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Abstract: In this paper, we address the problems of line segmentation and
character segmentation for discrete Arabic script documents. A robust
algorithm to efficiently segment lines in very general textual documents is
presented. Also, we present an approach to character segmentation problem
without any restriction on the style of text, hence; more realistic documents
are dealt with. Vertical white cuts are supported with connected component
analysis to aid in segmentation. A dataset that contains natural Arabic text
with diacritics was used as the basis of our dataset. The line segmentation
algorithm was tested on the whole dataset consisting of the 157 images
achieving a line success rate that exceeds 97%. Some extra lines were
generated. These extra lines can be appended to adjacent actual lines in a
succeeding OCR stage. Our approach for character segmentation was tested
on two pages of discrete Arabic script. The overall character success rate was
94.4%. The algorithms were implemented and run on a Pentium III 866MHz
PC with 128 MB RAM. The average time required to segment one character
was 62 msec. Programming optimisations and more powerful computers can

be used to speed up the segmentation process.
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Introduction

Two important problems in OCR research are line segmentation and
character segmentation. In this paper, we address these problems in detail and
present robust algorithms to efficiently segment lines and characters in very
general textual documents.

In [1], a sub-word segmentation scheme is proposed which is independent
of font size and font type. In [2], an Arabic multi-font character recognition
approach is presented based on both Hough transform and wavelets transform
for features selection and Hidden Markov Models for classification. In [3],
three techniques that can be used to discriminate between text written in Arabic
script and text written in English script are presented and evaluated. These
techniques address the language identification problem on the word level and
on text line level. In [4], an omnifont and unlimited-vocabulary OCR system
for English and Arabic is presented. The system is based on Hidden Markov
Models.

Although line segmentation is a nontrivial problem, it isn’t touched in a
detailed way in the above mentioned references and other similar works such
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as

[5-15] and no figures are reported about the success rate of line segmentation

algorithms.

In [16], the ground was laid for the development of new fonts to produce
discrete Arabic script, for the first time, instead of cursive Arabic script. These
fonts help in automatic document understanding and can be used to print
books, newspapers, periodicals, and all other printed materials. Of course, all
other properties of Arabic writing system are preserved when producing such
fonts. The new fonts can be used for discrete Arabic typography such that the
characters can be segmented with simple vertical white cuts. Two parameters
were investigated to help in character segmentation: left and right white spaces.
Quantified analysis and experiments were conducted to conclude a sufficient
amount of these spaces. A font with left and right spaces of 160 FUnits each
achieved a high segmentation success rate using vertical white cuts.

However, in [16], the document was assumed to contain text setup only in
regular style so that it was possible to segment characters using only vertical
white cuts. Using Italic fonts dramatically decreases the segmentation success
rate since Italic characters usually overlap. This makes it difficult to depend
only on vertical white cuts to segment very general documents. In this paper,
we address character segmentation in addition to line segmentation. No
restriction is put on the style of text; hence, more realistic documents are dealt
with. Vertical white cuts are supported with connected component analysis to
aid in segmentation. We expose our character segmentation approach presented
in this paper to tests difficult more than real documents. To summarize, the two
goals of this paper are:

1.  Present a robust algorithm for line segmentation which is a document
understanding problem that is rarely addressed in great detail in the
literature.

2. Segment lines into characters using vertical white cuts in addition to
connected component analysis.

In this work, two fonts are used as the basis of our experimentation:
Simplified Arabic and Traditional Arabic which come as part of the Microsoft
Office 2000 installation. From these two fonts, two discrete versions, Discrete
Simplified Arabic and Discrete Traditional Arabic, are developed using the
principles addressed in [16]. Figures 1 and 2 show two pages printed using
these discrete fonts. The new fonts are used to setup and print all the
documents used to test the algorithms reported in this paper.

The rest of the paper is organized as follows. Line segmentation is
addressed in Section 2. Character segmentation is presented in Section 3. In
Section 4, experimental results are reported. The paper is concluded in
Section 5. A function that supports line segmentation is given in the
appendix.
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Line Segmentation

To segment lines of a document image, /, it is first skew-corrected.
Then, pepper noise is removed. We assume that black (foreground) and
white (background) pixels equal 1 and 0, respectively. Initially, the image, 7,
is considered as one region that is horizontally and recursively split into
smaller regions. The initial number of regions to be segmented equals 1. To
segment a region, the main line segmentation algorithm calls a function,
segmentRegion, with the image / and the region to be segmented passed as
parameters. The function returns the new regions to which the passed region
is segmented. If only one region is returned then it is considered to
constitute a single line that is added to the list of segmented lines.
Otherwise, the returned new regions are added to the list of regions still
requiring more splitting. This process is repeated until no more regions
remain. Figures 3 and 4 show the result of the line segmentation algorithm
when applied to the images of Figures 1 and 2, respectively. Horizontal
solid lines are artificially added at the start and end rows of lines for
demonstration purposes. A formal description of the algorithm is given in
the appendix.

