Optical Character Recognition System for Urdu.
Online and Offline OCR Irrespective of Fonts.

Abdul Wahab and Syed Najam ul Haqtie
SZABIST
Karachi, Pakistan

Abstract: The subject of Urdu OCR is of real importance.
There are about 60 to 80 million speakers of Urdu
language ranked as fifth most spoken language with 4.7
percent of the total world population, spoken in South Asia
vastly in Pakistan and India . Huge amount of valuable
Urdu literature from philosophy to sciences is in vanishing
and useless form because it is has not been digitized till
now. More importantly many of the native speakers of
Urdu, especially in Pakistan can only read and write Urdu
language and very rare data is available for them on
internet and in digitized form. Because of its complexity
very rare and partially research work and implementation
has been done and therefore no complete OCR for Urdu
language exits till now. More importantly mostly research
has been done for Urdu OCR is with respect to scripts,
fonts and text environment which are other obstacles in the
way of making complete OCR. So we have research and
moderately implements online and offline OCR system
which isirrespective of Urdu scripts and fonts.

Keywords: OCR, Segmentation, Pre-processing, Line
Extraction, Primary Sroke, Secondary Stroke, Component
Extraction.

INTRODUCTION
Many languages of the world are being adopted for

different languages. Base language character sets serves as
scripts in adopted language. Urdu language is also one of
the languages which contain the features, properties, scripts
and writing styles of duo languages Arabic and Persian.
Arabic is the base language from which the Persian is take
up and Urdu is espouse from both Arabic and Persian. Its
base is also from Arabic but also contains features form
Persian.

The most prevalent Urdu script is blend of Naskh, Arabic
style and Talique, Persian style called Nastaliquipts¢i]

Urdu language contains both properties of Naskh and
Talique. It is cursive in nature, which makes it more
difficult for conventional algorithms to work on it. [2]

Urdu language has 39 characters which exist in 2 — 4
subsets, depending on the occurrence of the character;
isolated, initial, middle and final.

Character recognition for any script lies in betweea th
handwriting and printed character of that script. Worst
character features can be obtained from handwriting and

most high-quality features can be extracted from printed
material.

Online character recognition is a process which is used for
handwriting recognition, example digital pens. Online
character recognition required real time data from user.
Offline character recognition can have both handwriting
and printed material. Offline character recognition mostly
used for printed papers, book etc.

Preprocessing is the most vital stage in the Urdu OCR; i
acts as a backbone for consistency and efficiency of next
stages feature extraction and recognition. Preprocessing
consists of text area extraction, text line extracti@seline
detection, component segmentation, character
segmentation, primary and secondary stroke extraction.
Urdu words consist of two or more characters which are
connected through an imaginary line called baseline. Most
of the researchers have use the methodology in which
character segmentation is neglected and whole ligature is
send for recognition.

Feature extraction occupy central role for the acqudc
recognition. In this stage structured information which is
more related to writing like dot, loops and branches are
computed.

Statistical information is also gathered which include
numerical measurements and computing over image. [3]
Recognition is the last stage in OCR in which character or
ligatures are recognized by there features. Many schemes
have been adopted by researchers majority have
implemented Artificial Neural Network for this purpose.

The fundamentals of this research is to propose
methodology that works for both online and offline
character recognition. Hence we introduce the algorithms
that work for both handwriting and printed material
irrespective of fonts and scripts, so the obstacles in rgakin
the complete Urdu OCR can be diminish.

PREVIOUS WORK
Optical character recognition has always been sparkling

area for researchers over a long time for different
languages. However for Urdu OCR not much research has
been done [4].
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Previous researches have been done in particular domains
each one of them has their different point of views.
Previous research on OCR can be classified into thre® mai
categories: preprocessing, features extraction and
recognition [5].

Preprocessing stage includes normalization of words where
image is often converted in to more brief representation
prior to recognition.

Faisal Shafait et.al [6] evaluates an existing systam
document analysis for Roman script text on Urdu
documents and describes its methods and the main changes
necessary to adapt it to Urdu script.

Pal et al [7] proposed a system for printed Urdu script, in
which they perform skew correction, line segmentation by
horizontal projection, component extraction by vertical
projection. Finally, the ligatures are put forward to the
OCR system for recognition. S.A.Husain et.al [8] performs
2 to 3 pixel de-hooking and smoothing in preprocessing
phase.

