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Abstract: Optical Character Recognition (OCR) is the reading (recognition) of a written or printed document. Many of the
languages are enriched with the OCR but OCR is lacking in Sindhi Language which has a golden 5000 year history. OCRs for some
of the languages including Latin script and some other languages with isolated characters (non-cursive) are easy to develop whereas
developing an OCR for a cursive language and a language possessing a large set of characters such as Sindhi is a challenging job.
Sindhi Language has 52 characters as compared to 28 in Arabic, 32 in Persian and 39 in Urdu. This paper presents the various scripts
of Sindhi Language including very old scripts, and issues and challenges in Sindhi OCR posed by cursive nature and other features of
the current standard script. The main challenges include cursiveness, more characters dots, and variation of the placement and
orientation of dots, four dotted characters, a large set of characters for recognition, Unicode representation, more base shape group
characters, same base shape with variation in number and placement and orientation of dots, ambiguity between the characters with
very slight difference, more characters with dots, context sensitive shapes, ligatures, noise, skew and fonts in Sindhi OCR. We also
provide a summary of issues and challenges for the development of Sindhi OCR. This summary is useful for the researchers of OCR

as well on Sindhi computing.

1. INTRODUCTION

OCR is considered as a way in which data in
the form of text image can be transformed into digital
format in order to allow a faster method for data entry
(Pal and Sarkar, 2003). Character recognition is much
easier for non-cursive scripts (such as Latin), compared
to cursive (connected) ones. Significant research
solutions have been proposed for recognitions of both
types of script; cursive and non-cursive (Jelodar et al.,
2005). Arabic script and script of languages adopting it
still need much attention (Parvez and Mahmoud, 2013;
Slimane et al., 2013) because development of OCRs for
such scripts are still in infancy compared to
development of OCRs for the Latin script. Sindhi
Language is one of the languages adopting the Arabic
script and inherits some of its characteristics but with
bigger number of characters; more differentiating
characters, more characters with dots and more variety
of placement as well orientations of dots. Thus more
and greater challenges are expected in the development
of Sindhi OCR.

Sindhi Language is considered as one of the
seven languages of heaven (Alana, 2004) and has a
5000 year old history (About Indus Civilization, 2013).
Sindhi  script follows the same script and rules of
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bi-directional writing of the Arabic script like other
Perso-Arabic scripts. These scripts are written from
right to left and for writing numbers the writing is from
left to right. For writing, the writing pen is also moved
backward to form a cursive character shape. The shapes
of an individual character also change according to their
position and connection with the preceding or
succeeding characters. The main challenge is in cases
where there is no difference in the base shape of the
character and the difference is only in the number of
dots and placement of the dots diacritics in forming a
ligature.

2. MATERIAL AND METHODS
A Sindhi Script

Sindhi was written in many forms but over
time three types of script have been used commonly. As
Sindhi Language possesses a very rich history, various
types of script were used in different regions; some of
them are as shown in (Fig.1) and the most commonly
used scripts are shown in Fig. 1(c). Sindhi Language
script has a sum total of 52 letters in its alphabet as
compared to its parent language Arabic with 28 letters,
and its neighboring languages such as Persian (32),
Urdu (39) and Pashto (44). In this regard, Sindhi
constitutes the largest extension of the original
Arabic script.
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Sindhi Alphabet

in Roman Script 2

(3 (b) (©
Fig. 1: Previous scripts for Sindhi language
(a) khudabadi, khowjki etc,
(b) Initial script (Wanki Alif-bay (<! ‘;53‘} ),
(c) Currently used script (copyright: Shree Israney)

copyright: (a) & (b) Sindhi Sooratkhati (Allana, 1993).
Copyright: (c) Dr.Shree Israney

B. Writing System In Sindhi Language

The writing system for Sindhi starts from right
to left for the characters, whereas for the numbers, the
system is from left to right as depicted in (Fig. 2). This
poses a challenge for the development of the OCR for
the language because at the time of recognition, if a
number comes between the characters then the output
writing mechanism must be reversed.

