 3:1300 4:108 5:1238 6:109 71295 §:1103:1292 10:111 12:1250 12:112 13:1288 14:114 15:1287 16:15 17:1285 18:11719:1284 20:119 20:1283 12:120 23:1282 2121 25:1282 26:123 271282 28:124 29:
999 gick1004 1:1406 2:116 3:1407 4:134 5:1407 6:138 7:1407 §:141 5:1407 10:144 11:1407 12:147 13:1407 14:150 15:1407 16:152 17:1407 18:154 19:1407 20:157 21:1407 12:159 23:1406 24:161 25:1406 26:162 27:1405 28:163 29:
999 gick1004 1:1434 2:112 3:1434 4131 5:1434 6:133 7:1434 §:134 5:1434 10:135 11:1434 12:136 13:1434 14:137 15:1434 16:138 17:1434 18:139 #3bec

999 k1004 1:1499 2:113 3:1497 4131 51497 6:132 7:1497 8:133 5:1497 10:134 11:1496 12:134 13:1495 14:134 15:1454 16:134 17:1453 18:134 19:1492 20:134 21:1480 12:134 23:1487 24:135 25:1485 26:135 27:1483 28:136 29:

Figure 1.13: Output file contains word wise data.

The above CSV file contains word-wise segmented data. Each word is recognized
using given id. As shown above, the id 1000 belongs to one sentence and under one id
multiple words are present. Each word is recognized till recognition systems get “#”
symbol. The recognition results with and without segmentation are shown in Figure

1.14 and 1.15 respectively.

- ﬂmm I Recognize With Old Version

Figure 1.14: Recognition without segmentation.
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Figure 1.15: Recognition with segmentation.

There are three different phases in the word recognition process using external

segmentation approach and they are as follows,

1) Data collection
2) Segmentation procedure
3) Recognition

The detailed work and algorithm are described in Chapter 4.
1.5.1 Problems Arising while Reading Dataset

The problem arises due to dataset description. The stroke wise data are stored in
XML file shown in Figure 1.12. The white space values between the words are not
given explicitly and it is difficult to judge where exactly the words are ended. The
second problem is to create CSV file for more than one sentence, which contains
word-wise segmented data. Both the problems are solved by observing given stroke
wise dataset carefully. Using the DOM parser the XML file is parsed and values of
stroke wise data are stored in the data structure. Now, it is easy to check variations in
the value of x-axis and alternately decide how to apply segmentation algorithm on a
given dataset.
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1.6 Thesis Outline

The purpose of this work is to segment words from online handwritten Gurmukhi
sentences.

In the present Chapter, an overview of Gurmukhi Script, phases of an Online
handwriting recognition system, problems in handwriting recognition and Gurmukhi
word segmentation using external segmentation is discussed. Chapter 2 describes the
literature survey on segmentation of online and offline handwritten script data.
Problem statement and significance of the proposed work described in chapter 3.
Chapter 4 describes the segmentation approach and algorithm. The result obtained by
applying the proposed algorithm is discussed in chapter 5. Chapter 6 describes the
conclusion obtained from the present study and also discussed future work problems.
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CHAPTER 2

LITERATURE SURVEY

The important and handy work has been done on segmentation. A lot of work has
been done on the segmentation of offline data in the form of handwritten and printed
images documents. To know the segmentation process in online handwritten data, the

segmentation done on offline data is also important to know.
2.1 Work Related to Segmentation in Offline Recognition System

Segmentation in offline recognition systems is applied on handwritten and printed
document images. Several techniques are available for segmenting offline data.
Recognition of offline handwritten script data utilizes dataset as a printed or

handwritten document.

Wang et al. (2011) has presented dynamic text line segmentation for real-time
recognition of Chinese sentence. Utilizing SVM, they discover a connection between
progressing stroke and past text-line. The progressing stroke decided to go with a past

text line or to shape another line.

Yin et al. (2009) has presented a new approach for line segmentation using
minimal spanning tree clustering with distance metric learning. The associated parts
of images are gathered together in a tree and frame a cluster, segmentation accuracy
improve by the distance metric method. They achieved correct text line detection rate
as 92.0%.

Palakollu et al. (2011) have presented a technique for segmenting handwritten
Hindi text. In this paper, their main motive is to detect a base line and header line
correctly, so that, they can divide the line correctly. Before calculating base line and
header line, the average height of the line is estimated. They performed their
experiment on 500 lines and achieved 93.6% of segmentation accuracy.

