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This paper has constructed a linear quadratic Bézier-like curve with two shape parameters. The proposed
work is to design the Arabic fonts by using Bezier-like curves. The focus of this study is to study the new
functions of the Bezier-like curve and look at their application in designing Arabic fonts. Our new
procedures involve a combination of quadratic and linear polynomial basis functions. The new functions
of rational and non-rational Bezier-like curve are used to design Arabic fonts. The shape of the curve is
modified as desired by simply altering the values of the shape parameters without changing the control
polygon. The present study also looks at the extent of the approximation of the Arabic script design to
its digitized image using the Bezier-like curves. The results of this study confirm that all generated
functions can give the very visually pleasing shapes of the Arabic fonts similar to the original.
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Introduction

Bezier is one of the influent polynomial and an essential tool for
interpolation. Its interpolating curve always lies within the convex
hull and never oscillates wildly away from the control points. Bezier
polynomial has several applications in designing, engineering,
science, and technology, such as highway or railway route networks.
The Arabic font design is one of these applications. Bezier curves can
design the nice shapes and curves of Arabic fonts. Fonts are an
essential part of any computer system, and two fundamental
approaches for storing fonts in the computer are bitmap and outline
[1], [2]. The shape represents the fonts with many advantages over

the bitmap. The outlines may be arbitrarily translated, rotated, scaled,
and clipped. Therefore, most modern desktop publishing systems are
based on the outlined font [3]. The Arabic script is used for many
languages and cultures, such as Urdu, Persian, Kurdish, etc., and uses
various acceptable calligraphic styles. This condition makes the
Avrabic script complex and challenging [4]-[6]. There are many
studies regarding designing Arabic fonts. Even some works are still
in progress [7] whereby they try to achieve more elegant results by
using different parametric techniques, segment subdivision, and
cubic models. To lengthen the chain of studying and designing the
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Avrabic font, we refer to [8]. Curves manipulation and construction is
one of the main subjects in computer graphics. They have been used
to make the model of objects in the real world that shaped non-
uniform but smooth. Computer-Aided Geometric Design (CAGD) is
a branch of applied mathematics concerned with algorithms to design
soft curves and their efficient mathematical representations. Today,
the Bezier curve is an essential part of almost every computer
graphics illustration program and computer-aided geometric design
(CAGD) system. It is used in many ways, from designing the curves
and surfaces of automobiles to defining the shape of letters in type
fonts. Jeok & Ong [9] have investigated the cubic Bezier-like curves
in monotonicity, preserving, and constrained interpolation. The cubic
Bezier-like polynomial functions are extensions of the Bezier
polynomial functions with two additional parameters that can be used
to modify the curve. In the 1990s, Zhang presented the Bezier-like
curves, called C-Bezier, for the space I' = span{1,t,sint, cost}
[10]. In 2004, Chen e al. extended them to the general algebraic,
trigonometric polynomial space [11]. This paper presents the linear-
quadratic Bezier-like curve with two shape parameters, The effect on
the shape of the curve by altering the value of the shape parameter is
given as well. The quadratic linear rational Bezier-like curve is also
given.

Preliminary Concepts

In this section, we define some basic concepts Bernstein
Polynomials

The general formula of Bernstein polynomials of degree n is
defined as

fn@=(7)da-omt, oses1 @

for i =1,2,...,n. Orsimilarly

n! . .
fin(®) = mtl(l -t @)
where n is the degree of the curve. We can obtain the coefficients
(7)and observe the relationship between ¢ and i from Pascal’s
triangle; the exponents on the t term increase by one as i increases,
and the exponents on the (1 — t) term decrease by one as i
increases [12]. If we substitute n = 1 in the equation (2), we will get
a Bernstein polynomials basis function at degree 1 and whenn = 2,
the function will be a quadratic polynomial basis function.

Bezier Curve

By using the Bernstein basis functions, the Bezier polynomial of
degree n can be defined as:

r(t) = zr'l_ofi,n(t) pi, 0<t<1 3)

with p; € R"(r = 1,2,3).

