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Abstract: - We propose in this work an approach to segmentation of Arabic texts printed offline open
vocabulary. The method is based on human perception using their natural power for segmentation. The novelty
of our work is in the analysis of this type of approach on complex fonts and calligraphy has strong ligatures; we
propose an artificial segmentation feature extraction based on the use of structural primitives for a robust
description of the different morphological variability font considered. The proposed algorithm yielded results
quite satisfactory with an extension for the resolution of a particular case of the sub-segmentation. This model
has enabled us to increase significantly the recognition performance and develop a recognition system open

vocabulary.
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1 Introduction

The use or not of phase segmentation in
character or in grapheme makes the distinction
between two possible strategies for word
recognition be they printed or handwritten: overall
approaches that consider the word as aw hole
without trying to identify each of the letters that
compose, which opposes the analytical approaches
that seek in the first instance to cut the word into
letters and then seek to recognize them.

In the case of cursive writing, the problem is
even more complex. In the community of the
printed writing recognition, he was admitted that it
is impossible to directly segment a word in cursive
letters. To segment in characters, they must have
previously been identified; and for recognize a
character, it must be properly segmented
beforehand. This is the paradox of K.M. Sayre [1].
In order to resolve this dilemma, it is necessary to
cut the word into subparts letters. For more
information on the segmentation of cursive writing,
the synthetic work of X. Dupré [2]. Generally two
approaches are used: the segmentation in
grapheme(explicit segmentation) [3] which consists
a segments the word into subparts that are almost all
letters. And analysis by the sliding windows
fenétres glissantes (implicit segmentation) where the
word is divided into vertical stripes.

E-ISSN: 2224-3402

201

Arabic printed is known for its rich fonts and
styles: there are over 450 different styles and fonts.
On the one font to another, the morphological
characteristics of Arabic character change
considerably. In [4,5], we find a fairly detailed study
of the morphological characteristics of Arabic.
Thus, the structure of the Arabic word printed is in
part responsible for the quality of segmentation and
the degree of complexity of recognition. Several
solutions have been proposed for the segmentation
of the Arabic script. Thus, overall and analytical
methods were tested. Lists of work already carried
out are described in [6].

In this paper, we will discuss first the general
principle of our strategy. The approach of the
proposed problem is inspired by the standard
methodology for segmentation by a human. We then
provide a brief overview of these techniques
emphasizing commonalities. Wew ill discuss
modeling Bezier curves in image processing and
algorithms traverses PAWs. Finally, we explain in
detail the operating principle of the proposed
segmentation algorithm, and is the heart of our
system.

2 Problematic

Because of certain characteristics of the Arabic
script, the solution for the segmentation is not
always trivial. Indeed, the morphological study of
the Arabic script shows that it is difficult to operate
the segmentation at the level the character. All these
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reasons have led us to ask the question: how humans
can identify the characters even though they are ill-
posed in the word. This question was already asked
by the scientific community and researchers. But the
answer was to say that humans at such a developed
brain at such that it can not artificialised. That is
why we have applied our approach to segmentation
based on research in attachment points of the
characters in writing. The search for these
attachment points present an easy way to separate
grapheme (separation into connected components,
contour extraction ..)

In view of these problems, we have chosen a global
modeling at the level PAW. This choice is penalized
by the large number of points that can be selected to
achieve the segmentation of PAW in specific
locations. However, this solution is very interesting
in the case of cursive writing.

A PAW is a connected component of black pixels
grouping one or more letters. An Arabic word is a
sequence of related entities entirely separate from
those PAWs (or PAWs: Pieces of Arabic Words). A
word can be composed of one or more PAWs (see
Fig 1). Each PWS is a sequence of related letters,
giving the appearance of recursiveness at this

s 8l |\

Fig.1 : An Arabic word may consist of several
connected components (PAWS): from right to
left,Two Paws, Two Paws, a PAW PAWS and five per
word

Taking account of the notion of PAW, inherent in
the Arabic script, is advantageous, because the
interpretation of PAWSs rather than words, duct,
particular for this vocabulary, a reduction in the size
and complexity of the problem. As a result, it seems
very useful to process the selected vocabulary
recognition based on analytical modeling nickname
that also offers the advantage of avoiding the
delicate problem of segmentation into characters
related to the analytical approach.

