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Abstract—We present in this paper a new approach of online 
Arabic handwriting modeling based on the graphemes 
segmentation. This segmentation rests on the previous 
detection of baseline. It involves the detection of two types of 
topologically meaningful points: the backs of the valleys 
adjoining the baseline and the angular points. The stage of 
features extraction allows to model the shapes of segmented 
graphemes by relevant geometric parameters and to estimate 
their diacritics fuzzy affectation rates. The test results show a 
significant improvement in recognition rate with the 
introduction of new pertinent parameters. 
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I.  INTRODUCTION  
The cursive or semi – cursive handwriting such as Arabic 

or Latin, represent concatenations of a limited number of 
basic graphic shapes called graphemes. The graphemes can 
represent characters or pseudo- characters. Their cursive 
sequence verifies some dynamic properties and topologic 
rules related to the linearity and interconnection [15, 17, 18]. 
In another sense, these rules can serve to segment the cursive 
script in its basic components: the graphemes. 

The graphemes segmentation is an essential step in an 
analytic recognition process of cursive handwriting in the 
context of an extended or infinite lexicon [1, 5, 6]. Indeed, 
the extraction of parametric or structural characteristics of 
segmented graphemes can detect the basic forms of the script 
to recognize [12, 13]. The previous detection of the baseline 
allows to detect the topologically special points which limit 
the graphemes: the bottom of the valleys close to the baseline 
and the angular points. The algorithm that we developed 
consists of three modules: the baseline detection, the 
graphemes segmentation and features extraction. We will 
present, successively in the three following sections of this 
paper the different modules of the algorithm before ending 
up presenting tests and results.  

II. BASELINE DETECTION MODULE 
The baseline detection is an essential stage in a grapheme 

segmentation process of a cursive or semi – cursive 
handwriting [4, 5, 7, 8, 9]. 

The developed baseline detection process consists of two 
stages: The first one, being a basic stage, permits the 
detection of the points regrouping of aligned neighbourhood 
[16]. For this, we inspect the alignment and the tangent 
direction accordance of each current point Mk according to 
the elements of the points regroupings to which it is a 
candidate element, using two criteria : 

 
 - Validation criterion : 

A point candidate Mk can be assigned to the points 
regrouping { }nM  if it verifies (1): 

{ }  α  α  α   :  M   M limi ,k k, ini ,n Δ<Δ+Δ∈∀ we have                 (1) 

With Δαlim is the tolerance limit of the absolute deviation 
angles between the trajectory tangents. And : 
 

)M, (Mdirection   theof angleslant   theα  α k i ,n i ,n M tgk, i −=Δ  

)M , (Mdirection    theof angleslant   the α  α ki ,n j ,n M tgi k, −=Δ  

(See Fig. 1) 
 

 
 
Figure 1.  Verification of the trajectory neighborhoods alignment. 
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- Affectation criterion: 
A point candidate Mk verifying the validation conditions 

(1) to several regroupings { } q..., 1,M  , is assigned to the 
regrouping of index m: { }mM  where agrees best its trajectory 
tangent direction with those of the other members as well as 
with the directions of interpolation (Mk , Mm,i ) in accordance 
with the following criterion  (2) : 

( ) ( ){ }
( ) { }

{ }
∑

∈

=

Δ+Δ⋅=Δ

Δ=Δ

nM  i ,n M
k  i,i ,k 

n
kM

kMq..., 1, n kM

α    α 
N
1nθ         :

                                           nθ Min  mθ

with
  (2) 

Where Nn is the initial size of the { }nM  regrouping and 
{ }q1,...,  m∈ . 

A new points regrouping is initialized when the point 
candidate Mk is not included in any already constituted 
regrouping.  

The baseline detection, at this stage of the treatment, 
consists in looking for the most numerous regrouping among 
the points regroupings that are constituted (see Fig. 2). 

 

 
Figure 2.  constitution of the points regroupings. 