A YT/ Y 11AVE a i a g a Jlsih

—— — —> <
Dil Nawaz je paidaish jee tarikhh 26 / 02 / 1979 aahe (Roman)
Fig. 2: Writing direction of Sindhi script

C. Script Complexitites In Sindhi Ocr

Very little work has been done on Sindhi
Language OCR and Sindhi OCR development has just
started as the Sindhi script poses more challenges
because of the large character set and its complexities.
The cursiveness and context sensitivity are the two
major problems faced by a number of Arabic script
OCR developers around the world. These problems are
explained here with regard to the Sindhi script together
with some suggestions.

D. Cursiveness

Sindhi script, like Arabic script is a script with
most of the characters, have more than one shapes when
forming a word, ligature or a compound word. (Fig. 3)
shows examples of words that may be formed from one
or more ligatures and isolated characters.

O gila

Fig. 3: Ligatures and isolated characters

AN P RPTRCIe

144

In (Fig. 3) the word “ s « (university) is
a combination of three ligatures “s , “s5 “ and “ G
as well as an isolated character “_ ““. This word can be
decomposed into its basic components as depicted in

(Fig. 4).

N I v B Ve W PV i
st = A Ligature
stet+ o= A Ligature
o = Anlsolated Character
s+ S+ = AlLigature

Fig. 4: Word formation: from ligatures and isolated characters

Since Sindhi script has more characters, more
words can be formed and more combinations of words
can result in more variety of compound words. With
regard to Sindhi OCR implementation, more
combinations of words pose more problems in
recognition.

E. Importance Of Dots In Sindhi Script

In Sindhi script, the dots are so important in
extending the original Arabic script. In Sindhi changing
the number of dots, and placement and orientation of
dots can make another character. Sindhi script made use
of two accents; one is dot and another is small “ & “ as
in “ & “ . The character, “&“ is written in front of an
imperative to make a verb in Sindhi Language. The
details on dots and accents in Sindhi characters are
given in Table 2. There are more characters with dots
than those without dots.

F. Number of Dots

The characters in Sindhi script possess one,
two, three or four dots (most of the Arabic extended
scripts only have up to three dots) as given in Table 1.
The position of the dot may be above, below or inside
the character’s base shape. The dots may be in vertical
order or horizontal order. The number and location of
the dots pose main difficulty in optical character
recognition where one dotted character with a noisy dot
may look like another character because the characters
possess the same shape but with different number of
dots. These noisy dots may change one character to
another character. Only one dot may differentiate one
character from the other. No other language adopting
the Arabic script possesses more four dotted characters
than Sindhi. Sindhi script also possesses more
characters with dots (one to four) than any other scripts.
A sum total of 35 characters with dots ranging from one
to four dots (one with diacritic) and with different
placement and orientation pose many challenges not
faced by other OCRs researchers around the world.
Characters recognized with missing dot or additional
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dot will change the meaning of the sentence, as they
have entirely different sounds.

Table 1: Dots in Sindhi characters

Number of Dots | = Characters
With single dot 12| g<¢.h oa, )38 &9
With Two dots n| ¢ 623z, 72,99,
With Three dots | 06 RN
With Four dots 05 < 5.8
with small (&) | 01 s)
S S=¢ h
Without dot 7| sesedd S S=g e o
2.0z
Total number 52
characters
G. Placement and Orientation of Dots

The dots are placed at various locations and in
a variety of combinations. The number of dots ranges
from one to four and the dots are placed at different
locations; above, below and inside the base shape of a
character. For example in character “ < ” the dot is
placed below the base shape, whereas in “u=” the dot is
placed above the base shape and for the character “g”
the dot is placed inside in. (Table 2) depicts the
placement of a single dot.

