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Abstract- The focus of this paper is on the design that can
display all the Bengali numbers and characters (vowels and
consonants) by 32 segments and which is more efficient and
compact than the previous designs, and it has a better outlook.
As there are a total of 50 characters in Bengali alphabets and
10 symbols for number representations, 6 bits are required for
representing each character and digit. Appropriate truth tables,
expressions and block diagrams are provided to explain the
design.
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. INTRODUCTION

Segmentation of whole characters in Bengali language is a
quite tricky problem. Different schemes have been proposed
in recent years for a reasonable segmented display with less
memory for character representation (Islam et al., 2003;
Hossain and Habib, 2004, Saber et al., 2002; Arefin et al.,
2004; Jaigirdar et al., 2010). But there is no standard display
system for Bengali alphanumeric characters.

Design of 17 segment display unit for only Bengali vowels
is presented by Islam et al. (2003). Hossain and Habib (2004)
and Saber et al. (2002) proposed a joint seven-segment display
and 11 segment display for Bengali digits. A design for 24
segment display was implemented (Arefin et al., 2004) which
can display all the Bengali vowels, numbers and 10
consonants. Recently, a 34 segment architecture for Bengali
and English language has been described (Jaigirdar et al.,
2010) which is too complex.

The purpose of this paper is to present a 32-segment
display for displaying all the Bengali numerical digits, vowels,
consonants. No two segments are intersected; and most of the
segments are straight. To reduce complexity and make the
implementation easier, we have designed a scheme in which
only 4 variable minimization is required. It is also efficient
and cost effective since we can display all Bengali characters
and numerals in one design and we can extend it to display
other characters of different languages without redesigning the
circuit.

Il.  PROPOSED ARCHITECTURE

A. General Information

As our concern is only Bengali alphabets and numbers, so
it requires to show 11 vowels, 39 consonants and 10 numeric
symbols, a total of 60 character and a 6-bit binary input is
necessary to compound each character. Considering the
designs, logic minimization for 6-variable code by Karanuagh
minimization method (k-map) or Quine Mc Cluskey method is
much complicated. Therefore, first 2 bits are used for path
selection of a 2 to 4 line decoder and finally 4 bits are used to
represent characters.

B. 32-Segment Display Architecture

In our proposed architecture, the 32 segments are named as
Al, A2, A3, A4, A5, A6, A-Z as mentioned in Fig. 1.
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Figure 1. Proposed 32-segment grid architecture

C. Physical Appearance of Some Complex Characters

Here, in Fig. 2, 3 and 4, some numbers and characters are
chosen on the basis of complexity and are shown randomly.
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Figure 2. Some complex representations of Bengali nunmbers (1, 4, 5, 9
respectively)
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Figure 3. Some complex representations of Bengali vowels (Av, B, C, E, F,
J respectively)
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Figure 4. Some complex representations of Bengali consonants (K , L, M, O,
R, T,c, g, ],k I, mrespectively)

D. Decoder Specification

To represent 32 bit, 6 variables are required as mentioned
before. They are Is, I4, I3, 15, Iyand Iy A 2 to 4 line decoder is
used to select the groups with the inputs 15 and 1,, Each group
selection is done by the decoder, described as below:

TABLE I. DECODER INFORMATION

Decoder Input
Represents

Is Iy
0 0 Bengali Characters (A -O)
0 1 Bengali Characters(P - c)
1 0 Bengali Characters(d -r)
1 1 Bengali Characters & Numerals (s, t,u,0-9)

IIl.  TRUTH TABLE, ACTIVATED SEGMENTS BOOLEAN

EXPRESSIONS AND CIRCUIT DESIGN

A. Truth Table

Here, we present the truth tables for the groups of
characters connected with the decoder as declared above. In the
truth tables below, only I3 I, 1; and Iy are shown to reduce
clumsiness pagination anywhere in the paper.