Zheng et al. (2004) have presented another approach for machine printed Arabic

character segmentation utilizing a vertical histogram algorithm, and segmentation
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based on the upper line, base line and lower line values is performed from the
horizontal histogram. In this work, author divides words into character and they

achieved a segmentation rate as 94.0%.

Jesper Durebrandt (2015) has presented a segmentation approach for both word
and line, to segment line, they apply the vertical projection profile to calculate base
line, middle line, and upper line. As they performed their experiment on cursive word
first they find connected component and base on that find the gaps between the
connected component to segment text line. A similar approach applied to word
segmentation is to find out gaps between connected components where each

connected component provided with class id.

Sundaram et al. (2013) had proposed a methodology to segment a Tamil word
based on attention feedback based method. In that work, they segmented online
handwritten Tamil words into its integral symbols. In their segmentation method, the
strategy comprised of two modules, in particular, dominant overlap criterion
segmentation module and attention feedback segmentation module. In dominant
overlap criterion segmentation module, based on boundary box overlap criterion, the
word is first divided into stroke gathering. A stroke gathering may contain a valid
symbol, some portion of the valid symbol and a merger of the valid symbol. In
attention feedback segmentation module based on feature the over-segmented and
under segmented stroke group is detected and after feedback from SVM classifier and

feature from stroke group, the suspected group is converted to form a valid symbol.

Kumar et al. (2012) have implemented text -line segmentation of handwritten
documents using clustering method based on thresholding approach. The technique
comprises of three phases, in particular, drawing boundary box, a grouping of
boundary box and text-line segmentation. Based on the grouping of boundary box
text-line is segmented into words. Utilizing threshold value, the boundary box for
each stroke is grouped into one group and based on threshold value text line is

segmented into words.

Louloudis et al. (2009) had proposed text line and word segmentation of
handwritten documents where segmentation of text lines is carried with the Hough
transform. In preprocessing stage, the connected component is found with the help of
average width and the average height of the character. Hough transforms applied on
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connected component and in post processing phase merging technique applied on

Hough transform result.

Kavallieratou et al. (2003) had proposed an incorporated framework for
handwritten document image processing. In this paper, for segmentation, the page is
vertically isolated into three sections and for each section, they applied horizontal
histogram. The valley with minima less than the threshold is utilized to segment the

text-line.

Papavassiliou et al. (2010) has proposed to extricate text-line and word from the
manually written report. The segmentation algorithm is implemented based on the gap
area within vertical zones and an ideal progression of text by applying the Viterbi
algorithm. At that point, a text line separator drawing technique is applied and
associated components are assigned to the text line. Word segmentation in view of
crevice metric, which fulfilled the target function of a soft-margin linear SVM, that

divides the successively associated components.
2.2 Work Related to Segmentation in Online Recognition System

Segmentation in online recognition systems applied to online handwritten script
data. The online handwritten script data captured when the writer wrote on pen
computing devices. This pen computing device having sensors to capture consecutive
x and y values of the coordinate plane. As the present work focuses on online
handwritten Gurmukhi data, it is necessary to discusss previous work of online data.

Bhattacharya et al. (2008) has presented an explanatory plan for online
handwritten Bangla cursive word recognition. It concentrates on the technique for
segmentation of line and words. This approach first identifies the headline which
causes under-segmentation, but after removing headline the proper segmentation has
been carried out. For segmentation, it then calculates a horizontal gap between

adjacent words to get the proper segmented words as an output.

Ghosh (2013) has proposed a new approach for segmenting a word into
characters. It first calculates the busy zone of the words and imagine the headline
simply over the beginning stages of the assessed occupied zone. At that point, this

exploits the pixels crossing the evaluated headline by checking their separation. This
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approach was applied to the dataset of 5500 Bangla words and gives a segmentation

accuracy of 94.9%.

Ibrayim et al. (2013) described the methodology for character segmentation in the
online handwritten cursive Uyghur script. First, it removes delayed stroke from
handwritten words and after that detects breakpoint from concavities ligatures by the
shape and fleeting examination of the stroke direction, it also utilizes dynamic

programming to discover the best segmentation point for each character.

