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Abstract. Most typewriters, electronic printers and display
systems were designed initially, specifically for Latin
characters. This has delayed the introduction of
conversational and business terminals in regions where the
written language calls for using characters of an essentially
different nature. A typical case of this situation occurs
for the Arabic group of languages upon which the paper will
place special emphasis.

It is possible to adapt typewriters and printers into devices,
useful for the given purpose, but such adaptations are always
"ad hoc", that is for a particular given language, and often
involve using trade-offs that are sometimes inconvenient or
aesthetically unacceptable, For most electronic display
systems such an adaptation even proves to be impossible in
practice. The problems that arise are due to the fundamental
structural differences between the typing of Latin and non-
Lation texts. These differences relate mainly to (a) the
necessity of joining some or all of the letters in a woxd,

(b) the impossibility of incorporating all characters in a
module of a fixed length, (c) the variations a character
undergoes, depending on its place in a word and (d) the need
for composing, in some cases, the characters out of different
elementary signs.

Most of these difficulties can and have been overcome to some
degree by generating the characters by a dot-matrix. The
matrix of 5 x 7 dots commonly used for Latin script is
insufficient for the representation of Arabic characters. 2n
example is presented where using matrices of 7 x 7 and 14 x 7
dots leads to guite satisfactory representations. Patterns

of 14 x 7 dots can cf course be treated as a double impression
with @ 7 x 7 matrix. Other soclutions have been used, that call
for the typist to ccmpose some characters out of several,
partial impressiocns.

A simple, elegant and convenient solution is proposed for
printing as well as for displaying. It is achieved by using
& single column of dots as the basic representational unit.
Since such a configuration does not imply any modularity or
periodicity foreign to the language to be represented, it can
be easily sequenced so as to achieve any required sequence of
printed characters, as long as the vertical resolution cf 7
dots is sufficient. Additional resolution can of course be
provided.

It is concluded that on the basis of the proposed procedure
printers and display units can be developed, that would be
controlled by a microprocessor and could be used with identical
hardware for representing many different scripts or for
different styles of typing belonging to the same language.

The specificity of the display unit or the printer with respect
to its character font would reside in a set of data (character
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file) and a driver program stored in a ROM-memory.

M.C. Vanwarmhoudt and Mohamed A. El Hamalaway

The character

file could be identical for a display unit as for the printer.

additional advantages of the proposed procedure are: (a) The
presence of a microprocessor in the system and the"intelligence”
it provides can be used to alleviate some of the tasks of the
typist and to achieve a hetter performance as a terminal.

(k] The printed text would be well adapted for treatment with

automatic text-readers.

Keywords. Printers; display systems; text editing; digital
systems; intelligent data terminals.

INTRODUCTION

Because many written languages have
a structure that is rather different
from those employing the Latin
character set, some problems arise
in typing and displaying non-Latin
texts. Some scripts, like the
Chinese call for composing words out
of different signs, while others
like the Arabic require joining some
letters to each other in a word and
are written out from right to left.

Adapting typewriters, printers and
display systems that were originally
designed for Latin text, to handling
non-Latin text usually involves
making allawances and trade-offs.
Thege arec mostly inconvenient and
sometimes aesthetically unacceptable.
The arabic language needs e.g. eighty
two different symbols for letters,
signs and numerals in order to obtain
an acceptable representation.
Reducing that number to sixty-four,
as used for the Latin character set,
therefore seems most inconvenient.

Some maufacturers which have intro-
duced machines to be used for the
Arabic group of languages have
reduced the number of symbols by
simply omitting some letter forms.
Others try to circumvent the problem
by composing some characters out of
different common parts so that most
of the characters are incorporated
into the available sixty-four codes.

The above mentioned problems, as well
as some other questions, aré¢ dealt
with in the present paper. The
approach taken is not to forse the
written text into a font that can be
handled using the limited possibili-
ties of a present-day modified syst-—
em for printing and displaying Latin
text. Instead, it will be shown
that by incorporating a modest amount
of "intelligence" one can obtain a
printing or display system that can
handle a given language or even a

set of different languages quite
satisfactorily. The feasibility of

this proposal is guaranteed by scme

new advances in printing and display
technology and by making use of the

possibilities of microcomputers.

It is believed that doing sc can
result in printing and display syst-
ems that would not only be technica-
11y superior but would offer econom-
ical advantages as well, especially
because of their easy adaptability
to several languages.

FUNDAMENTAL STRUCTURAL DIFFERENCES
BETWEEN TYPING LATIN AND NON-LATIN
CHARACTERS

A study of Latin and non-Latin
printed text reveals a number of
fundamental differences. The most
obvious difference is of course
related to the direction of printing.
TPhis difference calls, however, for
only a minor modification of the
available machines. It sheould also
be noted that some languages are
quite flexible in Lthis respect.
Like the Chinese language, they can
be written in different directions.
Other languages, such as the Arabic
language, can only be written from
right to left.

Other, more fundamental differences
are summarised in the following:

The Need to Join Some Letters In a
Word

While the Latin group of languages
are readable in both jeined and un-
joined forms, this is not the case
for other languages, such as in
Arabic, where the unjoined form is
unacceptable. For matrix printers
and displays, this difficulty can

be overcome by modifications in the
electronic circuitry involved. For
other types of printers, such as
chain printers, this problem requires
extensive modification and redesign
of mechanical parts. An example of
an Arabic text in which the spaces
between different letters are reduced
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wherever necessary,is shown in fig.1.
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Fig. 1, Dot Matrix Typed Arabic
Text

The Impossibility of Incorporating
All Characters in a Module of Fixed

Length

Although high-quality Latin text
also uses letters with different
lengths, the problem is usually
ignored in typewriters and this
results none the less in quite acce-
ptable written text. There even
exist some typewriters for Latin
characters that use a variable
space for the different characters.
In Arabic, using different lengths
for some characters is almost
unavoidable (see fig. 2).
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(a) Arabic Letters
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(b) Latin Letters

Fig. 2. Some Arabic and Latin
Letters

The Variations a Character Undergoes
Depending on its Place in a Word

To a lesser degree; this problem

also exists in normal Latin text,
where sentences are required to start
with a capital letter or where, such
as in German, every substantive is
written starting with a capital.

In the Arabic language, the problem
is more complex. Some characters
can take up to four variations while
others occur always in the same form
(see fig. 3). sSuch morphological
changes do not imply any variation
in the information contents of the
character, but depend only on the
position of the given letter in the
word. The form tc be used first
depends on whether it lies at the
begining, in the middle or at the end

of a word. It alsoc depends on wheth-
er it can or cannot be joined to the
previos letter. It follows that the
choice of the required form can be
made, once the characters preceding
and feollowing the given letter are
known.

2

(a) A Character Having Only One
Shape

5 4 5 D

(b) A Character which Undergoes
Four Different Shapes

Fig. 3. Two Arabic Characters

The Need for Composing in Some Cases,
a Character out of Several Elementary

Symbols

This problem is most important for
languages such as Chinese or Japanese.
To a lesser extent, it also exists
for the Arabic group of languages
when printing or displaying a text,
using phonetic signs. Using such
phonetic signs and indications are

a necessity in some cases. The pro-
cess of composing with impact print-
ers is cumbersome, as it calls for
multiple impacts separated by bach-
spaces. With dot matrix printers

the problem is much easier to solve,
especially when some form of intell-
igence is available. The composition
must then not be done on paper, but
can be accomplished in the random
access memory of the system,a few
microseconds before anything is
printed or displayed.

THE DOT MATRIX SOLUTION TO THE l
REPRESENTATION OF DIFFERENT
CHARACTERS

Most of the difficulties discussed |
above have been overcome to some |
degree by generating the characters |
using a dot matrix. The 5 x 7 dot |
matrix is commonly used for Latin 1
group of languages as it does not

result in an aesthetically alternat-
ive alphabet. For the Arabic langu=-
age it was found te be totally unac-
ceptable. A character set was desi-
gned using two matrix sizes, namely
of 7 x 7 and 14 x 7 dots (see fig.2).
This character set was based on the
Kufie script, used extensively in

L




188 M.C. Vanwarmhoudt and Mohamed A. H1 Hémalaway

engineering texts, as shown in fig.1.
The same Kufie script is also useful
for other languages belonging to the
Arabic group, such as Farsie, Urdu,
Jawi and Swahili. Although using
these matrices was found to be con-
venient, much more flexibility and
freedom could be obtained if one
would be allowed to use matrices of
arbitrary length for different char-
acters. The fundamental printing

or display element would then con-
sist of a single column of dots.

The resulting text would then imply
ne periodicity foreign to the lan-
guage represented. In many cases

a column of seven dots seems accept-
able but more resolution could be
obtained by using more dots. In
some cases other solutions such as
multiple line printings could be
acceptable. Additional research

in these directions is being carried
out by us.