TABLE II. TRUTH TABLE FOR DECODER OUTPUT 00 (s & 14)

|I3T5T|to Al|A2|A3|A4|A5|A6|A|B|C|D|E|F|G|H|I|J|K|L|M|[N|O|P|Q|R|S|TIU |VIW|X|Y|Z
o) 0000 o(1/,0(0(0f2|0f2|2|0f2{2|1f2|0|0}j0|0|0|0O|2|0O|0O]|2|1|0]|2|1|0]|0O|0O]O
<l 0001 oj12(0fj1¢j2f42/0¢f2¢|124y24j2(42j1y2f0|0|0j0|0|0|2|0(0|1|2(0O|1|1]|0f0O]|0O]|O
E3 0010 o0j0;0f0f0|12f2|2|0}j0|0f14f2|2|1j0|0|0j0|2|0O|0O|O|0O|O]2|1|0O]|2|O0O]O
5 0011 o0j0(0f0f0O0O|2f2|2|0}j0|0f1f2|2|0|0|2|0j0|2|1|0O|1|1|0|21|1|0]|0O|0O]O
T 0100 oj1,0;0(0f0|1f2|2|0}j0|0|0O|0O|2|0|0O|O|1|2|2|0O|0O|O|0O|0O]2|21|0O]|0O|O0O]|O
S 0101 t1{14040)j0|0}2f1}j2|0f0}j0|0O|0Of2|0|0O}jO|2f1|2|0Of0O|0O]|O|0O|2]|2|0O|0O]|0O]|O
3 0110 ojo0f0fj1|j2f2(0¢f2|124{2j0(40j0}2¢f2|12{2j2f0|1|0j0f1|0|0f0O|0|0f2|2]|0]12
a 0111 oj1,0;0(0f0O0|0O|0O|O|0Of2|2|0|0O|2|0O|O|O|1|0|0O|O|O|O|O|O]|O|O|2]|0O|0O]O
G 1000 oj1,0(0(0f0O0O|2j0|0|0f2|2|0f2|0O|1|0|0O|0O|0O|O|O|O|O|O|O|O|O|2]|0O|0O]|O
3 1001 oj1,0;0(0f0|0O|0O|O|O}jO|O|1f2|2|0|0O|O|0O|2|0O|O|O|O|0O|0O]2|21|0O]|0O|O0O]|O
3 1010 oj12(0j0|j040jf240|0|0j0f0J14y2f42|12|0j0|0|1|0|0O|0O|0O|Of0O|1|1|0O|0O]|0O]|O
B3 1011 ojo0j0(0f2f2|0j0|2|2j0|0|0f2|0|0f2|2|1|0|0|0O|O|O|O|O|O|0O|2]|1|0]|12
y 1100 oj0j0(0f0f2|0f2|2|2j0|0f1f2|2|0}j0|0|1|2|0f0O|O|O|0O|O]|21|1|0]|21|O0]|12
ST 1101 o0j0;0f0f2|0(0|2|2j0|0|0f2|0|0f2|2y1j2|0f0|0O|0O|0O|0O]|2|0O|0O]|O|O0O]|O
g 1110 o0j0;0f0f2|0f12|2|y2j0|0|0}j0|0O|0O}jO|0O|1|2|0O|0O|O|O|0O|O]2|1|0O]|2|O0]|12
I\ 1111 oj1,0;0(0f|0O0O|0O|O|O|O|O|O|O|O|O|O|O|O|1|2|0O|0O|O|O|0O|0O]2|1|0O]|0O|O0O]|O
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TRUTH TABLE FOR DECODER OUTPUT 01 (Is & 14)

TABLE IIl.