Table 2: Placement of a single dot

S.No: | Placement | Characters
1. Below Q,e,
2. Above c.Y,0,¢
3. Inside T, U

In characters with two dots the dots are placed
in one of two orientations: vertical or horizontal, and at
below, above or inside the base shape of the character.
(Table 3) shows the placement and orientation of
character with two dots. Sindhi is the only script among
scripts that adopt the Arabic script including Arabic
itself that possesses characters with two dots oriented
vertically. Some characters may possess diagonal dots
and these dots even change their orientation angle when
specific type of font is used as given in Table 3.

Table 3: Placement and orientation of two dots

S.No: | Placement | Direction

Horizontal | Vertical
1. Above O &
2. Below ¢ .
3. Inside z z
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The set of three dots in Sindhi script are placed
either in upward or downward direction in a triangle
shape as shown in Table 4. A different orientation of
three dots also exists in Sindhi script such as the second
entry of Table 4 where a three dot orientation pointing
downward above a character besides the normal upward
orientation. The former orientation is not used in the
scripts of neighboring languages and Arabic.

Table 4: Placement and orientation of three dots

S.No: | Placement | Orientation | Character
1. Above Upward S

2. Above Downward <

3. Below Upward No Character
4. Below Downward Q@

5. Inside Upward No Character
6. Inside Downward z

Four dots are used specifically in Sindhi script
to represent a character and are written inside, below or
above the character base shape, as shown in Table 5.
This poses another challenge since these dots are very
near to each other and it is even more challenging when
these dots are inside a character as in the third entry of
the (Table 5).

Table 5: Placement of four dots

S.No: Placement Characters
1. Above Character <S58

2. Below Character <

3. Inside Character z

A summary of various positions and
orientations of dots in Sindhi Script is given in Table 6.
We can conclude that there are more characters with
dots placed above the character base shape.

Table 6: Placement of dots

Placement of the | No: Characters
Dot
Dots above 19 | K6 g bon o), 5,3,3, 5,
characters GG, A A
Dots below 09 P L.
characters 2,8, F 9,9 s
Dots in between 06 ]
characters U ENENENTHT
. 01 ]
With diacritic () 4
17 c ¢
Without dot si003,0,d,8, 8, 8 =8 b e,
G0, 0, T, |
52
Total Characters
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Character Number

Character is regarded as the smallest unit of a
writing system. So, while digitizing characters, every
character is represented by one corresponding code. For
example, character “D” is represented with 0044 and “a
“ with 062F in the Unicode table. But, for Sindhi two
characters “ «>“ and ” <8, are represented by two
Unicode characters compared to traditional one code per
character. The character “¢x“ is represented by two
Unicode characters « z “ and “ & “, whereas “ << “ is
represented with two Unicode characters “ £ “and “
“. This poses another challenge in recognizing Sindhi
characters since a classifier may produce errors in
recognizing these characters because it is very difficult
to decide whether these characters are going to be
recognized as a single character or as two separate
characters. For example, The character “« “ can be
recognized as either a single character or two separate
characters “S “ and “a*.

H.

l. Unicode Placement
Arabic letters are placed in consecutive order
whereas the extended characters for scripts adopting the
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Arabic script are placed at various different locations.
As such, letters which are extended in Sindhi script and
not available in the Arabic script are placed at various
locations in the Unicode table. Designers have given
two ranges: 1) Arabic-Indic digits (U+0660 - U+0669)
designated for Arabic use and 2) (U+06F0 - U+06F9)
Eastern-Arabic Indic digits, employed by a number of
different languages such as Sindhi and Urdu. This poses
another problem in searching and sorting of the Sindhi
characters which may be necessary after recognition
when implementing grammar checking and other
facilities in the OCR.

J. Character Shape Groups

Sindhi scripts, as well as its mother script
Arabic use a combination of base shapes and dots.
These shapes are combined into shape groups that may
or may not contain the dots as well as the diacritic
marks to produce different sound. There are a total of 52
characters and they are divided into different shape
groups as shown in (Table 7).