Control Points

In a font design project, determining the correct control points, which
are points in two or more dimensions, plays an essential role in
drawing the curve. We can determine the start and end points of the
curve, but the middle control point will not be specific because the
same curve with the same start and end point can be drawn with a
different middle point, so there is no local control point this far. Still,
we have to change the shape parameters; we observe that by drawing
one character two times with different middle points. Also, we have
to select corner points and decide the number of segments, and we
can modify the curve by adding and moving the control points.

In general, our Bezier-like curve interpolation is the fixed
interpolation which means that the shape of the interpolating curve is
set for the given interpolating data and control polygon since the
interpolating function is unique for the given control points.
Therefore, to modify the shape of the interpolating curve, the control
points need to be changed
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Fig. 1: Control points.

Fig. 1 shows the control points. We will have the control polygon if
we connect the control points with line segments. Fig. 2 shows a
control polygon comprising three control points associated with line
segments.
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Fig. 2: Control polygon
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Fig. 3: Bezier curve of degree 2

Quadratic and linear Bezier-like curve

In this section, we will derive new functions from the general
functions of the Bezier curve, which are a combination of quadratic
and linear polynomial basis functions to use in our applications. To
do that, we must have shape parameters such as y, u, which help us
to know how the influence of the control points on the curve is.
Definition 1

For two arbitrarily selected actual values of y and p where
y, 1 €[—2,1], the following three functions of t(te[0,1]) are defined
as a combination of quadratic and linear polynomial basis function
with the control points p;(i = 0,1,2), and their Bezier-like curve is,

2
rO=) pfa®, ol yue-21 @)

where the new functions are given by

fo(8) = 1 —yt)(1 — t)? (5a)

fi2(0) =t(t —D(-2+y(=1+1t) —put) (5b)

fo2(®) = (1—p(1—10))t? (5¢)
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Fig. 4: Combination of quadratic and linear polynomial basis
functionswithy = =2 ,u = -2
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Fig. 5: Combination of quadratic and linear polynomial basis
functionswithy =1, u =1
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Fig. 6: Ordinary combination quadratic and linear polynomial basis
functionswith y =0, u =0
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Fig. 7: Combination of quadratic and linear polynomial basis
functions withy = -3 u = -3
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Fig. 8: Combination of quadratic and linear polynomial basis
functionswith y =2, u =2

Figures 4, 5, 6, 7, and 8 show combination quadratic and linear
polynomial basis functions, plotted as a function of ¢, which goes
from 0 to 1. A critical characteristic of these polynomials is that for
every value of t in the interval from 0 to 1, the sum of the functions
evaluated at t is 1. The graph, taken together with the equation (4),
shows the relative importance of the three control points as t varies.
At t =0, only py(t) is nonzero. So only the point p, has to
influence the curve segment, r(t). At t = 1, the point p, takes
over while the influence of the other control points disappears. In
essence, po and p, set the starting and ending points, respectively, of
the curve segment. Once p, is established, the control point p; sets
the direction of the curve as it leaves p,. Similarly, the control
point p4, along with p,, sets the direction of the curve as it nears the
ending point, p,. Thus, with three control points, it is possible to
control the starting and end directions of the curve independently.
This ability makes a quadratic Bezier-like curve a very flexible and
efficient design tool. These properties will generally be proved in the
following theorem.
Theorem 1
The functions (5) have the following properties:

e Non-Negativity: f;,(t) =0, i=012

e partition of unity: X2, fi, () =1

o Symmetry:  fi,(;v, 1) = fr-i2(1 -G y), for i=

0,1,2
Proof
e  Non-Negativity:

Fort € [0,1] and y, u € [—2,1], it is observed that
fi(®)=0,i=0,12
fo2(t) = (1 —yt) 1 -t)* =0,
because when we substitute in ity = —2, we get
1+20)1-1t)%?=0
and wheny = 1, we get
1-t(1-1)?=0,
then in both last functions when t = 1 they will be 0, and when t =
0 they will be 1.
fo,(© =(1-p(1-0)t2 >0,
because when we substitute it u = —2 we get
(1+20-0)t2=0
and when u = 1, we get
t3=0
then in both last functions when t = 1 they will be one, and when
t = 0 they will be 0.
fiz@® = (14 Dt(=2+y(-1+ ) —ut) =0
because when we substitute it u = —2 and y = —2, we get
1-((1+2001-02-(14+21-0)tH) =0
and when we substitute in ity = land y = 1, we get
1-(1-0)A-t)?2-t=0
then in both last functions, when t = 1, they will be 0, and when t =
0 they will be 0.
e  partition of unity

It is easy to see that
2
Z f@O=0Q-y)A -2 +1-3-(1-0)?(1+20)
i=1
+(1-pu@-NtH =1
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e Symmetry

The control points, py, p1, P, and p, p1, po define the same Bezier-
like curve in different parameterizations, i.e.
(%3 4 Do,p1, p2) = 7(1 = £ (55 D2, P1, Po)
for 0 < t < 1 and the shape parameters —2 < y,u < 1. So, itis clear
that
fo2(Gyv. W) = oA —twy),
because
for =ty = (1-y(1-1-1)) (1 -0)?
=1 -yH)A -t)?
= f0,2 (t' Y, ,Ll)
fi2Gy. W) = A= wy),
because
fiz@=twy) =1 -0(@-0-1)(-2+u(-1+1-0)
—y(1-1)
tt—D(=2-p)—y(1-10)
tt—1D(-2+y(—1+1t)—ut)
= f1,2 (t' Y, /l)
The curve (4) is linear when y, u = —2 because
A+200-02+(1+20-0))t2=1

and

r'(0) =0 at y = =2,
and

r'(l)=0at u=-2.
Theorem 2

The quadratic linear Bezier-like curve has the following properties:
e  Endpoint properties:

7(0) = po
r(1) = p,
r'(0) = (2 +¥)(p1 — Po)
r'(1) =2+ w2 —p1)
e Symmetry po, p1, 02 and p, p1, Do define the same quadratic
Bezier-like curve in different  parameterizations,
ie.,

(6 Vi Pop1p2) = r(1 = G 1Y P2, PLP0) 0 S t < 1,2
<yu<l
e Convex hull Property: From the non-negativity and partition of
unity of basis functions, the whole curve is located in the
convex hull generated by its control points.

Fig. 9: The parameters y, u in different values

The parameters y, u control the shape of the curve (4). The quadratic
linear Bezier-like curve r(t) gets closer to the control polygon as the
value of the parameter increases gradually in [—2,1] .

When y and u increase by the same value and y, ue[—2,1], we
interpret it as fullness; in figure 10, we only increase u and fix y, so
the shape of the curve can be changed by the parameters y, u. When
Y, u = —2 the curve will be linear as in figure 9, and when y, u <

—2, the curve will come down to the negative trend as in figurell,
and when y, u = 0 the curve will be a standard quadratic Bezier-like
curve, and when y, u > 1 the curve will come outside the range of
the function as in figure 11. Also, from figures 9 and 10, we can
observe that the range of y, u between [-2,1], while figure 11
shows that when —2 > y, u > 1 how the curve goes looks.

A=lp=-1
“A=1p=0 "~
“A=tpu=09

Fig. 10: The shape parameters by increasing u and fix y

Fig. 11: The parameters y, 4 with values outside the range [-2,1]

Rational Bezier-like curve with a combination of quadratic and
linear basis functions
After considering a non-rational Bezier-like curve with a
combination of quadratic and basis functions, we will introduce a
Rational Bezier-like curve that can represent a wide range of curves
and more surfaces. We will use the same equations (5) to present a
rational Bezier-like curve.
Definition 2
The general formula of a rational Bezier curve is,
n
r(t) _ Zizofin OHpi 0<t<1i=012..,n,H
o fin (OH;
>0 (6)