The details of the function segmentRegion in the line segmentation
algorithm follow. First, if there is no single column, in the region to be
segmented, having at least one black pixel, then the passed region is
completely white, i.e., it hasn’t any regions; hence, the function returns.
Otherwise, let numBlackColumns be equal to the number of columns, in the
passed region, each of which has at least one black pixel. Sometimes,
horizontal white cuts can’t be found between adjacent lines of text due to
very small interline spacing. This results in the horizontal projections of
these lines to overlap. However, the small area of overlap exhibits a clear
valley. We force white cuts to be formed in such areas by defining the
threshold

minHorizontalBlackPixels = f X numBlackColumns (1)
If the horizontal projection of any row of the passed region is less than
minHorizontalBlackPixels then it is set to 0.
Black runs in the modified horizontal projection are found to define the

average line height by

. ‘ 1 R .
averagelLineHeight = —mToralBlaciPicels ZnumRunPlxels[l] x runLengthli] (2)
where numTotalBlackPixels is the accumulated sum of the modified
horizontal projection values, numRunPixels[i] and runLength[i] are the sum
of projection values and the length of black run i. Black runs of length less
than o % averageLineHeight are cleared. This is done to prevent strips

containing diacritics and dots from forming independent lines. New black
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runs in the modified horizontal projection are found. The region passed to
function segmentRegion is segmented into new regions that correspond to
these runs. The topmost new region is expanded to the north of the passed
region. Also, the bottommost new region is expanded to the south of the
passed region. Every two adjacent regions are expanded to the spacing
between them. Details of such expansion can be found in the appendix.

If the height of the region, r, between the starting row of the passed
region and the starting row of the topmost new region > a x height of
topmost region, then if » contains a black blob with height exceeding a
certain threshold, dotHeight, then r is added to the set of new regions. The
check is repeated for the region between the ending row of the bottommost
new region and the ending row of the passed region. A similar check is
performed for every two adjacent new regions, 7; and r;;. Let
averageRegionHeight be the average height of 7; and 7;4;. If the height of
the space between these two regions is not less than o X
averageRegionHeight then add this space as a new region. The function
segmentRegion is formally presented in the appendix.

Character Segmentation

After line boundaries are determined using the line segmentation
algorithm, every line is segmented into characters in a process of many
steps:

1. The baseline of the line is determined by finding the row in the line under
consideration that exhibits the maximum horizontal projection value. The
y coordinate of the baseline is set equal to that row. Figure 5(a) shows a
portion of a line of discrete Arabic text. The calculated baseline is shown
in Figure 5(b).

2. The line is segmented from right to left into what we call white cut
components using vertical white cuts. Generally, a white cut component
consists of more than one connected component. Figure 5(c) shows seven
white cut components of the line of Figure 5(a). Notice that we artificially
increased the white space between these components for demonstration
purposes.

3. White cut components are segmented into connected components using a
sequential labeling algorithm [17]. Connected components of every white
cut component are rearranged from right to left. The white cut components
of Figure 5(c), from right to left, consist of 2, 1, 2, 6, 2, 1, and 4 connected
components, respectively.

4. Basic and secondary components are determined. A basic component is a
connected component that constitutes the main body of a character. A
secondary component is a connected component that associates a basic
component to form a character. Sometimes a secondary component
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touches a basic component due to blotting. The resulting hybrid
component will be counted as a basic component. An example of this case
is the second component from the right in Figure 5(d).

5. A character consists of one basic component and zero or more secondary
components. If the baseline intersects a connected component, CC, or the
distance between them doesn’t exceed a certain threshold, dpusic, then CC
is counted as a basic component, otherwise, it is a secondary component.
If no connected component could be classified as a basic component, then
all connected components are considered basic components. From Figure
5(b), it is clear that the white cut components, from right to left, contain 2,
1,1,2, 1, 1, and 3 basic components, respectively, and 0, 0, 1, 4, 1, 0, and
1 secondary components, respectively.

6. Now, for every white cut component, characters are formed. Every basic
component is considered to form the main body of an independent
character. So, initially, the number of characters equals the number of
basic components. The degree of horizontal overlap between every
secondary component and all basic components is found. The secondary
component is assigned to the basic component that exhibits the maximum
overlap. If there is no overlap between a secondary component, SC, and
any basic component, then, SC is assigned to the nearest basic component
in the same white cut component. In Figure 5(¢c), the first and second
white cut components contain two basic components and one basic
component, respectively. They don’t contain any secondary components;
so, they form two characters and one character, respectively. The third
white cut component consists of a single basic component and a single
secondary component; so, these two constitute a single character. The
forth white cut component contains two basic components and four
secondary components. The rightmost basic component is assigned the
nearest two secondary components and the next basic component is
assigned the remaining two secondary components. The remaining white
components are similarly manipulated. Finally, the eleven characters
shown in Figure 5(d) are obtained with artificial white space added
between characters for demonstration purposes.

