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Abstract: In this paper, a problem of sub-word segmentation of printed Sindhi, an Arabic style

scripting language, into characters is addressed. Printed or handwritten Sindhi text is cursive in nature.

In the cursive writing, mostly the subsequent characters in a word are joined with each other. In the

proposed segmentation algorithm, first of all, Height Profile Vector (HPV) of thinned primary stroke

of a sub-word is calculated and analyzed for the segmentation into its constituent characters. The

number and locations of possible segmentation points (PSP) are determined. The number of PSPs

gives a rough estimation of the number of characters in the sub-word. The data around the last PSP

is further analyzed to determine the exact number of characters in the sub-word. As the characters’

set of Sindhi is the superset set of Arabic characters’ set hence the proposed segmentation algorithm

may be used for the segmentation of text written in other Arabic scripting languages.
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INTRODUCTION

Character recognition is one of the most important fields of pattern recognition has been around since the

development of first version of OCR in 1950’s (Mori, S., C.Y. Suen, 1992). Since then several character

recognition systems have been proposed for English, Chinese, Japanese and other similar languages that use

isolated characters (Badr, B.A. and S.A. Mahmoud, 1995). Character recognition systems for other languages

like Arabic and Persian are not much robust and character recognition systems for Sindhi and Urdu are still

mostly in research labs, primarily due to their property that such languages are cursive in nature (Kavianafar,

M. and A. Amin, 1999). Recognizing unconstrained off-line cursive writing has proven to be a very difficult

task, mainly due to the difficulty of character segmentation. Because of this difficulty, several attempts have

been made to recognize the sub-words instead of characters (Liying Zheng, 2006; Mandana Kavianifar and

Adnan Amin, 1999; Somaya Alma’adeed, 2006). This approach can narrow down the sub-word candidates,

because in the large-vocabulary several sub-words may have the same global shape (Yannikoglu, B. and P.A.

Sandon, 1998).

In this paper, we are addressing the segmentation of off-line printed Sindhi sub-word into characters.

Sindhi is a language that uses Arabic scripting. So, the techniques used for the segmentation of Arabic script

may be used for Sindhi script and vice versa. Since the segmentation of Arabic script into characters is more

difficult. So, many segmentation systems do not segment into characters but some other units or parts which

are easier to segment. Elgammal et. al. (2001) segmented the words into small connected segments called

‘scripts’.

The organization of this paper is as follows: Section 2 presents Introduction to Sindhi. In Section 3, the

related work for Arabic character segmentation is presented. The proposed method for the segmentation of

Sindhi characters is presented in Section 4. In Section 5, 6 and 7 conclusions, future work and the

acknowledgements are presented respectively.

2. Introduction to Sindhi:

Sindhi is an Indo-Aryan language having roots in Lower Indus River Valley. The name has been driven

from Sindhu, the ancient name of the river Indus. Sindhi is the third major spoken language of Pakistan and

over 30 million people in Pakistan and India speak Sindhi. Beyond the Indian sub-continent, it is also spoken
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by large communities in the United Kingdom and the United States, and around the world. The language is

versatile and has potential to expand and grow to fulfill the needs of the modern times. It is used in education,

literature, office, court-business, media and in religious institutions of Sindh.

Evidence for Sindhi as a written language dates to a Sindhi translation of the Islamic Qur’an in 883 A.D.,

followed a century later by a Persian translation of the ancient Indian religious epic Mahabharata taken from

a language thought to be Old Sindhi.

The starting point of current Sindhi abjad is the version of the Perso-Arabic script that was used to write

Urdu, under British influence in 1852 the same was adopted to write Sindhi. In India Sindhi is also written

with the Devanagri script (Pal, U. and B.B. Chaudhuri, ).

Both Arabic and Sindhi use same writing system i.e. Semitic Abjad that represents consonants plus some

vowels, and use Naskh style of writing in which all text is written on an imaginary horizontal line called

baseline. Both languages are cursive in nature in which letters are connected with each other in sub-words on

the baseline. This is similar to Latin ‘joined up’ handwriting, which is also cursive. Arabic as well as Sindhi

characters that can be joined are always joined in both handwritten and printed text. Fig. 1 shows the samples

of Sindhi and Arabic cursive writings. The shape of many letters varies depending on the positions (beginning,

middle or end of a word, or on their own) where they appear in a word. The four forms of characters

according to their position in the sub-word i.e. initial, middle, final and isolated are shown in Table: 1.

