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A statistical analysis has been performed for determi-

ning the electrical characteristics of Bengali Veice Signals. . ...

For this purpose the aﬁplitude and duration pattern of the
ietters of Bengali alphabet uttered in isolation and in diff-
erent words has been studied from speech samples recorded from
twenty Bengali speaking persons. Then the bandwidth‘of the
letters were also determined both individually and occurring
in syllables of different words. The letters in male and
female voices were treated separately. On the basis of the
bandwidth analysis it can be suggested that the bandwidth

of a telephone charinel adaptive to Bengali Voice Signals
should be 3.5 KHz for uninterrupted transmission. Also the
sampling rate for an anélog to digital converter has been ]
calculated from this band limit. Based on these statistical
dataisome prospective coding schemes for digital processing
of Bengéii voice signals have been suggested. The number of
bits reguired for an algebraic coding has been found to be
10 including & message bits and 4 redundant bits. For a
convolution coding-a code tree has been designed for 6-bit

messages in Bengali,
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CHAPTER — 1

GENERAL INTRODUCTION

1.1, A Brief History of Bengali Language :

Bengali is the language of over 150 million people. Among

them one third live in the West Bengai and Tripura States of
- India, a few millioms in the various districts of Assam, Orisha

and Bihar States of India, a few million in Britain and about 100
million in Bangladesh. The history of Bensali begins in the early
centuries of the present millennium. Before that there was only a
family of dialects commoﬁly known as Prakrit. The gradual develop-
ment and the location of Bengali in the Ino-Xuropsen family of
_languages is shown in page-2 in tabular formﬁﬂtﬁ.ln linguistic
"relationship, Béngali is closer to Assamese,theﬁ fo Oriya and then
to Hindi. About sixty percent of the word types in formal Bengali
are classical Sanskrit. The rest contains British English,Persian,
Portuguese and other south Asian Languages. The script is histori-
cally deriveé from ancient Indian Brahmin, itself & modification
of ancient southern Arabic. It goes from left to right =and unlike
roman hangs from a line and there are no capitals. Modern Bangali ig
~an Indoaryan language. It has been written in =a scriﬁt called
Bongolipi. Modernisation of Bengali started from late eightenth
century. This was-the time of advent of modern prose and standard
colloquiel Bengali. However, Bengali language like any other lan-

guage has several directal variations.



The pradual development of Bengali language.,

Proto Indd-European

I

I

Satem langusges

I

Centum languages

|

Albanian Armenian Balto-3lavice Indo—iLanian
lll I
Baltic Slavic Iranic ~ Indic
-01d Tranian
Lettish Lithuanian  Old Prussian Persisn Sanzkfit
Prakrit
So&th | west Eégt Ugdu Hihdi Benéali %odan}
Buléarian S;ovénian Serbo—drotian Russian

Pofish

CzechoLSlovak



Bengali is structurally known as a SOV ( Subject object verb)
language. But it has noticeable flexibility in the order of the
words depénding onn the :infentional contectualisation of the _

speaker.

There are about 4000 languages in the wérld. The position
of Bengali is eighth in view of the number of speakers. Its posi-
tion is after Chinese, English, Hindustani, Spanish, Russian?
German and Japanese. From the consideration of literary achieve-~
ment its position i1s unique in Scuth Asia. About 1600 newspapers

and journals are published in Bengali,

The Language movement of 195é and the subsequent establish-
ment of Bengladesh in 1971 have greatly influenced the moderﬁ
trend of the laﬁguaée. It is now Being éxtensively used in ac?-
demic institutions, government offices, autonomous bodies and in
almost all public affairs. In brief it is the major medium of
mass communication in Bangladesh. Because of this chenging status
the domains of uses of the languazec has been exterded substan—
tially. So Bengali as a langusze has to coup with the new situa-
tions. Bengali as a language has not been extensively analyzed
for an electrical communication channel, The most srelevant work
on the acoustical study of the vowel structure of Bengali lénu
guage was carried outf?}amanik 2. Das‘[}j studied the infor-
mation contents of messages in Bengali ianguageu The purpose of
this thesis is to study statistically the time- amplitude pattern

and the frequency bandwidth of Bengali alphabets in voice signals

which are the constituents of the langusge and to extend this .



. study to digital processing of Bengali messages by appro-

priate coding.

1.2, Object and Method of Study:

The object of the study is to find the electrical charac-
teristics of Bengali Voice Signals and the possibility of
digital processigg of Bengali messages— by statistically mea-
suring their time- amplitude and frequency bandwidth pattern.

For this purpose the following steps have been carried out.

1. The time-amplitude signal pestterns of Bengzli alphabets
uttered in isolation and occuring in different words were recor—
ded from both male and female voices and statisticsal averages

were established for their respective amplitude and duration.

2. For assessment of the bandwidth of a voice channel adaptive
to Bengali, the bandwidth of the Bengali alphabets uttered in
' 1solation and occurring in words from male and femsle voices

were determined by the method of Gaussian frequency analysis.

2. Based on the dzta obtained in steps 1 and 2 appropriate
coding schemes for efficient digital processing of Bengali

messages have been suggested.
|

In Oh?pter;Z the time-amplitude pattern of Bengali Vowels
recorded from the voices of ten males and ten females of diffe-

rent ages and professions were studied. A similar study on

Bengali Consonants uttered in isolation is given in Chapter-3,



\

Since in normal speech the alphabets occur in different
words a study has been given to their time~emplitude pattern

ocdurring in different words. The results of this-study are

given in chapter—4. In chapter-5 a frequency analysis has -been--

performed over the penrécorded data of the timcuamplitude.
pattern, The method is based on Gaussian Spectrum analysis.
The statisticél data for amplitude .and duratidn pattern as
well as the frequency bandwidths of the alphabets enabled us
to think over the design considerations for digital pro¢essing
of Bengali messages. For this purpose some coding schgmés have
been developedrfor Bengali Voice Signals and illustreteé in

chapter-6. The thesis has been concluded with a general discu-

ssion in chapter-7.
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Chapter 2

MEASUREMENT OF THE AMPLITUDE VERSUS TIME
PATTERN OF BENGALI VOWELS IN VOICE SIGNALS:

2.1 Introduction ‘

Bengali Vowels have been recorded from the voices of twenty
Bengali persons. Ten of them are males and ten . &Tre females.r The
persons are of different profession and hailing from different di-
stricts of the country. Their ages range from 20 to 40 years. The
speech samples were tape recorded and then pen recorded as amplit-
ude versus time. Each vowels has been pronounced thrice by each
person and an average amplitude and duration of each alphabet have
been calculated for each person. Again an average amplitude and
duration for each alphabet pronouncgd by different persoﬁs have be~
en ‘calculated and bargraphs of the average amplitude veréus durati—
on have been drawn. The data for male and ‘female voices have been

processed seperately.

\
2.2 Experimental Set-up

4 photograph of the experimental set up is given in Fig.1.
A tape recorder type 7003 of Brue} & EKjaer is conneoted to a level
recorder type 2307 (of Bruel & Kjaer). The voice signal®’is first
recorded from the microphone and thén replayed to the level record-
er giving the pen recorded data. T#e electrical and mechanical cha-

!
racteristics of the instruments are'described below.