The examination of the baseline detection errors shows 
that they are classified in two cases [16]: 

• Confusion of the baseline with the lower limit line 
for the cases of words composed essentially or 
exclusively of isolated character or of legs as ‘ز ,و , ر 
 .(  example see Fig. 3 ) ’ن ,

• Confusion of the baseline with the median zone line, 
or the superior limit line, due to the writing style or 
to the presence of particular calligraphic effects. 

 

 
Figure 3.  Examples of baseline detection errors. 

To discern and to treat the baseline detection errors we 
opted for a function of assessment considering the first three 
most extended regrouping in order to optimize the detection 
result. This cost function excels the size of the points 
regrouping (npt ) and penalize:  

- The average angle _blθ∩  of intersection between the 
upward trajectory and baseline. 

- The average angle Curvm_θ  of graphemes absolute 

curvature. 
- The bending on the left (bbl) of the barycentre of the set 

of contact points between segmented graphemes and 
baseline (see Fig. 3). 
 
The function of assessment S that takes into account 

these different parameters is expressed by the following 
formula (3) : 

( ) ( ) ( ) ( )bblnptS ⋅⋅⋅⋅= ∩ 4Curvm_3_bl21  -θ - θ - αααα          (3) 

In order to estimate correctly the weighting coefficients 
α1, α2, α3, and α4, we assimilated the S function to the output 
of an ADALINE network simple layer trained according to 
the 'least mean square error ' rule.  
Fig. 4 shows the result of the correction step of the baseline 
detection error obtained in Fig. 3. 
 

 
Figure 4.  Example of baseline correction (green). 

III. GRAPHEMES SEGMENTATION 
A grapheme is a distinctive unit of the handwriting that 

represent a whole character or a section of its tracing. 
Example: several Arabic characters as 'ت' , 'ب' , 'س' include 
one or several graphemes named 'nabra' 'د'. 

The segmentation of the pseudo - words in graphemes is 
based on the detection of two typographically significant 
points [19] (see Fig. 5): 

• The bottom of the valleys : the point of an inter – 
grapheme ligature adjoining the baseline with a 
horizontal tangent. 

• The angular points : the extremum point of a 
trajectory turn back. 

 
Figure 5.  The typographically significant points and graphemes 

segmentation. 

IV. GRAPHEMES MODELING 
The objective of this module consists in extracting 

relevant parametric features that characterize each element of 
basics graphemes which constitute Arabic handwriting [2, 3]. 
We associate a bounding box and reference points for each 
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segmented grapheme as explained in following paragraphs 
(see Fig. 6). 

A. The measurements of the bounding box 
The letters or the Arabic graphemes can be partially 

characterized by their measurements (height and width). For 
example, the graphemes '١' and 'ب' are quite distinct 
considering only the dimensions of their bounding box [10]. 

 

 
Figure 6.  The bounding box of segmented graphemes. 

B.  The relative position of the bounding box 
The vertical relative position of the bounding box permits 

to discriminate three sets of graphemes. Indeed according to 
their positions respect to the baseline, we distinguish the 
graphemes that are written in over of the baseline, of others 
that descend underneath the baseline and the diacritics. 

C.  The positions of the reference points 
The three considered points reference marks are :  
• The starting point of the grapheme trajectory 1M . 

• The point of arrival nM . 
• The point corresponding to the absolute minimum of 

curvature radius ] [n1i M , M M ∈   (see Fig. 8 b/). 

The positions of the points reference marks, 1M , nM , 

iM  in the bounding box give a preview on the shape of the 
grapheme trajectory. These positions are defined in respect 
to the left lower summit of the bounding box in the 
horizontal and vertical direction by the ratios HR  and VR . 

D. Direction of the trajectory on the level of the reference 
points 
In the objective to get more precision for the trajectory 

model, we determine the slant angles θ1, θi, and θn, of the 
tangent to the trajectory respectively to the three reference 
points M1, Mi, and Mn  (see Fig. 8 b/).  