Fig. 1: Samples of Cursive writing (a) Sindhi (b) Arabic

Table 1: Sindhi Characters at different positions, S=Standalone, I=Initial, M=Medial, F=Final
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The only difference between the thematic structures of Arabic and Sindhi is the number of dots. The

thematic structures also called orthographic structures define the geometrical and structural shape of the

characters. In Arabic most letters have one to three dots that can be positioned above, below or inside them;

however, the maximum number of dots used in Sindhi is four. As the dots are the diacritic marks, that are

supposed to affect the sound or the phonemes. As there is increase in the number of sounds, so that number

of characters is increased. Hence, the characters’ set of Sindhi having 52 characters is the superset of the

Arabic characters’ set which comprises of 28 characters only as shown in Fig.2.

Fig. 2: Characters’ set (a) Sindhi (b) Arabic

3. Segmentation:

Segmentation is one of the important processes of any OCR system and plays a vital role in the

performance of an OCR system. Rejection or misrecognition rate will be very high if the characters are not

segmented accurately.

3.1 Related Work:

Sindhi is a language that uses Arabic style scripting. So, the techniques used for the segmentation of

Arabic script may be utilized for Sindhi script and vice versa. Most of the segmentation methods separate

diacritic marks before performing character segmentation.

Some of the early work on off-line Arabic word segmentation was carried by K.R. Pakker et. al. (1995)

who segment Arabic handwritten words by calculating the thickness of the stroke on each text line and this

value is considered as the threshold for the determination of the segmentation points between characters on

the baseline.

B.A. Najoua et. al., (1995) proposed the method of segmentation of printed and handwritten words into

characters. In which the approximate limits of the characters in the PAW (Piece of Arabic Word) are estimated

using vertical histogram modulated by the vertical width of writing. The distance equal to one and a half of

the writing is considered suitable for the segmentation.
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D. Motawa et. al. (1997) uses morphological operations to segment the handwritten words into

singularities. Regularities are found by subtracting the singularities from the original image. Regularities hold

the information that is necessary for linking a character to its subsequent character. Hence, these regularities

are the entrants for segmentation. Regularities close to the baseline are segmented using the rules for long and

short regularities accordingly.

Elgammal et. al. (2001) performed the segmentation of Arabic text by using the topological relationship

b/w the baseline and the text line. The baseline is identified by using the histogram; however the text line is

represented by line adjacency graph (LAG). The LAG formed for each sub-word is then transformed into the

compressed LAG or simply c-LAG which is homomorphic to the LAG and has minimum number of nodes

and each node is either labeled as path or junction. The adjacent nodes are considered as the junction nodes

as the path nodes are never adjacent to each other.

Noor and Zubair (2008) proposed a segmentation method in which the vertical projection graph for each

line is computed. The computed graph is then processed to generate a string indicating relative variations in

pixels. The string is scanned further to produce the characters from the sub-words. Some rules have been

developed to help in finding the segmentation points in the sub-words.

The type of methods that divide the text line into three regions or zones calculate the histogram and uses

different functions on the histogram of a region as a tool to determine the connection points. In (Sarfraz, M.,

S.N. Nawaz, 2003) the value of the vertical profile of the middle zone is calculated. The area where it is less

than 66% of baseline thickness is considered a connection area between two characters. The area which has

a larger value is regarded as the beginning of a new character, as long as the profile is greater than one third

of the baseline. A. Ymin et al. (1996) proposed a method for the segmentation of printed multi-font Uygur

text that uses Arabic style scripting in writing. In this method text line is divided into three zones. From the

edge of character strokes of upper zone the algorithm searches for possible break points along the vertical

projection, which may cause the under segmentation of the characters having loops in them. The quasi

topological segmentation bases on the first segmentation, to segment a character on a combination of feature-

extraction and character-width measurements.

In (El-Khaly, F. and M.A. Sid-Ahmed, 1990) a thinned sub-word is segmented into characters by following

the baseline of the sub-word. The sub-word is segmented when pixels start to move above or below the

baseline.

The type of segmentation methods that uses contour of the binary image as input uses different functions

on the contour of the sub-word as a tool to determine the connection points. In (Margner, V., 1992) these

connection points are characterized to be the locations where curvature of upper contour of sub-word changes

from positive to negative. In (Sari, T., L. Souici and M. Sellami, 2002) the probable segmentation points are

characterized as Valid Segmentation Points (VSP) if local minimum in the lower outer contour qualifies the

acceptance rules. The acceptance and rejection rules are the morphological rules which have been extracted

from the Arabic text characters.

The segmentation of sub-words into characters is the most delicate stage. The methods, devised by the

researchers to perform segmentation of sub-word into characters, are facing the problems of under segmentation

or over segmentation.

4. Proposed Algorithm:

In the proposed segmentation algorithm, a thinned primary stroke of Sindhi sub-word is obtained and

segmented by using the following procedure:

� The acquired text image is thinned by using a thinning algorithm (Shaikh, Z.A. and N.A. Shaikh, 2006),

which gives comparatively good results.

