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ABSTRACT

The reduction in the prices of technology has increased the use of handheld devices.
These devices also provide the facility of text input but the small keys on them do not
provide a convenient way of input. Digitizing tablets on the other hand provide a natural
and convenient way of input. There are many online character recognizers for many
languages but there is no such commercial product for Urdu. Our research deals with the
online Urdu handwriting recognition.

Our online Urdu handwriting recognizer makes use of the ligature based
approach instead of character based identification. The segmentation free system extracts
a feature vector for each ligature which 1s then passed on to the back propagation ncural
network for classification of the ligature. The special ligatures (Dots, Tay, Hamza,
Diagonal & Mad) are identified from the base ligatures. These special ligatures are
associaled with the base ligature. After this, the ligature is checked for its validity. Valid
ligatures form words. After word formation, word validity is checked by using a word
dictionary. Finally, the valid words are written in a text file.

The OLUCR recognizes all two character ligatures e.g. LW, w» etc and most
commonly used three character ligatures e.g. 43, us, 355, U, W etc. We have successfully
recognized 241 base ligatures and 6 secondary strokes. These when combined form 864
ligatures which can recognize approx 50000 words of our Urdu dictionary successfully.
Special feature recognition is 98% and base ligature recognition is 93%.
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Chapter 1 Introduction

1.1 Introduction to OCR:

Any type of data processing by computer has many advantages in the viewpoints of
cost, convenience and efficiency. Recently, people are trying to process data by computer
in many fields. To realize computer data processing, it is essential to input all data into
the computer. But there is a bottleneck on the input process because inefficient input
methods are a burden in terms of much time, cost, and labor. As a solution of this
problem, automatic optical character recognition comes to the rescue.

Optical Character Recognition is the branch of pattern recognition. It is one of the
most difficult and intriguing pattern recognition problems that studies methods of
converting text in images into computer understandable text codes. One of the aims of
OCR is to emulate the human ability to read at a much faster rate by associating symbolic
identities with images of characters. Some of the potential applications of Optical
character recognition are: reading postal address off envelopes, automatically sorting
mail, reading customer filled forms, archiving and retrieving text, Provision of interface
for entering text in PDAs through pen like devices, etc. The ultimate goal of character
recognition is to develop a communication interface between the computer and its users.
This implies the direct storing of handwritten or typewritten text into the computer
without using the keyboard.

We can group the research in character recognition into two main schemes, namely,
Offline character recognition and Online character recognition.

Application Softwars

'Ofﬂ.i.D.B {} . ‘Online;

4 Ducument
@ Recngnftmn

N . Uset interface

Figure 1: Online and offline OCR

Muh|—<

Character |/

Modal Jinput . Recognition

1.2 Offline Character Recognition:

In offline systems, the data is collected using a scanner/digital camera whose
output is usually in the form of a bitmap, image or compressed form of it. Further, the
recognition is not done at the time of writing the documents i.e. in real time.

Online Urdu Character Recognition Engine 1



Chapter 1 Introduction

Text Recognition Systems generally have following stages: image acquisition, pre-
processing, segmentation, feature extraction, classification and recognition {6]. From the
classifier perspective, the Text Recognition Systems are further divided into
Segmentation based and Segmentation-free systems [7].

1.2.1 Segmentation Free Systems/ Ligature Based Recognition:

In these systems, the word is recognized as a whole without trying to segment and
recognize characters or primitives [15].This approach does not need character
segmentation aigorithms, but efficient ligature recognition algorithms. One approach for
such systems is to calculate a single feature vector for each word; this feature vector is
then used to recognize the word.

1.2.2 Segmentation Based Systems:
In Segmentation based systems, each word is further divided into a number of
subparts. The segmentation-based systems are further subdivided into four categories:

e [solated/Pre-segmented characters,
e segmenting a word into characters,
e segmenting a word'into primitives,
e Integration of recognition and segmentation.

These systems are either impractical because they try to recognize digits and isolated
characters or they have low recognition rate because of segmentation errors [5].

1.3 Online Character Recognition:

Enabling computers to understand natural human input has been the goal of many
researchers in the last 2 decades. Extensive research has been done in both voice and
handwriting recognition technologies. The introduction of the personal computer and
PDAs has expanded the consumer market, which is now ready to acknowledge
handwriting-based solutions, both on the hardware technology side and the ability of
adequate online handwriting recognition. It is a very important technique for convenient
human computer interface. Pen-based input gives lots of advantages. It provides the most
easiest and natural way of input i.e. pen based. It also makes a small size portable
computer (PDA, handheld PC, palm PC, etc.) possible because there is no need for
keyboard or keypad.

The root of online handwriting recognition is real time data collection by way of a
digital sampling method. The most common input devices are digitizing tablets or touch
pads, where the written data is digitized and translated into a series of coordinates.

1.3.1 Online Input Methods:

Since natural handwriting recognition is a difficult task, different methods have
been tried to achieve accurate recognition. Each approach is more suitable for a certain
task. The following is a list of the most popular:

Online Urdu Character Recognition Engine 2



Chapter 1 Introduction

Unistroke Characters:

This input consists of characters created out of a single ink stroke
(Unistroke). The shape of each character is selected in a way to increase the
differentiation from the other characters. The user must learn a new handwriting
style (some letters are similar to standard writing) and also abide by regulations
describing how to use the system, such as how to shift between capital and small
letters. This method is highly suitable for extremely small devices on which it is
impossible to write naturally. [14]

Boxed Input:

The input is done by implementing a natural handwriting style, but each
character has to be input by using a predefined box layout. The written strokes are
segmented into characters according to their location in the box. This method is
usually suitable for form-filling applications. [14]

Natural Input:

This writing style is completely natural, as if the user is writing on a piece of
paper. The ink strokes can be connected, such as in cursive writing, and there are
no constraints in the writing style. This method is highly suitable for massive
input tasks, such as E-mail, note taking, etc. [14]

Command and Control:

Handwriting input can also be used as a command and control method
(similar to the usage of speech). A specific handwritten symbol can be attached to
an action, such-as the execution of a macro, launch of an application, performing
editing operations and more. This method is highly sujtable as an add-on to
devices that already incorporate a touchpad (such as laptops) or within any pen-
centric device. [14]

The most sought aftcr input method is a totally natural input, in which the user writes as
if writing on paper. Recently, some adept natural handwriting recognition systems were
introduced, which can be used without constraints. Most natural online handwriting
recognition engines share a common basic design. However the actual implementation
varies quite a bit. [14]

1.3.2 Methods for Recognition:
The process of recognition of text written in any language can be broadly
classified into five main categories, which are:

Online Urdu Character Recognition Engine 3
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Figure 2: Recognition Process
Data Collection:
The data is collected in real time from the acquisition hardware. The standard data is
a stream of {X, y} coordinates, sampled at almost equal time intervals. In addition to the
coordinates, there is also an indication if the stylus is at up or down mode. Data collection
ends after a predefined timeout period, where no additional pens down events are
encountered.

Pre-processing:

Pre-processing of the input raw image is crucial for the success of efficient character
recognition systems. This process is a collection of different operations applied on an
image. It takes a raw image and enhances it by reducing noise and distortion, and hence
simplifies the processing stage. Different steps involved in the Pre-Processing phase are:
Skew detection and removal, Filtering, Smoothing, thinning, normalization, Document
decomposition, Slant normalization etc.

Segmentation: .

The segmentation process takes all of the written data and attempts to segment this
data into words and characters. This process also incorporates global features such as
baseline, size, and other helpful statistical features above the shape-based recognition. All
of these features are combined together and use optimization techniques, which output
the most probable segmented recognition results in a short time.

Feature extraction: A

. The raw data (x, y coordinates) is transformed into more suitable recognition related
features. These features model the underlying features of the written data, such as the
curve, direction, break points, height and more. These features are the groundwork for the
higher levels,

Shape Recognition/ Post-Processing:

The heart of online/ offline character recognition is the ability to compare a written
set of strokes (or sub strokes in cursive letters) to character templates. The results are a
set of characters along with their associated match probability. The comparison is based

Online Urdu Character Recognition Engine 4



Chapter 1 Introduction

on analyzing the shape features, with the more sophisticated (high level) attributes
assisting to provide a complete recognition system later.

Linguistics and Dictionary:

These are additional sources of information that help to resolve conflicts between
similar looking characters. The information is usually based on statistical modelling of
the language or as a language dictionary. The statistical representation optimizes the
written text as an adequate sequence of letters, as expected in the language — such as
referring to “ing” at the end of a word, versus “iny”. The dictionary searches the written
text for the most probable word in the dictionary.

Training: -

Training enables the user to teach the recognition system his/her individual writing
style. Preferably, the training is done in an "on the fly" manner — i.e. any correction of
erroneous text is also a training event.

1.4 Urdu Character Recognition

1.4.1 Background:

The word “Urdu” is derived from Turkish language meaning 'foreign’ or 'horde’. It
belongs to the Indo-European language family and has influences from Persian, Arabic
and Hindi. About 104 million population uses Urdu as its first and second language
across the globe. Urdu is the national language of Pakistan and is also widely spoken in
Afghanistan, Bahrain, Bangladesh, Botswana, Fiji, Germany, Guyana, India, Malawi,
Mauritius, Nepal, Norway, Oman, Qatar, Saudi Arabia, South Africa, Thailand, UAEL,
United Kingdom and Zambia [2].

Indo-European
Indo-lranian
indo-Aryan
Central zone
Western Hindi
Hindustani
URDU (Pakistan)

Figure 3: Language Family Tree for Urdu [1]

Formal vocabulary of Urdu is borrowed from Arabic and Persian while it embodies
morphological and phonological similarities with Hindi. Perso-Arabic script written in
Nastaleeq style is widely used for Urdu orthography [2].

Online Urdu Character Recognition Engine 5
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1.4.2 Characteristics of Urdu script:
Some of the most important characteristics of Urdu, which distinguish it from other
languages, are:

» Direction of writing: Unlike English, Urdu is written from right to [eft.

« Cursive: Urdu tex! is cursive in nature [10]. Adding to the complexity is the
writing style in which the characters forming words are connected to each other.

* Ligatures: Several characters of Urdu are combined vertically to form a
hgature [10].

= Spaces: Spaces in Urdu may occur between ligatures and between words. The
spaces between ligatures and words vary. This feature of Urdu handwriting also
makes the recognition difficult.

« Presence of a Base line: Like other languages e.g. English, Urdu has a base
line. The base line is a horizontal line which runs through the text, cutting all the
words at some point.

« Overlapping: The characters in Urdu overlap vertically and do not touch each
other.

« Diacritics: Diacritics are very important in Urdu language. These include
diacritics such as Dots, Ttaay, Hamzaa, Diagonal and Madaa, etc.[16]

* Upper and Lower Cases: There is no concept of upper case and lower case in
Urdu language writing,.

» Shape of the Characters: The shape of every character depends on the position
in the word. In the Naskh way of writing script, Urdu assumes four different
shapes depending on whether the character is isolated, in the beginning, at the
end or connected from both the sides in a word [10].

* Strokes: The basic rule is that any Urdu character has one main stroke and zero
or one secondary stroke [10].