Results

Dataset:

The dataset contains natural Arabic text with diacritics. An MS Word
copy of the document was obtained with the following statistics: 2125
paragraphs, 81235 words, 398880 characters, and 482563 characters with
spaces. The file was formatted with the following difficult-to-segment
settings: 8 points font size, single-line spacing, and bold Italic. We selected
these settings to expose our algorithms to hard tests such that if they
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succeeded under such conditions, then success is more guaranteed under
more relaxed conditions. The 8 pt font size was selected since this is almost
the smallest font size in which Arabic publications are usually printed. This
size gives very small values of inter-character and inter-word spacing. The
single-line spacing was selected to decrease the vertical white gap between
adjacent lines especially when diacritics are used. Actually, such a small
value of line spacing results in joined horizontal projections of adjacent
lines which makes it impossible to segment lines using direct horizontal
white cuts. The bold setting was mainly used to decrease the inter-character
spacing to make it more difficult to segment the characters of documents
printed using our designed discrete Arabic script fonts. The whole document
was set in Italic to make it very difficult to depend only on vertical white
cuts to segment the characters. Overall, we wanted to expose our algorithms
to difficult tests. The file was first set using Simplified Arabic Discrete font
and then printed in black and white and normal mode using an hp deskjet
845c printer generating 88 A4 pages for a total of 4495 lines. Another copy
of the file was produced using Traditional Arabic Discrete font and printed
using the same printer settings yielding 69 A4 pages of 3897 lines.

A Xerox copy of the printed Simplified Arabic Discrete font copy was
obtained. Then, a second Xerox copy of the first Xerox copy was prepared
to add natural random degradation to the images to test the robustness of our
algorithms. This second Xerox copy of the Simplified Arabic version was
scanned, using an hp ScanJet 3400C scanner at 300 dpi to obtain a set of 88
images. The Traditional Arabic printed copy was not Xerox-copied; it was
directly scanned using the same scanner settings to obtain a set of 69
images. Thus, a total of 157 images were prepared. The dataset obtained
was initially gray-level images that were converted to binary images using
Paint Shop Pro 6. Samples of the dataset are shown in Figures 1 and 2 for
Simplified Arabic and Traditional Arabic fonts, respectively.

The algorithms were implemented and run on a Pentium III 866MHz
PC with 128 MB RAM. In the line segmentation algorithm, the parameters
p and a were empirically determined to be 0.01 and 0.70, respectively, and
dotHeight was set to 4 pixels. The line segmentation algorithm was tested
on the whole dataset consisting of the 88 Simplified Arabic images and 69
Traditional Arabic images. All actual lines in these pages were successfully
segmented. The line success rate, LS, defined as:

LS = Actual No. of Lines / Computed No. of Lines 3)

is 97.3% and 98.4% for the Simplified and Traditional Arabic fonts,
respectively. Figures 3 and 4 show the result when the algorithm was
applied to the images of Figures 1 and 2, respectively. For demonstrative
purposes, two horizontal solid lines are added to delimit each line. The
original images suffer from some skew that was eliminated by the skew
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correction component used in our algorithm. Skew correction is a necessary
step for the line segmentation algorithm to succeed. Notice that lines
containing only a single word were successfully segmented.

Sometimes, diacritics were missed and couldn’t be grouped to any line
as exemplified in Figure 6, where the under-line diacritics between the
second and third solid lines and between the forth and fifth solid lines
couldn’t be grouped to any line. This happens because: (1) the height of
such diacritics is small enough for our algorithm to clear them, and (2) they
are delimited by horizontal white cuts. This shouldn’t constitute problems in
a succeeding OCR stage since such diacritics are auxiliary marks added to
only adjust the pronunciation of characters and their absence doesn’t change
adjusted characters.

The cases in which extra lines were obtained could be classified into
four categories:

1. Extra lines generated due to pepper noise, black extraneous dots, or

blobs, see Figure 7.

2. Extra lines consisting of under-line diacritics, see Figure 8.
3. Extra lines consisting of above-line diacritics, see Figure 9.
4.  Extra lines consisting of original dots, see Figure 10.

These extra lines can be appended to adjacent actual lines in a
succeeding OCR stage. Details about extra lines are shown in Table I. As it
was mentioned above, the images of Simplified Arabic font are scanned
images of the second Xerox copy of the printed pages, while the images of
the Traditional Arabic font are scanned images of the original printed pages.
This resulted in an average number of extra lines per page of 1.42 for the
case of the Simplified Arabic font compared to 0.91 extra lines for the
Traditional Arabic font. This is explained more if we notice that 64.0% of
extra lines belong to category of type (1), i.e., the pepper noise, black
extraneous dots, or blobs category, which all are known bad side effects of
Xerox photocopying. The Traditional Arabic pages were not Xerox
photocopied; hence, weren’t polluted with such noise, which resulted in
only 1.6% of extra lines belonging to category (1). An example of category
(1) extra lines is shown in Figure 7 where an extra line is located between
the third and forth horizontal solid lines starting from the bottom of the
image and consists of a single black dot.

For the first font, the percentages of categories (2, 3) extra lines, which
are 15.2% and 20.0%, respectively, are small compared to that of category
(1) indicating that Xerox photocopying is the main reason of extra lines.
Category (4) extra lines, which corresponds to under-line original dots,
exhibit a very low percentage, 0.8%. It seems to us that errors of categories
(2, 3, 4) can be grouped into one category for which the last column of the
table corresponds.
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For the Traditional Arabic font, the dominant errors are those of
category (2), 77.8%. This is due to the large distance between underline
diacritics and the corresponding characters compared to the Simplified
Arabic font. Category (4) extra lines are absent in this font. Overall, 1.20
extra lines are added to each page which is easily tolerable and can be
manipulated with little overhead in succeeding OCR stages.