Tape Recorder 4]

This is a portable multichannel instrumentation tape recorder ',

=iype 7003 of Bruel & Kjaer designed to give optimum performance and
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reliability. It is especially desigred for recording of Vibrati-
on and acoustic data. It employs all soid state Circuitry giving
accuracy and repeatability of performance. It uges k" professio-

onal tape on 7" reels.’

The tape recorder 7003 has four tracks and‘is intended ma-
inly for vibration measurement. It uses FM recording techniques
giving a frequency range aown to DC. Two tape speeds are availa-
ble, 15 ips and 1.5 ips which allow a frequency trénsformation

ratio of 1 : 10.

The recording technique is FM and each of the four identi-
cal measurement channels consists of a 'record', section and a
'reproduce' section mounted on exchangeable plug-in cards. A block

diagram of one measurement channel is shown in Fig. 2.

The channels feature very low distortion,high 1inearitj and
low noise. The wide band dynamic ranges are 39 dB and 44 dB at
1.5 ips and 15 ips respectively. For the availablg direct chann-
els the dynamic ranges are 35 dB and 39 dB. If the recorded sign-
al is to be frequency analyzied, the dynamic range will be consid-
erably greater over most of the frequency range depending upon the

analysis bandwidth.

l
A circuit for!recording voice signals on channel 1 is alsgo

included. It consists of a dynamic microphone, an amplifier and a
relay, which is controlled from the microphone. When recording

voice signals the output of the amplifier is switched via the relay

A
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to the input of channel 1, which then serves as voice channel. At
playback the microphone acts as a loudspeaker and reproduces the

track selected by the meter/monitor switch.

Graphic Level Recordé}i{ﬁymf’ S

The Level Hecordef is ‘an inétrumént type 2307 @f Bruel &
Kjaer. It is basically a fecording voltmeter designed to accurate-
1y record the RMS, average or peak level of an AC signal from 2 Hz
to 200 KHz as well as dc signals. Recording as a function of time
or freguency can be made on preprinted lined or frequency calibra-

ted strip-chart paper, 50 or 100 mm wide.

Electrical description of the Level Recorder:

A block diagram of the level recorder is shown in fig. 3.
The level recorder operates as an automatic null balancing bridge.
The input signal is applied to the interchangeable Range Pottentio-
meter via a continuously variable input Potenfiometer and a caliﬁr—
ated input attenuator, The wiper at the Range Potentiometer is 1li-

N

nked with the pen drive. ~

-

Inéut to the recorder is performed via a 14 mm -coaxial so-
cket for %tandard B and K plugs. A ground socket is also provided
enabling ﬂanana plugs to be used. The input signal can be attenu-
ated continuocusly over a range of approximately 12 dB by Input Po-
tentiometer., The Input Attenuator attenuates the signals in accu-~
rate 10 dB steps. With these two controls the pen position can be

adjusted to obtain the desired base-line calibration. & push button
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6perated 100 mv reference voltage is provided for easy calibrati-
on.
s
The dynemic range of the recérder is determined by the in-
terchangeable'range potentiometer. There are six different poten—.i
tiometers, two linear and four logarithmic with dynamic ranges of
10, 25, 50 and 75 dB. The resolving power is adjustable 5y the

Potentiometer Range attenuator.

Time averaging is required for the measurement of varying
signals. The averaging time of the level Recorder is determined by

the setting of the writting speed control.

The Lower Limiting Freguency Control determines the lowest
frequency to which the recorder responds correctly. The lower lim~
iting frequency limit may be adjusted to be 2, 10, 20, 50, or 200
Hz. Writing Speeds can be selected from 2 to 200 mm/s giving eff-
ectivé averaging times from the order of seconds down to approxima-

tely 10 ms.

The level Recorder records the absolute'arifhmétic average,
the root mean square or the instantaneous half peak-to-peak value
of any waveform from 2 Hz to 200 KHz. The recorded RMS value is
accurate to within + 0.5 4B for signals with crest.factoriupto 10.

Phase distortion will not affect the RMS accuracy.

In the DC recording mode a 41 EHz electric chopper is intro-

duced before the average rectifier. ’
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Mechanical Description :

The mechanical section of the Level Recorder con51sts of
a pen drive system, an event marker faclllty and a paper drlve

mechanismo

As well‘as driving the paper, thg_paper drive mechanism
also incorporates an automatic stop device for single chart reco-
rding, synchronigation of external instruments with the paper mo-
vement, and control of a multiplexing switch is‘used e.g., for

two channel recording. -

There are two drive shafts for driving external equipment.
One of them can also be used as an input for external mechanical

control of the paper movement.

The Level Recorder ié capable of writing on 50mm and 100
mm widths of'strip' chart recording paper and on 200 mm dia Polar
paper. For 50 mm wirting width the moving arm is coupled direct-
_ly to the Pen holder. For 100 mm writing width a very . accurate
wire driven mechanical gear transforms the movement of the drife
coil into the required pen movement. When recording on Polar paper
a small pin supplied ié inserted through the hole in the centre of
the papér and into a hole in the writing platform.

|

4 Pen Lift mechanism enables the pen to be lifted from the

paper when-ever desired.
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The Level Recorder is also equipped with an Event Marker fa-
cility whose markings at the chart border can represent freguency,
)
time or other quantities as required. The event marking can be co~

ntrolled manually or remotely.

The writing system uses either pens loaded with ink cartid-
ge or disposable fibre pens for writting on white paper or sapphire

style for writting on white-wax-coated paper.

The paper drive of the level recorder uses a special motor
with very short start and stop times. With 50 Hz power supply the
starting and stopping times are as short as 15ms and time for rever-

sal of paper direction is 7Qms.

2.3 Measured Data

The wave shapes_of the measured data recorded from various-
persons are shown for a typical voice in fig. 4 . It can bg ob-
served that although the waves have some similarities their distin-
ctive features are their amplitudes and durations which are found
to be.the major characteristics of the zlphabet .. Comparative stu-
dy of the amplitudes and durations of the vowels have been carried
out in the following sections. |

2.4  Amplitude and Duration of Bengali Vowels in Male Voice:

Traditionally there are 13 vowel characters in Bengali Langu-

age. They are shown below with the phonetic transcription of their

normal pronunciation, fe].
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4 2 8 3 - LU
ot o cu ong oh
Among. them &, ar, %, ¥ a . and -8 -are.original vowels

’
and - are known as Phonem es or Phonoloéical units.. % -and & are -
variations of % and 8. % and ¥ are short vowels and ¥

and & are long vowels and are not mutually contrastive. So %
and X are considered as memberé of the same ﬁhoneme. Similar
is the case with ® and &. ﬂ,'qg and g are semivowels 2
and . 3 are called compound vowels or Dipthongs. Each oflthem
are.a'ctually sum of two vowels, i