It is interesting to contrast the
processes of composing characters
out of a set of basic symbols, in
case the composition is carried out
by an operator versus what happens
when the composition is done by an
electronic device such as a micro-
processor. In the first case, one
will try to hold the number of
superpositions as small as possible,
most likely limited to two super-
positions at the most. This will
require more basic symbols to be
available and will encourage making
simplifications and trade-offs.

In a dot matrix system backed up by
an intelligent processor unit, a
smaller number of basic symbols will
tend to be more important than the
requirement of a reduced number of
superpositions. The time required
to perform the superpositions will
be so short that it can legitimately
be neglected. The compositions
shown in fig.4, and requiring three
basic symbols will then be favored
over those shown in fig.5, although
the latter require only two symbols
but imply some compromising. More-
over the required superpositions
will be executed automatically,
relieving the burden of the operator.
Each typed character will act as a
call for a small pregram, performing
the compositions and commanding the
print-out of the reguired dot
columns.

Because in Arabic, the form of the
character can only be determined
once the next character is known, it
will be necessary to delay the print
out over one character. For the
convenience of the operator, a dis-

play of a single character might be
useful, in order to indicate the last
character keyed in.by the operator.

(S g

(a) Original Character

U_w
(b) Three Common Signs

2

(c) A Printed Composed Character

—td
(d) A Printed Composed Character

Fig. 4.An Example of an Arabic

Character Composed by the System
With many dot printers a complete
line is printed in one, undeconposa-
ble operation. In such a case a dis-
play of several characters could
prove to be a useful complement to a
printer, were it only to facilitate
corrections.

o

(a) Original Character

B ==
(b) Two 'Common Signs

‘_,—H’

(c) Printed Composed Character

—
(d) An Uncomposed Character

Fig. 5. An Example of an Arabic
Character Composed by Operator
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Many display procedures are compati-
ble with the dot matrix or the dot
column system, in that sense that
almost the same pregrams, stored data
and system organization can be used
for printing as well as for the dis-
play. As such we mention e.g.cathode
ray tubes (CRT) displays or displays
that use light emitting diodes (LED)
or small glow discharges as dots.

It has also the advantage that the
same system can be used for printing
and displaying characters belonging
to different groups of languages
upon receiving the appropriate
command signals. This can indeed

be done without any mechanical modi-
fications, as long as the number of
dots in the column is sufficient to
obtain an acceptable resclution for
the different languages. In fig. 6
we show e.g. a mixed print-out of
Arabic and Latin characters.

CITTERTIVAT (=) T P2 o aEL (35
=>79ABCEFGHIJKLENOPRRSTUVHXYZIN]
CITTE0VAT E(=) ¢ b paf s (54
=>19ABCEFGHIJKLKNDPORSTUYNXYZIN]

Fig. 6. An Example of a Mixed
Print-Out of Arabic and Latin

One might also suspect that a dot
matrix print-out will prove advanta-
geous in the future, when automatic
text reading will become widely used,
because the characters formed in
such a procedure are already in a
coded form on paper.

THE INTELLIGENT TERMINAL AND ITS
ADVANTAGES .

It has been shown that adding some
form of intelligence to a typewriter
greatly enhances its possibilities
and convenience, especially for pri-
nting non-Latin characters. 'The use
of a dot matrix or c¢olumn printer
deserves special emphasis in this
context, because it leads to a very
flexible system. The combination of
such a printer and of a micraproces-
sor leads to a print-out of better
quality and appearance and relieves
the coperator from the selection of
the approbriate character form tc be
used and alsc relieves him from some
tedious work related to character
composition. Such a system has also
the advantage of allowing character
sets of greatly increased size. It
then becomes possible to print texts
formed out of characters belonging

to more than one script, or in seve-
ral styles of typing belonging to the
same language (see fig. 6). Advant-
ageous is alsc that printers and
display units for different scripts
could all be implemented using the
same mechanical and electronic
hardware. The specificity of the
machine with respect to its character
font would reside in a set of data
(character file) and a driver progr=-
am, both stored in ROM-memory.

For the Arabic language, the driver
program would roughly have to perf-
orm the fellowing tasks: (a) Decode
the command received from the key-
board. (b} Determine which variation
of the typed character to use, cons-
idering the previous and the follow-
ing character. (c¢) Compose the
required variation out of some
elementary symbols stored in ROM.

(d) Store the composed character in
the "current line file" in the RAM-
memory of the processcr. (e) Issue
some warning message to the operatoer,
e.g. indicating the nearing of the
end of a line. (f) Once the "print"
or "new line" command is received,
adjust the spaces in order to justify
the line at both margins. (g) Display
and/or print the justified line and
move the printing head to the first
position of a new line. Additional
research in this direction is also
being carried out by us.

Because of its possibilities for
composing characters there would be
no great difficulty in adding pron-
unciation signs, provided the verti-
cal resolution is sufficient so as
to accommodate both character and
phonetic signs.

It has already been mentioned that
the operator's task could be much
simplified. The fact that the mach-
ine would have a rather simple key-
board with fewer keys also leads to
a simpler operation and t¢ a higher
work load. We think however that,
once an intelligent microprocessor

is included in the system, one could
still exploit its possibilities to a
greater extent. One could e.g. think
of loading the machine with programs
specifically designed for the most
frequently requested jobs, such as
form £illing or bookkeeping, for
storing the typed text on magnetic
tape or disk or for transmitting it.
We are cenvinced that such machines
will find wide spread use as computer
terminals, for book and texl setting,
as electronic composers for office
work and even as a replacement for
the present-day typewriters because
of their higher turnout and better
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performance. All these applications
will of course cnly become economic-
ally feasable, once microprocessors
and memory blocks will reach still
lower prices than nowadays. One can
be confident that this will happen,
because typewriters for non-Latin as
well as for Latin characters repres-
ent a considerable market volume

and with a still important potential
for growth.

CONCLUSION

A dot matrix solution for printing
and displaying Arabic characters
has been designed using twe matrix
sizes, namely 7 x 7 and 14 x 7 dots.

M.C. Vanwarmhoudt and Mohamed A. E1 Hamalaway

Because of the usefulness of having
a matrix of variable length, the
advantages of using a dot column
printer were discussed. The
incorporation of a microprocessor
in such a printer overcomes the
different problems encountered in
printing non-Latin characters. The
advantages of doing so are mainly
derived from the extensive flexi-
hility obtained. Some uncommon
possibilities of such a machine are
discussed.
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A LOW COST BILINGUAL MICROCOMPUTER DISPLAY SYSTEM
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Abstract. Many of the existing microcomputer systems suffer
from the high cost of the peripherals.

In the preasent work a standard TV receiver is used as a
display unit in a microcomputer configuration. This has led
to a reduction in the system cost.,

Both Arabic and English texts are displayed on the system.

The data to be displayed are treated to correspond to &
aspecific V,H.F. channel in order to be fed extermally to
the antenna jack, without any access to the internal
circunitry of the 7V,

The different modules forming the system are described,
showing how the data are treated in each module.

1-Introduction

One of the determining factors of the cost of a microcom=
uter system is the display unit. However & standard 7V.set
which is generally of much lower price than the existing
display units) can be used for this purpose. Doing so

releases the user from the obligation of purchasing a

special display unit,

The use of a TV set requires an interface between it and
the keyboard of the microcomputer system.

2=System Description

The syatem described here is used as an interface between

a bilingual keyboard and s standard TV set. The keyboard
comprises Arabic characters besides the usual English alpha-
numeric charsctera, -

While the English letters have only two shapes (capital and
small), the Arabic ones have different shapes depending on
their position in the word (at the begining, middle or at
the end of the word). The number of letter shapes vary from
only one sueg es the letter (.9 ) to four shapes such as the
letter (BH)Y

When inputting data to the computer it is recommended to
have on the keyboard only one shape for the Arabic letter
in order to speed up the inputting operation and to minimize
the probability of error (by reducing the number of keys on
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the keyboard). To de¢ 8o, it is necessary to insert an
intelligence to study the status of the written chracter to
choose its proper shape aceording to its place in the werd.
Tt have alsoc to write the chosen shape in a BAH which is
continuously scanned and displayed on the ¥V screen.

The scanning operation is established by a hardware inter-
facing the RAM to the 2V set. The data to be displeyed are
treated te correspond to V.,H.P, channel number 2 on the
commrcialli aveilable ?V sets in Bgypt, in order to be fed
externally to the antemna jack, without any access to the
internal cireuitry of the 7V. However a further reduction
in the cost of the display system would be by chooaing a
certain e of TV sets, and eleminating the modulation
block and feeding the output of the sysiem to the TV video
section inmput (with necessary conditioning of the signal).