Our approach for character segmentation was tested on two pages set in
Discrete Simplified Arabic and Discrete Traditional Arabic consisting of
4428 and 5672 characters, respectively. The parameter, dp.s., Was set to 2
pixels. Reasons of segmentation errors were:

1. The basic component is assigned a secondary component of a previous

or following basic component, Figure 11(a).

2. The basic component is assigned a secondary component from a

preceding or following line, Figure 11(b).

3. A secondary component is classified as a basic component, Figure
11(c).
4. Two connected basic components couldn’t be segmented into their

individual components, Figure 11(d).

Table II details the percentage of occurrence of the above four reasons.
The numbers in the leftmost column refer to the aforementioned reasons.
Every occurrence of these errors results in almost two adjacent characters
being in error resulting in 2 X 136 and 2 X 149 characters for these two
fonts. Therefore, the character segmentation success rate is 93.9% and
94.7% for the Simplified Arabic and Traditional Arabic fonts, respectively.
The overall success rate is 94.4%. The most prominent reason of error is
that secondary components are assigned to adjacent basic components none
of which are the proper ones. For our dataset, this is mainly due to the Italic
setting of the whole dataset, which results in some secondary components
going further from the mother basic component. However, since Italic
setting is rarely used in normal textual pages we expect that this cause of
error to be too much smaller than what is reported here. Or, the fonts can be
redesigned such that with Italic setting the secondary components don’t fly
away from their actual basic components. The next prominent cause of error
is that a secondary component close to the baseline is classified as a basic
component. Reason no. 2 is a side effect of our line segmentation algorithm
since in the presence of diacritics and small interline spacing it is very
difficult to segment every line with all its components, which results in few
secondary components being grouped with adjacent lines. However, Arabic
documents are usually setup with bigger interline spacing alleviating from
this problem. Reason no. 4 is the result of blotting and other reasons of
noise, but it occurs very rarely.

The average time required to segment one character is 62 msec. This
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includes the time for skew correction, noise removal, and line segmentation.
It is true that this is slow; however, we concentrated on the functional
correctness of our algorithms. Many programming optimisations and hints
can be used to speed up the segmentation process. In addition, using more
powerful computers helps too much in this respect.

Conclusion

Two important problems in OCR research are line segmentation and
character segmentation. In this paper, we addressed these two problems in
detail and presented a robust algorithm to efficiently segment lines in very
general textual documents. No restriction was put on the style of text; hence,
more realistic documents were dealt with. Vertical white cuts were
supported with connected component analysis to aid in segmentation. We
exposed our character segmentation approach presented in this paper to tests
difficult more than real documents.

The dataset we used to test our system contains natural Arabic text with
diacritics. The line segmentation algorithm was tested on the whole dataset
consisting of the 88 Simplified Arabic images and the 69 Traditional Arabic
images. All actual lines in these pages were successfully segmented. The
line success rate was 97.3% and 98.4% for the Simplified and Traditional
Arabic fonts, respectively. Sometimes, diacritics were missed and couldn’t
be grouped to any line. Some extra lines were generated. These extra lines
can be appended to adjacent actual lines in a succeeding OCR stage.

The overall success rate of the character segmentation algorithm was
94.4%. The most prominent reason of error was that secondary components
were assigned to adjacent basic components none of which are the proper
ones. For our dataset this was mainly due to the Italic setting of the whole
dataset which resulted in some secondary components going further from
the mother basic component. However, since Italic setting is rarely used in
normal textual pages, we expect that this cause of error to be too much
smaller than what is reported here. Or, the fonts can be redesigned such that
with Italic setting the secondary components don’t fly away from their
actual basic components.

The algorithms were implemented and run on a Pentium III 866MHz PC
with 128 MB RAM. The average time required to segment one character
was 62 msec. This included the time for skew correction, noise removal, and
line segmentation. Many programming optimisations and hints can be used
to speed up the segmentation process. In addition, using more powerful
computers helps too much in this respect.
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APPENDIX

Algotithm. Line Segmentation

Input: Skew corrected and pepper-noise-filtered image, /

Returned Values:

1.  Total number of lines, numTotalLines, in the image

2. Starting row, lineStartRowl[i], and ending row, lineEndRow(i], of line
no.i,i=0,1, ..., numTotalLines — 1

Procedure:

Step 1. Initialization

(a) Assuming foreground and background pixels in 7 equal 1 and O,
respectively, the image 7 is surrounded with a one-pixel-thickness
boundary of 0 pixels.

(b) Let numTotalLines = 0. Define numTotalRegions as the number of
regions in the image, /. As the image is horizontally and recursively
split into smaller regions, numTotalRegions is updated. Initially,
numTotalRegions = 1, i.e., there is only a single region, region no. 0,
inl.

