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Abstract

Text word segmentation is one of the most important issues in the OCR systems. Research in this area has been started for
several decades with good results achieved in the field of English words. However, satisfactory results have not been achieved
for Persian and Arabic because there are points, vertical overlapped broken and continuous lines in words and research is still
under way in this regard. The application of these operations causes improved performance of OCR systems and the increased
accuracy of word recognition in the text. The current study used morphology operations in text words segmentation. The paper
aims to find span of each word and words segmentation by putting them in separate boxes to increase the accuracy of Persian
words segmentation and reduce error due to the segmentation of subwords and letters instead of the words. Dilation operation
is used in this article. The system test was applied using three typed text images including 713 words. The recognition rates of
96 percent, 94.6 percent, and 95.27 percent were obtained, respectively. The general reason behind the emergence of errors
in all three tests is non-compliance in typing space between words.
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INTRODUCTION

The emergence of new science and technology has made
human society face with different forms of information.
The level of development of a society can be evaluated
by the produced amount of information and knowledge.
Information is increasingly produced in various forms
with varying degrees of complexity. Therefore, there is an
increased need for information processing systems [1]. The
application of OCR systems did not lead to satisfactory
results for Persian and Arabic languages because there are
points, vertical overlapped broken and continuous lines in
words. The current paper, using morphology operations,
studied the accuracy of segmentation in Persian and Arabic
languages.

OCR term refers to techniques to recognize text in scanned
images and converts them to editable areas. In recognition
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of offline text the systems input is the scanned image of
the text, butin recognition of online text the systems input
is the pen trajectory points. In this case, a man’s relation
with the computer is usually a pen and a digitizing tablet.
Figure 1 shows the input method in both modes [2].

Persian alphabet recognition is not a long history. First
published official reports of efforts done in this regard date
back to the early years of the 1980s [3]. There have been few
studies on the recognition of the Persian alphabet despite
the relative learning use of alphabet among different
nations of Asia. Because there are fundamental differences
between the wording of Persian words and Latin words,
such as a attached word and the change in the relative form
in different position of the letters in a word of Persian, it
is not possible to directly apply the conventional methods
for recognizing English letters on Persian words.

Literature Review

Zand [4] proposed an algorithm to separate letters based
on the Artificial Neural Network (ANN) classification
method [5]. He also described the hotizontal and vertical
histogram method for separating text lines [60]. In this
method if the difference between the two black rows pixels
is greater than the specified threshold, a new line of text
can be found.
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Figure 1: Text offline and online recognition [3]

Frank [7] described the horizontal and vertical histogram
in English Handwritten Character Recognition.

Shahraki [8], introduced a method to separate text lines
using morphology operations. The biggest problems
in Persian lines of text separation using morphology
operations are letters sticking to each other through the
skewed parts of two letters “S”) and “2” the letters
point’s noise. So elements with these features are ignored.

Jelodar [9] designed an algorithm that does not lose its
efficiency by changing the font, also suitable for digits.
Morphology operations are very powerful and their only
disadvantage is sensitivity to the noise. To reduce the
sensitivity, the skeleton image is used instead of thinned
image. AlKhateeb [10] proposes a new way to find
baseline in handwritten text using horizontal histogram.
The result of this technique was tested on 200 images with
85% correct recognition and 15% incorrect recognition
due to the scriber change in spaces between words and
subwords.

Al-Dmour [11] used horizontal histogram to separate
handwritten Arabic text to line and word. Clustering and
threshold methods have been used to separate the word
from the text by calculating the interval s between the
words. Mamatha [12] studied the differences between
Kannada, Telugu, Assamese in the words of Hindi language
and the reasons for continuing the investigation in the field
of OCR and refers to some features of Hindi language
compared to other languages in the world, including a lot
of overlap among these reasons and proposes morphology
operation and using the histogram in segmentation of
the word and subword of the text. The result led to the
segmentation of lines of text with 94% accuracy, with the
results of words and letters segmentation of 82% and 73%
accuracy, respectively. Karmakar[13] proposed a way to
separate lines of textin Hindilanguage. In this method, the
white pixels can be found in each row of the input image.
The threshold for the number of Consecutive Whiterow
(CWR) is calculated as the interval between two lines. The
current paper used ten different images as input with the

result of 100% accuracy of line recognition as well as100%
accuracy of word from line recognition.