N[Oo|ld|d|H|Oo|Oo|o|o|o|o|o|dH|o|H|o|Oo
>|lo|lo|o|lo|o|o|o|o|o|o|o|o|o|lo|o|o
X|o|lo|lo|d|o|lo|lo|lo|o|o|o|dH|o|d|o|o
WllOllllOlOOlllll
VlllOOllllOlOlOll
DA |O|O|d|dA|dA|HA|O|H|O|H|[O|HA |
Flo|d|d|o|o|o|o|o|o|o|o|o|H|o|o|o
n|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
x| o|lo|lo|o|o|o|o|o|o|o|o|o|o|o|o|o
Olo|o|o|o|o|o|o|o|o|o|o|o|o|d|w|o
olo|o|olo|o|o|o|o|o|o|o|o|o|lo|o|d
O|lo|ld|d|o|d|Oo|dH|O|O|d|H|dA|O|O|O|O
Zld|H|o|lo|d|o|o|d|o|dH|o|d|o|d|w|o
MllllllllllOOlOOl
dlo|o|o|d|o|o|o|o|o|d|o|o|o|w|o|d
Y| lo|lo|lo|+|o|o|lo|lo|o|H|o|o|o|H|o|o
~|lo|o|o|lo|o|o|H|o|o|o|o|o|o|H|o|o
—_— A O|dA|[dA|[d|[d|[d|[O(O|O|d|dH|O|O
T|olo|lo|ld|ld|o|lo|olo|d|d|dH|O|H|O|H
Olo|o|o|o|d|o|+|o|o|o|d|d|o|o|o|o
Llo|o|o|lo|d|o|o|o|o|o|d|d|o|lo|o|d
wlo|o|o|lo|H|o|o|o|o|o|H|dH|o|o|o|o
N|o|o|o|d|o|o|o|o|o|d|o|dH|o|d|d|dd
Old|d|ldA|d|O|dA|dA|dA|HA|O|Hd|HA|dA|[dA|H|O
NldA|dA|dA|dA|O|HA|dA|dA|H|O|dH|HA|HA|[H|O|O
JL|o|o|o|o|o|d|H|o|lo|o|o|o|o|o|o|o
MOOOlOOOOOlOlOlll
%0001000000000000
MOOOlOOOOOOOOOOOO
MOOOOOOOOOOOOOOOO
Qlolo|—|o|-|o|o|x|o|o|—|o|o|o|ole
N_OOOOOOOOOOOOOOOO
Slold|lo|ldlold|lo|d|loldlo|v|o|ld|lal«
IS|8|s|sla2a|=|8|8|3|38|2(S|2 |2
S|o|o|Oo|O|o|o|o|o|d|d ||| ||

| s b F| &M || s |lo|F|Is| w| 5| &

TRUTH TABLE FOR DECODER OUTPUT 10 (Is & 1)

TABLE IV.

N|- |+ |o|o|d|d|o|o|d|Oo|o|o|o|o|d|o
>|lo|lo|o|o|o|H|o|o|o|o|o|o|o|d|d|o
Xl |o|d|d|A|o|lo|d|Oo|H|O|o|o|d|o
W0100011000000100
Sld|lo|d|d|d|o|lo|lo|d|d|d|o|d|d|d|o
Dld|o|d|d|d|o|lo|d|d|d|d|d|d|d|d|o
H|lo|lo|o|H|o|lo|d|o|o|o|o|o|o|o|o|
m|lo|lo|o|H|o|o|o|o|o|H|o|o|o|o|o|o
x|lolo|o|H|o|lo|o|d|o|Hd|o|d|o|o|o|o
Qlo|o|o|o|o|o|H|o|d|o|o|o|o|o|o|o
o|o|lo|o|o|o|o|o|H|o|o|o|H|o|o|o|o
O|ld|o|o|d|d|o|lo|d|d|d|d|d|Oo|o|dd|o
Z|lo|lo|H|o|o|lo|H|o|o|o|o|o|H|o|o|o
Slold|d|o|lo|d|o|lo|o|o|lo|o|d|H|o|d
d|lo|d|o|o|o|d|o|d|o|o|o|d|o|o|o|
Y|o|ld|o|lo|lo|d|o|lo|o|o|o|o|o|o|o|o
~»|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
—|o|o|d|d|H|o|o|o|o|d|d|o|d|d|o|w
T o|ldA|ldA|d|O|d|O|dH|O|dA|dA|dA|O|O|O|HA
O|ld|o|dH|o|H|o|o|o|d|o|dH|o|o|o|d|
IL|o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o
wiojlo|o|o|o|o|o|o|o|o|o|o|o|o|o|o
Ald|d|o|d|dA|dA|dA|dA|dA|Hd|O|d|O|O|H|O
Old|HdA|ldA|A|A|A|A|A|HA|HA|HA|HA|HA|[HA|HA|O
NHA|[dA|A|A| A A |O|O|dA|dA|H|O|HA|H|H|O
JL|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o
%1101111111010010
%1000000000000000
MOOOOOOOOOOOOOOOO
MOOOOOOOOOOOOOOOO
MOOlOOOOOOOOOlOOO
N_OOOOOOOOOOOOOOOO
Slold|lo|d|old|lolw|old|lold|o|a|a|w
= 818I52I8 5221888 I5|8 /815 |S
OO |O|O|o|o|ojo|d || |d |||

