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1. INTRODUCTION

As well as oral language, handwriting is regarded as a communication tool and essential to
educational, professional and social inclusion. Writing is a complex and fast motor skill requiring a certain
level of language development, mastery of graphic space and a certain degree of motor development, and
emotional praxis. Writing is basically an activity and individual characteristic as well as the voice and face of
one person. It reflects the mental and physical state of writer, [29] and [30]. It also requires good
coordination and careful arrangement of several factors such as the generation of nerve impulses, movements
of the upper limbs, etc. Handwriting velocity has also attracted the attention of many researchers who
considered it as a means of distinguishing between the writing of one person and that of another. They
proved that the handwriting speed is a fundamental characteristic for modeling the handwriting system.
Plamondon confirmed that the velocity profiles of this process are approximately bell shaped, [1], [2], [3],
[4], [8], [6], [7], [8], 9], [10].

Scientists fed their entire lifetime in developing technologies that would act as a substitute to hide
physical impairment. Past achievements infer that there were devices which when coupled with a physically
challenged person, would assist in erasing the traces of the abnormality. But still the originality of humans
retains its color. No device could do the job with so much perfection as a human does. And every human,
physically able or disabled, is unique. Why can't approaches imitate human's uniqueness of movements,
especially handwriting motion, [11], [12].
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Various conventional and unconventional approaches have been developed in the literature to
characterize handwriting process and its control system [13], [14], [15], [16], [17], [18], [19], [20], [21], [22].
As a first analysis, Van Der Gon developed a mathematical model characterizing the phenomenon, [23]. An
electronic version is then proposed by Mc Donald who considered the system of handwriting as a mass
moving in a viscous medium [24]. This movement is described by a linear differential equation of second
order. A model governed by two nonlinear differential equations of the second order was developed by
Yasuhara, who joined the effect of the frictional force between the pen tip and the writing surface, then he
identified and decomposed rapidly writing system [25], [26]. From this model, Iguider developed two
approaches; the first is used to extract the pulsations control [27], and the second to recognize the cursive
Arabic script [28]. Edelman and Flash have developed, in 1987, a model based on the study of the trajectories
of the hand [29].

Using unconventional approaches, several models are proposed for the characterization of the
process of handwriting. These models are based on the concepts of artificial neural networks, the fuzzy logic,
genetic algorithms, etc., [30]. Other approaches based on control algorithm were proposed to develop mobile
limb models, [31], [32], [33], [34], [35].

The different models proposed in the literature to characterize the human handwriting process have
contributed to the characterization of a limited number of handwritten shapes. Indeed, the generation of
handwriting traces needs more precision. Particularly, Arabic letters represent much more curvature so the
follow of this letters or their recognition is more complex.

Based on this principle and using Bresenham algorithm, we propose, in this paper, a bi-axis control
approach, to generate some handwriting cursive Arabic letters and geometric forms.

The following paper is organized as follows. Section Il presents the experimental approach used in
this paper. The next section emphasizes on the identification of the bell-shaped velocity profile relative to the
handwriting movement. Then simulation’s results are applied to different Arabic letters and simple
geometrical forms relative to many writers. Section IV represents the novel proposed algorithm to generate
handwriting traces. The discussion of the new algorithm and numerical results are represented in section V.
The conclusion and some perspectives are in section V1.