3 General description of the proposed
system

Figure 2 shows our system of segmentation and
recognition of Arabic script printed multifonte off-
line.
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Fig.1 : General System Diagram

In the first place, image text passes through two
stages of pretreatment which consist in squeletiser
the text from the image then eliminate diacritics
after identifying and memorized their positioning.
Then, the segmentation phase of the text in lines is
triggered. This segmentation is based on the method
of horizontal projection. Then, to word
segmentation we use the segmentation method by
the vertical projection. . The word segmentation is
carried in  paws by identifying connected
components, then use the technique [7] the isolated
characters are detected. Segmentation PAWs of
words Arabic in grapheme is then applied and is
based on a study of topological characteristics of the
Arabic script. Indeed, given a pseudo Arabic word is
generally obtained by connection of several letters,
the approach that we have developed consists in
detecting the positions of these connections.

At the level of recognition, the approach adopted is
to use a similar approach for isolated characters and
that is developed in the [7]. In this case the
vocabulary of isolated characters is not limited to 28
characters, but it is extended to all forms of writing
characters according to their positions in the word
(starting, middle or end of the word).

To implement this approach of pseudo-analytical
recognition, we propose a new segmentation
concept vocabulary and a new database image
printed of Paws generate from three different Arabic
fonts complexities. Besides images of pseudo-words
the new database also contains files with the line
position of the page image in the base of each
PAW.This information is exploited evaluated in the
step of feature extraction to consolidate the overall
robustness of the feature vectors.
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Given an image | text, the phase of recognition of
the image 1 therefore goes through the following
steps:

e Squeletiser the text in the image I,

e Detect diacritics then eliminated while retaining
information on their positions,

e Segment the image into lines and I associate an
identifier with each line specifying its position
in the image,

e Segment lines into words and associate with
each word an identifier specifying its line of
belonging and its position in the line,

e Segment words into Paws and associate with
each PAW an identifier specifying the word
which it forms part and its position in the word,

e Segment Paws in grapheme associate with each
grapheme an identifier specifying the associated
PAW and its position in the PAW

o Identification the characters and the ligatures of
the PAW

e Recognition of each character and of each
ligation

e Reconstruct the text by proceeding by linking
them grapheme recognized of asame PAW,
then link in the PAWSs of the same word, Then
arrange these words in line and finally put the
lines one below of the other. To achieve this
work, we use the identifiers of previous steps.

The recognition process is evaluated by realizing

tests on several levels:

e Relative test performance the step of segmenting
the image into rows |

e Relative test performance the step of segmenting
words into lines,

e Relative test performance the segmentation step
in words Paws

e Assessment of the rate of recognition of
graphemes

o Evaluation of overall recognition rate.

3.1 Preprocessing

These preprocessing are identical to those made on
isolated characters: binarization, separation of
diacritical dots, noise suppression and turnaround
forms. We use the same processes of preprocessing
therefore presented in [7]

3.2 Skeletonization

This step directly influences our approach to
segmentation of a PAWSs in grapheme, because the
algorithms of route of trace of PAW can be
misdirected by wrong segmentation of a grapheme.
These errors to segmentation occur due of the trace
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noises that are generated a wrong skeletonization
(see Fig 3). Treat these noise requires a preliminary
phase of treatment. The segmented page undergoes
the same algorithm Zhang-Wang modified
skeletonization carried out on isolated characters
[7]. The results of their application on a text sample
are shown in Fig 3.