C-8-s . A=z @ + %

A v +

-Amplitude and duration of Bengali Vowels in different male
voices are shown in table 1 and their average is shown in table 2.
The average values are shown in bar graphs in figure - 5 ., From
the data it is seen that &< has the highest amplitude level(129.
10mv), 2 has the lowest amplitude (43.60 mv) and minimum duration
. (0.41 Sec.). The duration of & is maximum (0.51 Sec.). The amp-

litude and duration of ® is greater than -% and those of §

[

are greater than L The reagon of these ‘“higher amplitﬁ%e and

-

duration is probably psychblogical. % and § are known as[long
vowel, This notion might have influenced the speaskers in realizing
the sounds in longer duration and higher amplitude. '&' 1is known as

back vowel and both 'its' amplitude and duration are higher than '
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tar which is known as low vowel., This is because during pron-
unciation of '@ the aperture - of our month is more open than \&

and as a result the air thrust is iower. -

2.5 Amplitude and Duration of Bengali Vowels in Female Voice:

Amplitude and duration of Bengali Vowels in 410 different
female voices are shown in table 3 and théir average values are
shown‘in table 4, These data are also shown in bargraphs in fig-
Fig.6. There is resemblance of amplitude pattern of female voi-
ce with that of male voice. However the difference occurs in th-
eir relative amplitudes and duration. In female voice 'S has
the highest amplitude in contrast to W& which has‘the highest
‘amplitude in male voice, Other;cﬁaracteristics are systematica-

1ly similar with lower amplitude and duration.

2.6. Discussion:

From the data we find thaf 9% has the highest amplitude in
male voice and @ has the highest amplitude in female voice. The
lowest amplitude occurs in %2 in both male and female voices. The
duration is meximum for and minimum for ¥ _ and % in both
the cases, The average amplitude-variation ranges from 43%.60 mv-
129,10 mv for male voice and 39%90 mv- 118.80. mv for female voice.
The ranges of variation of the %uration is O.4i sec—=0,51 sec. for
male voice and O.40 sec=0.49 seéy for female voice. The results of the
analysis of the average amplitude and duration pattern of the Vowels

are illustrated in figures 3 and 4 for comparative study.



3w

140 (-

T T —— (R Wt — —— — . T S w—— —— — V. — W . —— —— S Gwtt  w— e

5
)
©
Ry
———— — e e i e — — ——— —— — — =]
- s
—— e ——— — P
2
E -
I\.M llllllll
¥y
o N
| I | ] i
o o o o o o
8 8 S 2 2 2

- (aw) apmidwy

(Sec.)

2
Duration

Amplitude and Duration

Female Voice.

in

Graph showing the Average
Vowels

of Bengal:

-Bar

Fig. 6.



Amplitude -and Duration of Bengali Vowels

Pronounced by different Persons (Male Voice)

o1
Person :
Amplitude Duration Amplitude Duration Amplitude Duration
Ym%my) T(Sec) v (mv) T(Sec) Vﬁfmv) - T(Sec)
1 143,30 0.53 140.00 0.47 44,20 0.7
2 130.00 0.60 128.30 0.60 32,50 0.53
3 125,00 0.43 105.00 0.37 41,70 - 0.37
4 102.50 0.35 195.00 0.30  36.70 - 0.37
5 116,70 0.40 105.80 0.37 32.50 0.30
6 116.70 0.38 102.50 0.35 59.60 0.38
7 121,70 0.60 11670 0.60 34,20 0,40
8 143,30 0.60 122,50 - 0.47 éo.oo 0.4%
9 140,30 0.53 130.00 0.52 57.80 0.45
10 123,50 0.63 113.60 0.55 47.00 0.40

' TABLE 1.

Cc



Amplitude and Duration of Bengali Vowels
Pronounced by different Persons(Male Voice)

]
Person Amplitu&e Duration Amblitude Duration Amplitude Duration

Vm(mv)id T(Sec) Vm(mv) : T(Sec) Vﬁ(mv) T(Sec)
1  52.50 0.43 90.00 0.53 85.00 0.53
2 50.80 0.60 85.00 0.60 85.80 0.60
3 45.§Q 0.37 83.30 0.40 83.30 0.40
4 38.30 0.42 70.60 0.37 70.00 0.47
5 45,00 0.35 sﬁ.éo 0.38 671.70 0.35
6 60.00 0.50 7@,00 0.37 80.00 0.50
v 45,00 0.50 72.5§ 0.55 89.20 0.60
8 60.@0" " 0.45 90,00 0.43 100.00 0.50
9 69.00 0.58 95.00 0.53 105.00 0.60
10 51.50” 0.45 0.48 84.10 0.50

78.80

TABLE 1.

Le



Amplitude and Duration of Bengali Vowels
Pronounced by Different Persons(Male Voice)

Person Amplitude Durstion Amplitude Duration Amplitude Durstion

Vm(mv) T(Sec) v mv) T(Sec) _ Vm(mv) T(Sec)
1 81.70 0.55 101,70 0.50 125,50 O.43
2 58430 0.53 93.30 0,60 1 105.80 0.48
3 65.00 0.45 74,20 0.40 9%.70 | 0.40
4 56.70 Q.42 88.30 O.42 111,70 0.40
5 - —-60+00- 0.35 78430 - 0.40 83.30 0.38
6 50.00 O.47 70.00 0.40 80,00 | 6.40
7 &4,20 0.52 80.80 0.50 190.80 ; O.47
8 80.00 0.47 115.80 O.43 - 118.30 0.4?
9 85.50 0.58 119.00 0.55 132,40 0.50
10 66,70 0.47 89.40 . 0.50 132,40 0.50

TABLE 1

e



Amplitude ﬁhd Duration of Bengall Vowels
pronounced by different Persons (Male Voice)

033,40

c— T [ & 1 R ‘
Person ! ° ! B,L ' G{; LI m:
| Amplitude ! Duration ! gmplitude , Duration ' Amplitude , Duration ' Amplitude Duration)

| Vplme)  T(See) ¥ (mv) | T(see) 1 V (mv) | T(Sec) 1 V_(mv) EES

4 1 420.00 1 0.53 1 4dg .00 ! 0.50 . 148.80 | 0.53 I 148.30 | 0.50

2 i 119.20 i 0.60 E 129.20 ,  0.53 E 137.50 ,  0.53 E 135,00 |, 0.53

3 : 84,20 : 0.37 : 91.70 : 0.33 : 100,00 : 0.33 : 108.30 T_ 0.30

4 : 100.00 : 0.47 : 108.30 E 0.45 : 123430 E 0.47 : 111.70 E 0.43

5 : 88.30 : 0.32 : 93.30 : 0.30 : 111,70 : 0.37 | 115.00 - : 0.30.

6 | 80.00 . 0.43 | 90.00 R T 108.30 ' 0.33 10330 ' 0.30.

7 1920 1 055 1 99.20 ' 0.50 T 122.50 | 0.40 : - 136,00 | 0.37

8 :115.00 : 0.50 : 125.80 : 0.48 : 141,70 : 0.47 : 137.50 :' 0.40

9 E 133,20 ;' 0.55 ** 159,30 L 0.53 E 150,00 ,  0.52 E 156,00, 0.43

10 : 125.00 : 0.65 E 140.00 , 0.55 : 146,00 : 0.50 : ‘: 0.50
. 1 - v

'
RS

TABLE 1.