2.  MATHERIALS AND METHODS
2.1. Experimental approaches and data basis

The production of graphic traces is treated as a natural process of a complex cognitive event. Indeed,
the brain processes the location information of the pen tip, sent by the eyes. This information is analyzed and
evaluated by an intelligent control system, to send an order to the muscles of the forearm to move the hand to
the desired new position [36]. During the act of writing, the movements performed can be described like
displacements in two-dimensional space of the writing plan. In the literature, multiple researches proved that
the natural component of the graphic trace corresponds to space displacements of the pen during the
formation of the trajectory [37], [38], [39]. In spite of the complexity of the effectors systems including the
articulations of the shoulder, the elbow, the wrist and the hand, for a total of forty three muscles, the study
conducted by Yasuhara identified four principal muscles for the hand control. From this analysis, an
experimental study carried in [40], [41], [42], has recorded Electromyography signals (EMG) during the act
of writing. Starting from the surface electrodes used per pair and having a common mass, the experimental
study allowed recording the pen-tip coordinates moving on (X,y) plane and electromyography signals during
the writing time. These signals can be measured easily on the skin surfaces at some muscle regions.
However, it can only extract the global features of muscle movements because it is the temporally and
spatially accumulated signal from many motor units. Therefore, it is not guaranteed that each EMG signal
contains the information about the motor commands on writing. We consequently assume that the adequate
information to represent the time series of the motor commands can be extracted with some suitable signals
obtained by processing the EMG signals measured from several muscles related with handwriting movement
[43], [44], [45].

In order to measure the pen-tip movementon (X, y) plane and the EMG signals of forearm muscles
on writing processes, an experimental approach was proposed to construct a measuring system shown in
Figure 1. Indeed, EMG signals are obtained from the two most active muscles of the forearm, namely the
“abductor pollicis longus” and the “extensor capri ulnaris” which are the most active and are opposed in
movement; when one contracts the other extends.

This experimental approach requires a digital pen tablet (WACOM, KT-0405-RN), a PC to display
and memorize the traces of the pen-tip movement and its pressure force P on the writing support. The EMG
signals are measured at the disposable electrodes (MEDICOTEST, Blue Sensor N-00-S) adhered on the skin
of the subject’s writing forearm, and are recorded into the data recorder (TEAC, DR-C2) through the
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preamplifiers (TEAC, AR-C2EMGL1). The sampling rate for measuring the EMG signals is 1000 Hz and that
for measuring the pen-tip movement is about 500 Hz. Those measuring data are synchronized by sending a
step signal from the parallel interface port on the PC to the data recorder.

- =

Figure 1. Magnetization as a function of applied field.

3. THE PROPOSED ALGORITHM TO GENERATE HANDWRITING TRACES

Meunlenbroek also showed that the generation of vertical lines is faster than horizontal and the
movement from top to bottom is faster and precise lines that movement from bottom to top [46]. Based on
this analysis, we chose, participants, in the experimental approach , that are used to produce Japanese writing
systems, having a vertical direction of travel or an horizontal one from left to right which is different from
Arabic writing systems. In this experiment, the participants have written geometric forms and Arabic letters,
which influences, obviously, on the velocity and the preferred direction of the writers. In this case the
production of geometric shapes is faster. These writers have drawn eight basic geometric shapes, and three
cursives Arabic letters. Indeed, Arabic letters present more curvature than these geometric shapes and the
generation of those letters is much more complex.

In this section, we propose a new algorithm to generate Arabic letters and complex geometric shapes
using bi-axis control technique. In this context there are several algorithms proposed in the literature
including Bresenham algorithm and Digital Differential Analyzer algorithm (DDA). The proposed algorithm
of handwriting shapes’ generation is inspired from Bresenham algorithm. This last one is also named
“Midpoint”, because of its high efficiency and ease of implementation and it is widely used in the computer
graphic raster displaying device. DDA has the following problems: Accumulation of round-off errors can
make the pixilated line drift away from what was intended and the rounding operations and floating point
arithmetic involved are time consuming, [47].

