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ABSTRACT

Inthisresearch paper amulti-digit Sindhi handwr itten numer alsrecognition system using SOM Neur al
Networ k ispresented. Handwritten digitsrecognition isoneof thechallengingtasksand alot of research
isbeing carried out since many years. A remar kablework hasbeen donefor recognition of isolated
handwritten character saswell asdigitsin many languageslike English, Arabic, Devanagari, Chinese,
Urdu and Pashto. However, theliter aturereviewed doesnot show any remar kablework donefor Sindhi
numer alsrecognition. Therecognition of Sindhi digitsisadifficult task duetothevariouswriting styles
and different font sizes. Ther efore, SOM (Sdf-Organizing M ap), aNN (Neur al Networ k) method isused
which can recognize digits with various writing styles and different font sizes. Only one sampleis
required to train the network for each pair of multi-digit numerals. A database consisting of 4000
samplesof multi-digitsconsisting only two digitsfrom 10-50 and other matching numeralshavebeen
collected by 50 user sand theexperimental resultsof proposed method show that an accur acy of 86.89%
isachieved.

KeyWords Sindhi Handwritten Numer alsRecognition, M ulti-Digits Recognition, M ulti-Font Digits
Recognition, Self-OrganizingMap

INTRODUCTION

andwritten digits recognition is a technique to

segment, classify, detect and recognize a digit

from the image. It is called a subfield of pattern
recognitionandAl (Artificia Intelligence). The processfor
recognition of digitsinvolvesthe phenomenon of detection
of digitsfrom animageand then convertstheminto machine
readable format such as ASCII (American Standard Code
for Information Interchange) for recognition purpose [1].
Thedigitsrecognition techniques can be classified aseither

offline or online. In offline technique, the document with
handwritten or typewritten digitsisgenerated first, converted
into digital form, stored in the disk and then processed.
However, in online recognition technique the digit is
processed for recognition during its creation [2]. A lot of
research is being carried out for digits recognition systems
since last few decades due to their use in various common
gpplications such ascheque numbersin bank, vehicle number
plates, barcode numbers, postal codes and others.
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Handwritten digitsrecognition systemscan a so beimportant
in order to make historical booksand documentsin machine
readable and editable format so that they may easily be
accessed. Sothese systems can be hel pful for theautomation
processes and they can be used to enhance the interface
between human beingsand machinein variousapplications.
Handwritten numeral srecognition isone of the challenging
task which isunder research sincemany years. Thenumerds
written by hand are not uniform, they may be written in
many different writing styles by different writersand even
thesamewriter may writein different waysat different times

(3

Sindhi Language is one the ancient Indus valley language
having hundreds of years history and is widely spoken by
gpproximately 40 million peoplein Sindh provinceof Pakistan,
many states of India as well as various other areas of the
world[4,5]. Itistaught asabasiclanguagein dmost al the
primary schools of Sindh province and is second largest
spoken language in Pakistan.

It is difficult to extract accurate festures for online Sindhi
handwritten numeral recognition because Sindhi numerals
arewritten like Fars and Arabic numerals. However, using
digital penor stylusitiseasy towritedigitsonthe surface of
thetouch screen device. Sindhi numerdsaresimilar toArabic
and Fars scripts, but most of the digits are written like the
old Arabic digits style. Some of Sindhi digits such as“¥”,
“o" and “ <" are different in style as compared to Arabic
digits. These digits are also similar with Urdu and Hindi
digitsbut have minor differences[6]. Thewriting style and
direction of Sindhi digitsisaso different fromArabic digits
aswdl asUrdudigits. Fig. 1 showsthelist of isolated numerds
used for Sindhi scripts and Fig. 2 shows few of the multi-
digit numerals.

SALZYOMPY

FIG. 1. LIST OF ISOLATED SINDHI NUMERALS
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In isolated digits each numeral can be represented among
oneof theten classesfrom* to 9. For multi-digit recognition,
astring of digitsisseparatedinto subimages, each consisting
of a single digit. This process is done by the recognition
component called segmenter. Each separate digit is then
recognized by the recognizer. Fig. 3 shows the multi-digit
recognition technique.