Average Amplitude and Duration of Bengali Vowels

_______________ in_lUele_Yoicea . _—
e —TQ - -
: Vowels ! Amplitude - | Duration !
: | V. (mv) '| T(Sec) l
B e ———— + -— - - = |
| . o e
! - 126130 - 0i50 T Er
|
: o | 115.90 :' 0.47
| % : 43.60 i 0.41
| |
l- 5 l 51.70 , 0.46
1
: B . 79.80 -: 0.46
| g : 85.20 : 0.5
I |
| 3 ! 66.80 | 0.48
1
: a . 91.10 : 0.45
| 9 : 107.70 | 0.44
i ]
u s ! 105.90 - 0.49
: |
: % . 115.70 ' 0.45
}
| - : 129.10 | 0.44
I t
| - : 128.40 , 0.4
: | i
d S A

fman = o WE wr mm mm mm e mr wF Ar ER M em Sm e e es W o

TABLE 2.



Ampltid Amplitude and Duration of Bengali Vowels

Pronounced by different Persons(Female Voice)

' ' ¥ : gl 1 : 2
: Person ‘Amplitude ; Duration | Amplitude ' Duration  Amplitude ' Duration
| 1V (mv) - , T(S4c) P Vomv) : T(Sec) p Vplov) : T(Sec)
[ . l * | I : ‘
;1 : 135,00 ¢ 0.50 : . 130,00 |- 0.47 : 45,300 : 0.37
P2 ' 130.80 ,  0.50 ' 125.00 . 0.50 42,50 . 0.40
1 . 1 N : N
3 | 112,50 1 0.38 " 101,70 L 0.37 : 43,30 | 0.37
1 A 1 ] L. ' :
L4 : 120,00 I 0.50 | 115.00 | 0.4 : 41,70 1 0.30
t — 1 ] — 1 - [
5 123.30 ' 0.38 | 10330 1 0.35 T 3750 1 0.35
! . 1 [ ) . ]
I g | 121,90 ' 0.50 | 115.80 I 0.40 . 47.50 1 0,32
1 , . ) i , | [
: 7 1 105.00 : 0.50 : 91,70 : 0.48 \ 30.00 ! 0.40
[ [ M . ' )
S | 100,00 ' 0.60 ! 85.00 ' 0.55 | 33,30 0.53
1 - ‘ o .
L9 | 111,70 | 0.40 L 96.70 ' 0w | 35.00 | 0.40
1 - - '
: 10 1} 128.30 : 0.55 | 125.00 : . 0.50 | 42,50  0.53
T o T T — T L e L
TABLE



Amplitude and Duration of Bengali Vowels °
pronounced by different Persons(Female Voiice)

"
+

| 3 : : i g
Person .
"Amplitude | Duration ' Amplitude ! Duration ' Amplitude ' Duration
b v (mv) , T(Sec) b v _(mv) I P(Sec) ' vV (mv) I 7(Sec)
v L l r o : |
1 60,00 0. 44 80.00 0.47 85.00 0.50
2 43,50 0.47 73.30 0,40  80.30 0.50
3 46,70 0.37 71.70 0.2 - 78.30 0.48
4 50,00 0,37 66.70 0.48 h 75.80 0.48
5 40,80 0.38 70,00 0.40 78.30 0.45
6 60.00 0.40 75,00 . 0.45  82.50 . 0.48
7 45,00 0.50 ~ 80.00 0.50 . 83.30 o -U.5o;
) X . ' ' ,
8 41.70 0.53 57.50 0.53 70,00 0.60
9 40,00 " 0w5 51.70 0.40 . 63.30 0.2
10 48.30  0.53 75.80 0.50 88.30 0.53

R TABLE




Amplitude and Duration of Bengali Voweld
pronounced by different Persons (Female Voice)

1 o 1 i a
Person | : | ; 1 :
| Amplitude Duration i Amplitude ' Duration , Amplitude ' Duration
1 V_(mv) ' 1p(Sec) 1 V_(mv) I P(see)  V.(mv) ~ ' T(Sec)
N m | . m i . X m |
1 67.70 0.47 86.70 0.45 124.70 0.47
2 51.70 0.50 82.50 0.40 - 98.30  0.38
3 51,70 0.40 100.00 0.37 113,30 . 0.37
4 63.30 0.40 98. 30 © 0.40 93.30 0.45
5 56. 70 0.50 95.00 0.42 113.30°  °  0.40
6 52.50 0,47 79.20 0.45 95.00 0.40
7 38,30 0.50 88.30 0.48 93,30 0.50
8 40.00 0.50 68.30 0.53 95,00 - 0.50
9 51.70 ‘ 0.40 81.70 0.43 ' 98.30 0.50
10 _57.50 . 0.50 96.70 0.50 110,00 0.50

TABLE

Le



Amplitude and Duration of Bengali Vowels
pronounced by different Persons (Male Voice)

: : 3 ; 3 y qL ! v
Person ~ | : ] X
' ' Amplitude ' Duration ' Amplitude ' Duration , Amplitude ' Duration 1 Amplitude | Duration
I 1V (mv) I T(Sec) ! v (mv) I T(Sec) v {mv) I D(See) |V ?mv) t T{Sec)
| L o | i o P I i . o |
1 ! - } K ' ] : 1
' 1 . 115.00 P Ca47 ¢ 116,70 | 9.45 : 126,70 |, 0,43 | 131,70 1+ 0,37
' 2 ! 0330 ! 0.0 | 115,00 ! 0.40 | 128.30 | 0.40 1 120.00 | 0.40
) !
3 I 75,00 | 0.3%7 1 110.00 | 0.43 , 120,00 ' 0.3 | 116.70 ' 0.30
1 | 1 i ’ ] | ‘I
.4 , 100,00 . 0,48 | 105,00 | 0,42 : 120.00 | Q.43 : 113.30 1 0.42
. ' | 1
!5 | 110.00 ! 0,45 | 118.30 | 0.47 115,00 | 0,40 | 128,30 , 0,30
I I
6 I 101,70 I 0,50 ' 103.30 ! 0,40 , 115.00 ' 0,40 L 119,20 ' 0.45
| (. 1 { | | ‘ |
.7 . 110.00 | 0.48 | 113,30 | 0,45 : 110.00 | 0.43 : 95.00 1 0,37
. | | :
.8 | 103.30 | 0,53 | 103,30 | 0.50 I 101,70, 0.47 1 98,30 |, 0.47
- | 1
9 ) 100.00 1 0,45 ' 98.30 ' 0.47 | 119.20 ' 040 115.00 | 0.43
| | ! I | |
¢ 10, 105.80 | 0.50 | 113,30 1 0.45 : 131.70 1 0.43 . 134,20 1 0.47
f ! | . I I | I ! 1
1 ! | L L ~ ! I !
TABLE 3.