The idea is to use equations (5), a combination of quadratic and linear
polynomial basis functions to introduce a new rational Bezier-like
curve. To do that, we must have arbitrary values such as y, u, vl
shape parameters that help us know how the influence of the control
points on the curve is.
Definition 3
For two arbitrarily selected real values of y and u where y, ue[—2,1],
the following three functions of t, (te[0,1]) are defined as
combination quadratic and linear basis functions, and their rational
Bezier- like curve is,

2 £ D
T(t) — Z:i:O fl,Z (t)HlpL

, <t<1 H;>0 (7)
o fi2 (®OH; '
where
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fo(®) = (1 —yt)(1 —t)? (8a)
fi2(®) = (=1 + Ot(=2+y(=1+t) — ut) (8b)
fo2(®) = (1—p1 -0))t? (8¢)

where
i=012 ,Hy=1,H =v,H, =1

when y, u = —2, the curve of the quadratic and linear basis functions
will be linear as in figure 4, and when y, u < —2, the curve will come
down to the negative trend as in figure 7, and when y,u = 0, the
curve will be a standard quadratic Bezier-like curve as in figure 6,
and when y,u > 1 the curve will come outside the rang of the
function as figure 8.
The functions (8) have the following properties:

e Non-Negativity: f;,(t) =0,i =0,1,2

e partition of unity: Y2, f,(6) =1

e Symmetry:  fio(t;v, 1) = fori2(L—tpy), for i=
0,1,2.

Their rational Bezier-like curve also satisfies the properties:
r(0) = po (%)
r(1) = p, (9b)
r'(0) = (2 +y)(p1 — Po)v1 %)
(1) =2+ wW(p: —pdns 9d)

Proof

It is similar to the explanation of theorem 1.

Fig. 12: The shape parameters y, p with values between the
range [—2,1] and v1 > 0.

Fig. 13: The shape parameters y, u, with values outside the range
[-2,1] and fix v1

Fig. 14: The fix shape parameters y = 0, u = 0, and increase the
value v1

y=-ju=-3ul=2

Fig. 15: The shape parameters y, u, v1 with different values
outside the range [—2, 1].

The range of the values y and u and the value v1 can be interpreted
geometrically; it is clear from figure 12 that when y and u increase
by the same value and y, ue[—2,1] with different v1, we interpret it
as fullness and the range is [—2,1], while in figure 13 shows the shape
of the curve when the values y and u are outside the curve. In
contrast, in figure 14, we only increase v1 and fix u and y. Hence, it
is clear that the shape of the parameter v1 can change the shape of
the curve. For the set of v1 and changed values of wand y, we
conclude that ¢ and y affect the shape of the curve (see figure 15).

Designing Arabic Font Characters

Arabic characters are different from other characters such as English,
Latin, etc. The Arabic alphabet, written from right to left, comprises
28 basic letters. There is no difference between the upper and lower
cases or written and printed letters. Most letters connect directly to
the letter, which immediately follows and gives the written text an
overall cursive appearance. The Arabic script is rich in different font
formats, and its cursive nature requires much more attention. For
processing on drawing fonts which want to be at the outset crafts fee
is required paper charts and then we appoint coordinate level on
points relevant to the fonts. After that, it is needed fee Recta between
these points, and then we craft in the form of the curves. If the format
of the letter was inappropriate, we climate the site points until we
have the appropriate form and post. These forces apply the Bezier-
like curve with the appropriate programming language

Example 1.

This example of designing the Arabic font shows the Dal ( )
character through a non-rational Bezier-like curve of equation (3), in
which its functions are a combination of quadratic and linear
polynomial basis functions (4) by using Computer Programming (see
figures 16, 17 and 18).

Fig. 16: The original Arabic font (Dal)
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Fig. 17: The external curve of the Arabic font Dal.
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Fig. 18: Dal character fhrough non-rational Bezier-like curve,
whose functions combine quadratic and linear polynomial basis
functions with its control polygon.
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Fig. 19: Dal character through non-rational Bezier-like curve
which functions are combination quadratic and linear polynomial
basis functions.