1.4.3 Challenges in Urdu Script:

The problem of Urdu text recognition is closely related to Arabic text recognition.
Urdu character set is based on the Arabic character set. It is a cursive language even in its
printed form. In the past, a lot of research has been done on automatic recognition of text
written in languages based on Roman, Chinese text, Arabic and Persian, but no serious
research has ever been published on Urdu text recognition. Arabic and Persian are based
on similar basic characters and writing styles as Urdu, have seen quite worthwhile
research in the past decade. However, those solutions are not valid to Urdu due to a
number of inherent differences in the script and styles of Urdu text. Like Arabic,

Online Urdu Character Recognition Engine 6



Chapter 1 Introduction

recognizing Urdu script presents challenges of cursive orthography and context sensitive
letter shape.

1.4.4 Applications of Online Urdu Character Recognition:

On-line handwriting recognition is a very important technique for convenient
human computer interface. Pen-based input has a number of advantages. First of all, it
helps users such as computer novices, old people and house wives to conveniently use a
computer. It also makes a small sized portable computer (PDA, handheld PC, palm PC,
etc.) possible because there is no need for keyboard or keypad. The collected raw data is
later used for the recognition process.

The specific applications of this new software for Urdu are expected in areas
where natural way of input i.e. pen-based input is preferred as the convenient input
methods:

e Mobile phones giving the facility of Urdu messaging,

e Urdu digitizing notepads,

» Lecture to text conversion,

» User friendly Urdu handwriting recognition software such as Microsoft Office.
» Entering Urdu text in to PDA’s.

o Filling forms in Urdu and their digitization.

s Teaching Aids

» Touch screen data input

» Ticketing Machine

o Urdu signature verification.

1.5 Research Objective:

This research opens doors to a new dimension to the Urdu Computing. Although
there has been a lot of work in Offline Urdu Recognition but Online Urdu Recognition
has been unfortunate in this respect.

The objective of this research is to build a recogniser for Urdu handwriting. The
final software has the capability of recognising the Urdu ligatures and words. It also
discards the invalid ligatures and words. The transferring of the handwritten text to a text
file is another objective of this research which is another very useful facility to the end
user.

1.6 Research Contribution:

The contribution of this thesis is the first ever Online Urdu Handwriting
Recogniser that can recognise 50,000 words of Urdu dictionary with a reasonable amount
of accuracy.

1.7 Structure of Dissertation:

The thesis is divided in to five chapters. In addition to these five chapters three
appendix have been added for additional information. The chapters and appendix cover
the following areas. The chapter 1 is Introduction. It gives an introduction to the optical
character recognition, it’s types. It also describes the characteristics of the Urdu language
and applications of online Urdu recognisers.

Cnline Urdu Character Recognition Engine 7
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Chapter 2: Literature Survey

This chapter gives an overview of the work done in the field of Urdu and Arabic
character recognition, as Arabic is closely related to Urdu.
Chapter 3: Proposed Solution

This chapter gives a detail of the research approach employed to the problem of
online Urdu handwriting recognition.

Chapfer 4: Experimental Results
In this chapter the.experimental results are discussed as well as displayed by
giving the screen shots of some of the written and recognised words.

Chapter 5; Conclusion
This chapter discusses the results, the constraints and the future enhancement in
this research,

Appendix 1: Ligature List
A list of the 864 tested and trained ligatures is provided in this appendix.

Appendix 2: Word Dictionary
A list of some of the words present in the dictionary is provided in this appendix.

Appendix 3: Implementation
Some sample code of important modules is provided in this chapter.

Online Urdu Character Recognition Engine 8
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Chapter 2 Literature Review

2.1 Introduction:

The rapid spread of computers and palm devices, has led to enormous growth in
the availability of information, as well as dynamically increased demand for access to
information in electronic format for purposes such as document analysis, processing and
efficient editing. Giant steps have been made in the last decade, both in terms of
technological supports and in software products. Character recognition (OCR) contributes
1o this progress by providing techniques to convert large volumes of data automatically.
In order to answer the extremely tedious and time consuming task of re-inputting
information into elecironic media via keyboard, another field has emerged with in OCR
i.e. the dynamic character recognition. There are so many papers and patents advertising
recognition for the successful static character recognition i.e. offline character recognition
claiming recognition rates as high as 99.99.There has been a lot of work in dynamic
character recognition in English, Chinese, Japanese and Thai languages however, Arabic
and Urdu languages have been unfortunate in this respect.

During our thesis, we studied a number of research papers, tools and techniques
for Arabic and Urdu dynamic as well as static character recognition which helped us to
identify our dimensions of research. In this chapter we have included some of the most
relevant papers. Qur study shows that dynamic character recognition is an emerging field
that requires a lot of research in order to develop robust methods for providing
commercial products with extremely high recognition rates.

2.2 Arabic Character Recognition By Adnan Amin

Published In: School of Computer Science and Engineering, University of New South
Wales, Sydney, New South Wales 2052, Australia.

The objective of this paper is to identify the problem related to hand written Arabic
character, and describe different methods for the recognition of hand written Arabic
characters for online recognition.

Amin proposed a system for online Arabic word recognition. The hand drawing is
directly segmented in to characters on the basis of certain heuristic criteria. For every
word, the characters are connected to each other by horizontal segments from right to left.
Statistically, theses connections appear:

1. Almost always after an intersection point.
2. Often after a cusp point.
3. Sometimes simply after a change of curvature.

These points serve remarkably as separators in the segmentation process and directly
permit one to obtain a list of characters of the word component. With the help of each
separator, portions of the hand writing are extracted and transmitted to the character
recognition module for identification. If no character has been recognized, the
corresponding segmentation is canceled and a new tentative try is carried out with the
separator of the next lower priority.

Online Urdu Character Recognition Engine 9



Chapter 2 [ iterature Review

The character recognition module is similar to the system which recognizes isolated
characters. Finally, three hypotheses at most, i.e. the three best scare candidates provided
by the character recognition module are associated with each of the characters which are
extracted from the handwritten Arabic word by segmentation module. The set of
hypothesis form a lattice. Identification of the word consists of traversing the lattice to
find the path of the best score corresponding to a word in the dictionary. Binary diagrams
are used for resolving ambiguities and eliminating all a candidates which are not present
in the dictionary of known words.

The second method is global without segmentation in to characters. This method uses the
notion of stroke instead of character. A vector defining the main parameters of word
(number of secondary strokes, size and position of groups of dots, number of intersection
points, number of cusp points) makes it possible to recognize a word and each of its
constituent strokes. Whenever the same vector yields several possibilities, they are
classified according to a score computed from secondary parameters of the stroke (the
start point, form and angular variation of the main stroke).

Furthermore to enhance the recognition rate of a syntactical and semantically analyzer
that verifies the grammatical structure and the meaning of Arabic sentence is used.

Conclusion:

This paper defines both the segmentation free and segmentation based methods for
online Arabic character recognition. As we choose the first approach for recognition, this
paper helped to figure out the kind of features we could extract from the handwritten
Urdu text. This paper was basically an extract from a book, so there were no recognition
rates mentioned which could help us to identify the success of these methods.

2.3 Automatic Recognition of Handwritten Arabic Characters Using
Their Geometrical Features By Maged Mohamed Mahmoud
Fahmy

Published In: Computer Science Department , College of Science University of Bahrain
Isa Town

This research aims to use geometrical features and neural networks to automatically
recognize (read) off-line handwritten Arabic words. It concentrates on the feature
extraction process, i.e. extraction of the main geometrical features of each of the
extracted handwritten Arabic characters. A complete system able to recognize Arabic-
handwritten characters of only a single writer is proposed and discussed. A review of
some of the previous trials in the field of off-line handwritten Arabic character
recognition is included. The system first does preprocessing, finds the feature vector and
then performs classification of each character. Details are given below.

Online Urdu Character Recognition Engine 10



Chapter 2 [iterature Review

Prepracessing:

The preprocessing operation consists of image Loading, Slope Correction, Slant
Correction, and Thinning. The slope correction is achieved by application of the Shear
iransform parallel to the y-axis.

Finding Handwriting Features:

A number of useful features have been found from the processing that has already been
performed on the writing: endpoints, junctions, complementary characters, loops, and
turning points. The methods for the detection of intersection points, endpoints, and loops,
are all operating on skeletonized bit maps.

Character Classification:
The character classification is done in this research using feed forward error back
propagation neural network. The netwotk has a single hidden layer of standard
perceptions with nonlinear activation functions. The mapping process is from input,
represented by features extracted for the Arabic character, to the output, that represents
an indication to that character.

The recognition process has known two trials. The neural network has three
layers. In both trials, the number of output neurons and the number of hidden neurons
was same.

Conclusion:

The writer has chosen the segmentation free approach for offline character
recognition. This leads to the recognition through feature extraction. Further feed forward
back propagation neural network was used for classification. They achieved 53%
accuracy in first trial. In the second trial, the recognition accuracy increases to 69.7%.
This paper gave us an insight to the power of neural networks for character classification
for large data.

2.4 A Multi-tier Holistic approach for Urdu Nastaliq Recognition By
Syed. Afaq Husain and Syed. Hassan Amin

Published In: IEEE INMIC Dec. 2002, Karachi.

In this paper, a new approach for the off-line recognition of cursive Urdu text has been
presented. This methodology has been developed for the Noori Nastaliq Script. Word
(Ligature) based identification has been adopted instead of character based identification.
A multi-tier holistic approach is used to recognize ligatures from a pre-defined ligature
set. Initially, the special ligatures (Dots, Tay, Hamza & Mad) are identified from the base
ligatures. These special ligatures are associated to the most probable neighboring base
ligature in the second step. Finally, the above information along with some other RTS
invariant features of base ligature is presented to the Feed Forward Back Propagation
neural network to perform the final recognition task. The different stages involve:

Online Urdu Character Recognition Engine 11
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Preprocessing:
The preprocessing stage involves Smoothing, Skew detection and correction, Document
decomposition, Slant normalization etc.

Segmentation:

They have applied Connected Component Labeling. This technique assigns to each
connected component of binary image a distinct label. The labels are usually natural
numbers from 1 to the number of connected components. The algorithm scans the image
from lefi-to-right and top-to-bottom. On the first line containing black pixels, a unique
label is assigned to each contiguous run of black pixels. For each.black pixel, the pixels
in its eight neighborhoods are examined, if any of these pixels has been labeled the same
label 1s assigned to the current pixel, otherwise a new label is assigned to it.

Feature Extraction I:

In this stage, the features that help in the recognition of special ligatures are extracted.
These features are Solidity, Number of Holes, Axis Ratio, Eccentricity, Moments,
Normalized segment length, curvature, ratio of bounding box width and height.

Special Ligature Identification:

For identifying special ligatures, a Feed Forward Back propagation neural network with
15 inputs, 25 hidden and 25 output neurons was used. The feature vectors obtained from
Feature extraction 1 stage of the system are fed to this neural network. It then identifies
the ligatures as either special ligatures or base ligatures.

Feature Extraction II:
In this stage, association of special ligatures with the base ligatures takes place.

Future enhancements in this paper can be made by increasing the number of trained
ligatures and diacritics.

Conclusion:

The performance of this system was 100% on trained ligatures. The untrained
ligatures were given the closest match. They have again used the bp neural network for
recognition which further enhances its importance in the field of character recognition. In
this and all other papers different types of preprocessing steps were performed before
character recognition. We deduced from this fact that pre-processing is an essential
preliminary step in all types of character recognition.
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2.5 Ligature Based Optical Character Recognition of Urdu, Nastaleeq
Font By: Zahra A Shah and Farah Saleem

Published In: Department of Computer Science, Kinnaird College for Women,
Lahore, Pakistan, Multi Topic Conference, 2002. INMIC 2002, Dec.
27-28, 2002.