3.1. Analysis of handwriting velocity to identify handwriting process from EMG signals

We assume that the handwriting velocity plays a significant role in the control and genesis of the
human handwriting process and that the central nervous system may take this information into account in the
reconstruction of the pen-tip trace. Significantly, the electromyography (EMG) signals measured on the skin
surface of a writing forearm contain the sufficient information to illustrate the motor commands of the
handwriting process. Velocity profiles corresponding to different measurements of the pen-tip shifts are
presented to prove the invariance of these profiles which takes place as bell-shaped. The correlation between
the velocity profile V(k) and the trajectory of the pen-tip according to x and y axes is then analyzed. The
velocity of the pen-tip movement is calculated as follow:

V() = TP T Gk’ ()
V(o) = i @

_ yk+1)-y(k)
Vy(k) T tk+1)-t(k) ®)

V  :pen-tip velocity

Vy Vy: pen-tip velocities according to X and y axis respectively
X,y :pen-tip displacement according to x and y axis respectively
t (k) :time of handwriting movement

3.2. Case of simple geometric movements
The experimental basis avows the study of two simple graphic forms namely “circle" and "triangle",
Figure 2.a and 2.c. The Figure 2.b illustrates that the velocity shape of the geometric form “circle” conforms
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to a superposition of bell-shapes and the velocity profile of the geometric form “triangle” combines three bell
shapes which corresponds to the three segments of the triangle, figure 2.d.

Bl

Figure 2. Form and velocity profiles of geometric forms, circle and triangle

3.3. Case of Arabic letters
The velocity profile of the Arabic letter “SIN” is shown in figure 3.

[LE]
"

L2 T L3 r
o -

Figure 3. Form and velocity profile of the Arabic letter “SIN”

The handwriting velocity of “SIN” has three main ranges, diverse in durations and amplitudes,
constituted by a velocity of bell-shaped forms that corresponds to three primitives of the considered letter:
two small half circles and a larger third one. The velocity of handwriting trajectory shows some progressions
of maxima. Zero value indicates the beginning, the end, as well as the change of movement direction. In
other words, the characteristic of the letter “AYN” allows determining two areas that are formed by a
superposition of bell-shaped forms that corresponds to the two already existing primitives of the letter,
consisting of two halves of circles. Therefore, the writing velocity can be understood as a superposition of
bells distributed by field with different durations and amplitudes. Each zone corresponds to a specific
primitive of the written letter.

3.4. Proposed handwriting velocity model

The parametric identification is by definition, an experimental approach of determining
mathematical model parameters of a given process and that generates an output response, similar to the real
system. As a result, this technique is based on the prediction error, which links the output of the process and
the output predicted by the model. In order to minimize the prediction error, the model parameters are to be
modified and altered at each sampling time through the use of an algorithm which estimates the model
parameters. In the literature numerous recursive and non-recursive algorithms are presented. The first type of
algorithm can be executed on real time and requires less memory resources in terms of calculations. In this
section, the model’s structure is firstly proposed. Then, the Recursive Least Square algorithm is used in order
to identify the handwriting process, through the use of velocity information [13].

The suggested mathematical model which characterizes the handwriting velocity is a fourth order
model input delayed X and Y velocities, V, and V,, at k — 1,k — 2,k — 3 and k — 4 instants, in addition to
inputs related to EMG signals delayed at k,k — 1,k — 2 and k — 3

The outputs are V,andV at k instant, figure 4. The following equations characterize the proposed
model :
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+|:Cry(k}e1(k7i 1)+ () ez(k—z‘+]):| ®)
VieVye > outputs vectors, relative to estimated velocities
: according to x and y movements respectively
e L EMG, S
e, : EMGZSLgnal
Ay by Cin iy : parameters relative to the estimate V,. and V,, respectively
iy, by iy diy : parameters relative to the estimated velocity
k :discrete time

3.4.1.1dentification technique

Recursive Least Squares algorithm (RLS) is used for the handwriting velocity process identification
[14]. It offers a good convergence rate, especially for highly correlated input signals. The efficiency of this
algorithm in terms of convergence rate, tracking and stability depends on the forgetting factor. In this study,

we chose a fixed forgetting factor, equal, in this work, to 0.95

I e

EWG (R —

NG k=1 . | — i
ENG[k-Y] ———»
MG {k—§} ———
Handvmting Velocity
ENGL(K —_— Mods
EMC (k-1 -
EMG, (k- 1) ——™

