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OPTICALLY WEIGHTED DOT-MATRIX FARSI AND ARABIC NUMERALS
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Rpya-ahr University of Technology
Tehran, Iran

Corbined digital and analos form,

‘tract: nepresentation of digits by ontically weiahted symbols is a wav of presenting informatinn in
Such symhols can be used to display thrae-dirensional pettarns on

conventional printers, with the third dimension visualized bv the darkness of printed nace areas. In

this paper, a general framework for the design of optica
axamnles arn aivan to illustrafn £ha canaral corcopts.

11y weighted numerais is established’and several
It is shown that Farsi and Arabic numerals lend

themselves very well to optically weichted representation and design examples are oiven for both decimal

and hexa-decimal digits.

Ind2x Terms: Arabic outnut, character set desian,
Farsi output. numeric output, optical distance,
optically weighted numerals, output devices, prin-
tar output, throa-dimensionz] outnet.
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dumerals with area coverage (darkness) proportion-
al to the digit values provide an interestinc way
of reoresenting information in combined dioital
and analoo form. Such ootically weighted numerals
con L use. to reprasent throoe-divensioral ~ot-
tarns on conventional oriatars: the darkness of
nrinted page areas makes the third dimension visi-
bla, provided it varies in 2 limited rance. This
is narticularly heloful for extracting macro in-
formation from larce volumes of numerical data.

If the optically weighted numerals resemble the
cenventinnal ons, an 2asily rzadabic printout
will result which also nrovides azcuraie dicital
data when desired.

Ontically weighted numerals have been used before
(Figure 1}. The purpose of this paper is to pro-
vide a general framework for the design of such
character sets and to anply the pronosed guide-
lines to the design of several sets of optically
weighted Farsi and Arabic numerals [3].

X X X XX X XX X XXX
X X X X .S X XX

X X X X XXX x¥ XX¥ XX
X P4 X X X X XX

X XX XX X XXX XXX XX

0 1 2 4 5 6 7
XXX XXX XXX p. 4 XX XXXX XXX XUXX
X X X X XXX XXX XX X XX X KXXX XXX
XXX xX¥y™ X X XXX XXX XXX XXXX KXXXX
i s AX AXX XXX XX XX X XXXX XXX
XX XXX XXX XXXX KKXX XXXX XXX XXXX
8 9 10 11 12 13 14 15
Figure 1. Optically Weighted Representation

of Hexa-Decimal Diaits [1]

207

Figura 2 shows the decimal Farsi and Arabic nure-
rals. Tt appears that Farsi and Arabic numerals
are quite suitable for optically weichted repre-
soptation because of the following proverties:

1. The normal representation of zero covers
the smallest area amona all nunerals.

2. The alternative representations of Figure
2 provide some flexibility, in the sense
that the more convenient renresentation
may be used in each case.

3. Fxcept possibly for '9', the numersls mav
be easily rewritten such that the area
coverace increases with the value repre-
sented.

Farzi and “rabic

Representation VY Y te 1Y AN
Mlternative Farsi $

Representation o ¥

Jicit Value n 12 3 456 7 83789

Figure 2. The Ten Decimal Farsi and
Arabic Humerals.

Let us first discuss, in relatively general terms,
some desion considerations for onticaily weighted
numerals and then proceed with specific designs
for Farsi and Arabic Tanouaces.

GENERAL DESIGN COMSIDERATIONS

Let us assume that we wish to desian optically
weighted reoresentations for radix-r digits (o,
1,2,...,r-1). Fach dioit will be renresented by
an m by n matrix {m rows and n columns} of black
and white squares, with the number of black

squares increasing with the diait value x. The
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number of black squares will be taken as a linear
function of x to create the best visual effect.
That is

f(x) =ax + b (1

"where a and b are oositive, non-zero integers.
Therefore, we must have:

mn > r (2)

Since the height of each numeral is usually great-

er than its width, we also require that:
m>n (3)

To provide the best contrast in the printed page,
it is desirable that b be as small and a(r-1)+b
as large as possible. This can be achieved by
selecting:

a=1[m/ (r-1)] - 1 (4)
Then, b can be selected in the following range:
1<b <mn - a(r-1) (5)

The best choice for b is probably somewhere near
the middle of its allowable range, since too
small a value will reduce the darkness of the
representation for r-1 and too large a value will
limit our ability to provide a distinctive shape
for the representation of r-1.

Once a and b have been selected, the area for
each of the v numerals is Known from (1) and the
next step is to. select dot patterns with. the
given areas in such a way that the shape of each
pattern resembles that. of the corresponding nume-
ral, ;

In addition to ease of recognition, another cri-
terion that can be used to evaluate a given set
of symbols is their distinguishability, measured
by the distance between pairs of symbols. Given
two symbols, we define their (optical) distance
as the minimum number of positions (squares) in
which they differ when both symbols are shifted
horizontally and vertically to occupy every pos-
sible position within the m by n frame. The
shifting is required since the shapes of symbols
are important in their recognition and not their
positions within the matrix.

