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Abstract. In this paper we present a geometrical correction method of
handwritten characters. This normalization method is based on Fourier
coefficients of a chain-encoded contour. It is carried out in order to improve the
rate and the performance of an Arabic handwritten word recognition system.
The recognition is based on the global observation of apparent features
associated to key-letters of the recognized word, followed by a succession of
local observations of secondary features in the word. The global observation
does not only try to detect key-word letters, but it also generates a set of
characters giving some hints about the identity of the unknown letters present in
the word image. The normalization stage leads back the features matching the
letter hypothesis in order to increase the chance of recognizing the word
presented to the system. Transformed parameters are the angular rotation of the
first harmonic phasors and  the magnitude of the semimajor axis associated to
Fourier coefficients of the truncated approximation to a closed contour.
Experimental tests help to evaluate distances between the normalized character
and its reference.

1 Introduction

The recognition of a printed text has reached an exploitation level. However, the
recognition of a handwritten text is still in a development stage. A printed text without
a noise can be considered as an invariable character model. On the other hand, we can
consider a handwritten text as a model of variable characters.  We find character
variability in position, size, rotation, slant and distortion. This variability is the most
difficult aspect of a handwritten text recognition. Hence, the use of printed character
recognition methods for handwriting recognition is, then, conditioned by handling this
major handicap. The transformation of a handwritten character to a standard form
(such as printed) is the aim of normalization. It is defined as a series of deformation of
the original image in order to reduce their variability [1]. Several normalization
methods are described in the literature [1], [2], [3], [4]. Some of them are largely used
for Chinese handwritten script including a large variety of symbols. In the eighties,



Kuhl introduced a transformation based on Fourier coefficients [5]. The idea was to
describe the contour of a character by Fourier coefficients. Then, he applied
geometric transformations to the Fourier coefficients in order to eliminate variability.
This allows him to describe any image by invariant parameters. Recently, these
transformation were used in [6] to normalize the contour of printed characters. In [7]
and [8] a method for primitive extraction of long bones using a set of 2D Fourier
descriptors is proposed. This set is shown to be stable, complete and endowed with
geometrical invariancy properties. The invariant descriptors of the character are used
for normalization and classification. It can also be used to reproduce a normalized
image from the initial one. These different techniques try to normalize isolated
characters (such as Asian characters, Latin characters and Arabic numbers).
Normalization in this case can be independent from the context. In case of Arabic or
Latin script, normalization tends to approach a new form to an already known
reference, in order to reduce the handwritten variability  and achieve better
recognition rates.

The objective of our work is to create a relationship of similarity between a
handwritten character taken from a word context and a reference set of characters
proposed by a first step of a word recognition system. The normalization is specific to
the handwritten character. It is considered as a step in the hole recognition system
based on two complementary bottom-up and top-down process, see Fig. 1.

Fig. 1. Local normalization and global recognition
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During the bottom-up process, the information propagates from the lower (feature)
level toward the higher (word) level, and vice versa in the top-down process. At the
end of the bottom-up process, some words are activated. During the top-down
process, contextual information is taken into account and the activated words generate
letter hypotheses which give some hints about the identity of the unknown letters
present in the image [9], [10], [11]. These letters are considered as reference for the
normalization step. So, the principal objective of normalization is to help the
recognition system in choosing one of the characters proposed by the top-down
process. This is done by approaching the local unknown form to one of the proposed
characters.

This paper is organized in the following way. In section 2, we explain how the
reference set is determined by the global recognition system according to the apparent
morphological characteristics of the handwritten character to recognize. In section 3,
we deal with the description of the character contour by Fourier coefficients. Section
4 presents the geometric transformation of these coefficients in order to eliminate the
handwritten variability. In section 5, we present and discuss the experiments done on
a large set of random multiscriptor characters. Finally our conclusion and perspectives
are presented in section 6.

2 The Problem of Normalization

Some normalization methods try to transform different shapes into a standard one.
This transformation makes the risk of moving the image away from its real shape [1],
[4]... Other methods start by learning the different shapes, then they try to normalize
according to these learned shapes [2], [3]... Independently from shapes other methods
try to normalize descriptors [7], [8]...