Figure 4. New proposed structure of handwriting velocity model

RLS algorithm performs the following operations to update the parameters of the researched model,

[15].
B9 =6k-1+P() T YO )
=t
P(k) =Pk -1 _1:?'?':'?? ®)PE-D (7)
1+ (&) PiE— 1Y)
(k) =p(k) — Bk —1) (k) (8)
With

6 : vector of estimated parameters,
P(K): adaption matrix,
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y(K) : actual output the sistem to identify,
y(k): observation matrix,
£(K) : estimated error.

The model structure *used to identify the handwriting system dynamics for multi-inputs-multi-
outputs is given as follows:

V_ =w'6 +z (%)

V,.=v6 s, (10)

ecand g, :error vectors, relative to the velocities according to x and y movements respectively
yrand ] : Matrices whish elements are the delayed inputs and outputs components relative to the
velocities according to x and y movements respectively.

Using the estimated parameter’s values, the new proposed handwriting velocity model is as follows:
V=3 [a,V,. k=15, 7,0~ (13)
t |f’|, e (k—i+N)+d, e (k—i+l) ‘

v.k-3 [‘;“11,,(&- DbV, (k nl
=l

||[‘“¢',(£‘ i+D)+d, ek f+|]‘ (14)
bo=a iy i, B bbb, d 6 6 e dd ]
E x Zx x x X Zx Jdx x X Ix x X x x Zx 3x X x (15)

a a i b

a. F v b b, b e il e, é éd d.d. d d
) ly 2y 3y 4y 1y 2y 3y 4y 1y 2y 3y 4y 5y ly 2y 3y 4y 5y

(16)

X

The predicted parameters of velocities vectors 8, and 8, according to * and ¥ movements,

respectively, will take the following forms:

G b & o o estimated parameters relative
to the estimated velocities
V\,(, and respectively

a, b, ¢, ¢ :estimated parameters relative to the
estimated velocity

7
:1,2,3 0r4.

Figure 5 shows some examples of the comparison between the real trajectory of handwriting
velocity and the reconstructed velocity trajectory with the same starting point. In addition, good
concordances between the saved letters and the letters obtained from the proposed model are shown.

The solid line presents the recorded experimental data and the dotted line is relative to the answer
given by the estimated parameters of the obtained model.

Manuscript Shapes Generated By Novel Bi-Axis Control ....(Imene Mahmoud)



236 a ISSN: 2089-4856

§
\

|

Ty

| i

T iy

| .
1 |

P, (k=D =V, (k=2) =V, (k=3) =V, (k~4)
WV (k-1) -V_(k-2) —V_(k-3) -V_(k—4)
xe xe xe xe

T
v, (k)= e® el e@-D) e®k-) an
— -2 —3
ez(k) e (k—1) ez(k 2) ez(k 3)
7Va.e(k71) 7Vxe(k72) 7Vm(k73) 7ng(kf4)
V1) ¥, (k=2) ¥, (k=3) ~V, (k—4)
‘ (12)

T
vy ()= e®  ek-D) (k-2 e(k-3)
e, (k) e, (k—1) e, (k-2) e, (k—-3)

Figure 5. Obtained identification results (form, velocities according to x and to y axis)

Proposed in this section, are two types of validation of the proposed handwriting velocity model.
The first one predicates the pen-tip trajectories in the mono writer case. This result is in the integration of the
parameters of a model characterizing a letter or a geometric form with data saved from another example of
the same kind of drawing trace and of the same writer. The second one is a prediction in the multi writer
case. In order to do so, we did apply the experimental recorded input data of an Arabic letter or a basic
geometric form for a first writer with parameters of another model characterizing the same pen-tip trace of

another writer.