The whole system can be summerized in the block diagram of
figure (1).

3=The Kezboard

Our keyboard is a bilingual ome i.e. both English and
Arabic characters are considered. There are character keys
and control keys on the keyboard, .

3=-1=Character Keys

There are 44 keys of them. They form the alphabets group,
the special signe group and the numerals group. The same
arrangement of character keys in both Arabic and Bn%].iah
standard keyboards is kept in order not te confuse the
operator, though some of the Arabic characters have more
than one shape.

Phis is comsidered to be an intermediate stage in the _
development of the system as having more than one key for
the same character represents a redundancy in the system
hardware, as the system generates oné code from these
ditferent key positions and process that code ueing the
intelligence of the machine to choose the spprepriate shape.
The development of & new Arabic/English keyboard ia an area
for further work. y

3-2-Control EKeys-

3-2-1-Carriage Return: Is used when it is required to start
writting & new line. .
3=2-2-Master Mode: It indicates the mode of character, is
it . Arabic, Englisb or graphic sigans,

3-2-3-Clear Page: Is used when it is reguired to clear the
written page to print another one.

3-2-4-Current Mode: The operator may need to print some
English characters although he is in the process of printing
Ai-::::itext or vice versa. Such key is used to indicate such
8 on .

=3d3e
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3~2=5«3top Intelligence: It may be required nst to use the
intelligence of the machine, e.g. when writting mathematical
formulas in Arabic.

3-2-~6~-Space: Used to inzert spaces between characters and
woxrds.

3~2-7-Cursor: A cursor indicates the position at which the
next character will be inserted. It appears as & straight
line below the character and is of variable length. It can
be moved to the right, to the left, upwards, downwords or
to the home position.

3-2-8-Line/Shape: These are 4 keys used to indicate which
of the four lines will be used,

Specially when writting mathematical formula we liave to use
some forms of the Arabic letters not following the normal
writting rules. This is maneged by stopping the intelligence
of the machine and then choosing the appropriate character
form using these four keys.

In the normal operational mode of the machine we use these
keys in addition to the main character keys to select the
required character.

3=3-Reading the Keyboard

It is managed uging the 8255 programmable peripheral
interface chip{® Two I/0 operations would determine which
key is being pressed and whether we have key rollover or not.

4-Intelligence Module

This software module is the heart of the whole system. It
is based on the 8080 microprocessor which control all the
I/0 operations and the selection of the proper shape of the
character,

The Arabic characters are devided into three groups to
facilitate the selection process. Group (1) contains the
characters that have only one shape independent of its
?osition in the word e.g. the Arabic (.9 ) character. Group
2) containa the characters that have only two shapes onée

of which is used only when the character comes at the end

of the word. The character ((U*) is an example of this group.

Group (3) contains the rest of the cheracters. These chara-
cters depend on both previous and following letters in the

word., The (&) is a good example of this group.

The machine performs in addition to the selection of the
proper shape of the character the following tasks:

4-~l-Automatic initiation of a new line once the available
space in any line is utilized.

4=2-Adjusting the text to justify the line et both margins
by generating the extension character (~) in some of the
words in Arabic texts and by breaking the last word in the




Dr, Salwa El Ramly end Dr. Mohamed A. E1 Hamalaway

ILgtin text.

4=3-Managing the display of Latin cheracters in an Arabic
text end visé verse, and adjusting the direction of letters
fiow on the secreen for cach language,

4-4=Gonerating the cursor underneath the character to be
printed,

d=5«Uging the ocursor control block, any given character can
be changed or deleted. The machine would thus make the
neceszary modifications, as for the surrounding characters
end justifying the modified line at both margins.

The machine writes the data to be diasplayed in tha curreas
page file in a form ready for display on the TV screen.,

2=%V Set And RAM Interfacing

This section is a determining factor in the design. All the
timing and the sequencing of operations is determined by the
standard synchrenization operation of the TV set,

As is adopted in Egypt, the TV picture is displayed 25 times
per second by two frames each of them consisting of 312.5
lines summing up to 625 lines/picture, Horizontal sync'
pulses which are repeated each 64 u sec together with
vertical and equalization pulses must be supplied to the TV
get in order to have a stable pattern on the screen. Thus a
syne generator derived by a master clock is indespensible
for such s system.

The writting operation on the TV screen is also to be
planned, Vertical and horizontal margins must be thought of.
For the present system 7 scanning lines are devoted to the
display of one written line (to be named one row in order
not to confuse with a scanning line). Also a space between
two rows consists of 14 scanning lines (thus we have a
double space separation between two rows). It is intended
to write only 24 rows (thus having 23 spacings), thus a
fotal of 24 x 7T+ 23 x 14 = 490 scanning lines are being the
effective lines; all the rest lines (625 -~ 490 = 135) are
to be blanked, Thus in addition to the standard valus of 20
vertical blanking lines in each field, also a number of
scanning lines are blanked each field. As it is known in
interlaced scanning, one field being with a complete
horizontal line and ends with a half one, while the other
begineg with half a scenn line and ends with a cemplete
one. As a consequence the 47.5 additional blanking 1

are devided into 23.5 and 24 lines, placed at the beginning
and at the end field in acoerdance with its case. This can
be seen in figure (2).

It is seen that a sequence of 245 active lines are separated
by 68 and 67 blanking lines alternatively well timed with
the ordinary 20H vertical blanking as shown in figure (2).

~315=-
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Not all the 24% horizontal lines will be used fully. As it
is known a time of 0.16H is devoted for horizontal blanking
(for fly back of the beam horizontally), the rest of 0.84H
must contain left and right margins., Here only 0.75H is
used for writting snd a margin of 0.045H is left from both
gldes.

Now in the 0.75H equalling 48 u sec. the reading pulses must
be applied to the EAK in order to search for the text to be
read. As the TV has a standard of 5 MHz bandwidth, so we
meke use of 240 dots/horizontal line.

The necessary reading pulses are generated usin% the config-
uration shown in the block diagram ef figure (3).

The scanning tekes place as follows; the first 240 dots read
the written information in the RAM and displays it on the
TV screen from left to right. The display then corresponds
to the first line of the first row. The following 240 dots
read the written text from the RAM and display if on the
third scanning line which correspond to the third line of
the first row., The fifth then the seventh lines of the first
row will be displayed in a similar way. After that, follows
the second line of the first space then the fourth lime,
then the sixth etc... . In the following field i.e. after
the elapse of 312.5 scanning lines from the beginning then
comes the scanning of the second line of the first row,

then the fourth line of the first row, then the sixth line
of the first row follows.

Between the occurrence of the reading pulses and the respo-
ase of the RAM to it giving the data to be displayed there
ellapses some time delay (7). Thus the sync pulses must be
delayed by the same amount before being added to the RAM
output before being applied to the vestigial side band
modulation section, whoae output is applied to the input of
the IV set. This is shown in figure (4?.

6-Reading From The RA}

Each character is represented in a dot matrix form. The
matrix consists of colums of seven dots weight and of &
variable length for Arabic letters and fixed for English.
The characters after being processed by the microprocessor
and the proper shape is chosen, are stored in the RAL
memory., Only seven bits of the byte is used, the eighth bit
indicates end of character, and is not displayed.

The TV display can be seen as multiple rows each consisting
of 240 x 7 bits.

The scanning process begines with the first address of page,
which is to be incremented by 240 after the scanning of the
first row is accomplished (1,3,5,7 or 2,4,6) depending on
which field is being scanned). The scanning process is
menaged totally by herdware, during a hold status of the
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microprocesser, latiing the readi& speratien %o be
synchronized with the TV signals.

The same process is rspeated for each row. Counters A & B
in figure (5) manages such operations, whiie the output
selection circuit in the same Figurs manages the selection
of the correct iine (bit inm the row to bs scanned).

T-Conelution

Phe sysiem describved represents a universal approach to low
co:t Arabic/English displaey systems utilizing a standard TV
set.

The data to bhe displayed are treated to correspond to a .
spscific V.H,F, channel in order to be fed externally to the
a;t:gnn 1'%a.cl:, without any access t¢ the internel circuitry
[ e .