(c) The limits of region no. 0 extend from row 1 to row height of the
image [, where height is the height of [ Therefore, let
regionStartRow[0] = 1 and regionEndRow[0] = height. Let
numProcessedRegions = 0.

Step 2. Recursive Region Segmentation
While (numProcessedRegions < numTotalRegions)
{
segmentRegion(l, regionStartRow[numProcessedRegions],
regionEndRow[numProcessedRegions],
numNewRegions, newRegionStartRowl[ ],
newRegionEndRowl));
where segmentRegion is a function that segments a region located
between regionStartRow[numProcessedRegions],
regionEndRow[numProcessedRegions] in image [ into a number,
numNewRegions,  of new  regions each defined by
newRegionStartRow[i] and newRegionEndRow[i], i = 0, 1, ...,
numNewRegions — 1.
Increment numProcessedRegions;
[f(numNewRegions = 1)
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The region constitutes a single line.
lineStartRow[numTotalLines| = newRegionStartRow[0];
lineEndRow[numTotalLines] = newRegionEndRow[0];
Increment numTotalLines:;
h
else
for(i = 0; i < numNewRegions; i++)
{
regionStartRow[numTotalRegions| = newRegionStartRow|i];
regionEndRow[numTotalRegions| = newRegionEndRow][i];
Increment numTotalRegions;

}

End of Algorithm.

Function segmentRegion
segmentRegion(l, regionStartRow, regionEndRow,

{

numNewRegions, newRegionStartRow[ |, newRegionEndRow][])

Let numBlackColumns be equal to the number of columns, in the
region located between regionStartRow and regionEndRow in the
image 7, each of which has at least one black pixel.

If(numBlackColumns = 0)
{
numNewRegions = 0;
return;

}

Let the required minimum number of back pixels in a row of the
region under consideration be equal to minHorizontalBlackPixels = [ X
numBlackColumns.

Let originalHorizontalProjection[i] be equal to the horizontal

projection of the input region, i = regionStartRow, regionStartRow +

1, ..., regionEndRow.

Set originalHorizontalProjection|regionStartRow — 1] =0,
originalHorizontalProjection[regionEndRow + 1] = 0.

Let workingHorizontalProjection = originalHorizontalProjection.

For(i = regionStartRow; i < regionEndRow; i++)
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If(workingHorizontalProjection|i] < minHorizontalBlackPixels)
workingHorizontal Projection[i] = 0;

Find the number, numNonZeroRuns, of nonzero runs in
workingHorizontalProjection. Let numRunPixels[i] and runLength[i]
be equal to the number of pixels and length of run i, respectively, i =
0, 1, numNonZeroRuns — 1.

Let numTotalBlackPixels be equal to the total number of black pixels
in the input region.

Define the average line height, averageLineHeight, as in Equation (2).

In projection workingHorizontalProjection, clear the runs the length of
which is less than a X averageLineHeight.

Find the new nonzero runs in workingHorizontalProjection. Run no. i
is located between runStartRow[i] and runEndRow[i], i = 0, 1, ...,
numRuns — 1, where numRuns is the number of nonzero runs.

Divide the input region into numNewRegions = numRuns, where new
region no. i is defined by
newRegionStartRow[i] = runStartRow|i],

newRegionEndRow[i] = runEndRowl[i], i = 0, 1, ... , numNewRegions
-1

Expand the topmost new region to the north of the input region as
follows:
expandedNewRegionStartRow = newRegionStartRow|[0];
minHorizontal Projection =
originalHorizontalProjection| expandedNewRegionStartRow];
for(i = newRegionStartRow|0] — 1; i > regionStartRow; i--)
if(originalHorizontal Projection[i] < minHorizontal Projection)
{
minHorizontal Projection = originalHorizontal Projection|i];
expandedNewRegionStartRow = i;

}

newRegionStartRow|0] = expandedNewRegionStartRow;

Expand the bottommost new region to the south of the input region as
follows:

expandedNewRegionEndRow = newRegionEndRow[numNewRegions — 1];
minHorizontal Projection=
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originalHorizontalProjection|expandedNewRegionEndRow];
for(i = newRegionEndRow[numNewRegions — 1]; i < regionEndRow; i++)
if(originalHorizontal Projection[i] < minHorizontal Projection)
{
minHorizontal Projection = originalHorizontal Projection]i];
expandedNewRegionEndRow = i;
b
newRegionEndRow[numNewRegions — 1] =
expandedNewRegionEndRow;

Expand every two adjacent new regions to the spacing between them

as follows:
For(i = 0; i< numNewRegions — 1; i++)
{

expandedNewRegionEndRow = newRegionEndRowl[i];
minHorizontalProjection =
originalHorizontalProjection|expandedNewRegionEndRow];
for(j = newRegionEndRow[i] + 1; j < newRegionStartRow[i + 1]; j++)
if(originalHorizontal Projection[j] < minHorizontalProjection)

{
expandedNewRegionEndRow = J,
minHorizontalProjection =
originalHorizontalProjection|[j];
H

expandedNewRegionStartRow = newRegionStartRow[i + 1];
minHorizontalProjection =
originalHorizontalProjection|expandedNewRegionStartRow];
for(j = newRegionStartRow[i + 1] - 1; j > newRegionEndRow(i]; j--)
if(originalHorizontalProjection[j] <
minHorizontalProjection)