To verify that the minimum distance in a set of
symbols is no ‘less than d, we need only compare
each symbol with the next |d/a - 1] numerals in
the sequence, as the following symbols are cer-
tain to satisfy the condition because of the

difference between covered areas being at least d.

To determine the distance between two symbols ¢
and c,, a simple procedure is to superimpose thém
(without rotationg such that a maximum number of
black squares overlap. The number of non-over-
lapping black squares in both symbols is the dis-
tance between ¢ and c,, which is denoted by

d{c.,c,). As an example, the minimum distance
for the numeral set in Fiqure 1 is d = 3.

It can be shown that for numeral sets of the type
considered here, the distance d that can be
achieved is bounded by the following inequality:
d <a+ 2min[(b-1}),{mn - ar + a - b)] (6)

This is easily provable by considering the worst-
case conditions for d{0,1) and d{r-2,r-1)

APPLICATION TO FARSI AND ARABIC NUMERALS

tle now apply the concepts presented so far to the
design of several sets of Farsi and Arabic nume-
rals (Figure 2). Assuming r = 10, Inequalities
(2) and (3) show that the smallest possible mat-
rix has m = 4 and n = 3. HWe will then have a = 1
and 1 <b <3. Selecting b = 1 will result in
f(0) = 1 and f(1) = 2, causing d(0,1} = 1, re-
gardless of the symbol designs. This is clearly
undesirable. Selecting b = 3, on the other hand,
will result in f(9) = 12. Therfore, the repre-
sentation for '9' covers the entire matrix which,
in addition to having no distinctive shape,
results in d(8,9) = 1. The above distances can
also be found from Inequality (6}.

Hence, we select b = 2. 1Inequality (6) indicates
that the minimum distance can be no more than
three. -In fact, a distance of three can be
achieved but not with easily recognizable nume-
rals (Figure 3). 1If'a smaller distance is ac-
ceptable, somewhat more readable numerals can be
designed. However, a larger matrix appears to

be necessary for easily readable numerals and,
therefore, we will not elaborate on this case
any further,

X X X x X X XXX XXX
X X X X XX XX KXX X X XXX XXX
XX P9 X X X X X X XX X X X X XXX
X X X X XXX XX XXX "X X XX
& Y Yoy f > 1 Y A 3]

Figure 3. Distance-3 Decimal Farsi and Arabic
Numerals in a 4 by 3 Matrix.

let us now try m = 5 and n = 4, We have a = 2
and 1 < b <2, HWe choose b = 1. By Inequality
(6), the minimum distance can be no more than 2.
Figure 4 shows a possible numeral set with d = 2.
One desirable property of the symbol set of Fi-
gure 4, which makes the numerals more readable,
is that all the black squares are solidly con-
nected to each other, while in Figure 3 some
squares are touching only at the corners.

Now consider an even larger matrix with m = 7
and n = 5. He have a =3 and 1 <b < 8. Expe-
rimenting with different values of b shows that
b=4and b =3 are the most suitable choices.
Figure 5 shows a possible set of numerals for
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b = 4. Removing the black squares marked by an
'o' from Figure 5, we obtain a possible set of

nunerals for b = 3. Both sets have a minimum dis-
tance of d = 5 and appear to be equal with respect

to readability. Also, in both cases, the alter-
native representations for '4', '5', and '6’ are
more readable than those in the first row of Fi-
gure 5.

X XX X X X XXXX XXXX
XX x XX¥ XXXK XX X XXXX XXXX

X XX X
X X X X XXXX X K XXX XAXX XXXX XXXX
X X X X X X XX XXXX XX X XXXX
X X X XXXX XX XX X X XXX

e Y Y FY ¥ o 1 Y A .1
AXX
XX
HXXX
XX
XX

14

Figure 4. Decimal Farsi and Arabic Numerals
in a 5 by 4 Matrix.

o o X X XXX o
X 0 X FXXXX XX XXX XXXXX
X XXX X 5 OXXX XXXXX
XX X X v XxXx0 X X XXXXX
ox X X ¥ X X % XX
X X % Xx XxxX XX
X X x XxxX  XEXX ¥
. ) \ Y £ o 1
XXX AKX
o X AXHK XXX O
XxX x XXX
XXXXX X X XXXxX
X XoX XX
x X X X _xX
X XxXxX XX
X X  XXXXX KXXXX
XX XX XXXXX XXXXX
XXOXX XXXXX XXOXX ¥ Iy 14
XXXXX XXOXX XXXXX
XXXXX XX XX XXXXX
XX X 7% XXX
¥ X 0% XXR
Y A 1

Figure 5. Decimal Farsi and Arabic Numerals
in a 7 by 5 Matrix.