The used keyboard comprises the keys found on both Arabic
and English keyboards. ’
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STATISTICAL DISTRIBUTION OF ARABIC
LETTERS AIDS TO THE DESIGN OF A
NEW KEYBOARD

S. H. El-Ramly* and M. A. El Hamalawy**

*Department of Electronic and Computer Engineering, Faculty of Engineering,
Ain-Shams University, Cairo, Egypt
**Systems and Computers Engineering Department, Faculty of Engineering,
Al Azhar University, Cairo, Egypt

Abstract. One of the difficulties encountered in treating arabic
texts by computer is the low speed of inputing data due to the large
number of keys on the keyboard(some of the aratic letters have more
than one shape: it ranges from only one shape up to four distinct

3 shapes depending on the previous and the following letters). There are
many attempts to reduce the number of such keys. One method is to use
an intelligence unit comprising a microprocessor, with a keyboard
having only one shape for each letter, with a software program to take
care of the determination of the proper letter shape to be typed.
However the statistical distribution of letters enables a better
arrangement of letters on the board to follow the different degrees
of skillness of each finger. The present work treats all these
problems, also a new alphabetic code is designed for minimum redundancy
of the coded data.

Keywords. Printers; coding; statistics; artificial-intelligence;
computer peripheral equipment; man-machine systems; computer interfaces

optimal systems.

INTRODUCTION them, The large numter of keys on a
a keylkoard increases the difficulty
Many applications of computers in the of feeding data by increasing the
pPublic survicing centers such as probability of error(due to
banks, insurance companies, etc... confusion) and the reduction of the
have shown the necessity to input the writing speed. This led to:the need
data in the native language of each of a new keyboard having only one
country. The use of arabic language -key for each letter, managed with an
in communication with the computer intelligence unit akle to choose the
is in growth and one of the problems proper shape of the character
éncountered is the problem that some depending on its position in the word
Of the arabic letters have rore than (E1 Ramly and El Hamalawy 1979). Such
One shape; actually the number of a problem and also c¢thers show the
different shapes can go to four of necessity of having the statistical
GRIS)
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distribution of the arabic letters in
written texts.

STATISTICAL DISTRIBUTION OF
ARABIC LETTERS

When calculating the distribution of
arabic letters one must notice the
following:

1. The choice of essays from different
sources, different topics and of
different authers.

2. Essays of both scientific and
litteral nature must be considered.
3. The amount of data to be taken is
determined by the study of the amount

of error encountered.

Notes (1) and (2) need no comment. As
for note (3), we proceed as follows:
the measurement of a probability P
using a limited sample size N leads to
an expected root mean square erroxr
given Ly (Bendat, 1971 and El-Ramly,
1976) @

1
e = —— (1)
NP

Thus the root mean square error is a
function of both the sample size N

and the measured probability P. The
error is not the same for all the
letters;the least frequent of them are
the most difficult to measure.

The probability distribution obtained
is tabulated in Takle 1 , together
with the expected root mean square
error encountered in the measuement,
From the takle it can be seen that
the maximum value of error is 10%
except for two letters (3¢t 2
actually it is less than 5% for half
the letters,

CODING OF THE ARABIC
LETTERS

The processing of arabic texts
(storage, translation,etc...)
necessitates the use of an efficient
code to match the prokability
distribtution of the arabic letters,
In other words it is required that
shorter codes be attached to more
frequent letters and longer codes
correspond to less frequent ones,
(Reza,1961) .

There are many methods of encoding

a given probability distribution, tre
most efficient of them is the
Huffman's code. However for encoding
languages there exists alphabetical
codes which preserves the alphabet-
ical order of dictionaries in add-
ition to the akove recommendation for
the length of coded messages;also it
has the prefix property (i.e. no
encoded letters can ke oktained from
each other by the addition of more
symbols) . The Gilbkert-Moore alpha-
petical encoding method (Gilkert and
Moore 1959) is used and the result is
tabulated in Takle 1 together with
the result of usinag the Huffman's

minimum redundancy code.,

The average cost uSing Huffman's code
is found to he 4,083681 digits/letter
while that using the alphabetical
code is found to be 4,240586 digits/
letter which is so ‘close to that of
Huffman,

THE KEYBOARD

The knowledge of the arabic letters
distribution led to the layout of 2
new keyboard, Figure 1 ig an
illustration of such a keyboard wher®
the keys are ranged in a matrix for®

a
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Statistical Distributio

Table 1 :Probalility Distributio
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n of Arabic Letters and their Codes.

Letter Probability e 3 uffman code Alphabetic é;g;?
space 0.188318 1.4725 00 00

i 0.151014 1.6475 101 010

& 0.029286 3.7300 01111 01100
= 0.059718 2.6150 1000 01101
& 0,005071 8.9900 11001111 011100
& 0.013252 5.5500 010101 011101
e 0.018324 4.7250 110001 011110
¢ 0.004908 9.13 11001110 011111
8 0,027814 3.83 01110 100000
3 0.008835 6.80 1100110 100001
) 0.039921 3.20 11011 10001

; 0.005399 8.70 0110100 100100
2 0.018651 4.675 110010 100101
ok 0.007853 7,21 0110101 100110
e 0.008835 6.80 1100001 100111
5 0.004253 9.80 11000000 1010000
L 0.011616 5.94 010100 1010001
b 0.001963 14,435 110000010 101001
¢ 0.026014 3.965 01100 10101
¢ 0.002617 12,50 110000011 101100
o 0.022414 4.27 111001 101101
G 0.014234 5,0355 011011 101110
d 0.018815 4.66 111000 101111
) 0.094731 2.0775 FATT: 1100

. 0.042866 3.0875 11101 1103
& 0.039430 3.22 11010 110100
EY 0.025359 4,0125 01011 110101
3 0.044829 3.020 0100 1110

] 0.072480 2.375 1001 1111

to simplify the description . The new
keypoard has the following character-
istics:

1. Both Arabic and English alpha -
numerals are put together on the keys .
The English characters have the same
position as for a traditional machine,
and are written in the upper half of
the key.
written in the lower half of the keys.

The arakic alpha-numerals are

2. some of the keys have shift

positions, which is devoted for

characterS written on the right-
hand side of keys. The shift positien
for Arabic mode of operation can be
different than that for English mode.
3., The keys to be pressed by the left
hand have Arabic characters that have
probabilities summing up to 0.516
which is so close to 0.5 which is

the condition necessary for the two

hands to share the work equally
likely. Note that the statistical
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LEFT HAND q_nﬁ__w_____» RIGHT HAND
1 2 3 4 5 6 i 8 9 10 11 12
=z el e e N E 4/_, 5
1 L g' :3__3_ Wi 1T ||l )o’/f g €9
VAN s ¢ 3 e R
N e 7 T
2 2 N wN\I—E— R T Y $ e
b Ua\_ ..... b o (S C 4
5 F G H 7 e ~
9 LJ ¢ o -~ * q >
5 o » q//’

0.085 0.067 0.188 0.047 0.129 0.0714 0.027 0.119
C N

——
0,176

0.516

0.098

ZZ] Small finger
Ring finger
Middle finger

[] pointer

Fia.l. New bilingual keyboard

distribution given in this paper did
not include neither the special signs
nor the numerals (due to the very
large amount of data required to calc~
ulate their probabilities). Thus the
actual sum of the probabilities of

the keys pressed by the left hand may
approach 0.5 in a better way.

4. The pointer and the middle fingers
are more skill to press the keys than
both the ring and small fingers; so
each of the first two takes care of
characters whose probabilities sum up
to 1/6 (one third of a half)while the
small and ring fingers together have
characters with probabilities summing
up to 1/6.

5, For most of the fingers, the char-
acter with the higher probability is
put in the middle raw of the alpha-

keys, such as to minimize up-down
displacements.

6. There are 32 kasic Arabic charact-
ers (the Arabic alphalet excluding Y
which is composed by the machine

intelligence, plus irtwm Gp om
(Madda) . The compound characters : ,
TR T R R T T are cf:mp-
osed by the machine intelligence.

7. Letters of the. same group 1ike()-,))
and ( J, o) are assigned to the same
finger for simplicity, or they may be
assigned to two or three horizontally
adjacent keys such as ( ., _, '),
(P, A (P, (g e)le, o, )and
&, 4.

8. There are three kinds of dashes:
the dash used both for English writts
ing and as a "minus" sign in Arabic

—_— e~ & O
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and English modes (key(l,4)) which
is typed above the line, an under-
lining dash (key(1l,11)) which is
typed under the line and a third dash
used for arabic letters extention
which is optional to be used when
variable size characters is adopted
(key(3,10)) and is typed at the line
level.

9. Some of the characters kept their
traditional positions whenever it is
possible such as ( U5 v3,(¢, &),
(G ) J or near to it such as
( o ) ( d) .

CONCLUSION

The present work is essential for
var ious applications, the probability
disribution of arabic letters is
measured here with a known small
amount of error. The code proposed
is very near to the minimum redund-
ancy code which increases the trans-
mission effeciency for teletype
machines, Also, the suggested key-
board seems to be an optimum one for
the number of keys and their posit-
ions on the board.
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APGUST; A Standard for Coding Arabic Character Sets.