This work addresses the problem of recognizing Nastaleeq script of Urdu Language. The
input to the system is an image of a page of text and the output is a machine editable file
compatible with Unicode standards. The system first extracts lines from the document
image and then isolates every ligature in that line. The final recognition is achieved by
template matching. The system works reasonably well for type written Nastaleeq script.
The basic methodology of this OCR system is:

Image Acquisition & Storage:
After the image Is acquired, its contents are stored as ones and zeros in a 2
dimensional array.

Separate Lines:

Simple methods for separating lines are those based on projection profiles and the
same have been used using additional information of line width in order to include
secondary strokes too.

Isolate Ligatures:

The first step towards ligature isolation is to label every connected component in the
line. Then mathematical features of every connected component in a line are calculated
which include height, width, Aspect Ratio and Bounding Box of every component. The
Aspect Ratio of the main body also forms a part of the Feature Matrix.

Distinguish between Main Bodies and Visible Features:

Visible features include: diacritics, secondary strokes and Nuktas (dots). In this step
horizontal projection to construct a hypothetical band across a line of text is used.
Further, a two-pass method for recognition of visible features is used. In the first pass, the
visible feature set is recognized and in the second pass the visible feature recognition
strategy is applied to the main body set, so as to extract the visible features coming in the
region of the base band. The visible features are recognized using template matching.

Get Constituent Unicode characters:

After identifying the class to which a ligature belongs to, its constituent Unicode
characters are retrieved from the Database and appended in a text file. If a class has more
than one ligature, then the main body of the unknown ligature is matched with the
templates of this class and the ligature with maximum similarity is selected. lIts
canstituent Unicode characters are looked up and appended in a file.

In this paper formatting like spaces and tabs are not handled in the converted text.
Further a font size of 36 performs well when aspect ratio is used as a feature vector.
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Changing the font size has cause problems in identifying some ligatures when used with
aspect ratio. This paper has potential for future enhancement.

Conclusion:

The techniques mentioned in this paper such as the projection profile and connected
component labeling is meant for offline character recognition. This paper was helpful
with respect to its Unicode retrieval and appending Urdu text to a file.

2.6 A Feature Extraction Technique for Online Handwriting
Recognition By Brijesh Vermal, Jenny Lul, Moumita Ghosh2,
Ranadhir Ghosh2

1 Faculty of Informatics & Communication, Central Queensland University,
Rockhampton, QLD 4702, Australia

2 Schools of Information Technology and Mathematical Sciences, University of
Ballarat, Ballarat, VIC 3350, Australia

Published In: IJCNN 2004: International Joint Conference on Neural Networks (Budapest,
25-29 July 2004).

The paper presents a feature extraction technique for online handwriting recognition. The
technique incorporates many characteristics of handwritten characters based on structural,
directional and zoning information and combines them to create a single global feature
vector. The technique is independent to character size and it can extract features from the
raw data without resizing.

Their proposed technique has been classified into eight- modules such as
dehooking, feature extraction, stroke extracting, calculate PEN-UP, extract directions of
start point and end point, extract changes in writing direction, calculate height/width ratio
and extract zone information which creates a global feature vector and uses a back-
propagation neural network based classifier. The models are described below:

Dehooking:

Hooks can occur at the beginning and end of strokes due to inaccuracies in pen-
down detection and rapid or erratic motion in placing the stylus on, or lifting it off the
tablet. To remove hooks if the vector direction length is less than threshold, remove it
from the dataset, otherwise keep it.

Extract stroke:

Stroke is defined as continuous path of the pen from the moment it is placed on
the writing surface until the moment it is lifted up. In this case, stroke is the series of
points from “PEN-DOWN” point to “PEN-UP” point. The feature calculated in this
research is the number of strokes for one character. Thus the method used to get the
strokes was simply by counting how many “PEN_DOWN" occurred in the dataset for
one character or digit.
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Zones and directions of start and end point:

Using the lateral coordinates and the longitudinal coordinates of the first point and
the second point, start point direction (SD) and the end point direction (ED) has been
calculated. For the zone information, the whole region of character was separated into six
zones in this research.

Change of writing direction:

The change of writing direction is regarded as the changing from pen going up
{down) to down (up) or going left (right) to right (left). For one particular character or
digit, the order of strokes may be very different, but the change of writing direction will
be similar. Based on vector direction, we can get the jag point where the writing direction
changed. Using the coordinates of continuous two jag points they have found how many
times the direction is changed.

Global Feature Vector:

A global feature vector is based on a number of characteristics such as writing direction
going down, writing direction going up, writing direction going left, writing direction
going right, Z1, 72, 73, 74, 75 and Z6: 6 zones.

Back-Propagation Neural Network Classifier:

A back-propagation neural network with a single hidden layer is used as a
classifier.

Using the proposed technique and a Neural Network based classifier; many
experiments were conducted on UNIPEN benchmark database. The method and
techniques proposed in this paper have shown improvement when compared with
previously existing techniques.

Conclusion:

This is the first paper on online character recognition. In this paper we learnt the
pre-processing techniques for the real time character recognition. They have presented a
new approach to feature extraction i.e. the feature extraction through zoning. The
recognition rates are 98.2% for digits, 91.2% for uppercase and 91.4% for lowercase.

2.7 On-Line Recognition of Handwritten Arabic Characters By Samir
Al-Emmy and Mike Usher

Published In: IEEE Transactions on Pattern Analysis and Machine Intelligence,
Vol. 12. No. 7. July 1990

This research paper deals with online handwritten Arabic words recognition. It
recognizes a very small set of words which includes only four words of Arabjc language
which are used as the post code in many Arab countries. These words involve
b5 .yt als ey,

The recognition Modules involves the following stages.
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Pre-Processing:

This stage involves the segmentation of the word written. Each segment is assigned a
code w.r.t. it’s direction. Four directions North, South, East and West i.e. 1, 3, 4 and 2
have been used. Along with this the segment length and the tangent value representing
the slope of each segment is also calculated. Special code the 0 code is inserted for dots.

Learning:

This stage involves the storing of the information calculated in the above stage in the
- decision tree data in the form of codes, Therefore, each decision tree consists of the code

number of the word, the dots information both for the upper and lower dots, and the

number of character having the same dot.

Recognition:
This stage involves the tree traversal for the code of the newly entered word starting from
the initial code. If the code is found as it, a very successful match is found. Otherwise, the
wree traversal starts again by dropping the initial character of the code. If the dots flag is
zero, the record will not be checked for the presence of dots. If it is set then dots will also
be identified.

This research still has a lot of potential for further improvement as the key to online
handwritten charactes recognition is to deal with the variations with in the same words.

Conclusion:

There are very few papers available for real time character recognition. This paper
introduces an approach suitable for only few mentioned characters. This approach can be
taken forward because it will definitely confuse the additional characters with the
existing. Further, a new approach to pre-processing has been introduced which might be
helpful in future. The results of this research were 100 % accurate only on the proper,
well- written words. In case of little variation the results were incorrect.

2.8 Urdu Online Handwriting Recognition By Shumaila Malik and
Shoab A. Khan

Published In: Emerging Technologies 2005. Proceedings of the IEEE Symposium
on Volume, Issue, 17-18 Sept. 2005 Page(s): 27 — 31, Digital Object
Identifier 10.1105/ICET.2005.1558849.

In this paper only individual characters and Urdu numerals are recognized but ligatures
have not been addressed. Using the individual characters, 200, two character words were
recognized. For example, ¥, 4, etc. In many on-line character recognition papers, for
other languages, neural networks were used for recognition but they have used tree based
dictionary search for the classification of characters.

The working of recognition system is based on
e analytical approach to segmentation for feature extraction
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e rule based slant analysis for slant removal
o tree based dictionary search for classification

Conclusion:

This is the first ever published work on online Urdu character recognition. This
paper uses the segmentation approach in order to recognize characters. The classification
of characters is done using the tree based matching. This paper deals with a very small set
of words and only characters not ligatures. The recognition rate for the isolated characters
and numerals is 93% and 78% for two character words. This paper uses a different
approach for character recognition which was not very helpful in our research. In fact,
this paper was found after the completion of our research, and has been included only for
comparison and as a reference to the previous work in this field.

2.9 Literature Survey Conclusion:

In order to find out the present trends and goals of online Urdu character
recognition a [iterature survey was carried out. During the literature survey of our thesis
we found out that there are many online character recognition systems and research
papers for English language for example Off-line Character Recognition using On-line
Character Writing Information by Hiromitsu Nishimura and Takehiko Timikawa Dept.
of Information and Computer Sciences, Kanagawa Institute of Technology. There is also
quite a number for Chinese and Thai language for example Thai Online Handwritten
Character Recognition Using Windowing Back propagation Neural Networks by
Sutat Sae-Tang Ithipan Methaste Information Research and Development Division,
National Electronics and Computer Technology Center, National Science and
Technology Development Agency.

There are a number of papers on off-line Arabic character recognition that have
been mentioned in our literature survey. There are very few systems for Arabic online
character recognition that have the capability of recognizing the whole of Arabic
character and ligature set. A lot of work has been done for off-line Urdu character
recognition. Some of the papers mentioned in our literature survey are A Multi-tier
Holistic approach for Urdu Nastaliq Recognition by Syed. Afaq Husain and Syed.
Hassan Amin Published in IEEE INMIC Dec. 2002, Karachi and Ligature Based
Optical Character Recognition of Urdu, Nastaleeq Font by Zahra A Shah and Farah
Saleem Department of Computer Science, Kinnaird College for Women, Lahore,
Pakistan Multi Topic Conference, 2002. INMIC 2002. When it comes to research on
online Urdu character recognition Urdu language has been.quite unfortunate in this
respect, as only two research papers were found on this subject. There are a number of
papers on offline Urdu character recognition, some of which have been mentioned in our
literature survey.

2.10 Problem Definition:

Online character recognizers for many languages are present. For e.g. English,
Japanese, Chinese, Thai, Arabic but only two research papers have been published for
Urdu yet. Urdu is a complex language when it comes to recognition by computer. It is
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difficult to recognize because of having quite distinct and complex characteristics such
as:

o It has a variety of scripts and styles.

« ltis acursive script.

« It has a vast character set.

- Its characters have a context sensitive letter shape.

- It has overlapping characters.

« It has a vast special ligature set which has to be assocrated with the base ligature.

« In asingle base ligature there are often more than one secondary strokes, which
increases the complexity.

Urdu like Arabic is a cursive language. Arabic character set does match with that of Urdu
but Urdu tends to have a larger character set. Arabic character set consists of 28
characters where as Urdu consists a total of 42 characters [16]. In spite of the similarities
between the character sets of the two languages they have a different dictionary, different
ligature sets to recognize. Therefore, techniques used for the recognition of Arabic text
can not be totally applied to Urdu character recognition.

Hence, the online Urdu character recognition remained unsolved. In order to
achieve the online Urdu character recognition a new research has been carried out
keeping in view the challenges presented by the cursive Urdu script and its context
sensitive letter shape.
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3.1 Introduction:

The recognition of handwritten or printed text by computer is referred to as OCR
i.e. optical character recognition. When the input device is a digitizer tablet that transmits
the signal in real time as in pen-based computers and personal digital assistants or
includes timing information together with pen position it is called the dynamic
recognition. When the input device is a still camera or a scanner, which captures the
position of digital ink on the page but not the order in which it was laid down, it is called
the static or image-based OCR. Dynamic OCR is an increasingly important modality in
Human Computer Inieraction.