Theorganization of the paper isshown as: Section 2 outlines
theexisting work donefor numeralsrecognitionfor different
languages. Section 3 showstheblock diagram used of multi-
digit handwritten Sindhi numera recognition. Section 4 shows
the experimental results. Section 5 outlines the discussions
and section 6 outlines the conclusions and future work.

2. LITERATURE REVIEW

Sindhi language has not received proper attention of the
researchers even this language has millions of speakers
and writers. However, a lot of research work has been
donefor many other languages of theworld. Singh, et al.
[3] presented atechnique called fusion of global and local
features for handwritten Devanagari digits recognition
and achieved a result of 95% or better and they also
reported that by combining global and local featuresthe
confusion value has been decreased [3]. A remarkable
work has been done for isolated digits recognition but
not a more work is done for multi-font numerals
recognition in near past [ 7]. Thetechniqueswhich are so
far used for multi-font numerals recognition suffer from
many problems such asincreased computation time and
ahuge collection of training set for each sample per font.
A huge collection of training set provides the facility to
recognize multi-font digits but the accuracy of the system

[AATATARACAARIAIAIATARATATARACRAR AR AT

FIG. 2. LIST OF FEW SNDHI MULTI-DIGIT NUMERALS

’T‘ﬂé Segmentation > M Recognizer | “55”

FIG. 3. A MULTI-DIGIT RECOGNITION TECHNIQUE
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isdecreased rapidly [8]. Montazer et. d . [9] have proposed
amulti-font Persian digitsrecognition system using neuro-
fuzzy interference engine and obtained an accuracy rate
of 97%. In this proposed system structural features are
used along with Mamdani fuzzy interference engine for
defining fuzzy rules with 33 different types of fonts and
styles. Arjun et al. [10] have proposed a technique using
Euler number that recognizes 17 different types of fonts
with various sizesranging from 8-72 pointsand achieved
an accuracy rate of approximately 99.76% on a dataset of
2890 imagesof digits.

Goyd and Koolagudi [11] have proposed amethod for Hindi
number recognition that uses Gaussian mixturemodels. The
proposed system has been implemented for the recognition
of Hindi numerals using mobile recorded speech and
microphone. The datawas collected from male, femaeand
childrenwith the help of microphone or mobiledevicesand
claimed an accuracy rate of 98.9% for microphonerecorded
speeches and 96.4% for mobile phone device recorded
speeches. Numerals recognition system is mixture of both
ANN (Artificial Neural Network) and Pattern Recognition.
Different ANN algorithmsare used for digitsand characters
recognition, however back propagation algorithm is easy
and has better speed. This algorithm has more accurate
resultsascompared to other algorithms. In back propagation
algorithmthedataset isdivided into two different setscalled
training set and test set. The size of training set islarger as
compared to thetest set. It isalso important to consider that
the network should not be over trained, if the network is
over trained for many epochsthenit memorizesthe patterns
of training and may not recognize other patterns except the
trained ones[12].

Bazrafkan and Broumandnia[13] have proposed anew string
matching agorithm for handwritten numerals recognition
based on linked list data structure. With the help of chain
code technique the handwritten numerals are first
transformed into string patterns then are recognized using

refer dgorithmwhichisimplemented withthehelp of linked
list data structure. The refer algorithm is used to calculate
the distance among the chain code string patterns. The
proposed a gorithm reduces the time complexity aswell as
memory required for computation and enhancesrecognition
accuracy. The recognition accuracy of 94.8% has been
achieved over 3000 samples of handwritten digits. Rani et.
al. [14] have used zone based hybrid feature extraction
techniquesfor handwritten Gurmukhi numeralsrecognition
and have achieved an accuracy of 99.37%. In the proposed
system atotal of 1500 sampleswere collected, 150 samples
for each of the Gurmukhi digit. SVM (Support Vector
Machine) has been used for digits classification and
recognition along with zone based feature extraction
techniques. Digitsof variant size of imageswere created and
itisalso proposed that the accuracy of recognition depends
upon the number of features and the size of the numeral
imege.