Mohamed A. EL Hagalaway

Department of Systoms and uters Engineering
Punlty of Engineering, Al University, ;
Cairo, Egypt.

Abstract. An Arabic 7-bit coded charscter set for
uvrmation proocessing interchange is proposed. The

z‘ropo-cd standard ( AFPGUST ) is based upon the IS0
standard specifiocation of 1973. The AFGUST

handles all Arabio-based charsoctex asete: Aratie,

h:.i Gawi, Urdo, Swahili and Turkish cheracter
Sete ..

INTRODUCTION

The problem of an Arabic standard character aset fer informatiom
processing interchange is bleedimg for a standardization, New
models of computers manufactured by the same company are not
compatible in their Arabic charmscter set and in their code.
Companies don't follow standard ccde as there is none.

Hereby we propose a standard 7-bit code for the Arabic charsoter
8ats(APGUST); which stands for Arabic, * csi, Gewi, Urdo,
Swahili end Turkish langusges.

The standard is set forth for publiec ¢ wsions.

PROPOSED STANDARD

In the APGUST standard all contrel codes and graphia: 1s
are kept the same n in IS0 646 stansard, internati

refersnce ur-ioa( That was made for g: ssible use of ready
made Lattin mh‘on. One bave te note that the endings of
words and es in the Arabdic group of 1'":3" as well as
in the lattin grou

is the same. For exam » mtey i~ “on
Arabic and lLattin L ths same cede (2/34).

Table (1) shows the international APSUST standarz for Aradbis

;rou es. Arabic charasters are shown iz thé table.
el 1m 5/131, 5/12, 5/13, 5/14, 6/o 7/-1 T/12, 7/13 & h
ocould be used ror charasters coming from es of

the Aredis sne; %o allow for the national charamotars te N
included in the standard.s.g. § in Parsi and Urde.
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Table (1) : International APGUST Stapdard Chart,

0
0
0
0
0
0
0
0




.y

It should be noted that no sacrifice was made as for the
number or the shape of any of the Arabic letters, as well as .
for other languages coversd by this standard.

The numerals shapes must be allowed to change amongst

the languages covered by this standard, but the context must
remain the same. Por example the number 5 (code 3/5) looks
like 9 in Arabic while it leoks like Oin Farsi and Urde. Thism
is true for positions 3/0 through 3/9 in table (1).

Codes used for specific notations e.g. { have been changed

only in shape to match the right to left derction of writing
for all Aradbic group of languages.

Bach code indicates one charscter except the ¥ (eod.o 4/13)
-hich indicates two characters. This represents, no problem

in sorting texts u (qodo 4/13) cemes after U (code 4/6)
and before J (code 6/6).

The same information is proon-od sometimes in more than eme
shape ¢.g. s (code 4/4) and < (code 6/4). This represents no

problon dorting. The eh-nctor <(code 4/8) comes befere
= (code 6/8).

The main drawback of this pmoposed standard is that Arabie
characters ars not in their sorting order,

The posed standard has pqi::‘:on attention te tho(!swi-tio-
of the eccurance of Arabioc o ters in Arabic texts

should be noted that the proposed standard adepted te a la.rgo

extent the existing keybeard cenfiguration of most Arsbioc
typewriters.

‘rho .g: “gond standard has been applied and feund ntiafaotoryu’.
d be stressed that susch propesed standard have to fleat

for some time to allow feodback for a better standard ‘
hopefully based upon this UST,

CONCLUSION

An Arebic 7-bit standard cede for informatien exc ‘is

proposed. Such standard covers Arabie, Farsi, Gawi, Urde,
Swahili and Turkish languages.
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Conformance of Current Codes for Arabic Information
Interchange to Present Scftware

by
Ali Ali Fahmy and Mahamed A. El Hamalaway
Military Technical Department of Systems and
College, Computers Engineering,

Faculty of Engineering,
&l Azhar University,
Cairo, Egypt.

Computer Department,
Caira, Egypt.

Abstract: Few of present codes for Arabic
infermation interchange have been screened as for
their agreement with present computer - systems
software. It was shown that non of these codes 1
would accamodate present system software. Sorting J
and searshing cause s@rious problems. This calls

S

far fundamental changes in current system
software/codes. Nan—-conformance with 1S0-646
causes

standard au for special signs and numerics
serious problems in some codes. Other codes “with

minor modifications’ cauld avoid such non-—
conformance.
INTRODUCTION

This paper traces down the following codes whichy; to the best of ou

knowledges; claim to be standard: A
1. AFGUST, 1983(1)

2. ARCII, 1982{(2)

3. ASMD, 1982(3)

4. ECMA, 1982(4)

5. SABA-MURSI, 1983(5)
&.. 8RS0, 1983(6)

Our main objective in studying these codes is (o sec their conformanc
with present software. Such software; which farms the canformanc
criteria; includes standard languages, widely known operatin
systems, common functions essential in many computer systems (e.qg
cort, edit,...) as well as widely known application packages.

We have diracted ocurselives to the study of the internal representatiq
of these codes inside any computer system as for its effect on runnir‘
coftware on machines employing these codes. Mostly we had Daya
attention to the lipguistic functional differences of
Thourough linguistic differences will be shortly published 1in anothe

paper by u.

these codes
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COMPARISON CHART

The following chart summs up mostly the non-linguistic differences
between these codes. The comparison points in the chart have been
chosen because of their direct effect on using many system/application
software. This 1s due to the special meaning assigned to the symbols
covered by each comparison point.

- - -—

§.MN. CRITERIA AFGUST  ARCIT ASMO T ECHMA SAEA SASO

1 EBILINGUAL MODE N.D. N.D. N.D. N.D. t.D. 4. D.

2 DIRECT SORT NO NO NO NO NG HO

3 FREPROCESSING/ NO NO NO 8] NO MO
CIRECT SORT

4 DIRECT SEARCH nNo ND NO NQ NO NO

5 " " IN-STRING P nNO YES © NO YES YES
SEMANTIC

& “,* LINGUISTIC YES YES YES YES YES YES
SEMANTIC

7 TATWEEL F.C. F.C. F.C. NO F.C. F.C.

g REAL NUMBERS F.C. NO FaEz FoCs FL.C: F.C:
ARITHMATIC

2 NUMERALS YES YES F.cC. YES YES F.Co

10 e SpusEaniiys  ¥ES ND YES NO YES YES
CORRECT SEMANTIC

11 EmonyNJupR iy YES ND YES NO NO YES
CORRECT SEMANTIC

12 "~ ARITHMATIC YES NO YES NO nNe YES (:
SEMANTIC '

13 "X¥,"2"ARITHMA=-  F.C. NO F.C. NO NO F.C.
TIC SEMANTIC

14 " M="ARITHMA- . YES YES YES YES YES YES
TIC SEMANTIC 5

15 “#"ARITHMATIC YES NO YES NC YES YES
SEMANTIC :

L& v " COMMAND YES ND NO MO YES NO

LANG. SEMANTIC

N.D. means not defined.

YES means criteria and shape are both satisfied by the code.
F.C. means functionally correct but having a differenl shape.
NG means criteria is not =zatistied by the code.
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The <following remarks are needed for better clarity of the
criteria.

salected

1. DIRECT SORT: means using software <ort utilxtr;s without any

modificalion.

= FREFROCESSING/DIRECT SDRT: means 5 preprocessing of the input tent

have taken place before submitting tha text ta a direct sort

utszlity. & loss of 1nformation may occur 1n thia case, and this
means 4 NO on the chart.

= LIRECT SEARCH: 4 NO in the chart means « Tailure in seacrching +or
3 vawalized / nonvowalized ward, or a failure in searching for a
syllavle in a word.

G. BEAL MUMEBER ARITHMATIC: relates <o the decimal point positian in
the code chart.

S CORSECT SEMANTIC: relates to  the correct direction af writinn

Grabic text in order to keep functional compatability.

SRITHAMATIC SEMANTIC: a NO in the chart means arithmatic signs hayv .-

differant position in the code chart than that of ISO0-&44607:, or

that function does not exist in the code.

T IN“STRING SEMANTIC and COMMAND LANGUAGE SEMANTIC: has special
meanyng for some languages. MO means that its plase in IS0-646 ig
cccupied by an arithmatic sign or another code allocated ta it.