{
expandedNewRegionStartRow = J;
minHorizontalProjection =
originalHorizontalProjection|[j];
h

if(expandedNewRegionEndRow = expandedNewRegionStartRow)
expandedNewRegionStartRow--;

newRegionEndRow[i] = expandedNewRegionEndRow;
newRegionStartRow[i + 1] = expandedNewRegionStartRow;

}

If the height of the region, r, between the starting row of the input
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region and the starting row of the topmost new region is relatively
large compared to the height of the topmost new region, then if r
contains a black blob with height exceeding a certain threshold, then
add r to the set of new regions. This is implemented as follows:

Let numRegions = numNewRegions;
If(newRegionStartRow|0] — regionStartRow > a % (newRegionEndRow[0]
— newRegionStartRow[0] + 1))

{
Check if there is a black run in the part of
originalHorizontalProjection located between regionStartRow and
newRegionStartRow[0].
If there is such a run with a length not less than dotHeight then
{
newRegionStartRow[numRegions| = regionStartRow;
newRegionEndRow[numRegions| = newRegionStartRow[0] — 1,
Increment numRegions;
H
}

Repeat the above check for the region between the ending row of the
bottommost new region and the ending row of the input region as
follows:
If(regionEndRow - newRegionEndRow[numNewRegions — 1] >
a % (newRegionEndRow[numNewRegions — 1] —
newRegionStartRow[numNewRegions — 1]+ 1))

{
Check if there is a black run in the part of
originalHorizontalProjection located between
newRegionEndRow[numNewRegions — 1] and regionEndRow.
If there is such a run with a length not less than dotHeight then
{
newRegionStartRow[numRegions] =
newRegionEndRow[numNewRegions — 1] + 1;
newRegionEndRow[numRegions| = regionEndRow;
Increment numRegions;
H
j
For every adjacent two new regions r;, 7y, i = 0, 1, ...,

numNewRegions — 2:
Let averageRegionHeight be the average height of ; and r;+;.
If the height of the space between these two regions is not less
than a % averageRegionHeight then

{
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Check if there is a black run in the part of
originalHorizontalProjection located between
newRegionEndRow[i] and newRegionStartRow[i+1].

If there is such a run with a length not less than dotHeight

then

{
newRegionStartRow[numRegions] =

newRegionEndRow[i] + 1;
newRegionEndRow[numRegions| =
newRegionStartRow[i + 1] — 1;

Increment numRegions;

h

}

Let numNewRegions = numRegions;



Segmentation of Discrete Arabic Script Document Images 101

(25E0)) 2T £ 98 Lo U5 of{0als 12 g2 310 il aing ¥ 3l plng pd Ty 52 B 5ti 3133 &1 Slae Uy £33))
({dla Ga d‘aJ dalz pa dale «,l:... 4t J il ¥) §13 .JJJ, o1 4150) kil iy
{(u,,, Y174 odale §a dale oilis Fa5 ¥ i . JJ,, ol iy 58 &1 5))) t4mi g dgmsea ol Sy e ((.u,.ul)) )
Uit g ety o5 41053 a0y sMasiy3ind GH ) 1 4k S gy U 253 215 eFal 154 co2l g8 {f03adl))s ((210adl)) 35
(B )3F 3o op)) G T D32 BT ,5E
tagae pde offsl 52 ol JS.I)}U Lo o9S2 01 5 5249 olasil g Js¥ bgfy cclofuoally colass ¥ Lo Erpola 1 03a ciibuns 2id

o353 adlg

e lgale s 3b 9S1y elgd g5 z, g3 1gd Jua 25 Ja 3 56 I o, 99529 elgs i Utuuu OSad ¥ 3l pla¥1, edI5till 5192 §1 Jylisy 5
0slal] pl g3l dislina y 1o SUiEH pluey 4sde B Lo “,m Gle Ligly i) pgate Lo Y] 51511 ,Ic Y 438 eSasie 423) pad Inag pdg e o350
ol gald plod) diilgaz 5 ill plug 4yde Bl (dun Ga3ll (Giei i0Bins dlag 593l Ga duzs 41 ol Iy 03un 41 Y] i gtsall ga begis ¥ 4ili
uad Iage il ol 1) aJii begizdy la ydo AgaSdl (4 3] 5 g aApiySH 5 Il Tayd G ala (o350 sl g0l Gl 60392 g 3 saa e 3515 505 Liay
OS2 pdgiay ealicll Jloag pd esloll (o 01300 £ ,J ol eelgall de s glaill aig pd y3as e juald gall IS5 430 gling bj pl Lgse
s 0dl Jomng pd 60 5g35 g0 B30y Bila B3 5 gliadan ge 5jale 53ill gl aad JolF Spe Gasll OIS (y5a g epily pd ol gl 151 ladlos glasll
igaadl i gidanadl Gual 13ay o35 ¥y &l 538 7 all eaa dalioadl a3 Tay 35 leaadl posl