Hexa-decimal digits offer a wider range of values
for the darkness of the printed characters. We,
therefore, consider sets of optically weighted
hexa-decimal numerals next.

The hexa-decimal numerals of Figure 1 do not sa-
tisfy the conditions stated in the previous sec-
tion. A somewhat more readable set can be de-
signed by following the stated guidelines.

Taking the same values for mand n {(m = 5, n = 4),
we finda=1and 1 <b <5 (r = 16). Choosing

b = 3, we can construct the numeral set shown in
Figure 6. Alternatively, we can use letters 'A’
through 'F' for digits '10' through '15' (Figure
6). In either case, the minimum distance is d=3.

Farsi and Arabic hexa-decimal numerals can be
represented similar]y in a 5 by 4 matrix. Figure
7 shows a possible design fer Farsi hexa-decimal
numerals with a = 1 and b = 3. For this set, the
minimum distance is d = 3.

X XX XXXX
X

X X X X X X XX
XX X X XX X X XX Xxx
X X X X XXX X X
X XX X X xX XXX X
1 2 3 4 5 6 7
XX XXX X X X X XX XXX XXX XXXX
XXXX X X X X XX X XXX XXX

X X X

XXX XXX XX X XXXX XXXX XXX XXXX XXXX
X X XXX XXXX ¥X XX X XXXX XX X
XX XXX X X X XXXX XXX XX X XXXX

8 9 10 il 12 13 14 15

XXX XXXX XXXX XXXX XXXX HXXX
X X x X XX X KXXX XXX XXXX
AXXX X X XX X X XXXX XXX
X X X X XX X X XX XXXX
X X XXX XXXX XXXX XXXX XXX

A B c D i F

Fiqure 6. Hexa-Decimal Mumerals Represented
in a 5 by 4 Matrix.

x X XX X X
X XX X X XX X XXX X X

XX X X X X X X X X X X
X X X X X X X X XXX
X X X X XXX b 4 X

. ) Y v f ° 1 Y
X XXX XX XX X X X XX X XX
HXXK X X XX XX X XXXX XXXX XXX XXXX

AXX XXX XXXX XXXX XXX XXXX XXXX XX X
X X XX XX X XXXX XXX XXX XXXX XXXX
X X XX XX XX X XXX XXX XXX XXXX

A 1 ). 'y 1YWY Y€ Ve

Figure 7. Farsi and Arabic Hexa-Decimal Numerals
in a 5 by 4 Matrix.

Figure 8 shows Farsi and 4rabic hexa-decimal nu-
merals in a 7 by 5 matrix. Here, we have a = 2
and 1 <b <5. Selecting b = 3, we can construct
a numeral set with a minimum distance of d = 4,
as shown in Ficure 8 (two representations for

the digit '6' are aiven on the second row). This
set is easily readable partly because all black
squares in each symbol are solidly connected to
each other.

X x XXX XXX
X XXX e P x X X
XX X XXXXX XXXX X X
X b4 X X X X X
X b-4 X b3 XXXX
X

. ) Y r ¥ o
XX X X XXX AXXK
XEXX XX X X X XXXX
xX XX X X XX XX X XX
XX XXX X X XX XX XXXX
XX X XX XX X X XX
XX XX X X X X XX
X3 XX XXX X X XX

1 ¥ Y A 1
XX XX X XXX X XX X XX XX XX XX
XX XX X XXX X XXXXX XXXAX XXKXXX

X X KKAXX XXX XXXX

XXXXX XAKXKX XRAKX XX XAXKX XX X
XXXXX XXXXX XXX XX XXXXX XX
XXXXX XX X XXX XXX XXKX XX
XX XX X XXX XXX XXXX xX

. 1" LI Y iR Y Yo

Figure 8. Hexa-Decimal Farsi and Arabic Numerals
in a 7 by 5 Matrix.
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CONCLUSION

In this paper, we have presented some general
guidelines for the design of optically weighted
radix-r numerals and demonstrated the general
approach through specific examples. It was shown
that Farsi and Arabic numerals lend themselves
very well to optically weighted representation
and several examples of the many possible designs
were given. This result is a pleasant contrast
to the numerous difficulties in conventional
Farsi and Arabic input and output [2], [5], [6]
and in the design of line-segment displays [4].
The same techniques are applicable to larger
matrices and will undoubtedly result in much more
readable symbols.

We have only discussed dot-matrix patterns. It
is also possible to construct numerals with
smooth edges so that the area they cover increa-
ses linearly with the values reoresented. For
this purpose, and also for dealing with large
dot-matrix patterns, automated design aids are
clearly needed for experimenting with the many
possible design choices.
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