Data entry using a pen forms a natural, convenient interface especially for
handheld devices, which are very common now. The large number of writing styles and
the variability between them makes the problem of writer-independent handwriting
recognition a challenging pattern recognition problem. The structural approaches has
long been dominating the online character recognition (OLCR) technology, in which the
structure of input character is extracted and either matched with the structure of models
already stored in a model database or to form a feature vector to determine the class of
input character. The input is the pen or stylus moving across a digitizer yielding a stream
of points. These are typically X, y coordinate pairs. A single pen down to pen-up
movement is called a stroke. It is these strokes on which the whole of the recognition
process depends. The’ recognition can be done through neural network or any other
approach of pattern recognition. The success of the final product is its recognition rate. A
higher recognition rate and the ability to support various writing styles is what make a
standard recognition engine successful.

3.2 Online Urdu Character Recognition Engine:

The recognition engine makes use of the various approaches in order to recognize
the strokes. This is due to the cursive nature of the Urdu handwriting. The recognition
systems are generally divided in to two types. Segmentation based and segmentation free
recognition systems. We have used the segmentation free approach in which the input
stroke is not broken in to characters as many of the recognition errors occur due to errors
in segmentation. The characters are recognized using the ligature based approach in
which the whole ligature is recognized as it without segmenting it into its constituent
alphabets. The segmentation free system extracts a feature vector for each by using the
strokes (X, y) co-ordinates and the chain codes, unique features for every stroke are
detected and a feature vector is extracted. This feature vector is then fed in to the back
propagation neural network for the classification of every stroke in to its respective class.

The OLUCR recognizes 38 one character ligatures , 726 two character ligatures
e.g. W w2 etc and approximately 100 most commonly used three character ligatures e.g.
43, ux, 35, e, Wete. These when combined can recognize approximately 50000 words
of our Urdu dictionary successfully. The secondary strokes recognized are:
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blGII/lel.

Figure 3.1: Secondary Strokes

Namely, (left-right order) hay, kaaf and gaaf long diagonal stroke, Madaa,
Hamzaa, and the single dot. The special ligatures (Dots, Tay, Hamza, Diagonal & Mad)
are identified from the base ligatures. These special ligatures are associated with the base
ligature. After this, the ligature is checked for its validity. Valid ligatures form words.
After word formation, word validity is checked by using a word dictionary. Finally, the
valid words are written in a text file for display and further editing as per user
requirement.

3.3 Tools and Technologies:
This system was has been developed using the following Tools and Technologies
were used:
« Graphic Tablet; Intuos Wacom board.
»  Visual C # dot net
« MS Windows 2000

» Urdu Dictionary.
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3.4 Block Diagram
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3.5 Proposed Modules

Keeping the challenges of Urdu online character recognition in mind and
following the literature study, our proposed system consists of the modules which are
also the building blocks in many of the papers mentioned in the Literature Survey
chapter2. The modules include:

3.5.1 Acquisition:

The processing was done on strokes obtained using digitizing tablet, the Intuos
Wacom board. The tablet resolution 1s 2540 Ipi (lines per inch) and pressure level 1024.
The data capture application screen was set to the size of the monitor to standardize the
input space and to smooth the data samples. The data is collected inreal time. The
standard data is a stream of {x, y} coordinates.

3.5.2 Preprocessing:

The data thus obtained often contains irregularity such as the hooks and erratic
handwriting generated by inexperienced users. Hooks occur due to the inaccuracies
during pen up and pen down while placing the stylus on, or lifting it off the tablet.

Figure 3.3: z written by inexperienced writer and I containing hooks in the
beginning and end

1. Chain Coding:

Chain code describes an object by a sequence of line segments with a given orientation.
The method was introduced in 1961 by Freeman. In this approach, an arbitrary curve is
. represented by a sequence of small vectors of unit length and a limited set of possible
directions, thus termed the unit-vector method. From a selected starting point, a chain
code can be generated by using 4-directional or 8-directional chain code. N-directional
(N = 2k) chain code is also possible; it is called general chain code. The codes associated
with eight possible directions, with x as the current contour pixel position, are defined as:

N

Chain codes =

ol W
= -
-~ O

We have used the 8-directional chain coding. The pre-processing steps were performed
on the chain codes.
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In order to remove hooks and the erratic strokes the following approaches were carried:-
1. Dehooking.
2. Smoothing.

2. Dehooking:

Hooks are very common artifacts found at the ends of the strokes. They are
generated during fast writing, when pen-down and pen-up events are generated. These
often create problems in the detection of the original ligature. Therefore, it is very
important to remove them.

These usually occur at the beginning and the end of the stroke. The hooks
occurring at the beginning and the end of the stroke are removed with the help of the
gencrated chain codes. If the length of the chain code at the beginning or end is less then
the specified threshold, then that part considered a hook and is removed by either
discarded it or replacing the respective co-ordinates with the neighboring ones.

Figure 3.4: Alif before and after Dehooking

3. Smoothing:

Smoothing is one of simplest approaches for data filtering. As in many
preprocessing methods, it consists of substituting the coordinates of the original point by
using the neighboring points. In our project smoothing was done on the chain codes of
the stroke. Two to three pixel smoothing was done as per the variations in the chain codes
of the stroke e.g. the Urdu letter Laam gave the following chain codes before and after
smoothing:

Before Smoothing:

" 6’ 6; S, 5: S: 5: 53 5, 6) 5, 5: 6: 6: 6) 6’ 6’ 6; 61 6; 6) 6) 6) 6) 6, 6: 63 63 6: 6: 65 6; 6’ 6: 63 6':
6! 65 6’ 6> 63 6! 7) 79 6’ 6) 6} 6) 6: 6, 6: 6; 6> Sa S, 53 5: 5: S, 5) 5! 5, 59 53 53 4: 5, 4} 43 4: 41 43
4,4,4,3,2,3,2,3,3,3,3,2,3,2,2,2,2,2,2,2,1,2,2,1,2,1,2,1,2,1,2,2,1,2,"

" After Smoothing:

"5,5,5,5,55,5,5,5,5,5,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,86,6,
6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,6,5,5,5,5,5,5,5,5,5,5,5,5,5,5,4,4, 4,4, 4,
4,4,4,4,4,4,4,3,3,3,3,3,3,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,"

To grasp the idea better the e.g. operation is shown in the figure below.
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Figure 3.5: J before and after smoothing

Once the ligature has undergone the two steps of pre-processing it is ready for
identification. For identification of the ligature a segmentation free approach is used. In
this approach the ligature is not broken up in to its constituent alphabets and recognized
by constructing a featare vector of every ligature that is input to the system. Although,
this process is somewhat difficult as we had to find out unique features for every ligature
out of the hundreds of ligatures under our study. With The Grace of Allah Almighty we
managed to find out a unique feature set for each of the ligatures successfully.

3.5.3 Feature Extraction:

In this stage, we extracted features for the recognition of base ligatures and the
secondary strokes as well. For the base ligatures a feature vector consisting of twenty
features was prepared. The features extracted were syntactical i.e. they identified various
shape forms present in the Urdu ligatures such as loops, intersections, loops in the
beginning or end or the pen movement, direction/writing style of any ligature. These also
included features that are selected on the presence of certain alphabets of Urdu language.
For example there is an £ feature which is selected on the presence of £ in any ligature.
These features were very helpful in uniquely distinguishing the ligatures.

Features for Base Stroke:

The feature vector prepared for recognizing the base strokes includes the
following features:-

1. Start Vertical:

This feature was selected when the ligature was a straight vertical in the
beginning e.g.!, &, J.

2. End Vertical:
This feature is selected when the ligature is straight vertical inthe end e.g. p.

3. Horizontal R2L:
If while writing the ligature the pen movement is from right to Ieft
horizontally then a bit is set for this feature vector e.g. in &, <.

4. Horizoutal L2R:
While writing the ligature, if the pen movement is from left {o right
horizontally then this feature is set in the feature vector e.g. &, &-.
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5. Hedge:
In Urdu characters like, O, os, 3, ua, ¢ a semi circle sort of shape is present in

them which we call curve. For such characters we have selected a feature called
the hedge.

6. Curve R2L:
The direction of writing of these curves varies from right to left and also from
left to right. Therefore, Curve R2L has been set for characters whose writling
direction is right to lefte.g. &, d.

7. Curve L2R: :
If the curve direction of the character is from left to right then this feature is
set fortheme.g. £and & .

8. Loop Flag:
Loops are very common features of Urdu handwriting. They are present in
characters such as ¢, 3, &, <& and (3. Whenever the recognition engine finds a loop
it selects this feature for that character or ligature.

9. Cusp: .
A cusp is a sharp turning point in a stroke. This feature is selected for the
ligature which contains the cusps such as those present in o« and s~ as shown in

the figure below.

Figure 3.6: Cusp in character o«

10. Intersection:
When ever an intersection is encountered in a stroke this feature is selected for
that stroke e.g. these are present in o4, &, J etc.

11. Ray:
This feature is selected for the character ray of Urdu alphabet. If any ligature
is a combination of ray then this feature is also selected for that particular ligature
e.g oA, 38, 38 pu Su jwetc,

12. End Up Vertical:

This feature is selected for the characters having a vertical end in the upward
directione.g. b, la,ka , L s B & Wete,

13. Loop Up:
In order to differentiate the loop in as L, s, < and (&, this feature was
identified and selected for W. The writing direction of the loop in W is from down
to up as shown in figure below.
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Ny

XN

Figure 3.7: Writing direction of loop of Ls

14. Seen Bit:
This feature was selected if character seen is detected in any ligature e.g. o=,
Oy 0B e S ete,

15. Aien Bit:
Th.is feature was selected if character § is detected in any ligature e.g. & &2
)&‘A 5@ b} 3é ’&‘ &A etc'

16. Hay Bit:
The presence of hay in any ligature is shown by the selection of this bit in the
feature vector e.g. & 08 a2, 2 ele.

17. Dal Bit:

If the recognition engine detects a 4 in the ligature written it selects this feature
forite.g. s 15 suldu 2315 shib erc,

18. Double Loop:
This feature 1s selected for characters and ligatures which have two loops in
them e.g. ligatures like &8, &, (3, U8 etc have this feature selected in their feature

O Y

Figure 3.8: double loop ligatures

19, Tuan Bit:

This feature is selected on the presence of 2 in any ligature e.g. huhd |
ha ha s etc,

~20. Gol Hay: _
All the gol hay ligatures have this feature selected for them e.g. A2 yma ;o8 &, 1 etc.
The shape of gol hay ligatures is given below

NS IR

Figure 3.9: Gol Hay Ligatures
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Features for Secondary Stroke:
The feature vector prepared for the secondary strokes includes the following
features:-
1. Dot:
If the secondary stroke has a length less then or equal to the threshold
specified for a dot it is taken as a dot provided it is with in the boundaries of the base
stroke. If a dot is encountered this feature is selected.

2. Madaa:
If the stroke written is a secondary stroke and it fulfills the criteria set for the
madaa stroke. This feature 1s selected then.

3. Diagonal:
This secondary stroke feature is selected for the diagonal stroke occurring in
< and <& If any base ligature has a diagonal over it this feature is selected.