00lued US (i Jasue Loy s4ia g 13T CGolaan Glass] Billl yd JiIolly Lagan ¥ oalsdl 43 3 paldl pladl 5 5355 0f 2530505
T g2 5 g (g Jlx3 41 4iS 130 g 65l 3201 335 ¥ (o 3H 5140 1138 i J22) Ni apl g2 4] gy Y] ol g2l ,J.,,, HA) &2, A abl G oyl _,s,. >y
.3 J,,Js 25ilk3y t0 )55 ol a5l ol ey ¢ pradill Jois gt JS 25f [0 = Gilia YII1G55 ool ,‘,,. JS 5253 ] 2ale pgF e tyboun

5,998 JlaS 41 OJa5 cipans glo Lgsinns Bipliad g spsangs Lysians Gdag epangd lyson; Fugling epiladl 1oa i 2ua 81 Gls Jals gay
0a3liy 3idl 43l LaS s433tafy 031u La aLi o) ges Lo JS 40y eilly ad310a gl g 6320 99 010 035054 s42tin La ailisfy .ms, g e llas Jﬂ
43lig Eliae ol gu la J.(_,

Y s elashonly s yull g Sadly efibadly cg gndl 510 i 4,;1;, Y LaS eJS 33l y3Li] Y 43lg s5 o023 0s 5a Yl Fngasall cipala §1 iy
o $3ij 1aS eJS 430 ,,,‘u i f3ip ledybas oy ey g [ )08 Ly3lifuad Solyuiasia bl lgsiad UJJI alas 91 5t lang ¥F 3gn g3l digin o35
il o cadill Slasel ASigia 3l ISyl oil3] Gae 1S3 of8 S 35H i 5980 14S 53 51 Ugdhaz obiy iy (ya Ainsing g s3aSally ja ¥l
DaSadd SEn 1S Yy fitlpue 0 5y2lsa 30 Ha3e Y1 15h pm 25 Vg e0lpdd g 41gd (i #5utey La gy anlyda g 43p3 g8 dgall piiy La Jguon oo

A 5 ]

Jsae 4JSy5 ¥y edS 45 0 jac Saadl Inay Nieg il

raa in_gall Gl slzmyly . ALiS3 s 53495 0y NEYIYEYIR PrY A E R 558 95 plizl SIS of : iy ecs glasll 4S3T 33 ol o) Lgaiy
il fie b edglanalt Dealil Laly phuag 40de Bl doa Bl Sgur s (fIo i ye 1 03551 5301 g N 3uedl 1385 8 J,, Yy @idi ¥ bl 558, el 3da
3 g b ‘,uJI Ly g 8509 435351 038 23k 00giS g i3 Nas plon s Agde ) pdon G230 pgsls 125 gbsaad 993 b oaaTlise g AGaSa s
gaadl 5,8 Liay ela 4p g2 o_,.!i oe gasall JI) Jpaue Ni o035 O 350 134, IDJJIIJ 2554 JJ.r i 00435 g6 Figis g s lad edbl
cull_, of gidally :ttl.:]l sal JJ’ O+ JSJ ul,,Jl,v 5301 J.yi 58, cladtoaals 300l g 52l s fbally

Fwidadl §Y 655una lgs 433 gl dnita lgs uJ,J o lpa 1 g Trra les ¥ of dyde Songf 13a sl guadl 1in 35550 Jligs
Y Liay spdladl Sluiy sly3olly 5230 S J, A5 iy olage sy o] Jrase 357 ,J 333 p1 o)y lage g3y Oa 32 052 p3 65 537 o) 35 ally
DA 2 p LSS GT I3 LS S5l 12 31313 0] 13015 5230 545 24118 cagle Gadll dad &dogd J:yur 8354 64] Silaa egal] t:u Y 41 4i;
G pesle B 33T Tadd oy JU5 13gd ofY'e = Ja3HI{L5 Jl;’ ¥ DaJ ,‘,.. O 43, 35 ga 13358 1s I 35}

N5 Yy elfuadl Jini agtedly g3l oi gepaadl 1342 135 5 138 35 1 5f ga g ee 535 pd SIS ,..;‘,., wif of J5tadl 134 Sl g g

cadei 9a 3Sail o W 0 4357 0 0} .441,. eCaghdl 1 438 1S o) wUF olé

,J.: N aa5ld Gli of Jiflas aze AGyedy o4 43 gal Logi dyle 4y és.l 13 o n Lyedalyy uﬂ.us Oa Elada¥lI3a Jais Jes ik
JJI‘_‘.I S g e Il bl §gid pdd 4 dia }'Jua 98y iySi N.’u; rols s gia aday ud_Jc quJ e 3ily cdliac
530 Qi 2 et Siagg ol 5 33 215 g 10 218 8 21351 i 215 cstm SUE T o130 35m 880y Uy 2T 230 gal 3] B1)) s et e)
(435 12

