






































Figure 46. The set C after stretching of ~ and v

is a stretchable one, the stretching occurs in this letter
otherwise the stretching will be in the ligature between
the two last connected letters of the word. The two cases
are presented separately in the following.

4.2.1 Inter-letters keshideh

The keshideh is a juxtaposition of two curves of type
1 and type 2. When the keshideh appears between two
connected letters, the first curve is the horizontal pre-
ceding connection below the baseline of the letter in the
left and the second part of the keshideh is the horizontal
succeeding connection below the baseline of the letter in
the right. When we designed the font, we parameterized
the horizontal connections exactly on the baseline in a
way such that they can be stretched horizontally to the
right and vertically downwards. So, when the stretching
is null, the connections are simply those exactly on the
baseline, otherwise they are horizontal strictly below the
baseline. From now, we mean by parameterized hori-
zontal connection exactly on the baseline a connection
that support the connection exactly on the baseline and
below the baseline. For example, when the word 2L is
to be stretched, the stretching occurs between the letters
2 and ,. The letters = and _, have horizontal connec-
tions exactly on the baseline that are parameterized to
support stretchability. Then, the Stretching consists on
keeping the word as it is and communicating a horizontal
and vertical amounts of stretching as parameters to the
procedures for writing these two letters. Suppose that
we want to stretch the word J.LL of an amount h hor-
izontally and v vertically downwards, then, we have to

perform the two actions :

e to stretch the horizontal succeeding connection of
the letter 2 of % horizontally and v vertically and

e to stretch the horizontal preceding connection of the
letter , of % horizontally and v vertically.

In the figure 47, an illustration of a stretching in a font
size equal to 64 points is given. In the first line, the
word ‘)Ao with a null stretching is presented. In the last
line, the same word is stretched 12 dp (diacritic point)
horizontally and 0.5 dp vertically. In the second line the
letters 2 and , in their initial shapes are showed whereas
in the third line, both of the two letters have a stretching
of 6 dp horizontally and 0.5 dp vertically.

Most of the handbooks of calligraphy [3, 22, 25], teach
that : in the beginning of a word in Arabic letters, the
commonly used horizontal connections are oblique, big
strictly above the baseline and strictly above the base-
line. That’s an aesthetic need. When we have to write
the word formed of the letters BEH in initial position
and AIN in the end without stretching, a letter BEH and
AIN with horizontal succeeding connection and preced-
ing connection respectively strictly above the baseline
are used. Let ~ be such a word (the word to the right

on the figure 48), when a stretching is needed, the alter-
natives of these two letters with horizontal connections
below the baseline (they are horizontal connections ex-
actly on the baseline when the amount stretching is null)
are used. In this way, the word - would be used. The

two alternatives of the word are in clear on the figure 48.
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Figure 47. Inter-letters keshideh mechanisms

We can introduce these alternatives in the font to solve
the problem of stretchability needs so that the texts pro-
cessed with the font satisfies the Calligraphic rules. Of
course, these alternatives are allowed by the Calligraphic
rules and exist. Consider the word ., the letter » admits
an horizontal connection after exactly on the baseline
because 4 is a strongly rising letter from the baseline.
It is the same for the letter ~ that admits a preceding

connection exactly on the baseline. It is mandatory in
a situation such as after the letter L in the word L\ or

after x inside the word d.' We can apply the alternatives

of letters also when the ligature is oblique, in the case of
a null stretching. But it doesn’t work in some particular
situations such that concerning the stretching of the word
Lx. Stretching the ligature between the two letters of
the word o= has been handled in a particular way. In-
deed, when some characters such as = (or its variants)
are in initial position and that they are followed by TAH
in final position L (or its variants), the connections are
oblique and then, stretching through using the alternative
of the letter KHAH and TAH with parameterized hori-
zontal connections exactly on the base line gives a bad
result in comparison with the handwritten proof. It took
a lot of time to find a solution to this case. It reminds
the case where D.E. Knuth spent a lot of time modeling
mathematically the letter S in Metafont. The cases are
not analogous, technically saying, but in difficulties to
find a solution they are. A method to find a solution
to this case consists on including the stretching inside