- -
o L ]

Figure 3.10: The diagonal stroke over «S and <

4. Hay:
This feature is selected if the secondary stroke called the hay ¢ is encountered
eg inly, Sy,

®

Figure 3.11: The hay stroke

5. Hamzaa:
Hamzaa is a secondary stroke which is often present over the base strokes. If
the secondary stroke is Hamzaa then this feature is selected.

6. Chooti Tuan:

This secondary stroke is present over the base ligatures. If the loop follows a
vertical line then the stroke is a b. In this case this feature will be selected as a
feature vector.

b
J

Figure 3.12: The & over the base stroke kashti.
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3.5.4 Stroke Identification:
This stage can be further sub divide in to two identification phases.

I. The identification of the base stroke and
2. The identification of the secondary stroke.

Now, which phase works when? In normal writing norms, the base ligature is written
before the secondary stroke. Therefore, the base stroke is recognized first. This also
climinates the chance of errors such as putting a secondary stroke after a base ligature
which does not expect it to be there. If we expect a secondary stroke after the base stroke,
a secondary flag is set for it. Then the next stroke is treated as a secondary stroke.
Another scenario is that if the user did not place a secondary stroke as it was optional. In
this case the software checks the incoming stroke. If it fulfills the criteria for being the
secondary stroke the pracessing for the secondary stroke starts otherwise this new stroke
is also taken as a base stroke. For each stroke the feature vector is prepared. This feature
vector s given as input to the back-propagation neural network. The neural network then
processes the inputs and generates the output. This output then helps us to classify the
ligature.

3.5.5 Back-Propagation Neural Network:

A neural network is a powerful data modeling tool that is able to capture and
represent complex input/output relationships. Back-Propagation neural network is a very
popular type of neural network due to its application to different types of tasks. We have
used this neural network because it is known to show great efficiency in character
recognition applications especially those dealing with large data.

The Back-Propagation neural network consists of at least three layers; the input
fayer, hidden layer and an output layer. With Back-Propagation networks, learning occurs
during a training phase in which each input pattern in a training set is applied to the input
units and then propagated forward. The pattern of activation arriving at the output layer is
then compared with the correct (associated) output pattern to calculate an error signal.
The error signal for each such target output pattern is then back propagated from the
outputs to the inputs in order to appropriately adjust the weights in each layer of the
network. After a Back-Propagation network has learned the correct classification for a set
of inputs, it can be tested on a second set of inputs to see how well it classifies untrained
patterns. [3]

Back propagation Algorithm:

The procedure of training feed forward neural networks using the back
propagation algorithm [20] is described as follows:
Assume there are m input units, n hidden units, and p output units.

1. Apply the input vector, Xp = (Xp/, Xp2, Xp3,....., XpN )t to the input units .
2. Calculate the net- input values to the hidden layer units:

h. N5
net PJ=(ZlWhﬂ’X pi)
=
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3. Calculate the outputs from the hidden layer:

: h.. k
inj=Jf Jnet pi}
4. Move to the output layer. Calculate the net-input values to each unit:

L
net®pk=( 3 Wokjei_.)

5. Calculate the outputs:

o., 0
Opk =f j(net pk):
6. Calculate the error terms for the output units:

5%pk =(Ypi ~Opi) *° k(net“pk)

Where. f °'k (net®pk) = f Ok (netpk ) (1 — £k (net®pk )

7. Calculate the error terms for the hidden units

M
o b .k o
3" = [ j(net" ) e (Z O° o oW °x)
=1
Notice that the error terms on the hidden units are calculated before the connection
weights to the output-layer units have been updated.
8. Update weights on the output layer

WEki(r+) = WOki(r) + (7 ¢ 5%pk i)

9. Update weights on the Hidden layer
P i) = W iy + @0 8" g oX )

Notations:

Xpi : net input to the i input unit

nﬂhpj . net input to the fh hidden unit

W ji+ weight on the connection from the ™ input unit to fh hidden unit .
I;. net input to the /" hidden unit

net ° pk : net input to the ™ output unit

W ° kj : weight on the connection from the f"' hidden unit to & output unit .
O, ; actual output for the & output unit .

Y. desired output for the £™ output unit .

F : (Sigmoid) activation function

f ' : derivative of activation function

5 °pk : signal error term for the & output unit.

8" pj : signal error term for the ™ hidden unit.

h : learning rate
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Back-Propagation NN for Base Ligatures:

Our Back-Propagation network for the base ligature recognition consists of
twenty inputs, sixty nine hidden nodes and One fifty three output neurons. The learning
rate for this has been set to 0.6F.

/"o' ¥ Xho
il i L =
O
Zbﬁiféﬁ,&
Zrbtes
o N
&3
’;/”A-.

Input Feature Vector Ditput Recognised Character

7

oy

bh
RS

A

A
RSN i
SR A

Figure 3.13: The Back-propagation Neural Network used in this research

Back-Propagation NN for Diacritics:

The Back-Propagation network for the secondary strokes recognition consists of
five inputs, five outputs and ten hidden nodes. The learning rate for this has been set to
0.5F.

The number of hidden nodes and the learning rate were set through testing various
values.

3.5.6 Ligature Validation:
In this stage, the ligature written is check for its validity. If the ligature is valid
then the next ligature 1s considered. Otherwise, the ligature is removed to be rewritten.

3.5.7 Ligature Combination/ Word Formation:

In this stage the difference between ligatures is considered. If the difference
between the previous ligature and the current ligature is less then the threshold which is
necessary for word formation then these ligatures form one word. When the difference
between successive ligatures increases then the new ligature is taken up as another word.
In this way a series of words can be written. For example | is one ligature and U is another
ligature. When we combine these two, the word U1 is formed.

3.5.8 Intelligent Word Identification:
Once the words are written they are checked for validity. The word validity check
means that whether the word written is a valid word or not. This stage makes use of the
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dictionary to identify that the word written is valid or not. If the dictionary does not
contain the word then the word is discarded. For example G 11is a valid word but & 1 is not
a valid word. Therefore, the dictionary will not identify it and discard it.

The dictionary comparison is based on the words Unicode comparison. If the
Unicode of the word written 1s present in the dictionary then the word is a valid otherwise
it is considered an invalid word and removed from the interface. An invalid word is also
not written in the file.

3.5.9 Qutput:

The output is the Urdu Text in the interface’s text area and in a word file. Only
the valid words are written in the word file. The Unicode of every ligature verified is
stored and once the word formed with the ligature is identified as valid it is written to a
text file. The writing is done by sending Unicode to the file through the program.

a2 SNl

Figure 3.14: The text in file,

3.6 Conclusion:

In this chapter we have discussed the strategies used in this thesis. We have used a
segmentation free approach for recognition. Using this approach we extracted a separate
feature vector for the base strokes and the secondary strokes. A feature vector of 20
features was prepared for the base strokes. A feature vector of 6 features was prepared for
the secondary strokes. The classification was performed using feed forward back
propagation ncural network. A total of 864 ligatures were trained and tested successfully.
The Recognition rate of base ligatures was 93% and of the secondary strokes was 98%.
The recognized ligatures as well as words and sentences were written in word file
compatible with the Unicode standards.
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Chapter 4 ) Experimental Results

4.1 Introduction:

This work is an initial step in the field of Online Urdu Character Recognition.
This work is by no means a concluding contribution. The work was initiated with the
spirit of contributing to the national development, so that the national language can keep
up its pace with modern times.

As previously discussed Urdu is a cursive language. We adopted a different
approach by using the segmentation free approach because it has been observed that
many recognition errors occur because of segmentation errors. The most commonly used
writing direction and characteristics of all ligatures under our study were taken in to
account in order to generalize the system.

4.2 Selection of Ligatures:

The second important task was the selection of ligatures as Urdu has more than
17000 ligatures. As this is quite a large number for the very limited time we had for our
research. As Urdu is cursive language. Being cursive implies that individual characters
are combined to form words/ligatures. Therefore, we decided to start with the one, two
and three ligature words. Due to extreme time constraints the three ligature words were
only considered for the very common occurrences.

Once this was decided, another problem was the availability of the data base of
the most frequently used ligatures. The list of the one, two and three ligature words was
obtained from Ahmed Mirza Jamils computerized book of more than 17,000 ligatures.
The second problem was choosing the frequent ligatures out of these. For this help was
taken from two most common sources of Urdu ligatures. The First source was the Urdu
newspapers namely “The daily Nawa-i-Waqt” and “The Jang”. The second was the Urdu
websites  http://www.bbe.co.uk/urdu/”. As a result approximately five hundred ligatures
including those ligatures that vary with different secondary strokes and their different
positions were chosen for recognition. These 500 ligatures form more than 1000 words
which was quite an enough target for our preliminary research. A list of the ligatures is
provided in the Appendix 2.

4.3 Urdu Data Dictionary:

For the valid Urdu word verification a database of valid Urdu words was required.
This database was obtained from the “http://www.urduweb.org”under the general public
license. They provided a database of 33651 words under the general public license
agreement. This database was then modified by keeping only the one, two and three very
commonly occurring ligature words.

4.4 Ligature Testing and Results:

All the ligatures were tested before proceeding to the word formation stage. These
ligatures were tested by six university students. Some of the problems encountered dunng
this process were the difficuity of writing on the digital board by the inexperienced
writers. The Recognition rate of base ligatures was 93% and of the secondary strokes was
08%.
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4.5 Experimental Results:
4.5.1 Recognition of Ligatures:
Screen shots of recognition of one, two and three character ligatures are

given below.

o Recognition of O+ and L%

[ Recoonee | Coor | N

Figure 4.1: (s recognized

It we place three dots over # it becomes % which has also been successfuily
recognized.

Figure 4.2: o5 recognized
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® Recognition of Base Stroke Kashti and <& gy

Recogrize ] Coe | er | [ ceam |
ANN Ouipus lKashti

Figure 4.3: Base ligature kashti recognized

Placing a secondary stroke over or under the base ligature changes its identity. Placing
the choti tuan over the kashti makes it a= and placing diagonal makes it <5,

P o X
Kaoaf
\.._bj i OK 1 ! !/

_ Cor | G | cexa | [focogiw |  tow |  ces |  coam |

AN Quipt ’C: ANN Outpte lé

- o=

Figure 4.4a: < recognized Figure 4.4b: <5 recognized
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e Recognition of Base Stroke ¥ and S :

[Reoges | cos | x|  weaw |
£0N Dupet I)_l

Figure 4.5: A recognized

When the S is followed by the secondary stroke the diagonal it becomes £

(Fmm] _om | _ow | _ow |
ANNDMl}g

Figure 4.6: S recognized
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oo Recognition of 4=

(] _co | _ow | _ocown |

AN Quput llﬁ:

Figure 4.7: 47 recognized

» Recognition of W and LS:

Placing a secondary stroke over or under the base ligature changes its identity.
Placing the choti tuan makes it a! and placing diagonal over the base stroke and
dots under it makes it &S

P
&l ==

nm_]_ Co | cex | [ oomm
ANN Cutpt {L\S

-

Rocogries | Cor | m][—&;uﬁ

ARN Output: l&l

Figure 4.8a: 3 recognized Figure 4.8b: LS recognized
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» Recognition of (A and O

5 vt 24
L) , = L,)ELEJ

Rocogie | Cou | toa | [ Oeat | Recogizs | Con | Ces | [ Dexw |

s [ e 03
Figure 4.9a: (A4 recognized Figure 4.9b: U3 recognized

4.5.2 Recognition of Words:
Screen shots of the valid words formed from the combination of these ligaturcs

are given below.

e Recoguition of <= 4
The word < & which is formed of twa valid ligatures & and & was
recognized successfully.