Ghosh et al. (2009) has proposed the word segmentation methodology, where in
the first stage, they divide the image into two zones. The uppermost zone is taken as
33% of the total image. Using a downside progression of stroke in the upper zone, the
word is segmented into consolidation of strokes.They segment the word at that pixel,

where the six successive strokes gratify certain angle.

Bhattacharya et al. (2002) has proposed a technique to segment the online
handwritten Bangla words into characters. For segmentation, they investigate the
joining arrangement of characters and modifiers of Bangla. Utilizing histogram, they
discover the blank spaces in between the successive stroke.
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CHAPTER 3

PROBLEM STATEMENT AND SIGNIFICANCE OF
THE PROPOSED WORK

3.1 Problem Statement

The present work focuses on word segmentation of sentences in online
handwritten Gurmukhi script data. For recognition of sentence, proper segmentation
of words from the sentence is very important. This segmentation process is applied to
input strokes of Gurmukhi script. An input stroke consists of x and y coordinates for
each stroke of the sentence. It finds the vertical gap between consecutive strokes and

based on threshold value the sentence is segmented into words.

The main problem here is to decide the ending of the words as the white spaces in
between the words are not explicitly known. So, dynamically a threshold value is
generated for each sentence, based on that threshold value and the vertical gap
between the strokes, the sentence is segmented into words. The working flowchart is
shown in underneath Figure 3.1 and next Chapter describes the segmentation

procedure in detail.
3.2 Significance of the Proposed Work

As discussed earlier, the present work deals with segmentation problem. Many
techniques and algorithms are also discussed in Chapter 2. The algorithms and
techniques are mostly focused on offline data. Segmentation of online handwritten
script data is not a difficult task, but very little work has been done on this field.
Techniques are available to segment cursive words into character based on connected
component. To segment strokes from different character has also been proposed. To
segment strokes or to record strokewise data of particular script, the digital pen works
well. Its movement like pen-up, pen-down and pen switching gives separated
strokewise data. To segment words from sentences is not studied. No such work has
been undertaken for Gurmukh script. Therefore, trial has been made to segment words
from online handwritten Gurmukhi sentences. Though internal segmentation has been

used in this work, both external and internal segmentation method has been discussed.
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Also the advantage of external segmentation has been incorporated in the internal
segmentation algorithm as applied to online handwritten Gurmukhi script.
Segmentation is an important step for online handwriting recognition systems. It is
expected that the current work on segmentation will be useful for further development
of recognition systems of Gurmukhi script.

Figure 3.1: Working flowchart.

26



CHAPTER 4

SEGMENTATION OF WORDS FROM ONLINE
HANDWRITTEN GURMUKHI SENTENCES

In the present work, we have proposed segmentation algorithms for online
handwritten Gurmukhi data which has x and y coordinates of all the strokes present in
a sentence. The proposed work falls in the category of internal segmentation. After
segmentation, recognition of strokes is carried out using LibSVM with RBF kernel at

the word level.
4.1 Segmentation Approach and Algorithm

4.1.1 Data Collection

In data collection phase, data are collected using a touch based device. Such
devices have a sensor that uses a pen-tip position, pen-up and pen-down switching to
capture x and y coordinates. It records the sequences of consecutive x and y points of
the coordinate plane accurately.

For the present study, we used tablet PC to collect online handwritten data. Some
other commonly used pen computing devices are Cross Tech3+ Multifunction Pen,
Wacom CTL 471/K0-Cx Tablet, and Apple 12.9-inch iPad PR.

4.1.2 Segmentation Approach

As mentioned earlier, this study involves online handwritten Gurmukhi script
stroke dataset. The dataset is prepared using a data collection system. Proposed
algorithm is then applied for segmentation of this dataset. The value of white spaces
between the words of collected dataset is not explicitly known. The white space
values are calculated by observing the variation of x coordinates of each stroke. There
are many ways to find variations on an individual basis, but the method (out of
considered one) with the better result is considered for calculating the threshold
values. So, in proposed method, the segmentation of words from the sentence is
carried out with Thresholding approach and the technique comprises of two phases, in

particular, drawing boundary box, and word segmentation using threshold value.

27



4.1.2.1 Drawing a Boundary Box

For drawing boundary box, the minimum and maximum values from x and y
coordinates of each stroke are determined. This helps to calculate the vertical gaps
between two strokes. Thus, the segmentation of words from a sentence is done on the
basis of vertical gap between two consecutive strokes and the threshold value.