Average Amplitude and Duration of Bengali

r————"""" S r—— - r—— -
Vowels . Amplitude " Duration
| Vm (mv) i T(Sec)
_ e em —- _

L : 118,80 : 0.48
1 |

ST : 108.90 | 0.45
] I ’

% ' 39.90 | 0.40
1 |

% i 47,60 ' 0.45
1 }

% ] 70.20 { 0045
1 i

3 : 79.30 : 0.49

! | I g 1

’ . 5% .10 ; 0.46

. 1 ' : I

(ﬂ ] 86. 20- I O.M
I |

A : 103%.20 i 0.45
i : |

® ! 102.40 1 0.46
i §

3 ! 110.60 : 0. 44t
]

o : 117.80 : 0.42
| . ! ~

T2 , 117.20 \ 0.40

‘ l [

[ A b ! _

TABLE 4.

29
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CHAPTER

MEASUREMENT OF THE AMPLITUDE VERSUS TIME PATTERN
‘OF BENGALI CONSONANTS IN VOICE SIGNALS. .

2.1 Introduction:

There are 37 consonants in Bengali language. They are list-

ed below with phonetic transcription of their normal pronunciation,ﬁﬂ.

¥ s q & F T 0§ P

kd kha | @ gh: no 3 cho 3 ko o
52 r.} ] 1 B s 9 LY Y E}
£o tho do dhod U to tho d» dwd no

9 ¥ T G w ¥ El a |
p2 PhD bo bho m2 P \L 12 §o
¥ q T & B 19 7 g w t 3
$° So 1 ho ko 10 o 3 % m h

The number of consonant phonemes are 31.. We have excluded €, &,

w, ¥ and ¥ from recording becuase they are not pronounced in-
dependantly. Also ¥, @, ¥Y,<, &, * de neot eccur im the imitial
pesitien éf werds. However ¢ and ¢ has been explained with vo-
vohel sound as ®¢ and wz (Chapter 2). 4 1is phonetically
eiuivalent to Y phoneme. 3So it does not deserve any seperate
jm'eatment° The sounds represented by & andv are in complementaryr
distribution with dental ¥ and so the three sounds can be aasumed
to be allophones or members of the same phoneme. They can be reprﬁf
sented by the same letter, preferably i1 . ¥ represents two phogp‘

emes of Bengali, ¥y and w. « is known as a diaeritiec. It has no



cate nasalisation, predominantly vowel nasalisation.

o and ¥ are also allophones of tﬁe same phoneme. Alth-
outh the pronounciation of =x 1is similar to % in most .places~
the sound represented by % has a distinctive function. 5o 3 is
considered as a different phoneme. & and ¥ are in complementa-
ry distribution. ¥ occurs only in initial positions and P in
- medial and final positions of words. They are algo treated as sepe-
rate phonemes.,

Bengali c@nsonants uttered in isolation by 20 Bengali speakers
were recorded. ;They were the same persons from whom the vowels had
been recorded. iEach éonsonant was pronounced once by each person.
The average amplitude'and duration have beép calculated from the data
and represented in bar graphs. Male and female voices has been trea-

ted seperately. Wave shapes of the consonants of a typical voice are

shown in fig _ 7.

3,2 Amplitude and Duration of Bengali Consonants in Male Voice:

LY

The amplitude and duration of Bengali consonants in 10 differ-
ent male ‘volices are sbbwn in table 5 and their average is shown in

table 6, which are plLtted,in bar graph in fig, 8.
|

From the data it is seen that ¥ shows the highest amplitude
(129.70mv) and § the lowest amplitude (110.50mv). According to

the place of pronunciation Bengali consonants are divided into 9
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classes[7],They are shown below with their corresponding amplitude/
amplitude ranges : ' : : .

&

1) - Velar :- examples T, ¥, T, W

Amplitude range: - 119.00nv - 129.70nv

2) ~  Dorso-Alveolar : examples 5, %, @, %

Amplitude range: 120.00mv~125.50 mv

3) Alvelo-retroflem: examples $,%5,%7,5,F

Amplitude range : 122.20mv - 129,.00mv.

4) Dental : examples = Oy ¥, A, ¥
]
Amplitude range : - 123%,20mv - 128.00mv.
5) Labial :- Examples - 4,%,3,8, ¥

Amplidude range : | 118.70mv - 129.20mv.

6) . Alveolar.-: - -'examplés - W, q, d, ’f.- N

Amplitude range : 112.00mv - 124.20mv

?) Post alveolar : examples =
Amplitude : 121.50nmv,
8) Glottal or Laryngeal : example % h

Amplitude 5 : 126.70mv.

From the data it is seen that tke amplitude characteristics of the
different alphabets of the ¥, ¥ and ¥ groups are similar in
nature. ¥, 5% and 49 which are phonetically unvoiced and unaspira-

ted have the highest amplitude levels amd 7,5, and g which are
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voiced and unaspirated sounds have the lowest amplitude levels.
The duration of the aspirated consonants are always higher than

the correspording unaspirated consonants.

In the ®  group the unvoiced unaspirated g -has the
lowest amplitude and duration and the unvoiced and  aspirated
consonant % has the highest amplitude. The duration of voiced

and aspirated consonant =z is maximum.

In the dental § group the voiced unasplrated consonant g
has the hlghest amplltude end lowest duratlon while the unvoiced

aspirated g has the lowest amplitude and highest durations.

qa ‘never stands at the begining of a word. In fact the
pronunciation of unsyllablic ¥ in any word is alveolar. The
amplitude of ¥ is higher than M although their duration is

Saie,

Among sibilants #, ¥. and #H, = has the highest
amplitude. Its phonetic name is unvoiced unaspirated post dental

fricative sibilent. ¥ has the lowest amplijitude. The amplitude

-

of § (falls between these two. The names &% (Talobba sha), ¥
(Murdhorno%ha ) and. 5 (Danfo Sha) have been derived from Sanks-
krit. How%ﬁeq in modern Bengali they are not pronounced in accord-
ance with their cor rresponding articulatory positions. So they are

misnomer.



N
n

The place and mode of pronumciation of g and g are
elmost similar. The phonetic name of ¥ ' is voiced unaspirated al-
veolo flapped sound and that of §F is voiced aspirated alveolo

flapped sound. . Their amplitudes are .almost similar.

3.3 Amplitude and Duration of Bengali Consonants in Female Voice:

The emplitude and duration of Bengali consonants in different
female voices are shown in table 7. Their average 1s -shown in table
8. They are shown in bar graph in fig. 9 . In female voice

also Wz shows the highest amplitude (124.50mv) and'q® the lowest

amplitude (106.30mv).

The different types of consonants are shown below with their
corresponding amplitude/amplitude ranges:
1) Velar : examples F, ¥, T, ¥

Amplitude range : 116.20mnv - 124,50mv.

2) Dorso alveolar :  examples v, %, , %
Amplitude range : 116, 50mv - 119, 70mv,

3) Alvelo-retroflex:  examples B, 5, %, T, ¥ F
Amplitude range : 117.60mv - 121,.90mv,

4)  Dental : - examples 5, ¥, W, ¥

Amplitude range 3 .117.90.mv - 122.40mv.