S. Mozaffari et al [9] uses skeleton method in which
character is represented as one-pixel thick which shows
only centerlines of the character. Another method is used
by R. Safabakhsh & P. Adibi [10] in which absolute
position of the first pixel and the relative positions of
successive pixels along the character’s border are stored.

Features extraction comprise of structured and statistical
computing. It involves the feature particularly related
writing styles and statistical information of chaexcor
ligatures.

S. A. Husain etal [11] used vector containing 20
syntactical features. They identified loop, intersection,
writing styles of ligatures. Syed. Afaq Husain et.al][12
used Solidity, Number of Holes, Axis Ratio, Eccentricity
Moments, Normalized segment length, curvature, ratio of
bounding box width and height in feature extraction.

Tabassam Nawa et.al [13] used chain code for character
recognition. Nabeel Shahzad et.al [14] used length and
angel of the bounding box diagonal, distance, sine and
cosine of the angle between first and last point, kergt

the primary stroke, angle traversed, absolute valuagea

at each point as features of characters.

Character recognition is the final stage in which
recognition algorithms are applied to segmented images
with along with the features extracted.

Sohail Abdul Sattar et.al [15] presented a finite state model

for character recognition. Inam Shamsher el.al [16] used

Feed Forward neural network for character recognition.
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Syed. Afaq Husain et.al [17] used Feed Forward Back
propagation neural network for character recognition.
Nabeel Shahzad et.al [18] used the weighted linear
classifier for recognition.
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PROPOSED SYSTEM

OCR system for Urdu language is mean to be complex
because of the complication in Urdu writing styles and
scripts. We have proposed methodology that works on both
online and offline OCR irrespective of fonts or scriphte
have used segmentation free approach in which only
ligatures are segmented.

Block Diagram of Proposed System
Preprocessing

Preprocessing involves binaraization, smoothing and noise
analysis. We have applied gray scale threshold for
converting images into binary form.

Text Line Extraction

As Urdu is written from left to right we have examined
the binary image form left top to right bottom. Algbrit
read pixels from left to right and stored the vertical
positions where black pixels are not found which are just
after the text line.

f'fxid‘\r»&,faf- EADY, wwvi.»-i;t;}‘faf Pkl Friai 8
Serdrafils Mt L asdd Wailpe ihurin s o 1
JG- m/-.fr,y.e.} .J_A'.,m’ ‘{;(VFAJUU'.{Z JUL(f.adU;.v 178
-r-..;bu{éw‘rﬁ LA S ) B L P L] '\L,

KA. !.Lwl.'x.w-:.;,f'ffﬁ‘ff R KLy A n

;,g,u’saﬂga.w.wu.q; ey e el A

é/s:-y’a@u"u;ﬂ&?: £ [.u‘-rﬂg,ﬁg‘):g-ff fLE e
Sv,fuyf&ﬂpd#iwﬁ.u,rirﬂnk.ﬁ?.t_fi{ﬁ.;u‘-g.'.;tﬂ.,-'g

N ETT—
ol S alll ugs L)S gay-i
L=* oS5 el Olwe ol o= =w|
|- Jlio Sl S usse 93] A

| Sl 58 5908 pwl Syl
LosSorsilwl Guo _ipST 95| 954w o]
oS rpme o WL ol 5,54
15l olE]

N
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Text Area Extraction

After text lines are identified the next step is to othi
extra white space in between lines and side ways which are
of no use. The area which is covering the text is cadizd
area. The algorithm takes pixel from the starting vdrtica
point of the extracted text line to the next startingivakt
point. Then examine the pixels first horizontally then
vertically to find extra white spaces.

Showing Text Area Extraction

Compound Component Extraction
The whole compound ligature along with its primary

and secondary stroke is called compound component. The

idea behind the compound component extraction is to work
on components to identify primary and secondary strokes
instead of working with the whole text line. We are
differentiating component with ligature because of
overlapping in Urdu writing compound component can have
more than one ligature or can have ligature with an elat
character. Algorithm first extract connected component

starting from right to left. Each connected component i

than inspected and compound component is formed

according to the following rules:

If area of a connected component reside over another
connected component than both are the parts of one
compound component.

If area of a connected component reside under another
connected component than both are the part of one
compound component.

If area of a connected component reside over or under
another connected component more than 50% than it is
a part of one compound component.

