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Abstract. We describe a dynamic array editing method of Arabic alphanumeric alphabet with the aid of an
on-off sensor controlled by a motor impaired pesson. The main work presented in this paper is the
development of an intelligent editor that adapts itsclf to the user. Two modes are possible with this editor: the
first, the normal mode intended for handicapped users with aormal intellectual abilities; the second, learning
mode is to be used by handicapped users with low intellectual abilities. Both modes are based on statistical
data on the Arabic language collected from various texts for the first mode and from a limited and almost
finite language for the second.

Introduction

A number of computerized communication aids for the motor impaired are currently
available in which the handicapped communicates with the system without the keyboard
[1,2]. The method used in general is as follows: a set of items is displayed on a tablet or
a screen and scanned in closed loop. The user can then select the data item required which
can be a character or a word. Usually the selection is done using a push button or an On-
Off sensor adapted to the handicapped user [3,4,5].

Among the available aids, one can find editors designed to be used by persons with
more than one handicap [6]. In this paper we present an intelligent Arabic text editor for
the motor impaired with or without a low mental handicap [6].

We describe a dynamic array edition method of alphanumeric alphabet with the aid
of an On-Off sensor controlled by the impaired. The matrix is scanned and when a
character is selected, a new matrix is presented to the user with its elements arranged by
decreasing probability. The first character is the most probable after the selected one.
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The system can operate in two modes:
- Normal user mode (NUM) : This mode is intended for handicapped users with normal
ntellectval ability. In this case, a table of statistical data collected previously from
ifferent kinds of texts is stored in the system and used by the editor.
- Learning mode (LM) : This mode is intended for handicapped users with intellectual
bility lower than normal. In this case, the user usually has a limited vocabulary, so the
tatistical data is built from the text he creates.

This method allows for considerable increase in the man-machine communication
peed compared to methods using a fixed matrix.

In this paper we present first the principle of the method, then we give the
tatistical matrix of the Arabic texts, and finally we illustrate the method by giving an
xample in the NUM.

Method Principle

) Statistics
Various types of texts, were used to build the statistics matrix. Its elements are
escribed below:

. | -
| 201,01 a91.02 apy 41 Forty- two Arabic characters are

needed to represent any Arabic text.

" {341,001 841,02 441,41

Fig.1. Statistics matrix

Each element ( g, j) represents the frequency of appearance of the character ) after

haracter 1.
The above matrix is represented for the alphabetical characters only but it can be

xtended to punctuation marks (space, period, comma, etc.. ).
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b) Dynamic matrix vectors

From the above matrix the dynamic matrix vectors are built such that each vector
Vxi = xil xi2 xi3 xin where xil is the most probable letter after xi and xin is the least
probable.

P(xi /x> P(Xiy/Xi>.... ...> P(xi /X1 (1)

These vectors will be displayed one at a time in a form of an array. During the
editing, this array is scanned and after the selection of character xj, the next array
displayed is represented by the vector Vx;j. This process is described beflow.

The first array displayed when the system starts is represented by vector V[space].
Then after the selection of character xi, the corresponding array is displayed:
XiOI Xi02 Xi03 ......
Xigg Xigg Xijg ... ... This array represents the vector V .in two dimensions
Xi21 Xizz Xi23 cee ees
During editing the text created is displayed and the user has the option either to
store it on the system disk or print it.The selection is done using an on-off sensor.
Different sensors can be used with the system depending on the nature of handicap. As
explained before, the system can operate in two modes:
-NUM or normal user mode
- LM or learning mode

Normal User Mode

The statistics matrix and the dynamic matrix vectors are determined from various
texts on different subjects such as science, sports, religion, etc... The dynamic matrix
vectors are determined once and cannot be changed. This mode is intended for handicapped
users with normal intellectual abilities. Figure 2 describes the system and shows that the

statistics matrix is determined at state (2) and the system remain in state (3), the dynamic
matrix editor.

!

Start Statistics matrix Dynamic matrix editor

Fig. 2. Normal user mode
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Learning Mode

This mode is intended for users with limited intellectual ability. The system for this
mode is described in Fig.3. As shown an initial matrix represented by one dynamic
matrix vector is used for the first editing. The initial matrix has its elements ordered
alphabetically.

/() o

Start First matrix End

Statistics matrix

Edit

'ig. 3. Learning mode

From the text edited a statistics matrix is generated which will be used for the next
dition. From each text edited the elements of the statistics matrix are recalculated.