FANCN P PN PR PP C IR WO L PO ROURt) PR PSS
| Fig.3: The Skeletonization algorithm modified of the
text Zhang-Wang

3.3 Detection of diacritics

Diacritics must be removed before extraction PAWs
and their positions are stored. This information of
the presence or not of diacritics will be useful
during the recognition step of the graphemes. This
elimination step we prevents such disturbances
during extraction of PAWs

The algorithm used for the extraction of diacritics is
a modified version of the one proposed in [8]. Cet
algorithme se base sur I’aire (qui englobe le mot),
height and superposition vertical of connected
components (see Fig 4). The thresholds are fixed
empirically by Menasri et al [8] and adjusted made
by our tests.

After step skeletonization the number of pixels of
big connected components that donot match the
diacritical marks is very large compared to the
connected components that represent diacritics
number. The second stage carried keeps small letters
such as 2 _and containing few pixels and may
resemble diacritical marks. The third test is based on
the relative position of the connected component
and its neighbors: If a connected component C1 of
area reduced is located above another connected
component C2, then Cl1 is a diacritical mark.
However, the algorithm may fail when the
diacritical mark treated is of important large size in
relation to word size.
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Compasante connexe

st pas
dacrtique

PN

Non Non

T A T
o5t pasun

diacritique

Fig.4: Mensari algorithm [8] after renewal for the

detection of diacritics mark printed writing.

3.4 Segmentation in line

Is based on the histogram of horizontal projection,
This method assumes that the majority of pixels are
arranged on the base line. For details on these
methods, the art developed by AM Al-Shatnawi [9]
and Kh. Omar [10] is rich enough. We tested this
segmentation approach on a text written in 14 fonts
selected to represent the different font families. The
total number of lines is equals 934 The test results
are given segmentation a rate of 99.17%.

3.5 Segmentation in word

By a horizontal projection we consider that all
spaces between two successive clusters are
candidates for separation between  words.
considering that the spaces between words change
the along with font change (see Fig 5), the size of
the space used in our approach to identify words is
calculated from the frequency of appearance of
these sizes in the total text.

el datign e Lishyls o Gaitlle JJ8¥1 P b Ol el <y a2y Oy oy Sy (1

coplonll g o5 Ll sim s olle LN G ol70l el o), 22

Fig.5: Space change between words in the texts for the
following fonts

We tested the approach of segmentation the lines
into words upon lines obtained in the previous step,
with text image contains 1000 words. The wrong

words segmented can be grouped into two classes:
- The first class contains the words which the
system of segmentation judges as P AWs
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and not as whole words their number is 6
words
- The second class contains compound words
of at least two PAWs and for which the
system judges one of their PAWs as whole
word, their numbers is 2
As it appears on the examples of release, the system
considers some words as being PAWs because the
distance between these words and the words which
succeeding is very small. The rate of segmentation
of the text to words for 14 font is 99 %.

3.5 Localization of the PAWSs

Before to proceed to localization of the PAWs, We
begin by eliminating the diacritic points by
proceeding according to the approach developed in
the section 3.3. The related components remaining
correspond to the main components PAWs and to
the PAWs trained by a only letter.

We tested this approach of segmentation in PAWs
on the same text of test used in the evaluation of the
stages of segmentation in lines and in words and
which made upo f 1000 words. The rate of
localization of the PAWSs is 99.75 %. The number of
PAWSs badly segmented for these 14 cast irons is 7
PAWSs, As it appears on us examples, the main
reason is due to the presence of a connection
between two pixels belonging to two different
PAWs. that prevents the system from detecting them
as being two related components.

4 Segmentation of aP AW into

graphemes

The segmentation approach Paws into grapheme
that we adopted is based on the human perception of
segmenting words into characters. It is based on two
principles:
- the writing of Arabic words is done from
right to left and from top to the bottom,
- the concatenation points between characters
of the same word are always of the nodes

Therefore, the points which will be candidates to be
points for clipping are thus necessarily of the nodes.
We shall explain in the following how to identify
these points among the set of nodes in a PAW. In
addition, the search for these cutoff points will
follow a route travels from the PAW favoring, each
time it is possible, the right-left direction and top to
the bottom.