5)  Labial examples 1, ¥, 3, §, ¥

Amplitude range : 113%2.90mv - 119.60mv.
6) Alveolar .+t examples . w, %, @, A, ¥
Amplitude range : 107.20mv - 122.20mv,

7) Post alveolar : example o
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8) Glottal or Laryngeal : example E

Amplitude _ : 1’18.50mv;

The %, B and % groups exhibit identieal characte-
ristics as the male voice.That means the umyoiced and unaspirated
7, b and have the highest amplitude and the veciced and
unaspirated 5 ¥ and 3 have the lowest amplitude levels. In
5 group also the unvoiced unaspirated '6* has the minimum amp-
litude and duration. = The highest and duration is occupied by the
'voiced*aspirated' consonant. g . In ¥ group the voiced unas-
pirated consonant W  has the highest amplitude and the unvoiced
aspirated consonant « has the lowest amplitude. The duratioﬁ‘of

3 and ®. are equal.’ Similarly the duration of ¥ and ¥ are

also equal.

The  amplitude "C;f— ¥ is higher than 9 although their durat-
ions are same. Like male voices ¥ has higher ~ Vamplitude than
¥ and . The -amplitude of = is the lowest and ¥ isg
in the infermediate position. The durai:ion, of ®and ¥ are howev-

er . seen to be similar. Again § has somewhat higher amplitude

L
-

-and duration than @ .

2.4, .Discussion:: - . |
From the data it is observad that ¥ Yas the highest amplitude
and 7 has the lowest amplitude in both male zand female voices. The
duraetion is meximum for ¥ - and minimumw for & in both the cases.
The variztion cf the amplitude ranges from 110.50 mv- 128;70 mv for .

L

male voice and 106,30 mv=-124,.50 mv for female voice. The duration



I
12

.varies from 0,35 sec-0,54 sec. in msle voice and 0.30 sec-

052 sec. in female voice. The observed data were explained
phonetically in séctions 3.2 and 3.3, For a comparative study

the average amplitude end duratiorn vattern of Benéali consonants
are graphically illustreted in figures & and 7 respectively for

male and femsle voices.



Amplitude and Duration of Bengali Consonants
Pronounced by different Persons,(Male Voice)

Ferson 11tude$ Duration Amplitude Duration Amplitude ' Duration
v %mv} T (Sec) Vp (mv) T {See Vp (mv) T(Sec)
1 150.00 0.60 140,00 0.60 115.00 0.60
2 135,00 0.60 130.00 0.65 117,50 0.60
3 115,00 0.40 105.00 0.50 110.00 0.50
4 110.00 0.45 107.50 0.50 100.00. 0.40
5 110.00 0.40 105.00 0.40 105.00 0,40
6 120.00 0.40 110.00 0.40 112.50 0.40
7 _ 110.00 0.50 105.00 0.60 125,00 0.55
8 142.50 0.60 140.00 0.60 140,00 i  0.60
9 165.00 0.55 165,00 0.60 150.00 0.60
10 140.00 0.60 135,00 0.60 115.00 0.50
TABLE. 5-

ch



Amplitude and Duration of Bengali Consonants
Fronounced by different Persons.(Male Voice)

Ferson - : i :
%mp%éggde 3€gzz§on %mp%;zgde gggzz%on | %mp%itude Duration
m m o mv) T(Sec)
1 145,00 0.50 | 125.00 Q.40 150.00 0.50
2 137.50 0.60 125,00 0.50 - 122.50 0.60
3 112 .50 0.50 110.00 0.40 105.00 0.50
4 100.00 0.50 110.00 0.40 - 97.50 . 0.50
5 95,00 0.40 | 95,00 0.35 , 100.00 0.40
6 107.50 0.40 105.00  0.40 110,00 0.40
7 135.00 . 0.60 130,00 . . 0,45 | 125.00 0.50
8 140,00 0.50 135.00 0.40 145,00 G. 50
9 160.00 0.60 155.00 0.50 T 167.50 0.50
10 " 120,00 0.65 110.00 0. 50 . 132,50 0.60

TABLE 5




Amplitude and Duration of Bengali Consonants

Pronounced by different Persons.(Male Voice)

Person i :

Amplitude Duration Amplltude Duration - Amplltude Duration

Vu (mv) T(Sec) V |(mv) T(Sec) v, (m¥%) T(Sec)
1 145,00 0.50 mjéo;bo 0.50 130.00 0.50
2 120,00 0.60 125.00 0.60 125.00 0.60
3 110.00 0.40 426.00 0.40 125.00 0.50
4 100.00 0.40 1850 0.50 115,00 0.40
5 105.00 0,40 160,00 0.40 110.00 0.40
6 -102.50. 0.40 102,50 0.40 110.00 0.40
7 120.00 0.50 115 00 0.60 135.00 0.50
8 135,00 0.50 145 oo ' 0.60 140.00 0.50
9 160,00 0.60 162, 50 0.65 160.00 0.60
10 130.00 0.55 156,00 0.55 140.00 0.50

P : 'll e
TABLE 5.



Amplitude and Duration of Bengali Consonants
Pronounced by different Persons.(Male Voice)

] G
Person SR SRR ' -~ -
Amplitude Duration ,gmplitude Duration '_Amplitude Duration

| Vp (mv) . T(Sec) - Vo (mv) T(Sec) vV (av) - D(Sec)-
1 125,00 0.50 13000 0,40 125.00 0.45
2 130100 0.60 120.00 0.60 130.00 0.60
3 125.00 0,40 125.00 040 - 120.00 0.50
4 95.00 0.50 95.00 0.€0 112.50 60.00
5 110,00 0.40 100..00 0.40 105,00 0.40
6 115,00 0.45 115,00 0.40 110,00 0.40
7 125,00 0.55 110.00 0455 120,00 0.60
8 140, 00 0. 50 140.,00 0.50 137,50 0.50
9 165.60 0.60 155,00 0.60 16000 0.60
10 127.%0 0.55 137.50 0.55 140.00 - 0.60

TABLE

N
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Amplitude and Duration of Bengali Consonants

Pronounced by different Persons.(Male Voice)

!
S

|
Person ? e : ‘? i N

Amplitude- |} Duration - | Amplitude | Duration | Amplitude | Duration

Vg (mv) | i T(Sec) U1 Vﬁ (mv) "i T(Sec) E Vﬁ(mv) i T(Sec)
1 . 132,50 0.40 - 137.50 0.50 130,00 0.50
2 105.00 0.55 117.50 6.60 125.00 0.65
3 105.00 0.30 115.06 0.50 126..00 0.50
4 85,00 0.30 115.00 0.40 ' 105.00 0.45
5 105.00 0.40 110.00 0.40 165.00 0.45
6 85.00 0.40 120,00 0.40 110.00 0.40
7 115.00 0.50 120,00 0.50 130.00 0.55
8 125,00 0.40 142,50 0.60 - 140,00 0.60
9 140,00 0.55 145,00 0.60 150.00 0.65
10 117.50 0.40 140,00 0.55 117.50 0.55