Alipour [14] described the general trend of OCR process.
In this article, the process includes binary phase, filtering,
smoothing, and thinning. To test this, a 100 typed page
Persian text with 10 different fonts and sizes were used.
Segmentation was done with the accuracy of 98%. The
pointis that segmentation accuracy increases by increasing
the font size. Fiirojj [15] presented a new algorithm
for segmentation of Arabic words using bounding box
regions for Arabic letters; finally, the interval between the
bounding box regions for Arabic letters to fill bounding
box regions for Arabic words. This method ignored
segmentation of lines that is done in most methods of
segmentation. Mariam et al., 2016, [106], in their article
as spelling correction model for OCR errors in Arabic,
investigated to show that the Multi-character model is
better than the single character one, and showed that using
the classification and alignment of characters as well as
their model the accuracy of 94% in recognizing the correct
spelling of 502167 words.

METHOD

The design of an automated segmentation of words of text
in rectangular boxes with maximum precision and speed
is the main objectives of this article. To achieve this, the
design of appropriate algorithms to recognize the font
size and perform some pre-processing schemes will be put
on the agenda. K-mean clustering method and analytical
methods for image processing is proposed to recognize
the font size. The following perspectives are proposed
for the purpose of improving the accuracy and speed of
words segmentation.

In this view, the aim is maximizing segmentation of the
word precision.

This method should cause the minimum error in a large
database. Moreover, the extracted features must be
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independent of changes in scale and font size. In this view,
the focus will be on increasing speed, and in addition to
maintaining the highest segmentation precision, speed is
the maximum. Human visual system is the best pattern
in this field as well as similar fields of image processing,
the system with the best resolution and the highest speed.
The interval of horizontal space between neighboring
bounding box in Arabic words is measured as the X axis
and is called F Interval. The interval between two Arabic
words is the interval between the last letter of the first
word with the first letter of the second word. The interval
between the Arabic word is more than the interval between
the Arabic letters. The current paper aims to identify the
interval between Arabic words and the interval between
the Arabic letters and bridge the gap between letters
without words filling the spaces between the words. I
interval can have different values. Recognize different
parts of the Arabic image are complicated, there is a way
to solve this problem that is to transform grayscale image
to binary image so that each pixel is limited the range
of one and zero. Morphological analysis is a method
for processing Arabic images based on form [18, 17].
Morphological operators convert the original Arabic image
into another Arabic image through interactions with other
Arabic image that have a fixed size (which this known
as structuring element). Morphological operators can
simplify information, keep the characters forms and ignore
irrelevant information. Morphological operators are used
for different purposes among them are edge detection,
segmentation, enhance photos and graphics computations.
Two main morphological operators are dilation and
erosion. In dilation, the objects are expanded and are
used to fill small holes. In contrast, in erosion objects
become small. The operators can be improved through
the accurate calculation and selection of appropriate
structural characteristics to accurately estimate the amount
of dilation and or erosion of objects. The process of
dilation is conducted by the structural characteristics B
located on the Arabic image A and slip it over the Arabic
image like the case of a convolution.

If the origin of the structuring element corresponds to
white pixel in the Arabic image, there will be no motion to
modify next pixel. If the origin of the structuring element
corresponds to black pixels the entire image region by the
structural characteristics is covered in black. In general,
expansion leads to the spread image, and as a result fills
small holes in the background. If the unidirectional dilation
is horizontal (left to right), the suitable dilation width
can be controlled and this can be achieved only through
distinctive single row.

The proposed structural characteristics of dilation are
expressed in Equation 2:

P=1,2,3,4,5...etc. Thus

For P=1, ME1=[0 1 1]

For P=2, ME2=[00 11 1]

For P=3, ME3=[0001111]

For P=4, ME4=[000011111]
For P=5,ME5=[00000111111]

Equation 1. The used structure features

The above equation, represents a P zero and represents a
P + 1. Structural characteristic matrix is of 1 X (2P + 1).

Bounding box sticking during dilation occurs by counting
the bounding boxes before and after dilation. Sticking
occur when an I interval is filled with reduced number
of bounding boxes of the unit.The proposed algorithm
application gradually integrates bounding boxes and the
final Arabic image is a series of horizontal segments with
no Finterval. Figure 2 and Figure 3 depict bounding boxes
of 7 Arabic script lines before and after dilation using the
proposed algorithm, respectively.

The left to right dilation of the target image causes the
integration of all between the letters intervals while the
intervals between the words remain intact.

Figure 2. Bounding boxes of 7 Arabic script lines before
dilation

Figure 3. Bounding boxes of 7 Arabic script lines after full F
dilation
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The algorithm implementation

e First, the primary image is entered into the algorithm
and the RGB image is converted into GRAY. Then the
image edge is detected with an appropriate threshold
using canny method.

e Second, using Radon command, the image is exposed
to a 90 ° angle ray to detect lines. Then the returned
values are plotted by the vector R. Horizontal histogram
obtained from radiation using the radon can be seen in
Figure 4. The histogram clarifies available lines in text.

e Third, to find the font size is important. First, the
horizontal histogram ascenders should be obtained
and then calculated the average interval between the
ascenders. The average is the relative font size. This
stage ascenders are depicted in Figure 7. The original
entered text constitutes 18 lines, with one line the page
number and the other line the Persian date “Esfand
1345, The first 7 lines are with a fixed interval, and
then appears a gap and then 10 lines with the same
interval and then the page number.