To explain our approach to segmentation Paws into
grapheme, we will need the following definitions.
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Definition: an extremity point of a skeleton PAW is
a pixel which admits one neighboring pixel
belonging the skeleton (see Fig 6).

Definition: a multiple point or node of skeleton of a
PAW is a pixel that has at least three neighboring
pixels belonging to the Hskeleton. Les trois pixels
voisins qui sont appelés nceuds simples et celles qui
ont quatre voisins sont appelés multi-nceud (voir la
Fig 6).

—c

Fig.6: extremities points of the PAW Lal=} Single and
multiple nodes PAW L=k Simple points of PAW

Our approach the segmentation into graphemes
paws goes through the following steps:

4.1 Starting point of the route the trace of
PWS

The starting point of the route (course) is the point
extremity most to the right and the highest of the
skeleton (when it exists). Thus, to identify this point
we distinguish the following three cases:

(a) The skeleton of the PAW does not admit of
end points: in this case the characters of the
PAW admit all loops. Ainsi, on effectue
une coupe de la patte en deux parties au
milieu de la plus grande partie formée par
les points ayant un seul pixel(For this we
carry a horizontal projection of the PAW)
Each of the parties thus obtained admits an
extremity point that will be used
subsequently as a starting point of the
segmentation process of the part in

grapheme (see Fig 8).
i ., it
@ S1a &
m, n,
o AR

Fig.8: Example of PAW without a extremity point
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(b) The skeleton of the PAW admits one
extremity point: in this case the starting
point will be this extremity (see Fig 9).

Fig.9 : PAW with a single extremity point E,;

(c) This case we retain both ends points lying
furthest to the right of the skeleton. If the
distance between these two points is below
a threshold (that we have calculated follows
an analysis of the different characters of the
Arabic language), then we judge that these
two point extremity belong to the same
grapheme, and thus the starting point will
be the highest among these two points
extremites. In the opposite case(ie the
distance between these two point extremity
is greater than threshold), well the two
points extremites donot belong to in the
same and in this case the starting point will
be the rightmost of these two points (see Fig
10).

i

e
I: :!.___.-I!-._ —

(b)
Fig.10: (a) Both ends E; and E, belong to the same

character "&" of the word "alk"
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(b) Both ends E; and E, of the word

"' does not belong to the same character

4.2 Search of the point first of cut

Once the starting point E; identifed, we browse from
this point the trace of PAWSs until attain the
extremity point or a node
1) if this point is a extremty point E,, then the
trace E;E; is a grapheme(see Fig 11)( because
all this pixles by located on the trace EE are
simples)

E

r H

i 1"
= A
-
b -

Fig.11 : Examples of grapheme knotless

2) Alternatively, ie if the first point is a node Ny,
then we consider the two t; and t, directions
other than that between the points N; and E;,
which are classified according to the priority
order defined in Fig 7 (b). Thus, if t; and t, = d;
= d; then necessarily i <j. Cet ordre permet de
classer les chemins partants de N; selon un
ordre qui donne la priorité au chemin allant du
haut vers le bas et de la gauche vers la
droite(thus our approach systematically seeks
to identify the highest cut-off point and the
rightmost)

Following direction t;, we browse the trace from the
node N; and we stop once we meet extremity point
or a node. We distinguish the following cases:

a. The point encountered is no other than the
point N;: in this case the grapheme after the
nodeN1 following the direction t; contains a
loop and consequently the point cut-off C,
will before last pixel the trace EIN1(the pixel
just lying before leaving E; N; as shown in
Fig 12)

E-ISSN: 2224-3402

206

Aissa Kerkour Elmiad, Azzedine Mazzroui

l N 4
il

I "

' \ t L

..-m'-.'..\ : il

Fig.12 : Example where the N; node belongs to a
loop

b. The point is encountered point extremity s
noted E,: in this case we distinguish two
cases depending on w hether the two points
extremities E; and E, belongs or not the same
grapheme.

o If the distance between these two
extremities points is less than the threshold
calculated in paragraph previous research
relating to the starting point, then these two
extremities points belong to the same
grapheme and the cutoff point C; will be
the first pixel after N; in the direction ty(see
Fig 14)

___—._.- E,

L .