Table 7: Base shape groups in Sindhi

. Base No: of . Base No: of

S:No: Shape Shape Set Elements S:No: Shape Shape Set Elements
1 | [ 1 B 2 ) 3 1
2 « (=1} & oo G 9 I 13 = = 1
3 < tcee.e.ac 7 | 4 < EEEs 4
4 - P 1 B 15 &£ &£ 1
5 N 3,0, 0,330 6 I 16 J dJd 1
6 2D D¢ j ) 3 ’ 17 e e 1
L7 [ o | G B o [ 5. o] 2
8 o) Rl MI 19 s s 1
9 L L.k ’ 20 s 2 1
10 ¢ gee 2 | 21 . . 1
11 = God 2 2 s s 1
Subtotal 37 |BH[ Subtotal 15
Total number of characters 52
Total number of group shapes 22

With a particular base shape, the number,
placement and orientation of dots make different
characters in Sindhi script. shows characters formed
from the second base shape of (Table 8) where
characters may be easy to discern by human beings but
it can be very challenging for the OCR. Nawaz et al.
(2009) used morphology techniques (Soille, 2003) to
remove dots and diacritics by using pepper noise and

thinning process (Gonzalez et al,. 2" ed) respectively
on binary images.

Fig. 5: Same base shape with different number of dots, and their
positions and orientations

It is a very difficult and challenging task to
decide whether a dot is actually a dot or a noise. It is
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very difficult for the recognition engine to recognize the
character such as “<”. The second letter in Sindhi
alphabet will become a third letter “<” and the fifth
letter “<” will become seventh letter “<” in Sindhi
alphabet with just a dot added to the letter. A single dot
can change the character and thus the corresponding
word and sentence. The Sindhi language authorities can
therefore apply new combinations of dots (i.e. number,
placement and orientation) to form more letters, and
thus the alphabet can be extended further and more
sounds can be produced if needed.

K. Context Sensitive Shapes In Sindhi Script
The connection between characters with its
preceding or succeeding characters is called context
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sensitivity (Sattar et al., 2009). A single character can
change its shape according to its connecting character
which may be the succeeding character, preceding
character or both. Table 8 shows the connection of
character “<” as an initial with other characters. The
development of Sindhi OCR is more challenging due to
the large number of characters used for same base
shapes. In Arabic script, base shape “— “ is used for
only three characters, “ <, “ < “ and “& “ whereas it
is used for 9 characters in Sindhi script. Therefore, an
Arabic OCR must be capable of recognizing only three
characters for this base shape as well their changing
character forms, while a Sindhi OCR must be capable of
recognizing nine different characters for the same base
shape.

Table 8: Connecting shapes of “<” as an initial

[ sNo: | Shape Set [ titial (<) [ S.No: ][ ShapeSet ][ Initial (=) |
| ! | L v L 12 s & |

2 &’&’&’ﬁ‘ﬂ’%‘%’%‘g S l. 13 = =

3 ¢c.g.8.c.8.¢ = | 14 X2, =

4 e « | 15 & &

5 309,2,3 00 & 16 J &

6 3.5 .,0 B 17 a e

7 G, - |18 &, 0 &

8 032, e o | 19 s 5
| 9 | Be][ = AL 20 | N T
[0 | el & |EE[ 21 | sl se ]
L1 ga <@ AL 22 sl & |

Context sensitive shapes of base shape « «

The first letter of the Sindhi alphabet “” can be
connected to one character whereas on some occasions
it cannot. For example, it can be connected to a letter “<
“and “<= “as in the word * = U “ but the same letter
“” cannot be connected with “<s “ as in the word 4l
. In the letter, the character “’‘ is not connected with
the letter “<s “, which is a succeeding character but is
connected to its preceding character “<s “ which is
already connected with the letter “J «, which clearly
shows that the letter “ | “ can be connected with a
preceding character but not with a succeeding character.