4.1.2.2 Word Segmentation

In this part, the mean value of vertical gaps of consecutive strokes is calculated.
This mean value is considered as the threshold value for a segmentation algorithm.
Now, the value of vertical gaps between two consecutive strokes is compared with
this threshold value. The segmentation of the word is done at strokes where the

vertical gap values are greater than the threshold value.
4.1.3 Proposed Algorithm

The proposed segmentation algorithm for segmenting words from sentences is as

follows,

1) {lInitialization}
i. StrokeList € List for ‘n” number of strokes.
ii. List of x and y coordinates for each stroke.
2) Find the minimum and maximum value for x and y coordinates of each
stroke and store in the list XMin, XMax, YMin and YMax respectively.
a) Set max to the first coordinate of list x.

Fori < 1tox.size-1
If x[i] > max Then
Set max = x][i]
Endif
Endfor
b) Set min to first coordinate of list x.

Fori € 1toxsize-1
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If X[i] < min Then
Set min = x][i]
Endif
Endfor

3) Find horizontal gaps in between each stroke and store in list Gap.
a) Fori < 1to XMin.size
Gap[i-1] = XMin[i] — XMax[i-1]
Endfor

b) Convert each negative value of list Gap to a and
store in list positiveGap

Fori < Oto Gap.size- 1
positiveGap[i] = Gap[i] * (-1)
Endfor
4) Find the average of the list positiveGap.
gapAvg € (X' ' positiveGapli])/(n—1)
5) Calculate threshold.
Threshold = gapAvg
6) Fori < 0to Gap.size -1
If (Gap[i] > threshold)
{

Perform segmentation

7) End
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CHAPTER S

EXPERIMENTAL RESULTS

Segmentation has been carried out on 10 different test sets; each test set consists of 20
sentences. A total of 200 sentences have thus been tested for segmentation. Based on
individual test set results, the individual test set accuracy and overall segmentation
accuracy have been calculated. The accuracy has been calculated and tabulated. To check
accuracy, over segmentation, under segmentation and correct segmentation have been
tabulated. Test set has been chosen with sentences consisting of one word, two words,
three words, four words, five words, words with and without headline, sentences with
uneven gaps between words, sentences with variations in size of words, sentences with
variable and uniform length of words. Next section contain the experiments and

corresponding results on these sentences.

5.1 Sentences Consisting of One Word

Experiment 1 has been performed on the sentences that contain only one word. 20
different sentences are tested for one word. A segmentation accuracy of 100.0% is
achieved on these sentences. The sample output image of such a sentence is shown in
Figure 5.1 and segmentation results with accuracy is shown in Table 5.1, respectively.

_ h Agai”
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Figure 5.1: Sentence consisting of one word.
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Table 5.1: Segmentation result of a sentences consisting of one word.

Test No. of Under Over Correct Accuracy
set | Sentences | Segmentation | Segmentation | Segmentation | (in %)
1 20 0 0 20 100.0

5.2 Sentences Consisting of Two Words

Experiment 2 has been performed on the sentences that contain two words. Here, in

this experiment, 20 different sentences consisting of two words have been tested and

segmentation accuracy of 95.0% is achieved. The sample output image is shown in

Figure 5.2 and a segmentation results with accuracy is shown in Table 5.2, respectively.

N
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Figure 5.2: Sentence consisting of two words.
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Table 5.2: Segmentation result of sentences consisting of two words.

Test No. of Under Over Correct Accuracy
set | Sentences | Segmentation | Segmentation | Segmentation | (in %)
2 20 1 0 19 95.0
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5.3 Sentences Consisting of Three Words

Experiment 3 has been performed on the sentences that contain three words. Here in
this experiment, 20 different sentences have been tested and segmentation accuracy of
95.0% has been achieved. The sample output image is shown in Figure 5.3 and

segmentation results with accuracy is shown in Table 5.3, respectively.

Recognize With Old Version

Figure 5.3: Sentence consisting of three words.

Table 5.3: Segmentation result of a sentences consisting of three words.