Example 2.

This example of designing the Arabic font shows the Dal ( 2 )
character through a rational Bezier-like curve of equation (6), in
which its functions are a combination of quadratic and linear
polynomial basis functions (7) (see figures 20 and 21).

JOPAS Vol.21 No. 4 2022

Fig. 20: Dal character through rational Bezier-like curve which its
functions are combination quadratic and linear polynomial basis
functions with its control polygons

&
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0 1 2 3 4 5 6
Fig. 21: Dal character through rational Bezier-like curve which
functions are combination quadratic and linear polynomial basis
functions.

Conclusion

Bezier curves have been applied in many applications, including

describing object shapes. The critical aspect of using the Bezier curve

is the proper selection of the control points. For that, the Bezier
method and its properties have been reviewed. Our primary goal in
this work is to design a font using new functions of Bezier, and their
curve is a Bezier-like curve. To achieve that goal, we have derived
new functions of Bezier functions: a combination of quadratic and
linear polynomial basis functions. All the properties of the new
functions have been manually proven and geometrically satisfied by
using Computer Programming. We used rational and non-rational

Bezier-like curves to design the Arabic fonts as an application. For

example, the Dal is carried out. This study shows that we can get

fonts similar to the original fonts by using rational and non-rational

Bezier-like curves. Also, we can get the same font by using different

Bezier-like curves and different functions of Bezier-like functions

with varying points of control and shape parameters. We also

conclude that the middle control point will not be specific because
the same curve with the same start and end point can be drawn with

a different middle point by changing the shape parameters. The

results show that all the derived functions can give visually pleasing

shapes.

References

[1]- P. Karow, Digital typefaces: description and formats. Springer
Science & Business Media, 2012.

[2]- & U. Karow, P., Font Technology: Methods and Tools. Springer-
Verlag, 1994.

[3]- M. Sarfraz and M. A. Khan, “Automatic outline capture of
Arabic fonts,” Inf. Sci. (Ny)., vol. 140, no. 3-4, pp. 269-281,
2002.

[4]- M. J. E. Benatia, M. Elyaakoubi, and A. Lazrek, “Arabic text
justification,” in TUG 2006 conference, Marrakesh, Morocco.
TUGboat, 2006, vol. 27, no. 2, pp. 137-146.

55



Arabic Font Desigin Using Quadratic Bezier-Like Curve

Ahmed et al.

[5]- H. A. H. Fahmy, “AlQalam for typesetting traditional Arabic
texts,” this Vol., pp. 159-166, 2005.

[6]- T. Milo, “Arabic script and typography: A brief historical
overview,” Lang. Cult. Type Int. Type Des. Age Unicode, pp.
112-127, 2002.

[7]- M. Sarfraz and F. A. Razzak, “A Web based system to capture
outlines of Arabic fonts,” Inf. Sci. (Ny)., vol. 150, no. 3-4, pp.
177-193, 2003.

[8]- E. A. Hussain, “Generating Arabic Fonts Design Using Rational
Bezier Curve,” Universiti Sains Malaysia, Penang, Unpublished
Dissertation, 2006.

[9]- Y. K. Jeok and B. H. Ong, “Monotonicity Preserving And
Constrained Interpolation By Cubic Bézier-Like Splines,” Proc.
2nd IMT-GT, USM Penang Malaysia, June, pp. 13-15, 2006.

[10]- J. Zhang, “C-curves: an extension of cubic curves,” Comput.
Aided Geom. Des., vol. 13, no. 3, pp. 199-217, 1996.

[11]- Y. Wei, W. Shen, & G. Wang,. Triangular domain extension of
algebraic  trigonometric ~ Bézier-like  basis.  Applied
Mathematics-A Journal of Chinese Universities, vol. 26, no. 2,
pp. 151-160, 2011.

[12]-K. I. Joy, “Bernstein Polynomials, On-Line Geometric
Modeling Notes. University of California.” 2000.

56

JOPAS Vol.21 No. 4 2022