u" wagle (ig3iilly olg2ll A5 cilk Je Bay scapsblly ping yall puiid Gsgis ‘((,l 9 pla JSJ)) sphuag aade bl doo 2195 iy
Gy g g5y snlaydl Saly 4l L"”’ g epelpdl 550 42 0350 @3 5 g esla yll £ g g2 4i0F Gin3 aady i 1s st pf 4Zin e &y ymS3aed 13] iy gadl
= ‘,JJI‘;JIII u,'Jl;CIJJYI 238 u,;i‘,.u_. tigasahdly Zpiluislly il gaadl £l §1 5451 Tpgaa A3 5184 :i,a_?.r_).-ﬂm_)l_)a mu.ﬂ(mu
ool sal oy e oo ¥ Gaal yaly aze Faislly 431k 4354l 31 (53 $12d1 1341 1 ple 13] Sogabdl S13S 4. 43aidy ngall o ygid elg] Flala
a3 1 33fa olsal 4405 03 Ciolim g sadanseel g ploll Sinlim anle Bl codins 10l 4] Una ¥ las_ya alidl B Jun Loy ecagdill
Juai
ity JSYI i 43lel e ioly ¢ 3N O a3idls .4,,1,11 a8 e S 4§ 50y 0l y a3l ga plaia ¥l i play dgle Bl e 4753 i

Gl saidia G baid HEN ,.'rwr i ks G D)3 1oy Ga3T 85 L)) s as] ,J.. 3 4gde bl duo 430 20 g3ty ((.mu.ﬂ)) of
{(4-:}] & g 444, J.-.I &5 g ¢4a laL} Gf5i e li 35 Y gIs

Upasnn g 6ds 2SS Ginl ya 91 Gy g 4dyngabe ] Adtaly & il 30 933l 4d ok il 5ala 531y j ge 9983 dgale Sal J‘I iole g3 pal el
Mt/ .,..,n gkl s dsll Ag3i 3p3e 51 dglizy sgaall 4z1) glsaj s 3l oill i Foly il i3 paoa S g2pdl (I plabdl Jtasf
el £ by lgia sde gise Laaljal 45540 )5 aliely dy38 §1 038 o 43bs Sad ¥ Sa 13l sdc gi5all ogSI 3N Jilisall 333 §1 9a
2380 p13idly 42 lizsl Ha 38T a5 gagdl §1isH GIS 6432035 g 45448 (6 $5aa OlSy edaladl 535 41a Sglisg epl3all § Jale g3 1505 6437 joa g

Figure 1. One image of the Discrete Simplified Arabic dataset.
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Figure 2. One image of the Discrete Traditional Arabic dataset.
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Figure 3. Line segmentation of the image of Figure 1.
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Figure 4. Line segmentation of the image of Figure 2.
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(d)

Figure 5. Character formation: (a) A portion of a line of discrete Arabic
script, (b) the baseline determined, (c) the line segmented into seven white
cut components, and (d) white cut components segmented into connected
components that are combined to form final eleven characters.
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Figure 6. Missed diacritics: The under-line diacritics between the second
and third solid lines and between the forth and fifth solid lines couldn’t be
grouped to any line.
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Figure 7. Part of an image, where an extra line is generated due to blobs.
The extra line is located between the third and forth horizontal solid lines,
starting from the bottom of the image, and consists of a single black dot.
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Figure 8. Part of an image, where an extra line is generated. The extra line is
located between the first and second horizontal solid lines, starting from the
bottom of the image, and consists only of under-line diacritics.
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Figure 9. Part of an image, where an extra line is generated. The extra line is
located between the third and forth horizontal solid lines, starting from the
top of the image, and consists only of above-line diacritics.
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Figure 10. Part of an image, where an extra line is generated. The extra line
is located between the third and forth horizontal solid lines, starting from
the bottom of the image, and consists of under-line two connected dots.
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Figure 11. Examples of character segmentation errors: (a) A basic
component assigned a secondary component of a previous basic component,
(b) A basic component assigned a secondary component from a following
line, (¢) A secondary component classified as a basic component, and (d)
Two connected basic components.

Table (I): Results of the Line Segmentation Algorithm.

A: Actual no. of lines, C: Computed no. of lines, LS: Line Success rate, E:
Average no. of extra lines per page, 1: Percentage of category (1) extra lines
containing pepper noise, black extraneous dots, or blobs, 2: percentage of
category (2) extra lines containing underline diacritics, 3: percentage of
category (3) extra lines containing above-line diacritics, 4: percentage of
category (4) extra lines containing underline original dots, and 2 & 3 & 4:
percentage of categories (2, 3, 4) extra lines.

Font A C %/S E Percentage of Error Category
0 1 2 3 4 2&3&4
Simplified 4495 | 4620 | 973 | 142 | 64.0 | 152 |20.0 | 0.8 36.0
Traditional 3897 | 3960 | 98.4 [ 091 | 1.6 77.8 120.6 |0.0 98.4
Both 8392 | 8580 | 97.8 | 1.20 | 43.1 [362 |202 |05 56.9
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Table (I). Errors of Character Segmentation.
Simplified Traditional Both
Reason No. of Percentage No. of Percentage No. of | Percentage
Errors of Errors Errors of Errors Errors of Errors
1 103 75.7 122 81.9 225 78.9
2 8 59 0 0.0 8 2.8
3 20 14.7 27 18.1 47 16.5
4 5 3.7 0 0.0 5 1.8
All 136 100 149 100 285 100