� Lines of text are segmented by using horizontal projection histogram.

� Base Line is detected by using the method described in section 4.1.

� Sub-words are extracted from the lines of text using connected component extraction method. A test is

also conducted to characterize the extracted sub-word either a primary stroke or a secondary stroke. The

process of extracting and testing of sub-words is described in section 4.2.

� Finally, the thinned binary image of the primary stroke of a sub-word is segmented into characters. The

entire process of segmentation is described in section 4.3.

4.1 Base Line Detection:

The baseline b for the extracted line of text L(i, j) may be determined from the horizontal projection of

the extracted line of text Ph, by initially letting b=1, then
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where

4.2 Extraction of Sub-words:

As Sindhi and other Arabic style scripting languages are written from right to left, so the sub-words are

extracted from the same direction. The sub-word may consist of two parts called primary strokes and secondary

strokes. Primary stroke have one or more connected root characters. However, the secondary stroke is either

dots (Nuqtaas) or diacritic marks (Airabs) i.e. zair, zabr, pesh etc. associated with the root characters. Vertical

Projection Histogram and Connected Component Analysis are the methods used to separate sub-words or words

from the text lines. The former method is failed in a situation when boundaries of sub-words vertically overlap

each other. So, we use connected component analysis method to extract out the connected parts of the sub-

word i.e. primary and secondary strokes. This can be done by using Area Voronoi Diagram (Wang, Z., Y. Lu,

C. L.Tan, 2003) or 8-connected component analysis (Gonzalez, R.C., R.E. Woods, 2005) method.

We use 8-connected component analysis method. This process starts by looking for the object pixels

(foreground pixels) from the top-right end of each segmented line of text. When a foreground pixel is found,

its x-y coordinates are inserted into the list, and the considered pixel will be set as background pixel. The

process will look for the 8-connected pixels of the found pixel and place them into the list. This process will

be continued until no 8-connected pixels are found.

In order to characterize the segmented component as a primary stroke or a secondary stroke; we determine

the minimum and maximum value of y in the list. If b (baseline) lies between these values of y, the segmented

component would be characterized as a primary stroke, otherwise a secondary stroke.

Primary stroke �  min(y) < b < max(y)

In case of a secondary stroke, its position needs to be identified. As dots above and below the characters

play a major role in differentiating some characters that differ only by the number or location of dots. It would

be above the primary stroke if b>min(y), and it would be below the primary stroke if b<max(y).

4.3 Extraction of Characters:

Various approaches have been used to extract out the characters from the sub-word. In the proposed

method for the segmentation of sub-words into characters, first of all, we determine the Height Profile Vector

(HPV) of the primary stroke of a sub-word. HPV is then analyzed to determine the locations of the Possible

Segmentation Points (PSPs) as well as the number, n, of PSPs. The value of n gives a rough estimate about

the number of characters in the sub-word. The data around the last PSP will further be analyzed to infer the

exact number of characters in the sub-word.

4.3.1 Determination of HPV:

Height Profile Vector, HPV, of the primary stroke of a sub-word is determined by calculating the

difference between the baseline b and the row number of topmost pixel in each column, or the maximum of

the distances of each black pixel in the column from the baseline.

Let W(i,j) be the image of the primary stroke of a sub-word having size PxQ and b be the baseline of the

text line from which it has been extracted, then the HPV for it is determined as follows:

The graphical representation of HPV and corresponding primary strokes of sub-words are shown in Fig.3.
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Fig. 3: Primary Strokes of Sub-words and graph of their corresponding HPV, top: connected characters,

bottom: isolated characters.

4.3.2 Determination of the Locations and Number (n) of PSPs:

To determine the locations and the number, n, of PSPs we analyze HPV of the primary stroke of a sub-

word from the right hand side, as Sindhi and other Arabic style scripting languages are written from right to

left.

The consecutive pixels that remain on the baseline, i.e. zeros in the HPV, may be considered as the

segmentation line, if the number of such consecutive pixels (bs) exceeds by some threshold (T). In Fig. 4

primary strokes and their corresponding HPV are shown. The pixels that remain on the baseline in Fig. 4(a)

from column 12 to column 19, hence bs = 8.

In order to determine the location of PSP, we use the following formula: 

PSP(n) = i-round(bs/2)

where i is the last position, from the right hand side, of the corresponding segmentation line. In this example

for PSP(1), it is,

i = 20

� PSP (1) = i-round (bs/2) =16

Similarly, other segmentation points in the primary stroke can be determine, if exist, by analyzing its HPV.

for PSP(2),

 bs = 4

and i = 25

� PSP (2)=23 

Similarly,

PSP(3)= 31

The number, n, of PSPs in the sub-word is determined by the length of vector PSP i.e. n=length (PSP).