B[] o k| | | | 5| k| | | =] bo| Lo| | =

TRUTH TABLE FOR DECODER OUTPUT 11 (Is & 1)

TABLE V.

N[o|lo|lo|lo|d|dH|o|d|d|d OO |
>|lo|lo|lo|o|o|o|o|o|o|o|o|o|o
Xlolo|lo|ld|d|[dH|[Oo|d|dA|dA|[O|H|O
Zo|d|o|d|—|o|o|o|wd|—|o|— |
S|lo|d|dH|o|lo|d|d|H|o|lo|o|o|«
D|o|d|d|o|lo|d|d|d|o|lo|o|o|«
|lo|lo|lo|lo|lo|o|o|o|lo|o|o|d |
n|o|o|lo|jo|o|o|o|d|d|H|o|o|o
x|l-|o|lojlo|lo|lo|o|d|d|H|o|o|o
QO|lo|o|o|o|d|o|o|o|lo|o|d|d|o
o |lo|o|o|o|lo|o|o|d|d|d|o|o|o
O|lo|o|o|o|o|d|d|d|o|lo|o|o|o
Z|ld|+|o|lo|d|o|o|o|o|o|d|d|d
Sl|lo|lo|lo|d|ojo|lo|lo|d|d|d|Hd|o
Jd|lo|lo|lo|o|o|o|o|o|o|o|o|o|o
Y| o|lo|lo|lo|lo|lo|o|o|o|o|o|o|o
»|lo|o|lo|o|o|o|o|jo|lo|lo|o|o|o
— ||| O |d|O(OC|O|O|Hd|[d|d|H|O
I|ld|d|d|o|lo|o|+|o|lo|lo|o|jo|o
O|ld|d|d|o|lo|d|d|d|o|o|o|o|o
L |o|lo|d|lo|lo|lo|H|o|o|o|o|o|o
wlo|o|d|o|lo|o|+|o|o|o|o|o|o
Alo|o|o|o|o|o|o|o|jo|o|o|o|o
O|lo|o|lo|d|dH|o|lo|d|[dH|Oo|H|[O|H
mo|o|lo|lo|lo|o|o|o|o|o|o|o|o
J|o|o|o|o|o|o|o|o|o|o|o|o|o
M0001100000101
%0000000000000
MOOOOOOOOOOOOO
Zlololololo|e|o|—|—||ololo
MOOlOOOlOOOOOO
N_OOOOOOOOOOOOO
|m0101010101010
SR =R
oo |S(O|o|o|o|o|d|dH || |d