E. Grapheme curvature features 
In order to study the trajectory curvature direction of the 

grapheme, we measure its continuous αCa and absolute 
curvature angles αAa along the tracing: 

( )

 θ  θ  α

   continus_θ continus_θθ  θ α

n

2  i
1-iMiMAa

1n

n

2  i
1-iMiMCa

∑

∑

=

=

−=

−=−=
 (4) 

F. Diacritics detection and fuzzy affectation 
Statistics made on handwriting strokes extracted from 

normalized samples of the ADAB database permitted to 
define the dimension and position thresholds that distinguish 
diacritics from main graphemes (see Fig. 8 a/). Then we built 
a fuzzy estimator for a proportional affectation of diacritics 
to each main grapheme.  

 
Figure 7.  Estimation of  the diacritics membership to the main graphemes. 

In the input, the estimator gets the membership degree 
μdiac_i / Gj of the ith diacritic centroïd to the jth grapheme Gj, 
and the parameters ΔXi , ΔYi which define respectively the 
horizontal and vertical dimensions of the ith diacritic (see    
Fig. 7). In the output we get the proportional rate Ta_diac_i / Gj of 
fuzzy affectation of the ith diacritic to the jth main grapheme. 
Then for each main grapheme Gj, we estimate tow total 
fuzzy rates ; 

jG_top/  a_diacT and  T
jG_down/  a_diac respectively for 

the top and the down diacritics affectation (see Fig. 8 b/) by 
the following formulas : 

   

∑

∑

=

=

diacriticsDown  of numbe

k jG / k _diac ajG_down/  a_diac

diacritics Top of numbe

i jG / i _diac ajG_top/  a_diac

T   T

 T     T
               (5) 

 
Figure 8.  a/ Diacritics detection using tracing dimension and position 

respect to the baseline     b/  Estimation of the fuzzy rates of  top and down 
diacritics affectation to each main grapheme. 
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The statistics show that for Arabic handwriting, diacritics 
are often shifted to the left of the main grapheme which 
explains the asymmetric shape chosen for the membership 
function μdiac_i/ Gj  (see Fig. 7). 

V. TESTS AND RESULTS 
 

In the evaluation phase, we applied the system on the 
online database ADAB of Tunisian names towns using the 
HMM Tool Kit ‘HTK’ as classification module [20]. We 
obtained the following recognition results for three 
ameliorated versions of the system (Tab.1): 
Version 1: without diacritics treatment (Icdar 2009 
competition) [11]. 
Version 2: after adjusting the filters and without diacritics 
treatment. 
Version 3: after adjusting the filters and with the extraction 
and fuzzy affectation of diacritics. 

TABLE I.  RECOGNITION RATE OBTAINED ON THE ADAB DATABASE 
SET 1 AND  2 

System 
version 

ADAB Set 1 ADAB Set 2 
Top 1 Top 5 Top 1 Top 5 

Version 1  57.87 72.89 54.26 66.38 
Version 2  79.46 93.58 77.61 89.72 
Version 3  87.13 98.04 84.79 97.45 

 
We note the successive improvement of the of 

recognition rates in top1 and top2 with the adjustment of the 
filters and the fuzzy diacritics modeling. 

VI. CONCLUSION 
We presented in this paper an online Arabic handwriting 

modeling system based on graphemes segmentation. The 
system consists of three modules: detection of the baseline, 
graphemes segmentation and features extraction. The method 
developed in the first module is characterized by the 
consideration of geometrical and topological features for the 
baseline detection and correction. In the second module, we 
use the detected baseline to look for particular points: the 
bottom of the valleys and the angular points for the 
segmentation of the cursive handwriting trajectory in 
graphemes. Finally the third module extracts parameters to 
models the position, the shape, and the fuzzy affectation rate 
of diacritics associated to each segmented grapheme. The 
test results show a significant improvement in recognition 
rate with the introduction of new pertinent parameters. 
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