B. NUMERALS: YES moans correct shape and peszition.

CONCLUSION

Nan  of the existing Arabic codes far information interchange screened
in this paser could run English operating systems and application
software without preblems. The main area of troubles i a linguistic
one. Faints 1, 2, 3, &, Sy 6, 7, 8 &9 in the comparison chart cover
such  functional linguistic diferences glaobally.. This calls for
fundamentsl changes in current system software/codes. Non-conformance
with 1S0~646 standard as far special signs and numerics Causes sorious
problems in soeme codes. Other codes ‘with minar modifications’ couid
avoid such nan—conformance. FPoints 5, 6y 75085 9y 105 A1, 12, 135 14,

IS % 16 in the comparison chart caover such diferances.
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A New Font For Arabic Characters
Simplifies Recognition Procedure

Salwa H. El Ramly Mohamed A. ElI-Hamalaway
Electronics and Computers Department of Systems and
Engineering Department Computers Engineering
Faculty of Engincering Faculty of Engineering
Ain Shams University Al Azhar University
Cairo, Egypt Cairo. Egypt
ABSTRACT:

A new and clear shapes of Arabic letters as well as
numerals and special characters are proposed. The aim
seeked here 1is to simplify the recognition
procedure, speed that procedure up and to reduce
memory size. Many applications can be found for this
proposal, namely in big financial establishments and
in large public service organizations.

1. INTRODUCTION:

In som& applications fast automatic optical character recognition
is vrequired, such as automatic document handling in banks,
insurance companies and other public offices. Many problems are
encountered in automatic Arabic character recognition.
Cursiveness, overriding, non equal size and many types or styles
of writing. These problems are complicated further if they are
combined; in other words they must be taken into account all
together at the same time. In Arabic,letters may have more than
one shape. Actually the mumber of different shapes of a certain
character vranges from only one shape (eg. 3¢ ,G,tkbls) up to
five shapes(eg..%-ojavﬁ %4>, This leads to the increase of the
mumber of distinct characters that have to be recognised. This
problem could be mostly solved at the writing stage by using an
inteligent keybeoard having only one shape far each letter, other
shapes are deduced throuah saftware [1). At the recoanition stage
a areat effort must be done to discriminate between these larae
numbers of distinct characters. In litterature few trials are
found far automatic Arabic character recognition (2,3,4,5). The
present work is a trial to overcome some of the problems
mentioned above by modeling Arabic letters by new shapes. The
purpose of this is to facilitate the reccgnition procedure by
reducing the code for each of them and reducing the recognition
time through proper choice of character clusters (groups?.

Z.NEW CHARACTER SHAFES:

In Arabic there are several styles of writing amoung which are
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Koufi, FRekaa, Naskh, Diwany and others. The one letter Hhas
different shapes in each style. The differnce may be very small
or large. This may lead to differnt automatic reccaniticn
procedure for each style. For time and effort saving new
character shapes are proposed which have the foellowing
properties:

a.For each letter the number of different shapes kept are Just
those required for human eyes recognition and  not far the
beauty of writing (the number of different shapes 1s limited to
a maximum of three).
b.No averriding is allaowed.
c.New shapes must be as simple as possible and in the same time
the essential features of habitual shapes must be bept.
d.Some modifications in shapes are necessary to obtain differeut
codes for them.
The total number of characters obtaibed is S6 letter shapes 1in
addition to 21 numerals and special signs which sum up to 77
characters. The set of 77 characters is devided into 8 <clusters
(groups? of different sizes:
a.Concerning horizontal spread: There are two sizes
-size 8§ 18 4 pixels measured from right to left
=size L is 7 pixels mpasured from right to left.
b.Concerning vertical spread: There are four sizes:
~size A 1s 6 pixels extending from the horizontal base line up
to the highest pixel.
-size K is 8 pixels having 6 pixels above the base line and =
below it.
-size C 1s 10 pizels having & pixels above the base line and 9
below 1t.
-size D 1s 12 pixels bhaving € pixels above the base line and €
pixels below it.
The letter shapes are chosen to apprach the Koufi font which is
the simplest font and is the oldest one; from which other fonts
seem to have originated.
The different subsets are described with their horizontal anc
vertical widths as shown 1n table (1),
The difference between clusters (NL) and CAL) is that all the
righthand pixels are zero.
The letter shapes in cluster (XL); while X stands for either A,
B, C or D; are chosen such that the right hand side four pixels
do not produce codes of letter shapes constituting cluster (X813,
this is to prevent confusion at deccding stage.

S.CODING FROCEDURE:

The codes specific to each character consists of the number of
horizontal crossings (-comprising the vertical histoQramli/the
number of vertical crossings (making the horizantal histoqramb.
In the code we count only the variations. For example the letter
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C ¢ from aroup (PL) has twelve horizontal crossings  (hi,
hZ, ... h12Z) which are (0101111111111) from which the parameter H

15 (0101).  Alsa the vertical crossingas (vl, v2,....v7) are
(23343229 from  which the paramerer V is (23422). This method
reduces the lenath «f the code and discards redundant

informaticon,  The propased shapes are shown in figure (1), while
their codes are Qiven in table (2).

4. RECOSNITION FROCEDURE:

Fecognition 14  achieved through twa consecutive decoding

processes. The first 1s to find the <cluster in which the

character 1s a member. The second is to detect the character

1tself. Details are desqcribed below:

a.Arabic text used for automatic character recognition is
supposed ta be written on papers having alignment for both
horizontal and vertical base lines at the right handside of the
page to  indicate the beaining of writing. Starting from the
righthand side vertical base line pivels of horizontal spread
€¢S»; i.e. 4 columns; and vertical spread (D); i.e. 12 raws; are
investigated. The haorizontal (hi,hZ,...R12) and vertical
(vl,vZ,v3,v4)l histograms are obtained from which (H) and (V)
are calculated: and the code (H/V) is thus cbtained.
By testing the horizontal histogram, the unknown letter is
classified 1in clusters AS, RS, C8 or DS (which is . an empty
cluster) and the code is campared to the codes in the proper
cluster (XS).
If a decision s reached the next 4 pixels are investigated to
Tind «ut the pext character. If a decision is not reached then
the next 2 pixels are considered with the previous 4 pixels
from which (hit, hZ, ....h12Z) and hence H is calculated. Alsa
(vil, v2 ...v7) and hence VY is calculated to cbtain the code
(H/V)., The code is compared to cluster (XL) instead of (XS).
When deciding whether the unknown character belongs to cluster
(ALY ar to cluster (NL», v1 1s investigated; if it is zeroc then
the cluster is (NL) and not CAL),
b.The characters within a cluster are devided ints subgroups
each  having the same H (but differ in V). The subgroups are
arranged from left to right in descending order with respest to
their probability of occurrence [1]. Also the characters within
a subaroup are arranged from left to right taking into
consideration their probability distribution. The measured
value «f (HY for the unknown character is compared to that of
the first subarcup (the most probable) then to the second
subgroup, ...ets. When a subgroup is identified, the value of
the parameter (V) of that unknown character is used to identify
it by comparing its (V) value with the (V) values of the
characters comprising the subaroup from left te right until a
decisinon is reached. By doing so the processing time is greatly
reduced.
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The decision tree for cluster (AS) is shown in fiqure (Z) as an
example. The recognition process starts from left to compare
(H) measured with that of letters ¢ Js | ) which are the most
probable within the cluster and at the same time havina the
same (H) (H=1). If the two codes are not a1dentical; (M
measured is compared f£o 0201; which is that of the letter ( _2)
and so on. 1f the subaroup ¢ Je 1) is recognised then the
measured parameter (V) 1is used to diffrenciate between the
different characters.

The number of subgroups ranqges from 2 ta 12, The number of
characters per subagroup ranges from only one (leading to direct
recognition) to four characters. For subgroups having only one
character only H is needed. This also gives further reduction
of memory size.

Actually for 42 characters out of the 77 information about the
horizontal parameter H is only needed to be known., The oather 35
characters need both H and V.