3.4.2. Validation of the proposed handwriting velocity model : Monowriter case
Recorded data relative to one model of graphic trace are here applied to different models for the

same writer and the same type of the trace.

e |

)

=
*

=

Figure 6. Some validities’ results in monowriter case (form, velocities according to x and to y axis)

The compatibility between the prediction results of pen-tip velocity and the experimental data are
shown in figure 6. Dotted lines show recorded results and solid lines illustrate predicted ones. Ultimately, for
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various types of Arabic letters and geometric drawings by the same writer, our proposed model confirms the
possibility of direct prediction on handwriting velocities and traces from € signals.

3.4.3.Validation of the proposed handwriting velocity model : Multiwriter case

The aim of this section is to propose one model for the same types of trace but for two different
writers. This is obtained by applying EMG data recorded for a trace written by writerl into a model of the
same type of drawing relative to a writer2. Predicted velocity profiles and pen-tip trajectories are shown in
figure 7, which illustrate an agreement with experimental data in the case of geometric drawing and Arabic
letter.

T

1
A=

Figure 7. Some validity’s results in multiwriter case

Hence, for many kinds of traces (Arabic letter or geometric forms), the proposed model can
reconstruct pen-tip traces, from handwriting velocity and EMG forms, with a not negligible error. This
depends necessarily on the trace’s form, the hand writer’s velocity and the writers. Indeed the same
individual can have different handwriting velocities, and evidently these velocities differ from one person to
another.

4. THE NOVEL ALGORITHM BASED ON THE BRESENHAM CIRCLE

In order to explain more this novel approach, we choose the cursive Arabic letter “AYN”, Figure 9.
We note that this letter is considered as a complex handwriting shape. It’s shown that it could be divided into
two circles: The first circle is of smaller diameter than the second circle. In this case we were obliged to
choose specific coordinates of the main points so that the tracing of two circles could be done.

5 FROPOSED Vs : XOVEL ALCORITHM oD E
Bzl HANDWRITING MODEL F| BASED Y BRESEVEAM ®
EMG2 Ve e ALCORITHEM CMD Y

Figure 8. Proposed models

From the coordinates of the letter “AYN” recorded on the data basis of the handwriting shapes, we
were able to detect coordinates of the two centers P1(x1, y1) and P2(x2, y2) of each semicircle C1 and C2
respectively. We have also detected the coordinates of the beginning and the ending of each arc of circle. To
generate the letter “AYN” we proposed two right triangles having as center of gravity both P1 and P2 centers
of the circles C1 and C2 respectively and that in order to apply the draw circle proposed by Bresenham. Once
we have detected the coordinates of the beginning and end of two semicircles, we conducted with the
initialization of the vertices of two triangles. The following step was calculating the radius which is the half
of the hypotenuse of each triangle so that we would be able to apply the Bresenham circle method us we have
mentioned in the previous paragraph, Figure 10. The numerical results are shown in the Figure 11.
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Figure 9. Arabic Letter “AYN” Figure 10. Flow chart for the novel algorithm

As a first example to explain this approach, we chose to create a circle based on the Bresenham
algorithm and to compare it to the circle from the database. Figure 4 shows good agreement with the
recorded shape and proves that the proposed algorithm can reconstruct the geometric handwriting trace.

++1 Circle by the novel algorithm

y === Cirgle from the database .

) v . =|w_,,.._..“_m o
T e

L p‘_!!:" - ‘th?".":-; .
’P*P!/z 9 |
{/ \
"i [ . ] =
ch 1 ’d o

““WM‘M 1 wk
o = = m M m & . i

1] 0 = X _ = [+] o L] w o

Figurell. Numerical result of circle Figure 12. Numerical result of the letter “AYN

5. DISCUSSION

We have previously applied the new algorithm to reconstruct three different Arabic letters “AYN”
chosen as follow:

e  Writer (1)-Example (1): the first letter is generated by writer (1).

e Writer (1)-Example (2): the second is another letter (different than the first) and generated

by the same writer (1).

e Writer (2): the third letter is generated by another writer (2).