Here it is n =3.

Fig. 4: Primary Strokes of Sindhi Sub-words and their corresponding HPV.
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4.3.3 Interpretation of n:

� n=0 implies that the sub-word is an isolated character (IC) having no baseline  

�  n=1 implies that sub-word is either an isolated character                     or a sub-word that consists

of two characters                        . It will be decided after analyzing data around the PSP.

�  n>1 implies that the sub-word have n-1 definite characters up to the (n-1)  PSP                       .th

                                 The number of rest of the characters will be decided after analyzing data around

the nth PSP, whether it is one or two.

4.3.4 Analysis of Data Around nth PSP:

The number of PSPs, n, gives the rough estimation about the number of characters in a sub-word; it is

either n or n+1. To determine the exact number of characters in a sub-word, the following parameters are

required that can be obtained by analyzing the data around the nth PSP.

� Difference (D) between last value (H1) and the peak before the nth segmentation point (H2) in HPV. H1

and H2 are depicted in Fig. 4.

� The position of last three heights in HPV.

� The number of PSPs i.e. n.

Table 2: Lookup table to identify the number of characters in a sub-word

In other words, the exact number of characters may be determined by looking at Table 2. This table is

prepared after performing experiments on different sub-words written in a variety of fonts and sizes.

5. Experimental Results:

After performing an experiment on variety of primary strokes of the sub-words, a total of six patterns of

the connections of characters are identified that are illustrated in Table 2. The description of each is given

below:
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Case 1: The first case relates with those sub-words having n segmentation points apparently, but there are n+1

segmentation points may be viewed through HPV, as in the case of                    The descenders

of character Dal and Meem form a segmentation point. The other parameters for determining the number of

characters in a sub-word suggest that the last segmentation point will not produce a character but the part of

a last character.

Case 2: This case  relates with those sub-words having n segmentation points and the last character having

descenders below the base line as in the case of            The  parameters  for  determining the number of

characters in a sub-word suggest that such sub-words will have n+1 number of characters.

Case 3: This case relates with two different kinds of sub-words having n segmentation points and the last

character having an ascender whose slope with the second last peak in the HPV is greater than –3, the second

and/or third last heights in HPV determine the number of characters in sub-words. If any or both are below

the baseline as in the case o f             the parameters for determining the number of characters in a sub-

word suggest that such sub-words will have n+1 number of characters; otherwise number of characters is n.

Case 4: This case relates with such sub-words having one segmentation line and an ascender. Two different

kinds of sub-words fall into this category as          and isolated characters like             . Both kinds of

sub-words have one segmentation line but different number of characters. Hence the positions of second and/or

third last heights in HPV determine the number of characters. If any or both of such heights are below the

base line, it suggests that the number of characters in such sub-word is two i.e. n+1; otherwise m is one. The

later option signifies an isolated character.

Case 5: No such sub-words have been encountered during experimentation. This case has been considered in

the table just to complete all possible entries.

Case 6: This case relates with those sub-words having n segmentation points and an ascender whose slope

with the second last peak is less than –3. This kind of sub-words has Alif (~) in the end usually. The

parameters for determining the number of characters in a sub-word suggest that such sub-words will have n+1

number of characters.

Table 3, depicts the primary strokes of sub-words of six discussed cases and their segmentation results.

Note that there is an exception for the character (seen or sheen) whether in the sub-word or isolated, which

is segmented into three parts and needs extra attention at the later stage of the recognition process.

6. Conclusions:

The proposed algorithm has been tested on printed Sindhi text of many types and sizes of fonts. In some

cases, the segmentation algorithms perform under segmentation and in some cases perform over segmentation.

The under segmentation is natural in some cases, for example SEEN, SHEEN, JHAY and GHAY, because

these characters are formed by connected the shapes of some other characters. First two characters are formed

by connected two BEH like characters and a NOON, when it is at the isolated or final position and two BEH

like characters when it is at the initial or middle position of the sub-word. This under segmentation can not

be avoided, but this error needs to be handled at the later stage of the character recognition by framing some

rules. The next two characters are compound characters, which are formed by adding HEH in JEEM and GAF

respectively. The under segmentation of these two characters will not be regarded as error, because these

characters will not have even a single Unicode point but are represented by two code points in the memory.
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Table 3: Experimental Results of Segmentation

Future Work:

Some achievements have been made over the course of this research and further work in the areas

presented here is promising i.e. fine tuning of the proposed algorithm to avoid the under and over segmentation

of the characters and to determine a suitable feature set and a classifier to recognize the segmented characters

and the diacritic marks associated with them.
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