Context sensitive shapes of base shape “« «

This group of letters comprises of nine
characters in Sindhi script and the rule is applied to all
of the characters in the same way. Any of these
characters will remain in standalone (isolated) form if
they cannot be connected to a preceding character and
the character is the last character such as “—t=* where
the character “< “ is not connected with its preceding
character «“ ! . The character “<* of the same family
can be connected to both its preceding character “="*
and its succeeding character “ ! <. Another example of

connecting “<—“ with the succeeding and preceding
characters is “—w; where “< is connected to both
characters, if it is in between. The character “<" uses its
final shape when it is connected as the last character.

In another case, the character “<* in the word
“s0hs“)is not connected with the preceding character
“y “, and uses its first case and connects with the
character «“ ) “ as it is capable of connecting with a
preceding character. Some examples of connecting
these group shapes are given in Table 9.

Table 9: Connecting shapes of base shape “—*

S.No: | Character Isolated Final Medial First
1 < Gl [t [t =
2 < [aB) &= sl =
3 < < o s <y
4 < S <l ) BB
5 & &y i F:S sl

S.No: | Character Isolated Final Medial First
6 & & Gip | S i
7 & Sy 8 Get ot
8 < <ls S Sl <l 5
9 < <Y £ O =
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Table 10: Connecting shapes of base shape “z“

Character Isolated Final Medial First
| ™ Ul s LL il S.No: | Character | Isolated | Final | Medial | First
z Lo ¢
NES «b 3 e = ! d d & == de
B e Rl 0= s < < € - -
% % % % 3 G G‘ P -
B 20 BN B ‘ _
4 z 4 & s &2
J BB B’ E3IB) Oe) 5 5 & N e L
g -t il s jaid 7 ¢ & G | oA | e
%) e ada ua;.: U pada )ALA
i X3
" e . e s Context sensitive shapes of base shape
L PR = . The connecting examples of these group
— o shapes are given in (Table 11). This group contains six
L Lo Lile psllae plla characters differentiated by the number, placement and
¢ gl et Ue e orientation of dots and again this group has the largest
- . fy e = number of characters among the languages adopting the
€ € i ¢ Arabic script.
@ ilaa il EBIE Y g8
g b L A8 sk Table 11: Connecting shapes of base shape “
S Gk Bl L5 e o S.No: | Character | Isolated | Final | Medial | First
= = = ] s 1 3 a ] 2 BN
=< <, S S s 2 3 3 s B s
2 &5, Ko Kl S 3 2 s 268 ERY d
p p — p — 4 3 i € 403 i
£ & 36856 2568 338 2 2 2
< = 2 — > 5 2 2 s PRID) SIS
- — i S 5 6 3 Yo A Gl 0
& & B Ee |
d Joe dae i =l Each character in the alphabet changes its
- aslas s Crea o sk shape when _c_onnecting to another gharacter according
5 ol & - R to the position of the succeeding or preceding
- - characters. The character may have two to four shapes,
© el o e R so more training and testing are required to build an
3 F = i =y OCR for Sindhi.
A R T T
— The changing forms of aforementioned base
A &) o Haia g 5= . .
i shape group characters are given in (Table 12). Two
¢ s o = e characters  “e>“ and “ <« “ pose a challenge in

Context sensitive shapes of base shape “z*

There are a total of seven characters for this
group shape and their shape changes when connecting
to other characters. Examples are given in Table 10.
Sindhi alphabet comprises of seven characters written
with base shape “z“ and it has the highest number of
characters based on this base shape among languages
adopting the Arabic script. Characters with two dots in
vertical direction as in the second entry of Table 10 are
not available in any other languages and they pose
another problem in recognition. The fifth entry in Table
10, the character “z*“ with four dots inside poses
additional challenge for Sindhi OCR to recognize.

recognition as they can also represent two separate
character instead of one. This creates ambiguity while
classifying the characters. The characters with four dots
are also a challenge for recognition in Sindhi script.