—

- = L LL)
[Fecogie | e | cew | osat |
ANN Ditpett FDL.J

Figure 4.10: < L recognized

Online Urdu Character Recognition Engine 37



Chapter 4 Experimental Results

e Recognition ofJsé :

The word J 4 which is formed of two valid ligatures 3¢ and J was recognized
successfully

ANM Qutput [d@é-j'

Figure 4.11: J3¢3 recognized

4.5.3 Recognition of Sentence formed from valid Words:
Screen shots of the sentence formed by valid words are given below.

>l W b k,z:l.-_m_

ey | __con | [E] _oen (S
ation |, ot 2228 329 1S 35k (uf g

Figure 4,12: Sentence recognized

S Jgﬂ l\ !j—’ C ![PS
T

s T 2 TR ......-..K T e e e
1 i =

= ol o s [
muom I = e-ms L)J '--ULG-‘ % T © %
. oo crliive:S S raiteie: WP |
Flgure 4, 13: Sentence recognized
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4.5.4 Recognition of Invalid Samples:
Qur software has also successfully identified the invalid samples. For e.g. samples
such as invalid secondary strokes over valid characters/ ligatures.

Invald Sample

\Ob

[z ] e | _om | oo [F

ANNOupt  fean

Figure 4.9: § with invalid Secondary stroke identified

]

&

i
_ﬂ—b_t

[ Recoprizn | Con | C]aa_lﬂaw\.l

ARNOwt  [rem

RS, T X Sy B -

Figure 4.10: Invalid a identified

Test results of some of the difficult ligatures are given in the table below.
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No Ligature Total l;e::)eg:«l.:.?
Samples samples in %

1. o class 18 89.3
2. o« class 18 90.6
3. va class 18 87.3
4. b class 18 93
5. b 18 96.8
6. (2] 18 86.5
7. - 18 87.3
8. i 18 87.3
0. o 16 83.5
10. [ 16 95.5
11. A 16 95.5
12. b 16 95.5
13. @ 16 95.5
14. (e 16 95.5
15. & 16 85.7
16. = 16 04,5
17. sh 16 94.5
18. o 16 91
19, 343 16 87.5
20. U 16 96.5

Table 1: Recognition Rate of base ligatures w.r.t. samples

Special Ligature Identification Results:
The recognition rate of these ligatures was very good.

No Ligature Rec;){gar::tion
1. . 100 %
2. ~ 85 %
3. / 100 %
4. , 95 %
5. b 95 %
6. £ 95 %

Table 2: Recognition Rate of diacritics w.r.t. samples
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All the 864 ligatures were trained and tested during the software development by two

writers. The final testing was performed on some selected ligatures some of which are
tientioned in the table above.

4.6 Conclusion:

The testing and training of the handwntten ligatures, words and sentences has
given quite successful results. The issue that remains is the difficulty in writing on the
tablet with a pen. The use of the tablet pen has been found a little difficult for the
beginners. This is not a big issue, as the writers learn this in few trials.

The list of all the trained ligatures and some of the recognized words is provided
in the Appendix 1 and Appendix 2 respectively.
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Chapter 5 Conclusion & Discussion

5.1 Introduction:

‘This work is an initial step in the field of Online Urdu Character Recognition.
This work is by no means a concluding contribution. The work was initiated with the
spirit of contributing to the national development, so that the national language can keep
up its pace with modern tumes.

As previously discussed Urdu is a cursive language. We adopted a different
recognition technique, by using the segmentation free approach because it has been
observed that many recognition errors are due to the wrong segmentation. The most
commonly used writing direction and characteristics of all ligaturcs under our study were
taken in to account in order to generalize the system.

5.2 Results Discussion:

Before the testing and the training of the neural network, comes the designing of
the featurc vector. Deducing unique feature out of every handwritten may seem quite
easy visually, but the implementation shows that the distinguishing feature that is was
quite avid visually is not so when it comes to making the logic for it. We faced this
problem so many times.

For example | alif and s ray have a visually different shape i.e. } is long straight
vertical and ray is short vertical in the beginning and then there is a short horizontal to the

left. If the b rather then being straight is written tilted towards the left or right it is

recognized as } because the chain codes generated for both the characters become same. |
in this case might have chain codes 6,5 or 6,7. There is no problem with 6,7 but 6,51s a
problem as ray also generates the same chain code if the short horizontal of ray not
written straight but a litlle tilted in the South direction as shown in figure 1.

J

Figure 1: } and _, written tilted.
Similarly, ue and @ are again quite distinct visually but when one sits to program the
same quite evident difference you are again stuck. We see quite clearly that the Joop for
the (& is with in the curve while that for the L is on the right hand side of the curve. Far
this the loop end should be properly identified. If the loop is properly written thatis it a
closed well defined loop then there is no problem but if the writer left the loop a little
open then the loop may be identified as .

S

Figure 2: Problems arising due to open loop of ua which is similar to ¢.
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Another tough recognition point was the difference between 3 and (3.

( Q
LY

\___’//
Figure 3: o4l and (8.

If the loops are written properly and the loop ends also identified then the next problem
was how to differentiate the s loop and the (3 loop as highlighted in figure 4.

Figure 4: The distinguishing feature of the U<i and (3! loop.

All these problems have been handled in our research. Therefore, even if the writer
writes the characters a little tilted or improper the software would recognize them.

5.3 Constraints:

The constraints for the system are that the base stroke should be written before the
secondary stroke. For the two character ligature expecting a secondary stroke, the
secondary stroke for the first character should be written first and for the second character
should be written second.

_
—————  Hayfay 1 /> ! B 1 />
o 1
U o . S = o
i | cae | e | ¢ ol | | eE ] PR FRE] B
J ' B S, ) .
e = S e 2 S
Figure 5a: Base Stroke Figure Sb: secondary stroke for first
character
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[Feosgries | €da |  Gea | cmaw |

AN Dt {“}

Figure 5c; secondary siroke for second character

Further, loops should be proper. Open loops greater than the threshold are not
entertained. Similarly ligatures that become so close that they fulfill the loop threshold
may accidentally be taken as loops.

5.4 Contribution:
In the field of online Urdu character recognition our contributions are:
e The recognition of 500 two-three character ligatures.
The development o the sofiware that successfully recognizes these ligatures.
Recognition of the words formed with thesc ligatures.
Filing of the valid words into a word file for further modification.

5.5 Future Directions:
As our research and implementation was an initial step. Therefore, there is a lot of
scope for future enhancement.
o Implementation of other pre-processing techniques such as the RTS techniques.
» Enhancement in the number of ligatures which we think is a continuous area of
research.
e Recognition of additional secondary strokes such as the shad, zeer, zabar and
paish.
—

_D'JI'I,_r” 1:>5\_J\—j'

Figure 6: Additional secondary strokes

e Recogntion of Urdu pumerals.
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5.6 Conclusion:

Urdu online character recognition is a continuous are of research and
improvement. The more the development in this field the better will be the final product.
The aim should be the development of a standard commercial product capable of
incorporating more and more handwriting styles, hence giving access to public at large.
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Ligatures

List of recognized one character ligatures

]

v

<]

AJiw o

J ||
= { I Wy {40 B oD
~1xldalald o}

1

List of recognized two character ligatures

u
= | > FFaEEad
a4 v 337319339
233 fal: FHHFMMUHT
214|313 | 3la oz la| 3 I 5 T

Appendix |

el);

48
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Appendix 1

&

S

ol

L3

SR EEEMEEEEE 8N b s & 8L LN Ly e ) aa

3413343133 9133l 39| a3 HIMM ] o warela & o Y AN U e Yo o el alal e
4943 13 13490 M 339093 33 H HA Tl el 8 8 40 L Bkl o el sl alale
m@ww¢¢¢¢wﬁgﬁqw¢ww¢&&&eeééée&e@w@@@@ B S G | 2

49
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BRI AR Al = b (=1 (4 (3 L Latada L]t a5 4144 AN L [ as|=
| 43 [ A0 b 1 8 [ [ Lol (2 (ot [ L L LA LA 1333 L a8, L, 0, 5 |
alalald) 4 3 4|4 walslala|a|al 3] 33 mlal g 444 31 E R e

Appendix 1

50
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1

v

o
o8
o

55

Appendix 1

51
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el 3 D =
LD 4 (9 2|4
2 3 S 314
. i) Blaa3EEMN 35 %) H/9) v ENAEAE
Al | oo Ll v R IR B IS I, IR S B R B BT s A N

Appendix 1
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*d

-Dlw

LH--

llow ‘.

"1

1

Appendix 1

53
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b

|

Appendix 1

54
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Appendix 1
s
ut
S
List of recognized three character ligatures
= P o =t : =t
et T ¥ st et
4 5 s s 3
3 o e .
e e ] o8
U U ® & W ®
% L K s & LS
5 N & A 5

Total ligatures: 864 ligatures
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Appendix 2 Word List
| il gl L 95 atal il gl us i o)
j 3 gl 3 s bl WA =D o J
g PERY) G aa) Sl Jle)! S5
& L3l s g3a) gt w:J‘ a0
U“i‘ ﬁiﬂ‘ ‘ u'.ii ?‘ Al UJA-J‘ l":‘i | (JIELAJ-}
ot - L:* : = gl 5} A y ‘J ol
= S A LY =4 / oy
o_yi i a3t . .1 - wa .
o g okl Al Gy g ‘,-_—ILA_ B
wl S v} =1 A L ‘-’:‘U Lla 3l
- G el H A w3 | J
L e <t Clat ) PRIK]] @ L; ‘ 23 a3\
U fJ' e e Al Ol
gt (_-b‘-;-ﬂ s A LA N ?;I i plaa)
aT > - " - T ot =
il Sy d] Lfﬁi Ui.i.l ‘ e P J"s
Ll F K} )
"¢ Ol ot . i et o
¢ S 1 < ke ) B 1 iz
..'!L:li L5§'-’ .-.' “ . U‘AJ 5.
byl . 3 jtal 19 i, ¢l '
= N u;‘J > &% 9 (TR} & i PR P
gl (,:"u Ui S s _lal i __)i 5 (bt
L) o ta 1l 2t o
s @Lll Yl ~) ot s bl
L’l! ¢ = w1 / -
& Jis) astlal M Y L ol
&4 o Stad ol et sL i)
b ) s}“' \j\_?ﬁ uul\.ﬂ w9 J‘ UJ"JT uﬁh-u‘
Sl ui Haal st a3l ‘_;‘ Q)
Jid B ) auisid oy :‘..ﬁ sl
Jal ) ftt Coal s s Caga) ) 3 BOE™
TRLEY ) S gl *-.J-ﬂl 2 dlyl 551 S
Al - 4s | 5y 4 . -
o } SN Noendl ‘-’f‘ | () PR gl
b 550 » i ol sl gt gl
Nl LA o) <o el L It
T B ¥ S R
ol 3 At 5l oS3 s - i
350 54 < 15l 3,4 : S
Ay e N 63 o
TS - R s S A P IS =
Eati 5 S =) ol C“ 3 £ i
g =Y o1 9 =
::M - =5 =3 e 34 S g bt
0 il Sl K} * N
1 L4 3 L T pldga ! s oyl
¥ PR ol Oyl gl bl L2
5l =) ﬁ.:;\.;i o SISy 343 e
L“J):I‘ - S JJU' (_f-\lJ'UI e LE
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ARE -t ulsst Cuilal @ il e i)
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Implementation

Introduction:

The research has been implemented in Visual C# dot net. Some of the important

code segments are given here.