Figure 13 shows the response of the proposed algorithm in the case of writer (1)-example (1). We
remark that the bi-axis algorithm allows to reconstruct the letter but with a considerable error especially in
the intermediate area of the letter.
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++: AYN by the novel algorithm

VN ter (1) <F e i ++: AYN by the novel algorithm
-y vewhiter: (1) - Example :
199 : y writer (1) -Example (1) - --- AYN by writer (1) -Example (2)
0

€N
0

0
70
& L.
£ &0 +
w %0
» 0
20 & *
10 20
03 0 2 n @0 0 L] 0 0 20 100 10

10 2 0 @ 0 0 70 Y €K 100

Figure 13. Comparison between the letter “AYN” by  Figure 14. Comparison between the letter “AYN” by
the novel algorithm and by writer (1) - example (1) the novel algorithm and by writer (1) - example (2)

The second example of the letter “AYN”, Figure 14, written by the same writer (1)-example(2), has
less curvature in the end of the first circle than the first example (1). Good agreement is shown in this case,
but we remark that a little refinement is required.

Figure 15 presents the response of our bi-axis algorithm in the third case (Arabic letter “AYN”
written by writer (2)). Despite changing the writer, the proposed bi-axis algorithm can mimic the recorded
human handwriting letters.

++: AYN by the novel algorithm
0 --- AYN by writer (2)

Figure 15. Comparison between the letter “AYN” by the novel algorithm and by writer (2)

To generate another Arabic letter, an amelioration of the proposed algorithm is needed and other
parameters are necessary. It was already tested on the “SIN” letter applied on three circles following the same
steps of the “AYN"’s algorithm. Figure 16 shows a considerable error between the recorded data and the
generated one by the new algorithm. We conclude that amelioration is recommended in the case of very
complex handwriting shapes.

++: SIN by the novel algorithm
---: SIN of the database

a 8

a4

H 4 & n A

Figure 16. Comparison between the letter “SIN” by the novel algorithm and the database

After the generation of several Arabic letters, the production of Arabic words was the subject of our
research. We tried to generate the Arabic surname 'Malek' which presents a series of circle or parts of
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successive circles by applying our new algorithm based on the Bresenham algorithm. Figure 17 shows the
generated Arabic word by the new algorithm. We conclude that our novel algorithm can generate Arabic
words and mimic human handwritten words.

600

400

200

ok

-200-

00

-1400 1200 -1000 800 600 <400 200 O 200 400 600

Figure 17. Arabic word generated by the novel algorithm

6. CONCLUSION

In this study, the bell shapes shown in the handwriting velocity profile can contain information
about the kind of the pen-tip movement. Indeed, a handwriting system is proposed by using of parametric
identification technique based on the Recursive Least Square algorithm. The obtained model uses mainly the
relationship between the electromyography signals of the forearm muscles and the velocity profile of the
pentip moving in (X, y)plane.

According to the results shown in this paper, compatibility is observed in the case of the same writer
and the same character. The proposed handwriting velocity model can reconstruct the graphic trace for
several Arabic letters and shapes written by the same or different writers, with a not negligible error. As a
following step, a new algorithm of generating handwritten geometric forms and Arabic letters, based on the
Bresenham bi-axis control algorithm of drawing a circle and using the estimated coordinates previously
calculated, is proposed in this article. Given the complexity of the process under study, various steps were
taken to generate handwriting shapes. Satisfactory results have been identified and the various responses of
the novel bi-axis control algorithm, proposed to mimic the handwriting motion, were conclusive. So it is
interesting to continue the improvement of this algorithm to generate other Arabic letters as well as other
Arabic words in order to conduct studies for their implementation in the medical field, for the development of
a system for the disabled drivers of particular hand. An improvement of the predicted model results must also
be made not only in the monowriter case but also in the multiwriter case.
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