Test No. of Under Over Correct Accuracy
set | Sentences | Segmentation | Segmentation | Segmentation | (in %)
3 20 1 0 19 95.0

5.4 Sentences Consisting of Four Words

Experiment 4 has been performed on the sentences that contain four words. Here in
this experiment, 20 different sentences have been tested. A segmentation accuracy of
90.0% is achieved. The sample output image is shown in Figure 5.4 and segmentation
result with accuracy is shown in Table 5.4, respectively.
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Figure 5.4: Sentence consisting of four words.

Table 5.4: Segmentation result of a sentences consisting four words.

Test No. of Under Over Correct Accuracy
set | Sentences | Segmentation | Segmentation | Segmentation | (in %)
4 20 2 0 18 90.0

5.5 Sentences Consisting of Five Words

Experiment 5 has been performed on the sentences that contain five words. Here in
this experiment, 20 different sentences have been tested and segmentation accuracy of
85.0% is achieved. The sample output image is shown in Figure 5.5 and segmentation

results with accuracy is shown in Table 5.5, respectively.
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Figure 5.5: Sentence consisting of five words.
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Table 5.5: Segmentation result of Sentences consisting of five words.

Test No. of Under Over Correct Accuracy
set | Sentences | Segmentation | Segmentation | Segmentation | (in %)
5 20 3 0 17 85.0

5.6 Sentences Consisting of Words (2 or more) with/without Headline

Experiment 6 has been performed on the sentences that contain words with the

headline and without a headline. Here, in this experiment headline roles a big part, as it

takes a big part in drawing a boundary box of the stroke. Here in this experiment, 20

different sentences have been tested and segmentation accuracy of 100.0% is achieved.

The sample output image is shown in Figure 5.6 and segmentation results with accuracy

is shown in Table 5.6, respectively.
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Figure 5.6: Sentence consisting of words (2 or more) with/without a headline.

Table 5.6: Segmentation result of Sentences consisting of words (2 or more) with/without

a headline.
Test No. of Under Over Correct Accuracy
set | Sentences | Segmentation | Segmentation | Segmentation | (in %)
6 20 0 0 20 100.0
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5.7 Sentences having Uneven Gap between Words

Sometimes people wrote with irregular gaps between the words and it is important to
check the algorithm for its suitability. The experiment 7 has therefore been performed on
sentences that contain words with uneven gaps in between them. Here in this experiment,
20 different sentences have been tested and segmentation accuracy of 75.0% is achieved.
The sample output image is shown in Figure 5.7 and segmentation results with accuracy

is shown in Table 5.7, respectively.
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Figure 5.7: Sentence having uneven gap between words.

Table 5.7: Segmentation result of Sentences having uneven gap between words.

Test No. of Under Over Correct Accuracy
set | Sentences | Segmentation | Segmentation | Segmentation | (in %)
7 20 5 0 15 75.0

5.8 Sentences with Variations in Size of Words

Experiment 8 has been performed on sentences that contain words with small and big
size. Here in this experiment, 20 different sentences have been tested, and segmentation
accuracy of 85.0% is achieved. The sample output image is shown in Figure 5.8 and a

segmentation results with accuracy is shown in Table 5.8, respectively.
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Figure 5.8: Sentence with large variation in the size of words.

Table 5.8: Segmentation result of sentences with large variation in the size of words.

Test No. of Under Over Correct Accuracy
set | Sentences | Segmentation | Segmentation | Segmentation | (in %)
8 20 3 0 17 85.0

5.9 Sentences Consisting of Words with Varied Length

Experiment 9 has been performed on the sentences that contain words with variable
length. 20 different sentences are tested for words with variable length. A segmentation
accuracy of 85.0% is achieved on these sentences. The sample output image of such a
sentence is shown in Figure 5.9 and a segmentation results with accuracy is shown in

Table 5.9, respectively.

Figure 5.9: Sentence consisting of words with varied length.
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Table 5.9: Segmentation result of sentences consisting of words of varied length.

Test No. of Under Over Correct Accuracy
set | Sentence | Segmentation | Segmentation | Segmentation | (in %)
9 20 3 0 17 85.0

5.10 Sentences Consisting of Words with Same Length

Experiment 10 has been performed on sentences that contain words having a similar

length. 20 sentences have been tested and segmentation accuracy of 100.0% is achieved.

The sample output image is shown in Figure 5.10 and segmentation results with accuracy

is shown in Table 5.10, respectively.
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Figure 5.10: Sentence consisting of words with approximately same length.