=

Fig.13: Example where the node N; does not belong to

a loop

0 Otherwise, we conclude that the two
endpoints( remplace par), E; and E, does
not belong to the same grapheme and
subsequently the cutoff point C; will be
before last the pixel of trace E;N; (the pixel
be located just prior N; starting E;)

Fig.14: Example where the node N; does not belong to

a loop
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0 The point is a encountered node noted N:
in this case we browse the trace from the A
node N; and in following the direction t, "

until reaching an endpoint or an node. We
thus distinguish the following cases: i I": <
- x
0 The point encountered not other than the Fig.17: Example where the node N; does not

node N,: In this case both nodes N; and N,

belong to the same loop and therefore

cutoff C; will be pixel the penultimate of

trace E|N;(the pixel be located just before

N; starting of E,) 4.3 Paws Segmentation algorithm in
grapheme

belong to a loop, the node N, belongs to the

loop and the point M is an extremity point E,

Segmentation of graphemes PAW C goes through
the following steps:

a. Identify the starting point.

b. to Search cutoff point.

c. Proceed with a segmentation the PAW in

G this cutoff point.
k__ d. Apply the stages a), b) and c) in each of
_"""'__

both segments of the PAW obtained.
e. Repeat this process until the obtained
IrE-' segments be are constituted or only simple

dots with two points extremities (graphemes
without loops), Either of simple loops or
two attached loops(It is the case of the

h : Ny '-—-
ﬂ /; I"-"% characters)
--_.-""‘L o "'-_. The example in Fig 18 below shows the different

stages of segmentation PAW "a<ius" into grapheme.

Fig.15: Example where the nodes N1 and N2 are of W
the same loop 1
kfi/Q_J,pu/ 2
- <
0 The met point M is a node Nj other than N, I |
(see Fig 17) or a extremity point E;(see Fig W -
16): the point cut-off C; will be in the case » '
the pixel be located just will in this case the | (Q:QTM
pixel located just right the node N; (see Fig (Q:QJ o
7.24) &L@ 1,
el
L P
N
L ° L L9 - N o o - o

Fig.18: The different stages of the segmentation of the
word "aaiud" in grapheme

Fig.16 : Exemple ou le nceud N,

n’appartient pas a une boucle, le neeud . .
5 Identification of characters of the

N, appartient a une boucle et le point M
pseudo-word

est un neeud N;
Those parts of pseudo-word obtained as a result this

first phase belonged to three classes, For this, we
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recover the diacritical points we have eliminated in
Section 3.2, and calculate for each grapheme G;
obtained its characteristic matrix using the approach
adopted in the chapter of the first part to the
recognition of isolated characters. Thus at step i and
according to the nature of the grapheme G; and
those of its successors we distinguish the following
cases:

a) If graphemes G; and Gy, are vertically aligned

(The one over the other one), then these two

graphemes will be concatenated to form a single

character and the algorithm will pass then in the
grapheme G; ..

If the grapheme G; is a loop then it will be

concatenated with the grapheme Gj;; to form a

single character and the algorithm will pass then

in the grapheme Gi.,.

¢) Otherwise we distinguish two cases:

I. If the grapheme G; has points (below or above)
then in this case the grapheme G; is a character
and the algorithm will pass then to grapheme
Gii1.

II. Otherwise, we consider the following
grapheme G, and we distinguish the two
following cases:

o. If the grapheme G is a loop then the
grapheme G; belongs to the third class and
therefore it will be eliminated.