2.1 The Reference Set

In order to achieve the operation of normalization, it is interesting to choose a
standard reference set. We choose the printed Arabic alphabet written in font
“ NESKHI ” because of its simplicity and its common use in Arabic script. In order to
guide the system in the choice of the nearest characters, pre-classification of printed
characters is carried out on the basis of four global features : ascender, descender,
loop and diacritic. The feature of printed Arabic character defined by the first
harmonic phasor is then detected in order to prepare to normalization step. Table 1
present’s all the printed Arabic characters with “NESKHI” font.

2.2  Normalization Procedure

Our normalization approach uses the boundary function of the characters. It is
based on the method developed by Kuhl and Gardina [5], [6]. Figure 2 presents the
different steps of a normalization system. In the first step, we start by boundary
detection. In the second step, the Freeman chain code is generated.



Table 1. Global features and rotation angular printed Arabic characters (font NESKHI)

Ascender

Letters

Angles 90° 100 73° 62° 85° 95° 82°

Descender

Letters

45° 75° 67° 20° 54°

35° 25° 30° 78° 80° 86°

Neither Ascender, nor Descender

Letters

Angles 1° 3° 6° 57° 10° 5°

14° 15° 13° 8° 12° 40° 18°

A Fast Fourier Transform (FFT) algorithm calculates the Fourier coefficients of a
chain-encoded contour. The forth step attempts to normalize these coefficients to cope
with orientation and size variation of a handwritten character. A possible step of
regeneration of a normalized character can be done by a simple application of the
reverse FFT [12], [13], [14].



Fig. 2. character normalization system

3 Fourier Coefficients of a Script

3.1 Closed Boundary Function

A continuous contour of a character can be approximated by the Freeman chain
code described by a sequence of piecewise linear fits representing standardized links.
Each link is an integer between 0 and 7. It is oriented from 0 to 2π in angle steps of
π/4 ( as measured counter-clockwise from X axis of an X-Y coordinate system). Its
length is of 1 or √2 depending on the link parity [5].

This description allow us to generate a periodic and temporal function. We can
then define either continue or discrete Fourier Transform. Indeed, the time needed to
go through the first k links in the chain at constant speed from an arbitrary starting
point is :

Where :  ∆ti is the length of ith link.
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The basic period of the chain code is :

N is the total number of codes describing the character boundary.
The projection on X and Y of the first k links of the chain are respectively :

∆xi and ∆yi can be 1, 0 or –1 depending on the value and the orientation of the
Freeman link. Figure 3 explains these values [5].

Fig. 3.  The changes in the X, Y projections of the Freeman chain code. a1x=1, a1y=0 ; a2x=0,
a2y=1 ; a3x=-1, a3y=-1.

Thus, the Fourier transform for X-Y projection of the chain of the complete
contour is defined  as :

Where :
k : the kth boundary point,
N : is the number of harmonics needed in the approximation of the boundary by
Fourier coefficients. It correspond also to the number of boundary points.
It is shown that the number of harmonics required (such as that of the approximation
of a contour is completely equal to the original contour) is N.
an, bn, cn and dn are Fourier coefficients corresponding to the nith harmonic.
A0 et C0   the bias terms corresponding to frequency 0.
These coefficients are generated by the Fast Fourier Transform algorithm (FFT) [10],
[11], [12]. The FFT algorithm reduces the computation time of the Fourier transform
by orders of magnitude.
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3.2 Fourier Approximation of Contour Image

The components of the productions (Xn(k), Yn(k)), n>0 are given by :

The elliptic locus for the point (Xn(k), Yn(k)) is shown by removing the
dependency on the sine and cosine terms to obtain :

This involves that the points (Xn(k), Yn(k)) have elliptic loci and that the Fourier
approximation to the original contour can be viewed as the addition in proper phase
relationship of rotating phasors, which are defined by the projections [5], see figure 4.