It can be concluded that more characters need
to be recognized in Sindhi OCR, than any other OCRs.
Along with the largest number of characters to be
recognized, some additional character base shapes,
characters with four dots and more characters in shape
groups (very small difference between the characters)
are the challenges to be tackled in the development of
Sindhi OCR. (Table 13) shows the analysis of the
character shapes to be considered for the Sindhi OCR.



Issues and Challenges in Sindhi OCR

149

Table 12: Different no: of Character shapes for recognition

No: of No: of No: of No: of No: of
Character ch: Character ch: Character ch: Character ch: Character ch:
shapes shapes shapes shapes shapes
! 2 z 4 2 2 U= 4 S 4
- 4 RS 2 3 2 b 2 S 4
<@ 4 z 4 2 2 L 2 & 4
- 4 z 4 3 2 g 4 =S 4
- 4 z 4 J 2 ¢ 4 J 4
o 4 e 4 5 2 o 4 . 4
& 4 z 4 B) 2 < 4 %) 4
& 4 ¢ 4 o 4 3 4 O 4
& 4 3 2 ok 4 = 2 s 2
& 4 3 2 o= 4 < 4 2 4
s 1 % 4
3. SINDHI LIGATURES a challenging job to find the difference between the area

To form a ligature or a word, a character is to
be connected to its preceding or succeeding character or
both. This connecting nature is called the cursive nature
of the language. A ligature may be a word or it may not
completely be a word by itself. A word may comprise
isolated characters only; one, two or more ligatures or a
combination of all. A word can be formed from a single
ligature, multiple ligatures, one ligature and isolated
characters, multiple ligatures and isolated characters,
and only isolated characters. Table 14 shows some of
the possible options to form a word in Sindhi. It is
obvious that if there are more characters, then more
combinations of ligatures as well as words would be
formed. This aspect is more challenging when grammar,
searching and sorting facilities are to be included in
Sindhi OCR.

Table 13: Different forms of ligature formation

One ligature forms a word b el
2 | More than one ligature form a word ddiaia Hisa
3 Ligature and isolated characters to e
form a word
a More than one ligature and isolated BYBTICEYS
character
5 | Onlyisolated characters ol el

4, NOISE

In any OCR, noise is a main factor that may
occur due to various sources like scanning quality, ink
dots while printing and old document. A noise may
occur on documents with low resolution scanning. So
noise must be removed to recognize the characters. It is

of any object (character) and the noise (Introduction to
Image noise, 2013). In Sindhi script it will be more
challenging to find out the difference between the
character dot and the noise because a single noise dot
can change the shape of a character to another character
as discussed earlier. Sindhi alphabet consists of 35
characters with dots and 17 without dots so it is even
more challenging to differentiate between the character
dot and noise. Some researchers used noise removal
tools whereas Ajward et al. (2010) chose to experiment
on high quality paper images which were noise free.

5. SKEW

Skew is the slant which exists in an image
containing text that may occur due to scanning errors.
So, it’s necessary to put extra care at the time of
scanning. ldentifying this slant and eliminating it is
called skew detection and correction. An arbitrary
polygon method was used by An- Shatnawi and Omar
(2009) on Arabic text images. Chaudhuri et al. (1997)
proposed an algorithm for Indian script to detect and
correct skew detection. Skew detection and correction
was applied on Gujarati numbers by Desai (2010) in
their work on handwritten Gujarati number recognition.