B . Otherwise, (ic the grapheme Gj.; is not a
loop) then we conclude with the following
cases:

1. The grapheme Gy, does not have any point
and the grapheme Gi, is not a loop and
does not have points, and in this case the
graphemes G;, Gy and Gy, will be
concatenated to form the "u+" character.
The algorithm then pass to grapheme Gi,.

2. The the grapheme Gj;; does not have any
points, but the grapheme Gy, is a loop or he
has the points, then the grapheme G; is a
character and the algorithm will pass ensuite
to grapheme G;;

3. The grapheme Gy, possesses one or two
points, then the grapheme Gi belongs to the
third class and therefore it will be eliminated.
The algorithm then will pass grapheme G .

4. The grapheme Gi.; possesses three points,
then we are facing two cases:

a. The grapheme Gi, i1s not a loop and
does not have any dots, in this case the
graphemes G, Gi; and G, will be
concatenated to form the character "J&".
The algorithm then will pass grapheme
Gi+3.

b)

E-ISSN: 2224-3402
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b. Otherwise (ie grapheme G, is a loop or
has spots) then the grapheme Gi belongs
to the third class and therefore it will be
eliminated, and the grapheme G is a
character(is character”&"), The
algorithm then will pass the grapheme
Gisa.

Algorithm identification characters of pseudo-word

By applying this algorithm to the example of
pseudo-word"a<ius" of Fig 19 above, we get the
following characters:

éﬁ_ﬁwﬁ

Figure -19 : Exemple de segmentation du pseudo-mot

”

<" en caractéres

6. Segmentation of ligatures

For some fonts, we note the existence of characters
concatenated vertically and this makes segmentation
them av ery difficult task (see Fig 20). The
recognition of such forms as much as individual
characters is task a very difficult [11]. Since our
segmentation system to return the pieces of a
pseudo-word are chained upright as a single
grapheme (Part 4.3)it would therefore be judicious
to seek to recognize these characters concatenated
vertically as being a single the grapheme in instead
of the segmented and seek to recognize them
separately.

35 B L 32 s ob ohb et

Fig.20: Examples of vertical ligatures
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To take into account these ligatures, we have
enriched the grapheme database formed by the
various forms writing of Arabic characters (as a
function of the character position in the word) with
the forms different the ligation existing in texts
which recognizes.

7. Learning

To evaluate our system, we proposed a new
alphabet which operates a number of specificities of
Arabic writing, especially the myriad forms that
may take one letter a function to its position in the
word, and redundancy the letter forms which only
differ than by the presence, the position or the
number of points. This alphabet also contains all
forms of concatenation of two characters than our
segmentation system can generate as outputs and
the various ligatures observed in a analysis of the
writings studied in this phase of the test (see Fig 21
for all 28 of these forms).

Isolé  Débu  Milliew Fin | poees |/ 1solé  Débwt | Milliew  Fin e
=1 LL tJ] &= =
‘“_".-—‘",".-'l l l"'u- t c. 2 Cl
0| . i
. 8 s [ o] 5| w] &
z;- :a—l:b- 'a-'g".;*qua
] .l
- T [
A"w.a-w -19-
J o] o]

Fig.2 : Alphabet graphemes

7.1 The bass of test

Saw that there no basis of standard images of Arabic
texts, we built our own database of multifontes
printed Arabic texts. We selected 14 Arab fonts
among those most used: FS_Shehab, Arial Unicode
MS, Microsoft Sans Serif, Segoe Ul, Tahoma,
Simplified Arabic, AF_Buryidah, Sultan normal,
Traditional Arabic, Akhbar MT, and Arabic
Transparent. These images were recorded with the
free format "PNG" and with a resolution of 300 ppi
(pixels per inch). The images taken into considered
are grayscale. Chaque page contient une image du
texte arabe a 1000 mots and 2026 PAWSs written
with size 18 (see sample in Fig 22 above) written
each time with 11 fonts. Ces polices ont la
particularit¢ de la morphologie relativement
complexe, they have several ligatures, overlap and
collisions between characters and diacritical marks