1 Smoothing:

orivate void smothing(ref int[] dir,ref int n)
{
for{ int i=0; i < n; 1i++)
{
ZAFPAPATENL pixel smoothing//// /0000007
if{i==Q || i==n-1}
continue;
aelse if({dir(i-1l}==dir([i])
{
if(dir[i+1l}==dir{i]})
continue;
else if{dir[i+1])!=dir(i}}
{
if({dir{(i+2]==dir([i])
dir[i+1]}=dir[i+2]; )
else if{dir[i+1]!'=dir[i+2])
{
1if(dir[i+2]==dir[i+3])
dir[i+l)=dir{i]:

else

1f(dirfi+1)==dirf[i+2])
{
if(dirfi+2]==dir[i+3})
continue;
else if(dir{i}==dir([i+3])
{
dir{i+l]=dir[i];
dir{i+2]=dir(i];

}
}
else if(dir[i}!'=dir[i+1]}
{
if(dir[i}==dir[i+2])
) dir[i+1]=dirli}:
if{dirfi+1}!'=dir([i+2]}
{
if{dir{i+2])==dir(i+3})
{
dir[il=dir[i-1];
dir[i+1])=dir([i-1];
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else if{dix[i]==dir[i+3])
{
dir[i+1]=dir[i]:
dir[i+2]=dixr[i}:
}

else if{dir[i+1)==dir(i+2])
dir[ij=dir(i-1}:
}
else if(dir[i]==dir(i+l])
{

if(dir(i}==dir{i+2})

continue;
else
{
dirfil=dir[i-1]:
dir{i+l]=dir[i-1]);
}

f—

2 Dehooking:

private void dehooking(ref int([] dir,ref int n)
{
int tempI=0;
fArrri747/7 /7 /Dehooking
if({dir[0)!=dir[1]}
{
if{dir[1}==dir(2])
dir{0]=dir{l];
else
{
dir[0Q]=dir(2];
dir[l]=dir([2];
}
}
else if{dir([0]==dir{1})
{
if({dir[il==dir{2]}
dir[ll=dir(2]:
else if{dir[l}==dir(3])
dir[21=dir(3]:

}
if({dir{n-1]!=dir{n-2])
{
if({dir[n-2)==dir[n-3})
dir[n-1}=dir[n-2}:
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else

dir[n-1l]l=dir[n-3];
dir[n-2]=dir[n-3];

} .

else if(dir(n-2]!=dir{n-3]}
n=n-2;

3 Chain Coding:

private void chancode{ref int[] XIndex, ref int[] YIndex, int cnt)
{
if(lastdixr==0}
nl=1;
for{ int i=0; i < cnt; i++)
{
1f({XIndex[i]==XIndex[i+1]}
{
if({YIndex[i]j<YIndex[(i+1])
' dir[n++]=6;
else
dir[n++]=2;
}
else if(YIndex[i]==YIndex([i+1])
{
if(XIndex[i]<XIndex[i+1]}
dir[n++]=0;
else
dir[n++]=4;
}
else if (XIndex[il<XIndex[i+1l])
{
if(Y¥Index{il<Y¥YIndex{i+1l])
dir[n++]=7;
else
dir(n++]=1;
}
w oo else if(XIndex[i}>XIndex[i+1])
M {
if(YIndex[1]<YIndex[i+1]}
dir[n++]=5;
else
dir[n++]=3;

4 Check Vertical:

private void ChkVer{ref int{] dir,ref int n)
{

int Stcntr=0;

for(int i=0;i<n;it++)
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if{dir[i)==6)1dir[i)==7(1dir{i]==5]
Stcntr++;
}

if (n-entr<2)
Stver=1l;

5 Check Horizontal:

private void ChkHor(ref int[] dir,ref int n}
{
int LZ2Rcntr=0;
int RZLcntr=0;
for{int i=0;i<n;i++)
{
if(dir{i]==0|{dir{i]l==7|ldirji]==1)

L2Rcntr++;
1f{dir[i}==3idiriil==4|{dir{i}==5}
RZLentr++;
}
if{(L2Rcntr>8)
HorLZ2R=1;
if{RZLcntr>8}
HorR2L=1;
1
6 Loop Up:

private int LoopUp()
{
int 10Up=0;
int cntY=G;
int cntX=0;
int difI=3;
int j=0;
cntY=YIec(ref i);
cntX=XIec{ref j};
if{endloopl<=4}
difI=cntY;
1f({{difT~cntY)<=1)&&{{difI-cnt¥)>-3))
{
if {cntXx>=2)
1Up=1;
else
1Up=0;
}
else
10p=0;

if{cntY>=5])
{

Ontine Urdu Character Recognition Engine 74



Appendix 3

Implementation

1Up=0;
corArrayl(index].stVer=1;

}
return 1Up;

1

7 Unicode:

private void Unicodes(ref string unicode,string arr)

ot

switch(arr)
{
case "RAlif":
unicode="\u0627";
break;
case "Tthay":
unicode="\u0679\ud6BE";
break;
case "Nhay":
unicode="\u06BA\UQGBE";
break;

default:
break;

8 Word Formation:

rivate void WrdFormation{)

- 3

if{Lig[LigIndx-1].XCor(end}-Lig[LigIndx].XCor([01)<20
LigIndx++;
else

{

for(int i=0;i<LigIndx;i++)
Wrd[wrdIndx] .Lig[i]l=Lig[i]:

Wrd [wrdIndx].LigIndx=LigIndx;

wrdIndx++;

}

9 Check Validity:

private void ChkValidity({)
{
for{int i=0;i<dicIndex;i++)

{
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if (Dic.Unicode[i].CompareTo (curWrd.Unicode)==0)

{
valid=1;
break;
}
}
if{valid==1)
SaveFile (curWrd.Unicode};
else
{
Delete {curWrd.Unicode);
MessageBox.Show( Enter Valid Wrd

Bgain’);
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Abstract

The reduction in the prices of technology has
increased the use of handheld devices. These devicey
also provide the facility of text input but these provide
an incorvenient way of input ie the very small
keypads. Digitizing tablets on the other hand provide
a natural and convenient way of input. There are
many online character recognizers jfor imany
languages but there is no such commercial product
Jor Urdu. Our research deals with the online Urdu
handwriting recognition.

Our online Urdu character recognizer makes use of
the ligature based approach instead of character
based identification. The segmentation free system
extracts a feature vector for each ligature which is
then passed on to the nevral network for classification
of the ligature. We have used the back propagation
neural nerwork The special ligatures (Dots, Tay,
Hamza, Diagonal & Mad) are identified from the base
ligatures. These special ligatures are associated with
the base ligature. Afier this, the ligature is checked for
its validiry, Valid ligatures form words. After word
formation, word validity is checked by using a word
dictionary. Finally, the valid words are written in a
text file.

Keywords: Online Character Recognition, Urdu
handwriting recognition, Ligature based identificaiion,
digitizing tablets, handwritten characters, feature
extraction, Back-Propagation Neural Network,

1. INTRODUCTION
The user interface is the agpregate of means by
which people interact with a particular machine,
device, computer program or other complex tool (the
syster). More and more efforts are being made on
both the software and hardware side in order to make
this human computer interaction more aad more
friiendly.The development of pen interfaces is a
key elemeat in providing an cfficient and natural
way of input to the computer. These pen devices
have also increased the market for lightweight,

handheld computers. For examgple, prescnt PDAs
usually have a graphical user interface in which a
pen can be used for pointing and selection
functions, drawing, and text entry.

The root of online handwriting recognition is
real time data collection by way of a digital sampling
method. The most common input devices are
digitizing tablets or touch pads, where the written data
is digitized and transfated into a series of coordinates.

Urdu is the national language of Pakistan. The
hand held devices have also successfully emerged in
Pakistan but the software they provide for user input
are mostly in English. Where as the common man in
Pakistan can not communicate in English easily. In
order to reduce this difference between the common
man and the new technology Urdu input software
were required. Our research is a step in order to bridge
this gap. Urdu handwriting recoguition is a complex
process due to the complex nature of the Urdu script.
The complexities that this language poses compared to
the other international languages are:-

Cursive: Urdu text is cutsive in nature {10]. Adding
to the complexity is the writing style in which the
characters forming words are connected to each other.
Ligatures: Several characters of Urdu are combined
vertically to form a ligature [10].

Spaces: Spaces in Urdu may occur between ligatures
and between words. The spaces between ligatures and
words vary. This feature of Urdu handwriting also
makes the recognition difficult.

Overlapping: The. recogpnition of individual
characters with in a ligature becomes quite difficult as
the characters in Urdu overlap vertically and do not
touch each other. )

Diacritics: Diacritics are very important in Urdu
language. These include diacritics such as: Dots,
Tay, Hamza, Diagonal & Mad, etc. [16}.

Context sensitivity: Every character in Urdu can
have up to 4 different shapes (in Nasakh Font)
depending om its position with in a ligature ie.
whether the character is isolated, in the beginning, at
the end or connected from both sides in a word {10].



Strokes: The basic rule is that any Urdu character
has one main stroke and zero or one secondary stroke
Direction of writing: Unlike English, Urdu is
written from right to left. [10].

Presence of a Base line: Like other languages
¢.g. English, Urdu has a base line. The base line
is a horizontal line which runs through the text,
cutting all the words at some point.

It is the complexity of Urdu script which poses great
challenges to the new field of online Urdu
handwriting recognition.

2. PREVIOUS WORK

There are many offline OCR systems available for
handling printed Arabic and Urdu documents with
reasonable levels of accuracy. However, there are not
many reported cfforts of developing online (dynamic)
OCR systems for Urdu language. This may be due to
the complexities involved in the online character
recognition with the added difficulties of Urdu
handwriting,

There are basically two techniques for recognizing
words. One is the segmentation based which involves
the division of a word in to its sub parts i.e in to
individual characters. Other is the segmentation free
or ligature based recognition, in which the word is
recognized as a whole without trying to segment it in
to characters.

Samir Al-Emmy and Mike Usher {[20] have

. 36 s, ale o),
recognized only four words® > 7~ """ In order

to identify the characters in the words, segmentation
approach is used. Leaming was achieved by storing
the stroke specifications in tree nodes. The recognition
process is achieved through tree matching. The results
were 100 % only for proper words. Variations in the
words did not give appreciating results. S Malik
and 5.A Khan, [18] have recognized only individual
characters and Urdu numerals in their research but
ligatures have mnot been addressed. Using the
individual characters, 200, two character words were
recognized. For example, ? 7 2Q etc. In many on-line
character recognition papers, for other languages,
neural networks were used for recognition but they
have used tree based dictionary search for the
classtfication of characters. The recognition rate for
the isolated characters and numerals is 93% and 78%
for two character words. Another research in this field
wa a research project completed at NUCES[19]. They
have recognized words using the segmentation based

approach, Characters were classified into 60 classes.
This large number is due to the context sensitive shape
of Urdu characters. Spatial Temporal Neural Network
was used for recognition.