6. FONT

Font is an important factor in recognizing the
characters especially when they are in printed form. The
printed characters might be in different styles, families
and sizes. The styles include italic, bold, underling,
strikethrough and plain style. Fig. 6 presents the
illustration of font styles in MB Latifee family of fonts
in Sindhi of size 12.
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gaf,ﬁyaﬁéjb/g@é/‘_fﬁ/éego

Pl s 52 L M bl ol S

Pl e o EO b ekl b o ol S 2
Fig. 6: Font styles of MB Latifee in 12 font size

Various font families have been created for
Sindhi language writing, some of the fonts are good for
recognition whereas some of them pose highly
challenging jobs. Some of the font families available for
Sindhi Language are MB Latifee, MB Khursheed, MB
Sindhi web, MB Sania, MB Bhitai Sattar, MB Halai
Shabir Kumbhar, MB Leeka Shabir Kumbhar, MB
Shabir Kumbhar Web and MBSarang Sattar. (Table 14)
illustrates some of the font families available for the
Sindhi language writing. From Table 14, it is obvious
that the writing style of MB Leeka Shabir Kumbhar MB
Leeko Shabir Kumbhar and MB Leekyal Shabir
Kumbhar should be avoided for the recognition purpose
because it poses more challenges in separating the
words, dots and other beautification marks.

Table 14: Font size examples for Sindhi writing

S.No: Font Name Font Sample
P— ‘
1 MB Latifee BEf e o
A s
2 MB Khursheed i »le; G‘ S
P sisai
gl KOl |
3 MB Sarnag Sattar = N .J. a
B s
. MB Preen Shabir IS pndi i ad A
Kumbhar A gigal g2 Ciigh
5 MB Lajpat Rai el o P-’-l__ W
Bl 9igei 9= uigd
6 MB Sania gl el o
(P sisad
7 AS Sagar o ng“ ol ¢ A
@\333.&
8 MB Leeka Shabir b= ):“J = ol (o
Kumbhar P g s Juigh
9 MB Leeko Shabir e el =l ol (2
Kumbhar P Hga s Cugh
10 MB Leekyal Shabir | U= sl des=dd (il (o
Kumbhar P gad g Cuigh
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Font size also plays a vital role in the
development of any OCRs and many of the OCRs are
limited to single font as well as sizes. Al-Muhtaseb et
al., (2008) used eight various fonts for the recognition
of Arabic script and reported varying degree of
recognition accuracy for each font. Razzak et al.,
(2009) presented an OCR system for multi-font
numbers of Urdu and Arabic scripts. Slimane et al.,
(2013) tested 100,000 Arabic text images in 10 various
sizes of the font and used another 100,000 images for
training purpose. The font size and font family pose
challenges because these affect the accuracy rate of an
OCR system. (Fig. 7) depicts the word “SINDH” in
various font sizes written in MB Latifee font family.

12 14 16 18 20 | 24
., g " . |
\ . |
. Vo ,\ A ’ * - | .
| M
28 32 36 48 56 |72

Fig. 7: Various font sizes written in MB Latifee

The complexity of OCRs is based on the
difficulty level of the font family, size and styles, in
which fixed font OCRs are relatively easier than the
multifont OCRs whereas omnifont OCRs are based on
the feature database of styles, sizes and family of the
fonts which result in an acceptable accuracy for the
recognition. Khorsheed, (2007) used a sliding window
in decomposition technique for extraction of simple
statistical features from offline Arabic text documents
and Hidden Markov Models Toolkit for recognition of
multifont computer generated sheets.