E-ISSN: 2224-3402

209

Aissa Kerkour Elmiad, Azzedine Mazzroui

of a single word, in more horizontals lengthenings
in the case of Sultan normal. Then we are interested
in this work also, the Akhbar MT font the most used
in Arab newspapers. Fig 1 presents an example of
text generated by 14 different fonts.

swonollellg Ligilelyllg LilSgselyle Liyy
pumall ellg Lol Ll g Ll gs el Ly
swanll Ng Ll el Usss elde b,y

el lls i Glls LSA Ll L

ol ellg il s WS s elie b,

seaall s Ll lls LlSgs elle Ly,
seooll ellg ligl el S e Ly,
umallellg Ll el g LI Sgsl e Ly
pemdlely LT llg Llsg eble Ly

el ells Ll el Ll Ly

peanall Sl g Uit L) 6 LIS 5 elile Ly 5

ekl ey Lt oLy LIS olle Ly,

ACS Zomorred
FS_Shehab

Arial Unicode MS
Simplified Arabic

Segoe UL
Tahoma

Microsoft Sans Serif

ACS Almass

AF Buryidah
Sultan normal
Arial

Traditional Arabie
Aklibar MT el L3 L Ll LIS 5 2k s
el lls i GLlls LS A Ll L

Arabic Transparent

Fig.3 : Arabic text on every typeface used in test data

The test pages sudden the following treatments:

« Skeletonization,;

» Image segmentation of text into lines;

* Segmentation of lines into words;

* Segmenting words into pseudo-words;

» Segmentation of pseudo-words into characters
and ligatures;

* Recognition of characters and ligatures

7.2 Learning

we note a relationship which brings together us
fonts by three class C;, C, et C;. For the classes C,;
and C, are natures various morphologically and C; is
an intermediate class of both. This intuition is found
for the OFR (Optical Font Recognition) [12]. In our
strategy it allows to improve the performances our
system and reduce the complexity of the task by
bringing back an problematic to multifonte a the
problematic monofontes: It considerably simplifies
later tasks by optimizing of search by reducing the
number of various characteristics at considered.

For fonts used in the learning phase, we realized
multiple tests and those are the fonts ACS
Zomorrod, ACS Almass and Arial take each of the
classes Cy, C, et C; respectively. These fonts have it
possible to obtain the best results in the test phase.
in the test phase. Choosing these fonts as was
dictated by the fact that during the phases of
segmenting text in lines, then lines into words and
finally the words into pseudo-words we obtained a
segmentation rate equal to 100% for the fonts, and
on the other by the fact that the two fonts ACS
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Zomorrod and A CS Almass g iving the best
recognition rate during the learning phase in the
case of character recognition isolated[7]. And we
improved by a third font Arial which includes some
characteristic which we resembles good correct for
the learning phase for both phases of segmentation
and characters classification.

Cl Cl C2
ACS Zomorrod ACS Almass | Arial (Corps CS)
FS_Shehab AF_Buryidah | Traditional Arabic
Arial Unicode MS | Sultan Akhbar MT

nnnnn 1

Microsoft Sans Arabic
CAvif Trancnaran +
Segoe Ul
Tahoma

Simplified Arabic

Table 1. Classes of fonts

8. Results and Discussion

8.1 Segmentation

The segmentation process into PAWSs proposed

does not allow the resolution of the problems of

over-segmentation and sub-segmentation perfectly.

However, the detection of the presence of these two

problems is possible with a comparison of the

number extracts of PAWs by this method and the
number of paws of the annotation of the image. The
images present that these types of problems number
will be comprehensive in our images. These results

are close to those obtained by Abdulkader A. [13].