Figure 48. Useful alternatives to stretch

the character TAH. We developed an alternative of the
TAH in final position with a connection before consist-
ing of two Bézier curves B; in B with control points Ly,
L1, Ly and L3 on the left, followed by another Bézier
curve B, in By with control points Ry, Ri, Ry and R3
on the right such L3 coincides with Ry. Let L be that
alternative (see figure 50), the keshideh will then be the
combination of these curves and there is precisely the
place where stretching will take place (see figure 51, the
first occurrence of the word in the right is with oblique
connections). We conclude that to stretch the word Lo
we may keep the letter > without changes and replace
the letter L= (see figure 49) by L (see figure 50) and
then, the stretching can be performed. With this alterna-
tive the stretching of the word le= has been appreciated
by a calligrapher and became good in comparison to the
handwritten proof.

Figure 49. TAH in final position with obl/ique preceding connection

Figure 50. Alternative for stretching the character TAH in final
position proceeded by HAH in initial position

L =L =l

Figure 51. Stretching in the level of TAH

4.2.2 The intra-letter keshideh

When the keshideh is inside a character, say for instance,
into the letter QAF, in final position of the word >,
according to the Arabic calligraphy rules, the letter QAF
admits an horizontal stretching between 9 and 12 diacritic



points. The shape of the letter QAF 3 without stretching
is quite different from the stretched one, the character
5 _sisonly avariant of 5. So, it has the same width
of 5 increased of 9 diacritic points. It also has the same
depth as 3 increased of the vertical downward stretching
corresponding to the horizontal stretching of 9 diacritic
points. To compute the stretching, the letter 3 is used
and can be stretched horizontally between zero and three
diacritic points. The vertical stretching varies in the
range corresponding to the horizontal extension from
zero to three diacritic points. The keshideh is performed
inside _ 5. The part modeling the keshideh is displayed
in gray on the figure 52. The letter QAF in final position
is in font size 128 points. The control points of the left
bottom corner of the nib’s head are given to make it more
understandable.
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Figure 52. The keshideh in the letter QAF in final position

In the development of our PostScript font, the horizontal
stretching is a value communicated to character proce-
dures as a global variable h. As in [8], at the end of
each call of procedure, the value of h is put back to
zero. The value h is determined by means external to
the font, such as the text formatting programs. Then it
is communicated to the character procedures in the font.
The vertical stretching v is determined from the horizon-
tal stretching in the font through the simple function ¢
defined in the following :

e h : value of horizontal stretching (towards the right
direction),

e v : value of vertical stretching corresponding to
h (downward), v depends on h, so we can write
v = ¢ (h) where ¢ is defined by :

SO : [O7hm] - [07Um]
h Z—;’ih

e h,, : maximal value of horizontal stretching,
e v, : maximal value of vertical stretching.

With regard to the definition of the function ¢, the curvi-
linear stretching functions E,; and Ej. defined above
can be regarded as linear scaling, but they are not so.

4.3 The nib’s head motion modeling approach
versus other approaches

In this sub-paragraph, the approach for modeling of the
nib’s motion is compared in one hand to the Knuth’s
approach in Metafont [10] and to the Kinch’s one in
MetaFog [28] in the other hand. These two approaches
seek the envelope of an ellipse stroking (a nib with an el-
liptic head) in two different ways. The Knuth’s approach
follows the Hobby method [16] to represent the envelope
in terms of the raster instead of scalable curves. Kinch
solve the problem through representing the envelope in
an algebraic and topological way. In our approach, the
envelope of the characters static parts is determined us-
ing tools outside the PostScript interpreter. A specific
program (based on a mathematical idea presented in the
sub-paragraph 2.4) helps to determine this envelope. Of
course, we also can use Metapost [17], to determine the
envelope and cope with other programs to eliminate the
fact that some zones are painted twice. The characters
static parts have frue outlines (there are no overlapping
curves), the envelope is generated as with MetaFog.
Concerning the characters dynamic parts, such as the
parts of the keshideh, the envelope is determined in a
way different from the Knuth’s and Kinch’s approaches.
In order to well explain and justify our approach, let us
consider a left component of a keshideh (see figure 53).