If area of a connected component does not reside over or
under another connected component than component it
self is compound connected component

Showing Text Compound Component Extraction

Base Line Detection

Base line detection algorithm have mostly been applied
on text line to identify primary and secondary strokesitut
Urdu scripts the base line identification algorithms not
showing the perfect result as it shows in Arabic scripts.
reduce the complexity we have applied the baseline
algorithm on compound component. Base line is the
horizontal point where maximum black pixels are present.
Connected component that lies on the base line are primary
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strokes and others are secondary strokes. For more accurac
we have sketch two horizontal lines on the basis of
compound component statistics. These lines are called
average horizontal lines. Lines are drawn on 50% and 35%
of the height of compound component. These figures are
calculated on the basis of average height of different
compound component. These computations are forward to
next stage that is stroke extraction.

Showing Base line and Average horizontal lines

&

-«

Lo d

Stroke Identification

Primary and secondary strokes are identified on the
basis of base line and average horizontal lines acgptd
the following rules:

Strokes that lie on base line and one of the average
horizontal lines are primary strokes.

Strokes that lie on both average horizontal lines are primary
strokes.

Strokes that do not lie on any line are secondary strokes.

Strokes that lie only on one average horizontal line are
secondary strokes

If one stroke lies on base line and other stroke do earli

any line than base line stroke is primary and other is

secondary.

Results on the basis of above rules are quite accurate
but for more accuracy especially for handwriting weehav
developed stroke identification improvement algorithm.

Improve Stroke Identification: More than one
primary stroke can exist in one compound component
and in handwriting it may identified as secondary
stroke by above rules. For this we have developed a
data on the statistics of text area of different hand
writing and scripts. We have stored the ratio between
text areas which is computed in text area extraction
stage with the area of primary and secondary stroke.
This data give us the average ratio between text area
and area of primary and secondary stroke. These ratios
are applied on the pre extracted stokes according to the
following rules:

If any stroke which is marked as primary have ratidiwit

the pre computed ratios of secondary than is marked as

secondary.

If any stroke which is marked as secondary have ratio
within the pre computed ratios of primary than is
marked as primary.

If a stroke have ratio which is not in between the satib
pre computed primary and secondary ration than it is
not changed.

Features Extraction

We have computed five features for single character or
ligature. We have extracted four features by sliding windo
technique and one feature is extracted by Hu Moment
algorithm. First of all image is resize into 64x64 [éxafter
that features are extracted.

Sliding Window
We have take three types of sliding window which
are:

8x64 pixles: 8x64 pixel window move from right to
left and compute the ratio between white and black
pixels.

64x8 pixels:64x8 pixels window move from top to
bottom and compute the ratio between with and black
pixels.

C) 8x8 pixels:8x8 pixels window moves from top
right to bottom left and compute the ration between
white and black pixels.

Square shape: Square shape method first read 2x2
pixels from right top to bottom left and if any black
pixel is found than whole 2x2 pixel are converted in
black pixels. This method gives an erect shape to
charater converting loops in to perfect loops. The
reason for this methodology is that sliding window
technique gives better result on characer whos shapes
are more straight. Than 8x64 pixels window move form
left to right to compute ratio between white and black
pixels.

Hu Moment
Hu invariant moments are calculated for character

and ligatures.

Recognition

Recognition is the last step in order to achieve our
desired output, the extracted features of character or
ligature is then match with the stored featuressttngnize
the character. We have used K-Nearest Neighbors (KNN)
algorithm for features matching. In KNN we have applied
Euclidean distance with 10 nearest neighbors. We have
matched five features independently by KNN, the
maximum same result given by independent result is the
final recognition result.

EXPERIMENTAL RESULTS
We have developed the proposed OCR system on

MATLAB and Microsoft C#.Net. Both onlineo(ly for
isolated characters) and offline OCR were developed. The
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system was tested on different printed and handwritten
documents of different founts and script.

Our system gives 97.09% accuracy in extracting text
lines. Accuracy of 98.86% found in primary and secondary
stroke extraction. Recognition gives accuracy of 97.12%.
The overall results of the Urdu OCR system was quite
encouraging for both online and offline OCR.
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CONCLUSION
We have proposed a system that describes

methodology for both online and offline Urdu OCR
system. Although many researches have been done before
but they were script specific.

Results of our developed system are promising but
definitely more perfection is required.

FUTURE WORK
Future work includes improvement of algorithms.

Complete document analyses needs to be done.
Segmentation free approach required too much
computation so research has to be done on character
segmentation.
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