w|l+=|S|o| Al 9o Y| D|o| DR
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B. Activated Segments kil 0011 A6,B-D, H,1,0,RV, X
Here, we have determined which segments to activate in Al 0100 A6,B-D.G1.O,U V. X Z
order to display a particular digit or character mentioned in q 0101 A6, B-D, H, K, L, M, W-Z
Table 6. As we kept the _I5_ an_d Iy separate, for every decoder q 0110 A6,C,D,N,Q, T, W
Ao 2 seqments separaely, tut 4 varizbles minimization s | " o111 A6.C.D.HLO.P.R U
easier than doing minimization of 6 variables. il 1000 A6,B-D,G,0,Q,U,V, X, Z
5 1001 A6,B-D,H,I,0,R, S, U,V
By 1010 B,C,G HI,0,UV, X
TABLE VI. ACTIVE SE(E'ZAREZ;'_:;RI?SEACH BENGALI DIGIT AND T 1011 A5, A6,C,D,H,L O, P R,U
) 1100 A2,B,C,I,M,N, U,V
ls L s 12 li o 1 1101 B,C,I,M,U,V,Y
) 0000 A2,A6,B,C,E,F,G,H,O,R,S, U,V - 1110 A6.B-D.G.O.UV.X Y. Z
) 0001 A2, A4-A6,B-H, O, R, S, UV 3 1111 GHILT
2 0010 AC,GJ,0,U, X S 0000 GIN.R
5 0011 A-C,G-I,L,0,P,R,S U,V . 0001 CIN.UV.W
T 0100 A2, A-C,1,M,N, O, U,V y 0010 22 E-H UV
S 0101 Al,A2,A-C,I,M,N,0,U,V 0 0L C1 M WX
Bl 0110 A4-A6, B-D, H-L,N,Q,W, X,Z S 0100 CN.QWXZ
- 00 0ll1 A2EF LMW R 0101 G OUV, X
? 1000 AZAEFRH LW © 11 0110 A2, A6, E-H, O, U,V
s 1001 A2 G N, U W 8 0111 A6,G,0,P,R,S,U,V, X, Z
8 1010 A2AGINU W ¢ 1000 G I,MP RS WS, Z
F 1011 A5 A6,C,D,H,K,L,M, W, X, Z " 1001 L M.P.R.S W.S Z
q 1100 A6, B-D, G-I, M,N, U, V, X, Z q 1010 A3. A6 C.I.M.N,Q
ST 1101 A6,C,D,H, K, L, M,N,U » 1011 A3.C LM N,Q.T.W X
13 1110 A6,B,C,D,M,N,U,V, X, Z S 1100 A3.A6.C.N.T.U. V.W
) 1111 A2, M,N, U,V
1 0000 B,C I,MN, UV, W
®] 0001 B,C,I,M-O, T,U-W, Z
p 0010 A2B.CIMOTUVZ C. Boolean Expressions
w 1| ALASEDHKMWX T | g Cependng n e iformation i Tabe o e cerived e
> 0100 A2, E-l, M-O, W form shown in Table 7.
[ 0101 A-C,I,M, U, V,W
5 0110 A-C,G 1, M,0OU VW TABLE VII.  LOGIC FUNCTION FOR 32 SEGMENTS IN SUM OF PRODUCT
5| o, 0111 A2,B,C,I,M N, U,V (SOP) FORM
5 1000 B,C, I, M, U-W Is Iy Segments Functions
of 1001 A6, D, H, K-O 2; 2(0’1’4%5(’57)_10115)
© 1010 A2,B,C,E-H,0, U,V A3 |
g 1011 A6,B-H,N,0,W, X, Z Ad >(1, 6)
i 1100 B,C,I,M,T,U,V,W 22 - %(16, ?,1111)2 —
g 1101 A6,B-D,H-L,N,Q,W, X, Z 00 A 2( 2(25 8,’10) )
J 1110 A6,C,D,N,Q,U,V,W B (0-6, 12, 14)
) 1111 A6, B-D, F, H, K-N, Q C ¥ (0-6, 11-14)
% 0000 A5, A6, B-D, H, K-M, W, X, Z lé Z(l(,)6i 11-%54)
g 10 0001 A6,B-D,H, K, L,M,W, X, Z F %EOZ 1: ;: 8;
© 0010 A2,B,C,GI,M,N, U,V G (0-3, 9, 10, 12)
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Z(Oa 3> 6’ 8_13)