A total of 18 lines and the gap between a number of
first lines and the second line segments are marked in the
histogram in Figure 6.

Figure 7 shows that there are points in histogram ascenders
that we do not care for considered relative peaks. These
points are known as error.

Figure 4. The entered image after radon ray exposure to detect
lines

These errors generally occur at low points and below 3X.
You should always be looking for the absolute peaks in
the histogram. Each of the red peaks, indicating a line and
precise diagnosis of the red peaks have a direct impact on
the quality and accuracy of the algorithm. K-mean method
is used to resolve these errors.

Fourth, we look for the lines intervals as a citation to
detect font size. In Figure 7, if the difference between the
absolute peak and an absolute minimum is greater than 3%,
the algorithm enters into the K-mean clustering. The red
points are clustered in two clusters. The larger average Y
coordinates cluster considered as the main points and the
average difference between X s in the cluster is considered
as a measure to detect the font size. Cluster with the less
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Figure 6. Entered image horizontal histogram
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than the average Ys is considered error because most errors
usually occur in low Y.

If the difference between the absolute peak and the
absolute minimum is less than 3X, the algorithm does not
enter into the clustering and in fact the algorithm does not
recognize an error and the average difference between the
total points available is as criterion for determining the
font size.

In this figure, the red cluster is eliminated as error. Of
course, all points in the red cluster are not error and a
point at a interval of 0 to 20 indicates a page number in
the original text (number 21) that is mistakenly considered
error and eliminated due to being in red cluster, however,
this deletion has no effect on the final result as a result of
the large number of lines. Average blue points difference
is considered a criterion to detect font size.

Fifth (final), here the number obtained in the fourth stage
is rounded upward. The number obtained is a criterion
for placement in the structure feature. Then, dilation
operator implemented on the edge detected image, taken
into account the first stage. Figure 10 shows the results
obtained up to this point:

Next, the hole is filled and the number of stuck together
points are counted and placed inside the bounding boxes.
The end result of the algorithm is shown in Figure 9.

The Results of The Implementation of The Proposed Algorithm
In order to test the system, the proposed algorithm was
tested on database contains 5000 words and an average
of more than 98% accuracy was obtained as a result of
utilizing the segmentation algorithm. Here we examine a
few experiments and expression errors causes, if any.

First Test

Figure 12 is selected from the database containing 200
words. The algorithms text output and the end result of
segmentation is shown in Fig. 11.
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Figure 9. Word segmentation end results
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Figure 10. Dilation operator implemented on the edge detected
image
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Figure 11. Word segmentation end results of first test

as a part of the word that the error is due to typing error
in not paying attention to spaces between the words and
punctuations. This text segmentation quality is 96% and all
errors result from non-compliance of the interval between
words and signs.

Second Test
Figure 13 is selected from the database containing 280 words.

Figure 14 depicts the algorithm output and word
segmentation end results.

39 &l Lis 1

Sps53 0 4 2 Lo s ST 4l g0

S o S Ky g S K
97 akile i L

W93 R S g 03 S f ot (s 01 535 3
R R )

g ghe 12 06 5 S Sl

Wyl IS 5 olte e 2L

2 g U ) 0 W3 g nl 3
?(J,-“,;U.a a3 g 4l oo Lis Al Asls e

1035000 Slatals Syl S 5 03 S o0 o5 5 GISE o)
padl 51 RS 5 (gl e S 4 tpaEladles 6l g S
Ittt

lpuil 35 n (o lns 5L

L 1y W55 5 35050 100 2 1y s oy

Ip2j S et S

lpo5un Sk B 2 Sk slsn 50
g3 Uis 51 03,5 0 a5 68 ol 51
?;,,ul‘,g;\,;a,flfa;‘, q,ﬂp

13 S b mlgdS 53 5 0585 00 oy L 31 595
lp250en S 92 53 9 03,58 5l 005 2

103 S plam addy (555 3 pigs oo pla 01y 55
Uipn S s (Sl et oS 4 B
U538 Cngd g o3i o Sl pn

4l g5 g s g Jo den Lgasl ( olds oy 5>

15,32 4l 325 L3> 8143 32 O30 323 oL 10

S S 3 et g sl @

Figure 12. Input text image
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Figure 13. Input text image

There are 15 errors including: “”,“CSa” “cn 3 (A jie
S stgion 7 sl 7 oah el b 7S sdle” 1 e
7l Al )7 ka7 WS 57 Gl 8 7 S 57
ol 7 Sha g7 ) ke 7, caused by typing errors
of not considering the words intervals. In case of
standard intervals between the words, the segmentation
will be implemented with 100% accuracy. Here, the
segmentation was implemented by 94.6% accuracy and
all the errors caused by non-compliance of the interval
between words.

b
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Third Test

Figure 16 is selected from the database containing 233
words. Figure 15 depicts the algorithm output and word
segmentation end results.