7. RESULTS AND DISCUSSION
Sindhi is a language with a rich history and
literature and it was written in various scripts in
different regions such as Shikarpuri, Khowjki,
Khudaabadi. Three common scripts are used today and
Arabic script is the most widely used script for writing
Sindhi Language. The writing style follows the style of
Arabic language; the characters are written starting from
right to left whereas the numbers are written in the
opposite direction. The challenges in Sindhi language
OCR development are as characters for Arabic OCR but
includes some additional challenges pertaining to Sindhi
script because Sindhi possess more than Arabic and two
more ligatures are formed in Sindhi script. Sindhi script
comprises 35 dotted characters which is more than the
Arabic and Persian full alphabets and the number of
dots ranges from one to four. These dots pose more
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challenges for Sindhi OCR as these dots differ in
placement and orientation. Other challenges include
additional orientations of two dots i.e. vertical and
diagonal and three dots with two directions i.e. pointing
upward and pointing downward. Additional characters
in Sindhi are difficult to recognize as most of the
characters possess the same base shape and differ in the
number and placement and orientation of dots. A single
base shape “—“ contains 9 different characters in Sindhi
whereas there are only 3 characters in Arabic for the
same base shape. Additional base shapes are used to
extend the script for Sindhi and make it the script with
the largest extension among languages adopting the
Avrabic script. Two additional characters “e* and “&5°
pose ambiguity challenge while recognizing the
characters because these characters are in fact made up
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of two individual characters. The grammar, searching
and sorting implementation of Sindhi OCR is even more
difficult as the Sindhi script characters are scattered in
various locations in Unicode. Characters in Sindhi script
change their form according to the location in a word. In
this way, one character may have two to four shapes. As
Sindhi contains 52 distinct characters, there are more
characters than any language for recognition. Skew and
noise can make the recognition even more challenging
as some of the fonts available for writing Sindhi is not
suitable for recognition. As discussed a font named MB
Shabir Kumbhar Leekyal, Leeko and Leeka should be
avoided for the recognition of Sindhi script. Summary
of issues and challenges are given in (Table 15).

Table 15: Summary of issues and challenges

Issues & Challenges

Explanation

Many types of scripts

Region based scripts such as Shikarpuri, Khowjki, Khudaabadi and others. Common script used
today is Arabic, the most widely used for writing Sindhi Language.

Styles of Writing

Follows Arabic style; characters are written from right to left and numbers in the opposite

direction.

Arabic and additional
challenges

Arabic OCR challenges and additional challenges pertaining to Sindhi script.

Additional characters

More characters than Arabic script with more number, placement and orientation of dots.

More Ligatures

More characters so the more ligatures are formed because of more combinations are formed.

Additional orientation

Additional orientations of two dots i.e vertical and diagonal, three dots with two directions i.e

of two and three dots

pointing upward and pointing downward

Additional base shapes

More base shapes and more characters with single base shape. Arabic script contains three distinct
characters with same base shape whereas in Sindhi script the same base shape contains 9 distinct

characters.

Characters formed by
combining two
individual characters

Two characters “¢> and “45* are formed from two individual characters and difficult to

recognize the difference.

Inconsistency in Unicode
placement

Sindhi characters possess various locations and difficult to search and sort.

More characters than any
other Arabic adopting
language

More characters than any other Arabic scripting adopting language and most of the characters
change their shape according to placement in a word, so it has the most number of characters for

recognition.

Skew and noise pose
additional challenges

Skew and noise pose increased challenges because of the cursive style and increased number of

dots.

Some fonts not suitable for
Sindhi OCR

Font named MB Shabir Kumbhar Leekyal, Leeko and Leeka should be avoided because of the

beautification marks.

8. CONCLUSION AND FUTURE WORK
Sindhi script uses Arabic script for writing, and
it is a script that extends Arabic alphabet the most
compared to any other languages. In this paper issues
and challenges of the OCR for Sindhi script are
presented. More characters in Sindhi script form more
ligatures and words which is a potential problem in
recognizing Sindhi script. One single base shape
contains multiple characters up to 9, and the characters
differ by the placement and orientation of the dots and

these individual characters possess multiple shapes
when written in a word or sentence. Additional
characters in Sindhi present ambiguity in recognition
and results in challenges in implementation of grammar,
searching and sorting. A good number of fonts are
available for Sindhi script and some of the fonts are not
suitable and should be avoided because of the
beautification marks. A lot of attentions are needed to
build a complete working OCR. For future work, the
techniques used by researchers will be investigated and
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a solution will be found for the development of Sindhi
OCR. Font family, sizes and styles will be an additional
consideration  for  capability = enhancement  of
Sindhi OCR.
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