S.CONCLUSION:

The new proposed shapes for Arabic characters are found to be
useful for office automation in places handling large amount  of
data e.q. in banks, insurance companies, 2tc... This proposal far
new Arabic characters shapes will help develop fast reccanition
procedures for special Arabic texts and for different writing
fonts which is planned for future work.
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Table (1} Size Definition of Clusters

Cluster Horizontal Vertical
Label Spread Spread

Table (2) Proposed Shapes Ceocdes

(c)Cluster (BL)
Charactex Code(H/V)

(g)Clustexr (NL)

(a)Cluster (AS)
Character Code(H/V)

Character Code(H/V)

| 1/01 ~ 02101/121 ) 1/0210

& 0201/1212 = 0101/12321 ¥ 21/1210

5 10201712 J 01/01 v 31/1210

= 01/12 3 0101/0121 £ 1/2320

£ 101/123 o 0121217121 2 01210/1210

3 101/12 o 01212171231 1 121710

5 201/12 ; 201217132 Y 21/10

J 1/1 j 121/1 A 12/10

< 0101/121 o 01217121 1 121/012310

‘ 0121/121 - 12310712122 2 010/010

‘ 201217231 = 012121/131 2 01/01210

x 101/1231 ¥ 012121712321 e 1312710
----------------------- 210/021 H 313/10
(b)Cluster(AL) = cemmmmmeeeee o T 12121/10
Character Code(H/V) {@)Clustex (BS) = 2121/120
----------------------- Character Code(H/V) * 01/10

- 02021712121 = ==ssdco—oiiiodoo oo o X 0212/2120
-2 0131/121 - 0101/121 i 01010/20
- 012021/121 - 01/1 7 2120/2120
-~ 01/121 = 0102/1212 g 101/1230
= 0101/1321 ; 010/012 - 010/10

3 01/0121 = —mmmemmememmmemmmmmaoo oo

< 101/021 {e}Cluster (CS) (h)Clust(DL)

— 031/1 Character Code(H/V) Character Code(H/V)
= 012032/323212 ~r-mcmrememeremme———— SSeiememme= scaddoniiaa
- 010131/1231 s 01/121 o 01/12432
& 1217121 ¢ 0121/121 t 101712431
85 1Z¥2ANEa] SotsSENSl s Saga i -es a 0121/232
> 01/12121 {£)Cluster (CL) T 01/232

A 101/221 Character Code(H/V) z 0101/23432
o S -5 0775 § Gt i
i3 171232 o 0421/1

o 121/1231 - 0120421/121

b 2170121 = = eeecemesmmmeeaoooooo
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A New Font for Arabie Characters Simplifies Recoanition frocedure

Salwa H. El Ramly Mohamed A. E) Hamal away
Electronics and Computers Department of Systems and
Enagineering Department Computers Engineering
Faculty of Engineering Faculty of Enaineering
Ain Shams University Al Azhar University
Cairo, Egypt Caira, Egypt
ARSTRACT :

a new and clear shapee of Arabic letters as well as
numerals and special characters are Proposed. The aim
seeked here is to simplify the recognition
pracedure, speed that procadure up and to reduce
memory size. Many applications can be found for thie
propaosal, namely in big financial establishments and
in large public service organizations.

1. INTRODUCTION:

— LR

In some applications fast automatic optical character recognition
1s required, such ase automatic document handling in banks,

insurance cempaniss and other public offices. Many probiems are
encountered in automatic Arabic character recognition.

Cursiveness, overriding, non egual size and many types or styles
@f writing. These problems are complicated further jf they are
combined; in other words they must be taken inte account ailil

together at the same time. In Arabic,letters may have more than

one shape. Actualiy the mumber of different shapes of a certain

character ranges from only one shape {eg. 36 6 ,thbis) up to

five shapes(eg.-&-tﬁéﬁJ .t e). This leads to the increace of the

mumber of distinct characters that have to be recognised. This

problem could be mostly solved at the writing stage by using an

inteligent keyboard having only cne shape for each letter, other
shapes are deduced through software r£13, At the recognition staqe
4 agreat effort must be done to discriminate between these large
numbers of distinect characters. In litterature few trials are
found for automatic Arabie character recognition £2,3,4,51. The
eresent work is a trial to overcome some of the problems
=entioned above by modeling Arabie letters by new shapes. The
ourpose of this ise to facilitate the recognition procedure by
reducing the code for each of them and reducing the recognition
time throuagh pProper choice of character clusters (groups).

<.NEW CHARACTER SHAFES:

in Arabic there are several styles of writing amoung which are



konfi, Fekaa, Naskh, Diwany and cthers. The one letter
different shapes 1n each style. The differnce may be very s
or large. This may lead to ocifiernt automatic recognit
procedure for each style. For time and effort saving :
character. shapes are proposed whichh bave the follow:
properties: -

a.For each letter the number of different shapes kept are jus
those required for human eyves recognition and not for
beauty of writing (the number of different shapes is limited
a maximum of three),

b.No overriding is allowed.

<.New chapes must be as simple as passible and in the same time
the essential features of habitual shapes must be kept. ]

d.Some modifications in shapes are necessary to obtain differet
codes for them.

The total number of characters cbtaibed is S6 letter shapes

addition to 21 numerals and special signs which sum up to

characters. The set of 77 characters is devided into 8 cluster

(groups) of different sizes:

a.Concerning horizontal spread: There are two sizes
~size S is 4 pixels measured from right to left
~size L is 7 pixels measured from right to left.

‘B.Concerning vertical spread: There are four sizes:
~Size A is € pixels extending from the horizontal base line
to the highest pixel.
—size PB is 8 pixels having 6 pixels above the base line and
below it.

—size C is 10 pixele having € pixels above the base line and
below it. i
~Size D is 12 pixels having € pixels above the base line and
pixels below it.
The letter shapes are chosen to approch the Koufi font which i
the simplest font and is the oldest one; from which other fon}_
seem to have originated. :
The different subsets are described with their horizontal
vertical widths as shown in table (1).
The difference between clusters (NL) and (AL) is that all thi
righthand pixels are zero. 3
The letter shapes in cluster (XL); while X stands for either A
B, C or D; are chosen such that the right hand side four pixel
do not produce codes of letter shapes constituting cluster (XS)
this is to prevent confusion at decoding stage.

b cla

2.CODING PROCEDURE :

The codes specific to each character consists of the number 3
horizontal crossings (comprising the vertical histoaram)/thi
pumber of vertical crossings (makina the horizontal histoaram)
In the code we count only the variations. For example the letter
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- ) from  qQroup DL has tuelve horizontal trossings  (hi,
-f ..... h1Z) which are 1011113111113 from which the Parameter H

(D101). Alec  the vartical €rossings (v, VZeeeoV?) are
2384322) from which the paramerer Vis (23422). This method
educes the lenath of the code  and discards redundant

nformation. The Proposed shapes are sheown in fiqure 1), while
heir codes are given in table () -

-RECOGNITION PROCEDURE :

cognition is achieved through two consecutive decoding
ocesses. The first jg to find the cluster in which the
aracter is a member. The second is to detect the character
tself. Details are described belaw:
Arabhic text used for autoematic character recognition is
suppased to be written on Papers having alignment for both
horizontal and vertical base lines at the right handside of the
Page to indicate the bcgining of writing. Starting from the
righthand side vertical base line pixels of horizental spread
(S); i.e. ¢ columns; and vertical spread ; i.e. 12 raws; are
investigated. The horizontal (hi,h2,...h12) and vertical
(v1,v2,v3, v4) histdarams are obtained from which H) and vy --.
are calculated; and the code (H/V) is thus obtained.

By testing the horizontal histogram, the unknown letter is
classified in clusters ag, ES, CS or DS (which is zp empty
cluster) and the code is compared to the codes in the proper

belangs to cluster
» vl is investigated; if it is zero then
he cluster is (NL) and not C(AL).
«The characters within a cluster are devided into Subgroups
ach  having the same H <but differ in V. The subgroups are
rranged from left to right in descending order with respect to
heir Probability of Qccurrence [1]1. Alsc the characters within
subgroup are arranged from left to right taking inte
neideration their pProbability distribution. The measured
lue of "(H) for the unknown character is compared to that of
e first subgroup (the most probable) then te the second
baroup,...etec, When g subgroup is identified, the value of
2 parameter (V) of that unknown character is used to identify
by comparing its V) value with the (V) values of the
aracters comprising the subgroup from le

cision is reached. By doing so the processi
uced,
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The decision tree for cluster (AS) is shown in figure (2) as
evample. The recognition process starts frnm left to compa
(HY me=asured with that of lettere ¢ J¢ | ) which are the
probable within the cluster and at the same time .having
same  (H) (H=1). If the two codes’' are neot i1denticalg
measured 15 corpared to 0201; which is that of the letter
and &x on. If the subgroup ¢ Je |y is recognised then
measured parameter (V) is used to diffrenciate between
di fferent characters.

The: number of subgroups ranges from 2 to 13. The number
characters per subgroup ranges from only one (leading to dires
reccaniticon) to four characters. For subgroups having only
character only H is needed. This alsc gives further rveducti
of memory ‘size.
Actually for 42 characters out of the 77 information about
horizontal parameter H is only needed teo be known. The othe
characters need both H and V.