Theavailableliteraturea so showsaremarkablework done
for handwritten Arabic digits/numeralsrecognition [15-18]
and not much work isdonefor Fars and Urdu handwritten
numerals recognition [19-22]. Thisresearch work presents
the handwritten Sindhi language multi-digit recognition
using neural network.

3. BLOCK DIAGRAM OF PROPOSED
SYSTEM

A Multi-Digit Sindhi Numeral Recognition System is
presented that can recognize multi-digitsof Sindhi language
written with human figure or digital pen on the surface of
touch screen devicelike smart mobile device or laptop. Fig.
4 shows the block diagram for multi-digit handwritten

numeral recognition system.

The proposed system isimplemented using NN algorithm
called SOM or Kohonen Network and isbased on five most
common phases described below:
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Phase-1: Mulit-Digit Data Acquisition: In this phase a
collection of multi-digit handwritten Sindhi numeralssamples
were obtained from the users on touch screen device such
as smart mobile device and tablet pc. For the creation of
dataset of numeralseach user wasalowedtowritethe sample
of digitsin any style with different image sizes. Each user
was asked towritetwo samples of twenty multi-digit pairsin
Sindhi script. A total of 4000 sampleswerecollected from 50
USErS.

Phase-2: Preprocessing: In input process, some noise is
added with the digits due to the writing style and variant
size of input image given by different users, so afilter may
be used that could remove the noise. Few preprocessing
techniques are performed in order toimprovethe quality of
the input digit such as noise remova which removes any
unwanted or irreverent bit patterns from theinput digit that
smply causeanoise. Normalizationisalso performedinthis
phase that scale size of the input digit to the standard size
that helpsin recognition accuracy.

Phase-3: FeatureExtraction: Feature Extractionisone of
the important phase that enhances the final recognition
accuracy rate. Inthisprocesseach digit isrepresented likea
feature vector that describes its identity. So the extracted
features should represent each class of digitsand may aso
be able to record unique features for every class of digits.
Therefore, each pair of multi-digit should have a similar

| Multi-Digit Data Acquisition |

!

| Preprocessing |

y

| Feature Extraction |

l S

| Classification and Recognition

;

Recognized Multi-Digit

Training Set

FIG. 4. BLOCK DIAGRAM OF PROPOSED SYSTEM

feature vector despite their writing styles and various font
sizes. Thiswill also helpintheaccuracy of classification of
digitsasexplained in next phase.

Phase-4: Classification: The classification phase matches
theinput pair of digit with varioussamplesaready available
in the dataset. The extracted features such as speed of
writing, direction and duration of writing and pattern of
writing are used by the classifier to matchthedigit. A neural
network bases classification technique is used to perform
this task.

Phase-5: Recognition: Thisisthelast phase of recognition
process that recognizes the final pair of multi-digit and
displaysit on the screen of output device in string format.

5. EXPERIMENTAL RESULTS

The proposed system has been applied multi-digit database
which was developed by collecting samples from 50
different writers. Devel oped system can further be amended
to recognize multi-digits consisting of multiple pairs. The
accuracy of the system varies from 60-100% due to
variationsinwriting stylesaswell asthesize of input multi-
digitpair.

Fig. 5 showstheresultsof few multi-digit numeral sdevel oped
using the proposed system.

A new experiment was performed while conducting this
research study showing that this system was easily capable
of adapting handwriting of any user. The samples provided
by al the users were separated and then for the purpose of
experiment the system was presented with asmal | number of
samples provided by a single user. Then the system was
tested by that same user (called Userl) and by another
different user (called User2). Then theresultsfor both users
were compared and found that the results for the same user
were 100% while system could recognize only 60-70%
handwritten digits from the different user. Fig. 6 showsthe
comparisonsof theresultsfor sameuser (Userl) and different
user (User2).
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Individual multi-digit recognition accuracy isgivenin Table
1. It isaso shown that few multi-digitslike® ~-" and “ ¥-”
have 100% accuracy rate. The accuracy rate of matching
multi-digitslike“14” and“ ®” or others of same shape but
different order of digitswasupto 60%. Theresultsin Table
1 aso showsthat from the4000 samplesof training available
in the dataset, the proposed system has weekly recognized
themulti-digits” w” and “13".