Table 5.10: Segmentation result of sentences consisting of words with approximately

same length.
Test | No. of Under Over Correct Accuracy
set | Sentences | Segmentation | Segmentation | Segmentation | (in %)
10 20 0 0 20 100.0
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5.11 Overall Results

Table 5.11: Overall segmentation results.

Type of Sentences No. of Segmentation Accuracy
Sentences .
Under Over Correct (in%)
Segmentation | Segmentation | Segmentation
Sentences 20 0 0 20 100.0
consisting of one word
Sentences 20 1 0 19 95.0
consisting of two words
Sentences consisting of 20 1 0 19 95.0
three words
Sentences 20 2 0 18 90.0
consisting of four words
Sentences 20 3 0 17 85.0
consisting of five words
Sentences consisting of 20 0 0 20 100.0
words (2 or more)
with/without headline
Sentences having 20 5 0 15 75.0
uneven gap between
words
Sentences with large 20 3 0 17 85.0
variations in size of
words
Sentences consisting of 20 3 0 17 85.0

words with varied
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length

Sentences consisting of 20 0 0 20 100.0
words with
approximately same

length

Total 200 18 0 182 91.0

5.12 Sentences where Improvements are Needed

In this section, we have presented a few cases where this segmentation approach does
not perform well. This can be considered as a future work by other researchers in the

field. Figures 5.11 — 5.15 contain such sample sentences.
5.12.1 Words in a Sentence having Small Gaps

The proposed algorithm is based on vertical gaps between words and threshold value.
The underneath Figure 5.11 shows a sentence consisting of two words. This example
doesn’t have gap more than the required threshold value between words. Therefore,

segmentation algorithm fails to segment these two words but reads these as one word.

Try Again
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Figure 5.11: Sentence consists of words with small gap.
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5.12.2 Sentence having Irregular Gaps between Words

The sentence shown in Figure 5.12 has uneven gaps between words. While
determining the threshold, the algorithm may find some of the gaps in such sentences
lower than the threshold value. In such a case problem of under segmentation would

occur and segmentation algorithm is likely to fail in segmenting the words.

HAPAR @
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Figure 5.12: Sentence having irregular gaps between words.

5.12.3 Sentence Consists of Words in Slanting Style

As mentioned earlier, the proposed segmentation algorithm calculates vertical gaps
between consecutive strokes. The cases shown in Figure 5.13 and Figure 5.14 have the
sentences written in an inclined style. The vertical gap calculations are erroneous because
of the incline of the sentence. The program, therefore, fails to segment words. The same

sentence if written on x-axis or rotated to horizontal could be processed successfully.

QD’@E)
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Figure 5.13: Sentence written in a slanted manner.
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Figure 5.14: Sentence written in a slanted style.

5.12.4 Segmentation Performs on Words having Delayed Stroke

The proposed algorithm works with gaps between consecutive values along x-
coordinate. The algorithm fails to segment words in a sentence, when the strokes of the
letters in the sentence are not in continuous order. The delayed stroke is responsible for
segmentation failure. In the example, the headline of the first word is written after writing

all strokes. The Figure 5.15 shows one of such cases.

HAPAR b
UNIVERSITY:
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Figure 5.15: Sentence having delayed stroke.
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CHAPTER 6

CONCLUSION AND FUTURE SCOPE

6.1 Conclusion

The proposed methodology uses online handwritten Gurmukhi script data at stroke
level when white spaces between the words are not explicitly known. This work is mainly
focused on segmentation of words from different types of sentences as given in Table
5.11. This is evident from this table that the proposed algorithm works very well with
sentences containing only one word or many words evenly spaced, giving an accuracy of

100.0%. The algorithm yields an overall segmentation accuracy of 91.0%.
6.2 Future Scope

This work can be extended in the future for segmentation of even more complex
Gurmukhi sentences. This can also be extended in the direction of segmenting the
sentences from a paragraph. One can also explore the possibility of extending this work
for predicting next word while writing the words online. Future work can also be done to
reduce limitations of this algorithm and to increase segmentation accuracy. Testing the
algorithm on a larger dataset is an obvious extension of this work.
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APPENDIX B

VIDEO PRESENTATION LINK

https://youtu.be/hmLQ-2xFOAA
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