TABIE 5



Amplitude and Duration of Bengali Consonants

Pronounced by different persons(Male Voice)

Person 1 ¥ il ‘

Amplitude | Duration Amplitude | Duration Amplitude Duration
' (mv) i T(Sec) v, (ov) ! T(Sec) i v (nv) ~T(Sec)

1 140,00 0.55 130.00 0.45 125.00 0.35

2 120.00 0.60 130.00 0.60 125.00 0.45

3 130.00 0.50 125.00 0.50 100,00 0.30

4 110.00 0.50 110.00 0.45 792.50 . 0,45

5 105.00 - 0.40  105.00 0.50 90.00 0.30

6 115,00 0.40 ' 100.00 L 0.50 " .85.00  0.40

7 127.50 0.50 135,00 0.60 12500 0.50

8 140,00 0.50 145,00 0.60 130.00 'f 0.50

9 150,00 0.55 150.00 0.60 137.50 - 0.50

10 142,50 0.50 0.50 110,00 0.40

’

135.00

TABLE 5



Amplitude and Duration of Bengali Consonants
Pronounced by different Persons.(Male voice)

!

, o : ¥ : 7
Person ‘ e '
Amplitude Duration Amplitude- Duration Amplitude Duration
vV, (mv) T(Sec) Vo (mv) " T(Sec) Vo (mv) T(Sec)
1 140,00 0.50 . 120.00 0.50 150.00 0,40
2 135,00 0.60 130,00 0.60 125,00 0.60
3 115.00 0.50 ° 100.00 = 0.40 - 95,00 0.45
4 105.00 0.40 ~ 105.00 0.50 102.50 0.50
5 112,50 0,40 © 110.00 0,40 105.00 » 0.40
6 120.00 0.40 110.00 0.40 115,00 0.40
? 130.00 0.50 140,00 0.50 120.00 0.50
8 145.00 0.50 137.50 0.50 127,50 0.50 *
9 150.00 0.60 152.50 - 0.65 147,50 0.60
10 © 140,00 0.55 140,00 0.55 ~125.00 0. 50
ABLE

6t



Amplitude and Duration of Bengali Consonants

Pronounced by

different persons(Male Voice)

Person N hl | | T
e ].. Amplitude Duration ~ Amplitude Duration Amplitude Duration

vm (mv) T(Sec) SV (nv) T(Sec) Vm (nv) . tT(Sec)
1 135.00 0.60 120,00 0,50 130.00 0.50
2 132,50 0.60 % 135.00 0.50 135,00 0.60
3 115.00 0.50 . 102.50 0.35 100.00 0.50
4 120,00 0.50 90.00 0.40 112.50 0.60
5 110.00 0.35 105.00 0.30 95,00 0.40
6 112,50 0,40 110,00 0.40 115.00 0,40

130.00 0,50 125.00 0,45 120,00 0.50
8 140,00 0.50 135.00 0.50 130.00 0.45
9 150.00 0.60 145,00 0.50 150.00 0.60
10 130,00 0.60 120.00 0.50 120,00 10,50

TABLE 5



Amplitude and Duration of Bengali Consonants
Pronounced by different persons(Male Voice)

o
S a
Person
Amplitude Duration Amplitude Duration Amplitude Duration
vy (mv) T(Sec) Vo (mv) T(Sec) Vo (mv) T(Sec)
| . ,
1 145,00 0.50 140.00 0,60 137,50 - 0.50
2 135,00 0.60 130.00 0.60° 120,00 '0.60
3 100.00 0.50 100.00 0.50 125,00 0.30
4 105,00 0.55 95.00 - 0.50 85.00 0.30
5 95.00 0.50 100.00 0.40 85.00 0.30°
6 152.00 0.50 120.00 0.50 112.50- 0440
7 125.00 0.50 130.00 0.55 130.00 0.50
8 132,50 0.55 130.00 0.50 132.50 0.50
9 145,00 0,60 150.00 0.60 150.00 0.55
10 135,00 0.55 137,50 0.60 137,50 - 0.60
TABLE 5.

LS



Amplitude and Duration of Bengali Consonants

Pronounced by different persons(Male Voice)

q bt =
Perason .
Amplitude Duration | Amplitude Duration Amplitude Duration

TV (@) T(Sec) 1 vV, (mv) T(Sec) v, (mv) 1(Sec)
1 135,00 0.50 . ... 120,00 0.50 140.00 . 0.50
2 125.00 0.60  115.00 0.60 137.50 0,60
3 105.00 0.35 100.00 0,40 110,00 0.40
4 105,00 0.40 102,50 biug 110.00 0.40
5 105,00 0,40 95.00 0430 105.00 0.40
6 105.00 0.50 112050 0.50 120.00 0.50
7 110.00 0.40 110.00 0.40 120.00 0.55
8 140.00 0.50 137.50 0.50 137.00 0.45
9 150.00 0.45 140,00 0.50 150,00 0.60
10 115.00 0.60 135,00 0.70 140,00 ' 0.60

PABLE 5.



Amplitude and Duration of Bengali Consonants

ifferent Persons.(Msle Voice)

Pronounced by d

R .

Cr
|

Person - ¥ ; — ¥ N
Amplitude Duration Amplitude Duration Amplitude Duration

A (mv) T(Sec) v, (@) T(Sec) v (mv) - | T(Sec)
1 135.00 0.50 145,00 0.50 135,00 - 0.40
2 122.50 0.50 135,00 0.60 127.50 0.40
3 100.00 0.50 107.50 0.50 105.00 0.35
4 120,00 0. 50 132,50 0.60 115.00 0,40
5 100,00 0.40 95.00 0.40 105.00 0.30
6 115,00 0.50 110.00 0.50 125.00 10,35
7 145,00 0.50 140,00 0.50 135,00 0.30
8 140.00 0.50 135.00 0.50 125.00 0.30
9 150,00 0.60 155.00 0.60 147, 0 0.30
10 130.00 0.55 130,00 0.55 120.00 0.40

’

~ TABLE

\;‘I



Average Amplitude and Duration of Bengali

- Consonants_in HMale Voice.

— e —

Consonants : Amplitude y

I vV (mv) i

[ n _ [

___ i ( , ]

L i 129,70 1

1 i

% \ 124.20 \

5 : 119,00 !

i

7] ! 125.20 1

1 - I

5 | 120.00 \

' 1 - |

125.50

5 | 5.5 |

g [ 122,70 I

) '

® : 123.00 :

) | 125,70 )

| J

© | 122.20 '

v : 126.00 :

1 I 110.50 !

| 1

9 ( 126,20 |

% : 12%.20 :

- ! 128.00 |

| |

¥ . 126.50 |

i , 1

3 | 112.0Q \

1 |
———————————————— —:—————-————-——————————-rﬂ—

TABLE 6.