(a)          (b) (c)

(d)         (e) (f)

Fig. 4. Fourier approximation of the boundary of the character “ba ”. Figure 4 (a) shows the 1st

harmonic, (b) the  1st + 2nd one, (c) the 1st + 2nd +3rd one, (d) the 1st + 2nd +3rd + 4th one, (e) the
1st + 2nd +3rd + 4th + 5th one, and  figure 4 (f) presents the the 1st + 2nd +3rd +.....+ 10th harmonic.

4 Boundary Normalization

Since the Fourier coefficients vary according to the starting point of the Freeman
chain code, the spatial rotation, the magnitude and the translation of the contour,
normalization procedures are helpful. These procedures are applied on handwritten
characters in order to approach them to reference printed characters.
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4.1 Starting Point Transform

In order to obtain the same elliptic loci for different starting points, a step of
normalization is necessary. Indeed, a difference in the starting points is displayed in
the projected space as a phase shift. So, if the starting point displaced λ units in the
direction of rotation (around the contour from the original starting point), we will
have the following projections for n≥1 :

Expanding displaced Xn and Yn and collecting terms to obtain the following
Fourier coefficients transform :

Where coefficients   a1*, b1*, c1*, d1* are corrections for the origin located at the
displaced starting point. Therefore, the same elliptic loci would be obtained for
different starting points. The starting point angular rotation is determined from the
point (x1, y1) with elliptic loci by :

E is the magnitude of the first harmonic phasor
By differentiating the magnitude of the first harmonic phasor and setting the
derivative equal to zero, we obtain :

This expression locates the first semimajor axis to occur moving away from the
starting point in the direction of the rotation around the contour [5].

4.2 Harmonic Phasor Normalization

The rotating phasor provides the basis of a most convenient mode of normalization
of the elliptic harmonic phasor. Indeed, the X, Y coordinate axis in which the contour
was originally oriented are rotated into new U, V coordinate axis defined by the major
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and minor axis of the ellipse. The spatial rotation is determined from the Fourier
coefficients a1* and c1* that are correct for starting point displaced θ1. So, the point
(x1*, y1*) with elliptic loci is :

Since k*=0 when the first harmonic phasor is aligned with the semimajor axis, ψ 1
is obtained as :

This step of normalization transforms the first harmonic phasor to 0 as proposed by
[5]. This is efficient to eliminate rotation variability between characters belonging to
the same family, but there is a risk to reduce also the variability between the different
characters. In order to avoid this risk, we introduce another idea in this paper : The
change of the first harmonic phasor of handwritten character to the first harmonic
phasor of the reference character  ψ f . This phasor transformation is described as
follows:

(a) (b)         (c)

Fig. 5. Normalization of the first harmonic phasor of the character “ Ra ”. Figure 5(b)
illustrates the normalization of the first harmonic phasor of character “ Ra   ” (figure 5(a))
according to the proposition of [5]. His idea is to coincide U, V coordinate axis with X, Y
coordinate axis. Our idea try to coincide U, V coordinate axis with those of the reference
character. Figure 5(c) illustrates this.

4.3 Size Normalization

The normalization of the size can be made by dividing each of the coefficients by
the magnitude of the semimajor axis defined as :
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This transformation proposed in [5] tries to reduce the first harmonic size of all
characters to 1. This normalizes the variation of size between characters belonging to
the same family but it reduces the variation between different characters. This can
create ambiguity between characters having similar shapes, since their main
difference occurs in their size. It is the case of  “ Ra” and “ Del” characters (see table1
(5,2) resp (10,5) cell). In order to avoid this kind of problems, we propose to devise
each of the coefficients of the handwritten character by the magnitude of the
semimajor axis of the reference character :

   (a)              (b)          (c)

Fig. 6 Size transformation

4.4 Position Normalization

To make Fourier coefficients of our handwritten character independent of
translation, we can ignore the bias terms A0 and C0. Figure 7 illustrates the impact of
position normalization on the coordinate axis change [5].