Fig. 7 showstherecognition rate of few handwritten multi-
digits of Sindhi language which are similar in shape and
style.

FIG. 5. RESULTS OF FEW MULTI-DIGIT HANDWRITTEN
SINDHI NUMERALS

® User 1 (Same User) m User 2 (Different User)

80 +

Recognition Rate
o
o

0 R _l:_ T LSy T T'_- _T"._ _'V_-_ _'[_-"
Y+ YY) YF Y. XYY YA Y. Y.
Multi-Digits Sindhi Numerals

FIG. 6. COMPARISON OF RESULTS FOR SAME USER (USER
1) AND DIFFERENT USER (USER 2)

TABLE 1. ACCURACY RATE OF 29 MULTI-DIGIT SINDHI

NUMERALS
Digit Recognition (%) Rejection (%)

- 80 20
If 90 10
i 80 20
i 60 40
w 80 20
lad 70 30
1 90 10
v 80 20
) 90 10
19 60 40
v 80 20
vl 70 30
rr 90 10
iat 70 30
rE 80 20
ro 80 20
A 80 20
rv 70 30
FA 80 20
9 70 30
e 100 00
i 70 30
- 100 00
#1 70 30
A 80 20
“ 70 30
Vi 70 30
A 70 30
a 70 30

Recognition Rate

100

90

10 +

80

& U
o 0 O o

20

AYOTY AT OTYOAF OFY YA A T 1

WY YA AY Y

Multi-Digit Sindhi Numerals

FIG. 7. RECOGNITION RATE OF SIMILAR MULTI-DIGIT

NUMERALS
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5. DISCUSSIONS

In order to measure the accuracy of the proposed system,
the performance of the system was tested on 4000
samples of 29 different multi-digit Sindhi language
numerals. Initially the system was trained and tested on
two pair multi-digits, however more than two digit pairs
can also betrained and tested using the proposed system.
The samples of digits were collected using touch screen
smart mobile device. The users were asked to write the
multi-digit pair using their fingers. The proposed system
isimplemented on Android Platform. Each pair of multi-
digit was tested 4 times by 20 different users and the
average accuracy rate of 86.89% was achieved as shown
in Table 2. The rejection rate of the system varied from
10-40% depending upon the writing style and direction
of thetyped multi-digit pair.

6. CONCLUSIONS

In this research study a system was developed for
recognition of handwritten multi-digit Sindhi numerals
using Kohonen neural network. The SOM also called
Kohonen Network is simple to use and provides high
accuracy recognition rate for multi-digit Sindhi
numerals as compared to other techniques. Sindhi
digits are based on Arabic and Urdu digits. However
the writing style and direction of Sindhi digits is
different from Arabic and Urdu digits. A total of 4000

TABLE 2. AVERAGE ACCURACY RATE OF PROPOSED

SYSTEM
True Positive True Negative
Predicted Positive 1723 202
Predicted Negetive 103 299
Overall Accuracy 86.89%

multi-digit samples consisting only two digits pairsfor
training were collected from 50 different users. Each
user was allowed to write a sample in any style and
size. The developed system was tested from 20 users
and an accuracy rate of 86.89% was achieved. However,
the recognition rate for style and shape matching multi-
digits was low. There are many issuesin Sindhi script
yet as thislanguage is complex. The proposed system
worksonly for multi-digit consisting of two digits pair
numerals, however it is not able to separate the digits
from the words which is still a big problem. The
proposed system will further be implemented to
recognize multi-digits consisting of multiple pairs. This
system can further be extended to recognize the multi-
digits of other languages. The proposed algorithm can
be used to recognize the handwritten characters and
words without considering their font, size and style

limitations.
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