S.CONCLUSION:

The new propocsed shapes for Arabic characters are found to
useful for office automation in places handling large amount
data e.g. in banks, insurance companies, etc... This proposal
new Arabic characters shapes will help develop fast recognitic
procedures for special Arabic texts and for different writir
fonte which is planned for future work. |
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Table (1) Size Definition of Clusters

Cluster
Label

Horizontal
Spread

Vertical

R T, e e e e g e P b R

T e e e e e e e o e 6 e e G o e

Table (2) Proposed Shapes Codes

luster(as)
acter Code(H/V)

T 1/01
0201/1212
10201/12
01/12
1017123
101/12
201/12
1/1
01017121
0121/121
201217231
101/1231

luster (AL)
cter Code(H/V)

02021/12121

0131/121

012021/121

01/121

0101/1321

01/0121

101/021

031/1

012031/121212

0i0131/1231

1217121

12121712321

01/123121

101/121

10121/131

1/1232

121/1231

21/0121

(c)Cluster(BL)
Character Code(H/V)
TG 021017121
= 0101712321
J 01/01
3 0101/0121
e 012121/121
o 01212171231
:j 20121/132
121/1
O 01217121
- 12310/12121
-5 0121217131
§ 012121/12321
210/021
(d)Cluster(BS)
Character Code(H/V)
- 0101/121
- 01/1
= 010271212
. 010/012
{e)Cluster(Cs)
Character Code(H/V)
b 01/121
¢ 01217121
(£)Cluster(cL)
Character Code{H/V)
o 0421/1
(25 61204217121

G e e . e e . e e S e

(g)Cluster(NL)
Character Code (H/V)
) “ 170210 ..
Y 21/1210
v 31/1210
£ 1/2320
2 01210/1210
1 121/10
Y 21/10
A 12/10
¥ . 1217012310
% 010/010
s 01/01210
B 1312710
H 313/10
A 12121710
E 2121/120
+ 01/10
X 0212/2120
- '01010/20
% 2120/2120
b 10171230
- 010/10
(h)Clust (DL
Character Code(H/V)
T o 01/12431
F 101/12431
3 0121/232
L 01/232
t 0101/23432
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A Language Dependant Arabic Character Recoanition Approach

Salwa H. E1I Ramly Mohamed A, E} Hamalaway
Electronics and Computers Department of Systems and
Engineering Department Computers Engineering
Faculty of Enaineering Faculty of Engineering
Ain Shams University Al Azhar,University
Cairao, Eoypt . Caivo, Egypt
ABSTRACT:
Arabic typewritten text automatic character

recoanition has been considered in thig Psper for its
relative simplicity. The analysis of human inherent
rules of character recognition has led to sSuccessive
clustering pProcedures. the approach is language
dependant based upen the feachures of Arabic
characters; and has taken inteo account the following
parameters: the Place of the unknown character, the
presence or  absence of diacritics, the place of
diacritics with respect to the unknown character and
their number, the-place of the character with respect -
to the horizontal base line & its length and the
horizontal and vertical crossings characteristics.
The method seems to be promising for application on
other styles of Arabic writinge,

1. INTRODUCTION;

Arabic writing is different from English writing in many aspects
among which we state: cursiveness, overrriding and varigs shapes
for a qgiven single Arabic letter depending upon its place in the
word. Different styles of writing (e.g. Koufi, Rekaa, Naskh,..,)
give different shapes for Arabic characters., For automatic Arabic
character vecognition one has thus to specify the style of
writing he is going to treat. Most of the published work are for
typewritten text and discusses elaborate procedures for
recognition £1,23. It seems however that some kind of
simplification of the recognition Process can be achieved if one
can imitate the actual c(human) laws of recoanition vhere neo
complex mathematical calculations is per farmed. The human systenm
relies upon. the recognition of some features specific to each
character and not shared with any other character, The group of
subsets describing features for di f ferent characters are defined
for a certain writing style and may be different for the groups
of other styles., This statement can pe attested when it i

hand written texts when the hand writting may be highly deformed
from the correct writing. Thisg is because the writter isg actually
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trying to keep most of the main features when writing drg
the complementary features that are for more clarity or beat
the written text. The present work is trying to 1mitate the
system way of recognition. The subject is being practi
difficult and necessitates long studies. We have devided thi
to be covered into some topics., The first topic was a stud
the most conmon apparant features of different character
different styles of writing. Out of these features; as a
application; a new proposed shapes for Arabic letters, U
characters and special signs were proposed in two succh
papers ([3,4]. The ultimate aim of that proposal is to defis
system using & simple process where only counting horizontal
vertical crossings of the characters give mutually exclusive
to be used for recognition. Doing so; time and memory.
savings are gained for office automation in places having te
with large amount of data. ;

In the present paper a further step in this research wor
exposed. The study presented is confined to typswritten
which 1is apparantly simpler. Other types of writing are.
investigation. ;

Z.LAWS OF THE HUMAN SYSTEM FOR ARAEBIC CHARACTER RECOSNITi;lQ

The human system for reading Arabic text which has a topolog
nature is supposed to follow the following steps: b

1. The full text is segmented 'nto distinct horizontal 1ine:
horizontal base line is defined as the place where most
letters are attached together for curcsiveness. Concatinat
Arabic letter to another (for ietters which can be connected
the left side) one has to pass by the horizontal base line.
most of the Arabic letters are drawn above and including
horizontal base line, while some have parts below the line.
2. The written 1line is then segmented inte distinct word
segmentation problem is being dealt with in other work [1
3. The words are further segmented into distinct pieces o
words PAW [11. A PAW can contain only one character or more.
4. The PAWs are finally segmented into distinct letters.
S. Recognition of different letters is achieved by sear
their s=pecific features and comparing them to the mel

features for recognition.

2.PROFOSED CHARACTER RECOGNITION SYSTEM:

Based on the - study of human law for recognizing
characters; the following set of system design principals
be followed:

PRI
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a. Adopting structura) analysisg vecognition methed and selecting
stable features.

b. Using the Tuzzy pattern recognition theory to extract
characters features based upon prior knowledge of Arabic
characters structure.

€. Adopting layer structure multistage recognition.

The block diagram of the recognition system is shown in
figure (1),

The first step is to make alignment to determine the horizontal
base line. In second step segmentation 18 achieved through
projection of pixels of a whole written line on a vertical line,
Thresholds must be defined during the learning step where the
thickness of the writing line A is determined. Actually in this
step both word ang PAW segmentations are achieved too. Spaces
between PAWs of value 51 and Spaces between words of value S2 are
also epecified. Actually 52 > 51 and they are both random
variables, Statistical measurement of S1 and g2 indicate that
they are Gaussian with mean values 51 & B2 and variances 051 &
052. Figure 2 shows the defined quantities A , S1, s2,

3.2. Clustering and Identification:

Procedures are:

a. Clustering according to the Place of the unknown character Cr
in the word. The nuaber of these clusters are five as described
in table ¢1). 1t is to be noted that the five sete of characters
are not disjoint.

b. Clustering according to the presence or absence of diacritics.
€. Clustering according to the place of diacritics (above or
below the letter). .

d. Clustering according to the number of diacritics and their
kind C(one, two, three dote or hamza).

€. Clustering according to whether the whole character is above
the horizontal line or having a part of it below the line.

f. Clustering according te the length of the part of the
character above the base line (full length or half length). Alse
letters partly helow the line are devided into twe clusters: long
and short.

g. Clustering according to the horizental and vertical Crossings.

Two notes have to be taken into account:
b Clustoring Procedurs frem step (b) to step (@) are not done in
the same sequence for all the five clusters defined in step (a),

2. Step (g) which leads to the final recognition . of the character
is guite dependant upon the group of characters sharing the same
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labels in clustering steps (a) to (g). In fact the extrac
features are optimally g’ifted for the reduction of redund
data. i ’ -

The designed classifier is of & multi—-cross layer t
structure [S]. In case of failure of fuzzy recognition proc

in one cluster step, one has to return to praobabilis
correlation technique; in which the unknown pattern is match
with the reference patterns till a maximum correlation
attained.

An example of the proposed system is shown in fugure (3).

4.CONCLUSION:

In the present paper a system imitating the laws of hum
recognition procedures are described for typewritten texts.
merit of this method is that it can be readapted for -
sitiuations where more characters are involved (e.q. numeric

special signs). The same algorithm can be followed for oth
types of writing which is our next research activity. ]

3> -
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Table (1)

luster Flace of Unknown Description

sbel Character

4 S2 C* 82 iesnlated character

2 2 € End character of a word
3 81 cC?' ' C End character of a FAW
[ CHEr S1%ar CiCY S2

5

cgcrc

e T T {1 S o o S e e . e i e et e i B B

Start character of a word or PAW
Middle character

1 —| Preproce- Stable Detailed
| gsing features Feature
. 4extraction Dictionary
arning phase
cognition phase T
Preproce- Feature Multi-stag
—>{ ssing extractor claggifier

Pig.(1l) Block diagram of the recognition system.

¢ypﬂw CRIer

st | St -

——
St

Fig.(2) Definition of S1, 52, A

251

r.‘“s
92

—

A

RECOGNITION
COMPLETED



\34J4,|

ees
YES etter ha X0

I ‘ paert belo
' W

Pig.(3) Multi-layer clasgifier for the group of letters
at the end of a PAW ( Cluster C3 ).
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