Fig. 7 Position normalization

5 Experimentation and Results

This method of normalization taking into account the reference characters is
experimented and analysed. A metric distance D(ma, Im), between images of
handwritten characters and their printed references is defined as follow :
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Where :
ama, bma, cma, dma : Fourier coefficients associated to the boundary of handwritten
character.
aIm, bIm, cIm, dIm : Fourier coefficients associated to the boundary of printed character
considered as the reference character for normalization.

Table 2 present the impact of normalization on the reconciliation of the handwritten
character and the printed one. It shows the effect of the same normalization method in
the separation between different characters. Indeed, the purpose of normalization is
not only to decrease the variability between characters belonging to the same family
but also to increase the variability between different characters. The two principal
transformations that we present here correspond to the harmonic phasor and the size.
Results of the four combinations of normalization are presented in table 2.  We use
the following abbreviations:

HC : Handwritten Character,
PC : Printed Character,
DbN : Distance before Normalization,
ADaN1 : Average of Distance after Normalization of first harmonic phasor to first

harmonic phasor of reference character,
ADaN2 : Average of Distance after normalization of all harmonic phasors to first

harmonic phasor of reference character,
DaN3 : Normalization N1 and size normalization by dividing each Fourier

coefficients by the magnitude of the semimajor axis of the first harmonic,
DaN4 : Normalization N2 and size normalization by dividing each Fourier

coefficients by the magnitude of the semimajor axis of the first harmonic,

For each character, 30 samples of multiscriptor handwritten characters are analysed
and a computation of average distances is elaborated. We normalize each character in
comparison to the angular rotation of its reference. A problem exists when a proposed
character is different from the handwritten one. In this case, the distance between the
two characters can be reduced by normalization but it remains greater than the
distance between the normalized character and its right reference.

In this table each character is normalized using N1, N2, N3 and N4 and taking into
account three different references. For instance, the handwritten character “ Alif ” is
normalized by referring to printed characters “ Alif ”, “ ba ” and “ Ra ”. We notice
that distances, in comparison to the right reference, remain the lowest for each kind of
normalization. We can also remark that the normalization of angular rotation
(regardless the size) improves the distances between the normalized character and its
reference. However, the distance between the normalized “ Ra ” and its reference
increases due to the great distortion of the handwritten character. This needs other
kinds of normalization that we are working on. The normalization of the size reduces
the distance between the characters belonging to the same family. It increases the
distance between different characters.



6 Conclusion and Perspectives

In this paper, we present a normalization method for Arabic handwritten
characters. Our purpose is to approximate handwritten forms (usually perturbed) to
printed characters (more revealing extracted characteristics) in order to confirm the
presence of some characters and the orthography completeness of the recognized
word. Indeed, some handwritten characters cannot be easily described because of their
large variability. The proposed normalization method tends to transform these
characters to a well-known form (chosen as reference) in order to associate to them
characteristics that would be comprehensible by the recognition system. This method
is based on the Fourier Transform of Arabic character contours. It describes the
boundary of handwritten Arabic characters by Fourier coefficients . Then, it applies
geometric transformation to reduce handwritten variability within these coefficients.
Hence, slant, size and position variability are mathematically calculated and adjusted.

So, this method allows us to produce an invariant description of the Arabic
characters independently of their scriptor. This will perform the character recognition
since it increases the distance between the distinct characters and reduces the distance
between the identical characters.

We are also trying to transform not only the character slant, size and position, but
also some of its details by using more than one harmonic. Indeed, the other harmonics
can better describe the characteristics of the characters and would give other chances
to distinguish between the different characters having close shapes.

Table 2. Distances between different characters (before and after normalization)

HC PC DbN DaN1 DaN2 DaN3 DaN4

0.0029 0.0016 0.0016 0.0006 0.0006

0.0372 0.0212 0.0217 0.0104 0.0110

0.0365 0.0944 0.0961 0.1012 0.0995

0.0439 0.0456 0.0475 0.0425 0.0437

0.0054 0.0048 0.0036 0.0053 0.0038

0.1027 0.0777 0.0861 0.0799 0.0903

0.0117 0.4694 0.3432 0.4234 0.3430

0.1354 0.4231 0.4334 0.7917 1

0.0008 0.0535 0.0823 0.0535 0.0823
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