A thorough analysis of these images indicates to us

that:

—Most often, over-segmentation in PAWs is mainly
due to the phenomenon of ligature‘a~’ for us our
approach can not complete to make segmentation
by against the system gives only just '¢ o« ’. and
what types of problems they found Traditional
Arabic.

—The sub-segmentation in Paws is due to PAWS
which contains the final character 'v=' ast he
extremity point in all the fonts it gives through our
approach Segmentation two graphemes: ‘Uet® =<’
whereas they should not (a only character 'u<'
end). This phenomenon sub-segmentation
undesirable for these paws is due to the small
expressed see Figure 23. Another kind of sub-
segmentation for this character '»' see Fig 23, Our
system gives as result two characters '»' and 'z' this
problem we find for fonts : FS Shehab, Microsoft
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Sans Serif, Segoe Ul, Arial Unicode MS. In our
future work, we will present a direction for
reflection for a solution to provide a solution the
problem considered.

p JD e

Fig.4 : Examples of some segmentation error ligature

8. 2 Recognition

If we evaluate the male characters recognized in
analyzing their shapes after the step of segmenting
by our approach, is observed the percentage of error
comes from the recognition of bad character '¢' in
their middle and final position. Our classification
process which is p.q On Bezier [7] approach he
classified as the character 'z. Other recognition
errors are due to the fact of the great similarity
which exists between these characters, vision even
by the human eye made these mistakes for these
fonts. And finally us giving the picture below
which shows the percentage of segmentation correct
of Paws and word for each fonts (reps. percentages
of correct recognition of Paws and fonts for each
word).

Segmentation Reconnaissance
Correct % Correct %
Font PAWs Mots PAWSs Mots
ACS Zomorrod 99,61 99,20 99,36 98,70
FS_Shehab 96,00 91,90 91,76 83,30
C . .

' Qr;a' Unicode | o5 | 9640 | 9837 | 96.70
Simplified 99.61 9920 9536 90,60
Arabic
Segoe Ul 98,22 | 96,40 | 98,57 | 97,10
Tahoma 96,00 91,90 9640 92,70
Microsoft Sans | ¢ 5 | 9640 | 9822 | 9640
Serif
ACS Almass 98,22 96,40 98,62 97,20
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C
AF_Buryidah 9936 | 98,70 | 96,10 | 92,10
Sultan normal 99,61 99,20 9536 90,60
| Arial 99,61 | 99,20 | 9536 | 90,60
G,
Traditional 9931 98,60 94,13 88,10
Arabic
| Akhbar MT 99,61 | 99,20 | 9536 | 90,60
Arabic 99,61 9920 9536 90,60
Transparent

Average| 98,66 ‘ 97,28 ‘ 96,31 | 92,52 ‘

Table 2. Recognition results

The results obtained showed that the system has
succeeded in recognize all of the characters and
ligatures(see Table2). This performance is explained
by the robustness of the approach and regularity of
font being tested. We plan to test this approach less
regular fonts in order to see their limitations and
overcome these potential limitations.

In Table 3 presents the recognition rates of some
character recognition systems developed recently by
several research teams.

Recognition
Systems rate of Paws
Iping Supriana, Albadr Nasution, 74.33%
[14]
STARS Company, [15]
95.00%
Arabic OCR
Andrey Stolyarenko et Nachum o
Dershowitz, [16] 71.00%
Our system 96,31%

Table 3. Comparison of recognition rate for different
Arabic recognition systems

9. Conclusion

Convinced of the superiority of the concept of PAW
in Arabic script, the analytical approach pseudo is
became our first choice. In this work, we presented
a system for offline segmentation of Arabic script
calligraphy printed multifonte complex and
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exhibiting strong ligatures. It is based on well-
chosen points and their relationships which exist for
the seal of character in Arab PAWS. Through a
efficient selection of appropriate features for each of
the three fonts and detailed management of errors
the output we have obtained interesting results
reflecting a robust and efficient recognition; This is
an interesting contribution to the field of the
recognition of complex multifonte Arabic script
with solid ligatures.
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