The curve Bp of type 1 in the figure 53 has the control
points (169,205), (170,151), (249,134) and (340,134).
The nib’s head width and thickness are 31.9643 and
15.9821 points respectively. Here, we have consid-
ered a thickness equal to half of the width for clarity.
The points where the slops are parallel to the vectors
defining the nib when the thickness is a sixth of the
width are the same. The vectors @i, w2 and W3
are respectively (10.9177,30.042), (-4.10678,35.4913)
and (-15.0244,5.44933). B! (t) is parallel to uo at
0.0323 and to w3 at 0.4923. After applying a stretching
with the Ej. to By with an horizontal stretching equal
to 109.1601 points and a corresponding vertical one
9.0966 points, we obtain the curve By with the control
points (59.8398972,205), (60.9680176,144.081482),
(190.549225,124.903397) and (340,124.903397). Then
BY (t) is parallel to 2 and '3 at 0.0224 and 0.3980 re-
spectively. The coefficients where the slopes are parallel
to the vectors of the nib’s head change from a stretching
state to another. The reason for this is simply that the
functions of stretching used to compute the keshideh are
not a linear scaling. In order to determine these coeffi-
cients and therefore, to be able to determine the envelope
as the Kinch’s approach seek through computing these
coefficients in the PostScript character procedure. Then,
printing the character will be very slow. To avoid such
problem, we opt for painting the surface razed with ev-
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Figure 53. Identification of points where slops are parallel to vectors defining the nib’s head

ery edge of the nib’s head. So, some parts are painted
twice or more causing a larger CPU time consuming but
it is still less than the time used to compute the outlines
of the curve. As we have seen before, some parts of
the surface razed with the nib’s head can be lost in the
neighborhood of the points where the slops are parallel
to the vectors W and ws. In the figure 54, the real
surface razed with the nib’s head according to the curve
B is showed. Whereas, in the figure 55, we have drawn
the surface that is on the figure 54 and then drawn the
envelope (in gray) with our adopted technique on it. We
remark that we can not distinguish the lost zones (that
must be in black). The reason is that the keshideh curves
have curvature vectors [6] with small magnitudes (Or
the radiuses of the osculating circles are big) especially
on the points where the derivative is collinear to 5 and
70 3. We can accept then this inaccuracy because the re-
sults are considered more in their visual aspects. Reeves
[32] call this phenomenon "Visual Accuracy". When we
consider a nib’s head that respect the ratio existing be-
tween the width and the thickness of the nib’s head (one
a sixth) the result would be more satisfying visually.
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Figure 54. The real razed surface
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Figure 55. The razed surface with our approach
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Figure 56. a) Arabic text lines before justification, in 18 pt, b) Arabic

text lines after justification.

5. Conclusion and perspectives

Our main goal consisted on designing a font that helps
in producing Arabic documents looking like handwrit-
ten proof. So, it was necessary to identify all kinds of
ligatures and to introduce keshideh in an adequate way.
We were brought to scan the handwritten proofs and
then to work on these proofs with simple graphic tools



like Kontour [19] under Linux [24], in order to get the
encoding of the letters in terms of Postscript Bézier’s
curves. The existing font tools were not enough to take
into account the motion of the nib’s head, the metrics
in diacritic point, the possibility to correct some errors
allowed for the calligrapher in handwritten proofs etc.
We worked almost manually to design the PostScript
encoding of some characters that represent most of the
cases and we got so a mini-font. This font has been used
to give the example in the figure 56. This is a set of
lines (with no meaning in Arabic) to assess justification
through keshideh. The requirements, support and de-
velopment of a tool to assist in designing Arabic fonts
should be a separate work. In any way, there will be no
satisfying compromise to respect the rules of Arabic cal-
ligraphy unless a geometrical model for all the characters
and symbols is built.
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