In both cases-NUM and LM once the user selects the desired character or a
unctuation mark which is appended to the end of the message, a new matrix is displayed

lepending on the selected character. When the composed text reaches a given length it can
e either printed or stored on the system disk. Figure 4 gives an overview of the system.

O

| |

< p A

Printer Personal Computer

="

ON-OFF Sensor

Fig, 4. The system hardware
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Cursor speed control

The user can control the length of time that the cursor stays at one character of the
array before moving to the next. This feature allows the user to increase his throughput
as his skill increases.

Statistics Matrix

Appendix 1 shows ten rows of the statistics matrix built from a text of about
16,000 characters. A longer text would give a more accurate matrix and hence a faster
editor. A zero means either the character of the column is never placed after the character

oot

of the corresponding row or that the text is not long enough. The sign
space.

represents the

The corresponding dynamic matrix vectors built from the matrix described above
are shown in Appendix 2.

Editing Speed

Let C be the number of characters scanned before the selection of a given
character. C is inversely proportional to the speed of characters selection.
To compose the sentence: sl gams Jl ! ey using the proposed method we

found C= 42. If we compare this number to the one that could be obtained from a matrix
in which the characters are ordered by decreasing probability of appearance (we suppose
that such a matrix is the best one using a static method) we find that C= 63.

We compared the cost of some randomly chosen words and we can conclude that
our method increases the speed of editing by at least 50 % [7,8].

Conclusion

In this paper we proposed a method for Arabic text editing for the motor impaired.
The results of our study for a normal user are described. Qur statistics were collected from
a short Arabic text which is not very reliable. However, we found that this method
increases the speed of editing by at least 50 % compared to a static method.

In many cases of handicap the learning mode is more suitable. In this case we

believe that the speed of editing can be much higher than the one used in the Normal
User Mode.



6 A.Abdenbi Mander

Appendix 1

Some vectors of the statistics matrix obtained from a short text of approximately
16,000 characters.

uﬂg’dl’!&t'&djd?gﬂ-Tfj!{;lyi&bectai

Y:"rO'Jd‘;"JJu‘u"

I 45 0 0 2 0 26 2 51 3 75 4 8

36 5 49 9 82 7 40 7 21 12 13 2
37 2 21 10 14 906 7 25 4 138 47 127
29 23 0 12 298

24 9 15 0 19 4 13 14 4 10 5
33 7 9 32 6 13 0 0 0 0 25 26
27 19 39 9 114

Ll
—
<
=]
<=

35 5 0 7
15 2 13 6 8 0 |

14 21 16 1 12 15

6 5 19 10 32 0 0 0 0 0 6 14
27 31 70 159

10 2 100 0 0 0 5 20 32
29 6 21 63

v oo ©
=
[PX]
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0 0 3 0 12 1 22 0 5 16 0 1

3 0 2 2 30 0O 11
15 0 1 7 29 5 0 0 1 3 4 4
16 21 99 35 42

._.
ve)
.

33 22 34 43 26 6 55 30 28 7 9
81 32 35 52 64 39 0 0 0 9 236 44
87 58 103 69 184

[

0 0 0 10 0 1 128 11 22 29 17 14

20 6 18 2 23 3 66 5 6 8
48 20 12 9 30 0 1 0 3 9 173

26 21 7 63 278

w
3
o

22 0 4 2 219 25 11 23 3 23

5 0

8 8 31 8 48 13 15 2 10 16 9 3
21 3 24 22 3 80 O 0 0 13 59 102
27 3 10 42 59

0 7 110 0 48 0 1015 173 3 94 9 44

62 21 29 12 33 6 28 10 34 9 7
148 8 179 60 30 135 0 0 2 23 282 47
83 421 146 86

o




A .Abdenbi Mander

Appendix 2

Some vectors built from the statistics matrix shown in the Appendix 1

Elements of the vectors

[z & r J — — J o ? - J
- L < b e K] b 17 s C d
3 ¥ & r b ob 3 c 3 3 S
< | ] i & da I k)

b = C ¢ O > | 3 ¢ 7 -
S 3 C i o L J o o 4 4
¥ Y Y ¥ L 3 & 73

= o ¢ 9 @ - d J ¢ o ‘
| I3 “ ¥ ] 'l 3 — LJ 2 &
i E> U t C 'S & 3 = I K]
4 Y ¥ o g - ¢ L

- 5. 3 & “ a O.'J ! L_S — -
Y S B N N T T T
J ! 3 < “ T o 2 d £
¥ ¥ b ¥ Jd L L 3

- s o g0 2 J ' -
S T Y T T e
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