There are 11 errors including: Al ol yy ed
7 Caadalial Al je” gl Jie0 s “luaiacSl s 7
”,“J‘Y}US‘ ew\-.‘NJS SRS ST NECO L IR P
ot (54 g2 am ) iche R0l 317 sl S sale Sl R
caused by typing errors of not considering the words
intervals. Here, the segmentation was implemented by
95.27% accuracy and all the errors caused by non-
compliance of the interval between words.

CONCLUSION

The current paper proposes a simple method for
segmentation of the word of the text. The algorithm is
simple but enjoys high efficiency. The current paper used
morphology operations with different amount of dilations
per image based on the font size. The current study used a
database contains 10,000 words. All images are scanned at
300 dpi quality. First the primary RGB image is converted
into GRAY. Then the image is edge detected. Then, the
image is exposed to ray to detect lines. Later on, the
font size should be detected that is done by the average
ascenders points in horizontal histogram. This interval is
a criterion to regulate dilation of algorithm.

Three typed text image containing 713 words were used
to test the proposed system.The first test examined a text
image selected from the database containing 200 words
with the system recognition of 96% accuracy. The errors
are of two main causes, the first are typing errors of not
considering the words intervals including: «,*“s sélallaa)
Ja7 oS i€ a7 ilalans i 0 e S0, The

ol 4 [culsy

DI P pomme s BNFCYP L P SINE I NP7 W PSP [ o s fo
P o L I TS PR R s P K [N FORRISTope e e
ol Blo e ] ABH ety g Y 500 T e 588 05 0B aely d—"“‘,
T S PRSI TP PP S S P (e B e P PSPOIR R [ P B3 ]
O 1S e o] 5 Sl o8 13 e T3 ALt 5 0] 3] sl g g 1513
criSiale) Mo g RIS 03] oo ] ol a3 g o] 51,5 e e
fcdlaclol 33| o8 (5 ez Shoolo] 3] 183 ] v 3K i 5713 ol i U 5 [ g
B P PN RS AT S W Y oo W B FA e e
5] 15 JS o 31 2 31 ek £33 3] 3 ST 5 50,510085,l Ty
Vel Ll slaal | sy eenslion SOl adsl Ll dil sl e al g 1553, B aam aSito]
3l et s 001l o Tol | ot S S ) S S 520935558 5
EAIS Fom Plesaalotots) 5oy eS8 53] sl onl| I TS 36 « pem 3] Sl
gl ATl e e e lae 3T 5 el ST 5 o B4 ] 5l 555
lellglll) oty il glr g slegl ol S 23] sl sty cola s bl Loles
el gl ol Sl pop e g el e

Figure 14. word segmentation end results in second test

second are as the result of the changes in font size

including: 55 57 “aiulds i pd

Figure 15. Word segmentation end results of third test
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Figure 16. Input text image
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algorithm performance

The second test examined a text image selected from the
database containing 280 words with the system recognition
of 94.6% accuracy and the same errors as that of the first
test.

The third test examined an image of relatively long poem
selected from the database containing 233 words with the
system recognition of 95.27% accuracy. All the errors
caused by non-compliance of the interval between words
in typing. In case of standard intervals between the words,
the segmentation will be implemented with 100% accuracy.

Recommendations

Given the results, the following is recommended for further

studies:

e All the errors caused by non-compliance of the interval
between words and signs in typing, In case of standard
intervals the errors are prevented.

e The database used in this study is 300 dpi scan quality,
the higher scanning quality increases segmentation
quality with less errors.

e There are sometimes digits, and signs in addition to
letters and the word requiring paying attention to the
intervals between the digits and words typed into the
database.

*  There are sometimes English or Arabic digits and
letters in a text in addition to letters and words in
Persian, therefore compliance with the intervals

inserted in other languages in typing may contribute
to more algorithm evolution.

There might be some overlapped, words attachments to
each other or to signs, in low quality image scanning or
lower than 300dpi scan because of the noise. The algorithm
needs a part of the initial processing on the image in order
to neutralize the negative impact of listed factors.
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