Only these systems exist in this emerging field of
Online Urdu Character Recognition. The proposed
system is an addition to this list

3. PROPOSED METHODOLOGY
The recognition engine males use of the various
approaches in order to recognize the strokes. This is
due to the cursive nature of the Urdu handwriting. The
recognition systems are generally divided in to two
types. Segmentation based and segmentation free
recognition systems.
We have used the segmentation free i.e. ligature based
approach in which the input stroke is not broken in to
characters as many of the recognition errors occur due
to emrors in segmentation. The segmentation fiee
system extracts a feature vector for each ligature
which is then passed on to the back propagation neura!
network for classification of the ligature. Using the
strokes (%, y) co-ordinates and the chain codes, unique
features for every stroke are detected and a feature
vector is extracted. This feature vector is then fed in to
the back propagation neural network for the
classification of every stroke in to its respective class.
The secondary strokes recognized are:

_b.él'/r\"py,"

Figure 1: Secondary Strokes

Namely, (left-right order) small tuan, hay,
kaaf and gaaf long diagonal stroke, Madaa, Hamzaa,
and the single dot. The special ligatures are identified
from the base ligatures. These special ligatures are
associated with the base lLigatre. After this, the
ligature is checked for its validity. Valid ligatures
form words. After word formation, word validity is
checked by using a word dictionary. Finally, the valid
words are written in a text file, The OQLUCR
recognizes 38 one character ligatures , 709 two
character ligatures eg %, 2?7 etc and
approximately 50 most commonly used three
character ligatures e.g. 73 77 7%, 77, Petc.

The constraints for the system are that the
base stroke should be written before the secondary
stroke, For the two character ligature expecting a
secondary stroke, the secondary stroke for the first



character should be written first and for the second
character should be written second.
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Figure 3a: Base Stroke
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Figare 3c: secondary stroke for second character
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The block diagram for the proposed model is given in
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Figure 2: Block Diagram of Proposed System

3.1 Proposed Modules

Keeping the challenges of Urdu online
chamacter recognition in mind and following the
literature study, our proposed system consists of the
modules which are also the building blocks of many
online character recognizers. The modules include:

3.2.1 Acquisition:

The processing was done on strokes obtained
using digitizing tablet, the Intuos Wacom board. The
data is collected in real time. The standard data is a
stream of {x, y} coordinates. The data resolution is
around 100 DPS (dots per second).

3.2.2 Preprocessing:

The data thus obtained often contains
irregularity such as the hooks and erratic handwriting
generated by inexperienced users. Hooks occur due to



the inaccuracies during pen up and pen down while
placing the stylus on, or lifting it off the tablet.

[

Figure 4: 7 written by inexperienced writer and ?2containing
hooks ia the beginning and end.

3.2.3 Feature Extraction:

In this stage, we extracted features for the
recognition of base ligatures and the secondary strokes
as well. For the base ligatures a feature vector
consisting of twenty features was prepared. The
features extracted were syntactical i.e. they identified
various shape forms present in the Urdu ligatures such
as loops, intersections, loops in the beginning or end
or the pen movement, direction/writing style of any
ligature. These also included features that are selected
on the presence of certain alphabets of Urdu language.
For example there is an ? feature which is selected on
the presence of ? in any ligature. These features were
very helpful in uniquely distinguishing the ligatures.

3.2.3.1 Features for Base Stroke:
The feature vector prepared for recognizing
the base strokes includes the following features:-

Start Vertical: This feature was selected when the
ligature was a straight vertical in the beginning e.g.T]
29

End Vertical: This feature was selected when the
ligature was a straight vertical in the end e.g. 720
Horizontal R2L: If while writing the ligature the
pen movement is from right to left horizontally then a
bit is set for this feature vectore.g.in 7, ?.
Horizontal L2R: While writing the ligature, if the
pen movement is from Left to right horizontally then
this feature is set in the feature vectoreg. in 2, 2.
Hedge: In Urdu characters like, ?,a ,?,? , 7 asemi
circle sort of shape is present in them which we call
curve. For such characters we have selected a feature
called the hedge.

Curve R2L: The direction of writing of these curves
varies from right to left and also from Ieft to right.
Therefore, Curve R2L has been set for characters
whose writing direction is right to lefte.g. 2,2

Curve L2R: If the curve direction of the character
from left to right then Curve L2R is set for them e.g.
?and ?

Loop Flag: Loops are very common features of
Urdu handwriting. They are present in characters such
as 7072, 7,7 and 7. Whenever the recognition engine
finds a loop it selects this feature for that character or
ligature,

-+ Cusp: A cusp is a sharp turning point in a stroke.

This feature is selected for the ligature which contains
the cusps such as thase present in a and ?? as shown

in the figure below.

Figure 5: Cusp in character a

Intersection: When ever an intersection is
encountered in a stroke this feature is selected for that
stroke e.g, these are present in a , 2, Tetc,

Ray: This feature is selected for the character ray of
Urdu alphabet. If any ligature is a combination of ray
then this feature is also selected for that particular
ligature e.g, 22, 77, 72 77, 72,77 efc,

End Up Vertical: This feature is selected for the
characters having a vertical end in the upward
directioneg. 22,7 , 2,7, B2 Petc

Loop Up:ln order to differentiate the loop in as 2, ?

and ?, this feature was identified and selected for 2
The writing direction of the loop in ?is from down to
up as shown in figure below.

A2

Figure 6: Writing direction of leop of ?

Seen Bit: This feature was selected if character seen
is detected in any ligature ¢.g. 8 37 2,8 2,8 ?etc.
Aien Bit: This feature was selected if character ? is
detected in any ligature e.g. 72,22 ,22,,72,2?72etc.
Hay Bit: The presence of hay in any ligature is
shown by the selection of this bit in the feature vector
eg. 7S5,7?,77,77 ,772,??elc.

Dal Bit: If the recognition engine detects a Oin the
ligature written it selects this feature for it e.g. 25,50
n,non, o, m,% e

Double Loop: This feature is selected for charactets
and ligatures which have two loops in them e.g.



ligatures like 22 72, 2% 7 ?etc have this feature
selected in their feature vector.

U U

Figure 7: double loop ligatures

Tuan Bit: This feature is selected on the presence of
? in any ligature e.g. 22,2227, 7? 227 %tc.

Gol Hay: All the gol hay ligatures have this feature
selected for them e.g. 7, 72,77 7, 7?7 etc. The shape
of gol hay ligatures is given below

b S s o

Figure §: Gol Hay Ligatures

3.2.3.2 Features for Secondary Stroke:
The feature vector prepared for the secondary
strokes includes the following features:-

Dot: If the secondary stroke has a length less then or
equal to the threshold specified for a dot it is taken as
a dot provided if is with in the boundaries of the base
stroke. If a dot is encountered this feature is selected.
Madaa: If the stroke fulfills the criteria set for the
madaa stroke. This feature is selected then.
Diagonal: This secondary stroke feature is selected
for the diagonal stroke occurring in ? and _. Ifany

base ligature has a diagonal over it this feature is
selected.

&‘ T
| I I SR |

Figure 9: The diagonal stroke over 7 and _

Hay: This feature is selected if the secondary stroke
called the hay %s encountered. Fore.g.in R 7 2

Figure 10: The hay stroke

Hamzaa: Hamzaa is a secondary stroke which is
often present over the base strokes. If the secondary
stroke is Hamzaa then this feature is selected.

Chooti Tuan: This secondary stroke is present over
the base ligatures. If the loop follows a vertical line
then the stroke is a 7. In this case this feature will be
selected as a feature vector.

Figure 11: The ? over the base stroke kashti.

3.3 Stroke Identification:

This stage can be further sub divide in to two
identification phases. The identification of the base
stroke and that of the secondary stroke. This
identification has been done using Back-Propagation
neural network.

The network for the base ligature recognition
consists of twenty inputs, sixty nine hidden nodes and
One fifty three output neurons. The leaming rate for
this has been set to 0.6F. The network for the for this
has been set to 0.5F. The number of hidden nodes and
the leaming rate were set through testing various
values. Secondary strokes recoguition consists of five
inputs, five outputs and ten hidden nodes. The
leamning rate

3.4 Ligature Validation:

In this stage, the ligature written is check for
its validity. If the ligature is valid then the next
ligature is considered. Otherwise, the ligature is
removed to be rewritten.

3.5 Ligature Combination/ Word Formation:

In this stage the difference between Ligatures
is considered. If the difference between the previous
ligature and the curmrent ligature is less then the
threshold which is necessary for word formation then
these ligatures form one word. When the difference
between successive ligatures increases then the new
ligature is taken up as another word. In this way a
series of words can be written. . For example ?is one
ligature and 2 is another ligature. When we combine
these two, the word 78is formed.

3.6 Valid Word Identification:

This stage makes use of the dictionary to
identify that the word written is valid or not. If the
dictionary does not contain the word then the word is
discarded. For example 72 is a valid word but Z[?is



not a valid word, Therefare, the dictionary will not
identify it and discard it.

The dictionary comparison is based on the
words Unicode comparison. If the Unicode of the
word written is present in the dictionary then the word
is a valid otherwise it is considered an invalid word
and removed from the interface. An invalid word is
also not written in the file.

3.7 Output:

The output is the Urdu Text in the interface’s text area
and in a word file. Only the valid words are written in
the word file. The Unicode of every ligature verified
is stored and once the word formed with the ligature is
identified as valid it is written to a text file. The
writing is done by sending Unicode to the file through
the program.

o SRS
Figure 12: The textin file.

4. RESULTS

The system was trained using a training set of 240
carefully selected ligatures. With the combination of 6
diacritics we have successfully recognized more than
850 ligatures. These 850 ligatures form approx 18000
words. The Recognition rate of base ligatures was
93% and of the secondary strokes was 98%.

Test results of some of the difficult ligatures
and diacritics (Aerab) are given in the tables below.

Recognition
Rate

. 100 %

~ 8 %

/ 100 %

95 %

b 95 %

9
i 95 %

No | Ligature

2

|| | w| o] —

Table 1: Recognltion Rate of diacritics w.r.t. samples

Neo Recogpition
Ligature Total Rate w.r.t.
Samples | samplesin
Yo
1. | ? class 18 893
2. |a class 18 90.6
3. |? class 18 8713
4. | ? class 18 93
5 |7 18 96.8
6. |% 18 86.5
7. |?s .- 18 87.3
8. |?? 18 87.3
9. }7? 16 83.5
10. [ ?8 16 95.5
1. |7 16 95.5
12. |7 ? 16 95.5
13. 17? 16 95.5
14. 1?? 16 95.5
15. | 7? 16 85.7
16. | 7 ? 16 94.5
17. | % 16 94.5
18. | M 16 91
19. | 27? 16 875
20. | 2% 16 96.5

Table 2: Recognition Rate of base ligatures w.r.t. samples

5. Concluding Remarks

In this paper, we have presented a method for
recognition of online Cursive Urdu hand written
Nastaliq Script. The system is currently trained for
250 ligatures. Our approach minimizes the errors due
to segmentation by using segmentation free approach.
By using multiple classes of features, we have
improved the number of ligatures that can be
identified. We have successfully recognized 250 base
ligatures and 6 secondary strokes. These when
combined form more than 850 ligatures which can
recognize approx 18000 words of our Urdu dictionary
successfully. The implementation was done in Visual
C# dot net.

6. Future enhancements
As our research and implementation was an initial
step. Therefore, there is a lot of scape for future
enhancement.
? Implementation of other pre-processing
techniques such as the RTS techniques.
? FEphancement in the number of ligatures
which we think is a continuous area of



0.

11.

12.

research. i.e. the recognition of 4 characters
ligatures and so on.

Recognition of additional secondary strokes
such as the shad, zeer, zabar and paish.
Recognition of Urdu numerals.
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