¥(2-7,9, 10, 12)

>(2,6,8,10)

(6, 11, 13)

Y3, 6,11, 13)

Y(4,5,7, 11-15)

Y (4-6, 9, 10, 12-15)

2(0-5)

203)

2.(6)

>(0,1,3)

>(0,1,3)

¥(0,5,9, 10, 12, 15)

¥(0-5,9, 10, 12, 14, 15)

Y(6-8, 11)

32,6, 11, 12, 14)

203)

20)

¥(3,9, 11, 13-15)

2(5,6)

¥(0-5, 8-10, 12-14)

2(0-14)

3(0,1,3-9, 11, 14)

2(0,2,4,8,10, 14, 15)

y(1-3,5, 7, 9-11, 15)

(24,9, 10, 12, 13, 15)

2(1,5)

1,57,11,15

3(1,2,5, 12,13, 15)

(2, 6,12)

>0, 3,4, 7-11, 14)

(7, 11)

2(6,8)

>(3,7,9,11)

263.9

>(3,6,15)

>0, 2-4, 7-14)

(0, 2-4, 8-10, 12-14)

>(1,5,6,13)

>0, 1, 3-5, 8,10, 14)

>(5,13,14)

2(0,1,4,5,8,14)

¥(0-3, 5-8, 10-13)

¥(0-3, 5-8, 10-14)

¥(3,9, 11, 13-15)

>(4,10,11)

Y4, 10, 11, 15)

2(4,6,10,11)

Y(3, 4,9-11, 13, 15)

Y(0-2, 4-8, 12, 13)

(6, 13)

01

(3,9, 13)

3,9,13,15

¥(0-9, 12, 15)

>(0,1,4,7,9,11, 13, 14)

2(1,2,4,6,9,10, 11)

2(15)

>(13,14)

>(1,2,12)

¥(0, 1,2, 5-8, 10, 12, 14, 15)

¥(0-2, 5-8, 10, 12, 14, 15)

(0, 1, 3-6, 8, 11-15)

Y3, 11,13)

N|<|X%[S|<|c|d|wn|nlo|v|o|Z|Z|r|X|<|—|z|o|n|m|o|o|o|>| B BRI BB &IN| < [X|S|<|c|H|w|x|lo|v|o|z|Z|r|x|«|—-|T

>| >
o=

10

>
w

>
~

>
o

2(0)

>
>

(0, 1,3-9, 11, 14)

11

2(2,0)

2(2,6)

¥(0-2, 5-7)

>(0-2, 6)

50, 1, 3, 8-11)

3,8-11

>(0, 1, 4,10-12)

2(5-7)

2(7-9)

>(4,10,11)

>0, 7-9)

2(7-9)

Y(11,12)

Y(1,2,5-7,12)

(1,2, 5-7, 15)

>(1,3,4,8,9,11, 12)

Y(3-5, 7-9, 11)
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International Journal of Science and Engineering Investigations, Volume 2, Issue 15, April 2013

107

www.lJSEl.com

ISSN: 2251-8843

Paper ID: 21513-19




D. Circuit Design

In Fig. 5, we showed that a 2 to 4 line decoder is connected
to 4 blocks. According to the selection inputs of the decoder, a
block will be activated. Every block is representing the logic

circuit that can be achieved from the SOP

function

summarized in Table 7.

Block A

Block B |

Block C

00
2 to 4 Line Decoder

Block D

Figure 5. Block diagram of the circuit of the 32 segment display

IV. CONCLUSION

We approach to construct a 32 segment display design
which is sustainable for practical use with flexibility, more
compact than others and no redesign is necessary if we want
to extend it. Our next effort will be to add the English
numbers and characters so that in one display system it
becomes possible to visualize both Bengali and English
alphanumeric symbols. To add English characters and
numbers, we need to use a 3 to 8 line decoder instead of 2 to 4
line decoder to keep the design unchangeable. We will need to
add extra circuits only.
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