Duration
T(Sec)

—— — ——— T S . P T — 0 —

0.51

0.49

0.42
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Average Amplitude and Duration of Bengali
Consonants in Male Voice.

r : ' T - T - ]
| Consonant ) Amplitude i Duration =i
| | v (av) l T(Sec) {
- N 1
: q ' 129,20 : 0.48 |
. 1

! ¥ ' 124,50 ' 0.50 !
| | | |
. 3 L 121,20 | 0.48 E
) _ t ' t I
: S : 127.50 : 0.51 E
: N : 118.70 : 0.45 i
i T | 120.70 . 0.49 i
I ! : I - !
, 7 , 124,20 \ 0.53 g
, |

: K : 123,20 : 0.52 . i
. w | 121,50 | 0. U5 l
| ] | %
: : 119. 50 , 0.47 |
I

: 5 : 116.70 : 0.46 E
' - . 126.70 | 0.49 E
i | 1 1
| v | 125.70 \ 0.50 |
1

: ¥ : 128.50 : 0.52 ;
: e | 124,00 | 0.35 I
| i \ I
|

i A ' 5
—————————————— e e e e —— ]

TABLE 6.



Amplitude and Duration of Bengali Consonants
Pronounced by different personsg(Female Voice)

Person ¢ . T
Amplitude | Duration Amplitude Duration Amplitude Duration
Vo (mv) T(Sec) Vo (mv) T(Sec) Vo (mv) T(Sec)
1 - 140,90 0.45 440.90 0.50 140,90 0.50
2 115.00 0.45 110.00 0.50 107.50 0.45
3. . 135,00 0450 130,00 0.55 113,60 0.45
4 107.50 0.45 105.00 0.45 102,50 10,40
5 1%1.80 0.40 120.00 10.50 125.00 0.45
6 105.00 0.50 100.00 0.50 100.00 0.50
7 105.00 0.40 102,50 0.40 405.00 0.50
8 135,00 0.60 130,00 0.60 125,00 0.55
9 1%0.00 0.50 120,00 0.50 112.50 0.50
10 140.00 0.60 130.00 0.60 120,00 0.60
TABLE 7.



Amplitude and Duration of Béngali Consonants

pronounced by different person(Female Voice)

g 73 L3
Ferson. Amplitude Duration Amplitude Duration Amplitude Duration
Vg (mv) T(Sec) v (mv) T(Sec)- v (mv) T(Sec)
1 1%1.80 0.50 125.00 0,40 129.50 0.40
2 110.00 0.50 105.00 0.40 110.00 0.50 -
3 145,00 0.50 1%5.00 0.45 " 135,00 0.45
4 105..00 0.50 100,00 0.45 105.00 0.50
5 135,00 0.45 137,50 0.40 137,50 0.45
6 100.00 0.55 97.50 0.45 105,00 0.55
7 110.00 0.40 95.00 0.50 85.00 0.40
8 140.00 0.50 140,00 0.60 140.00 0.60
9 110..00 0.50 1105.00 0.40 110,00 0.50
10 135,00 0.55 125.00 0.55 120.00 0.50

TABLE 7.



Amplitude and Duration of Bengali Consonants
Pronounced by different persons{Female Voice)

9
Ferson lAmplitude " Duration Amplitude Duration Amplitude Duration
v, (ov) T(Sec) v, (mv) T{Sec) v, (mv), - T(Sec)
1 120,40 0.50 121,80 0.45 136.30. . . 0.50
2 115.00 0.40 120.00 0.55 120,00 0.40
2 140.00 0.40 125.00 0.50 - 135.00 0.45
4 105.00 0.40 105.00 0.55 110.00 0.40 .
5 140,00 0.50 140° 00 0.45 135,00 0.45
6 102, 50 0.50 105.00 0.60 107.50 0.45
7 95.00 0.40 100.00 0140 95,00 0.50
8 120.00 0.60 145,00 0.45 145,00 0.50
9 105.06 0.45 110.00 0.50 102.50 0.35
10 0.60 105.00 0.50 0.60 -

127.50

132,50

Tt
on



Amplitude and Duration of Bengali Consonants
Pronounced by different Person(lemale Voice)

5 -3
Person Amplitude : Duration Amplitude Duration Amplitude | Duration
Vm’ (mv) T(Sec) v, (mv) T¢Sec) Vm (mv) T(Sec)
1 140,90 0.40 136430 0.50 131.80 0.45
2 135.00 0.45 112.50 0.40 120.00 0.46
3 135,00 0.45 125,00 0.40 1%2.50 0.50
4 115:00 0.45 110,00 0.50 115.00 0.60
5 140:00 0.55 130400 0.40 140,00 0.40
6 110.00 - 0.50 105.00 0.50 10750 0.60
7 100,00 0.40 95.00 0.45 115,00 0.40
8 140.00 0.45 130.00 0.50 13%0.00 0440
9 90.00 0.40 102.50 0.40 90.00 0.45
10 115.00 0.55 130.00 0.60 115.00 0.55
' TABLE 7



Amplitude and Duration of Bengali Consonants p
Pronounced by different person(Female Voice)

|

Person - , - E - f - - . -
Amplitude + Duration | Amplitude | Duration Amplitude Duration

v, (@) i Ym (mv) i v (mv) i P(Sec) v (mv) ?(Sec)

1 113,60 0.35 140.90 0.40 136430 0.45

2 100,00 0.40 117.50 0.50 115.00 0455

3 125.00 0.40 135,00 0,45 137,50 0.45

4 110.00 0.40 115.00 0.50 “115.00 0.60

5 120.00 0.30 130,00 0.50 132.50 0.50

6 100.00 0.40 110,00 0.40 107.50 0.45

7 80.00 0.40 ' 105.00 0.50 100,00 0,55

8 105.00 0.45 120.00 0.50 125.00 0.50

9 95.00 0.40 90.00 0.40 95.00 0.40

10 0.20 0.55 115.00 0.55

115,00

120,00




Amplitude and Duration of Bengali Consonants

pronounced by different person (Female voice)

o

]
Person - \ - il

Amplitude Duration Amplitude Duration Amplitude . Duration

Vm_(mv2' | T(Sec) vm'(mv) T(Sec) Vm (mv) - T(Sec)
1 131.80 0.50 127,20 0.50 127.30 0.30
2 120.00 0.40 110..00 0.55 120.00 0.40
3 122.50 0.40 140,00 0.45 ;120.00 0,40
4 120,00 0.45 147,50 0.50 110,00 0.40
5 140,00 0.50 140.00 0.50 130,00 0.35
6 115.00 0.50 110.00 0.50 105.00 N 0.40
7 105,060 0.40 110,00 0,40 1j75.oo ” 0.35
8 130400 0.55 132,50 0.55 105.00 0.40°
9 100400 0.45 105.00 0.50 85.00 0.40
10 140500 0.60 115.00 0.60 95.00 0.50 .

g TABLE 7.

L9



Amplitude and Duration of Bengali Consonands
Pronounced by different person (Female voice):

Parson T

Amplitude | Duration Amplitude Duration Amplitude Duration

Vi ('{mY) i T(Sec) v (mv) T(Sec) L (mv) T(Sec)
1 140.90 0.40 131.80 0,40 127.30 0.45
2 112,50 0.45 110.00 0.45 107.50 045
3 132,50 0.40 120.00 0.40 130,00 0.40
4 112 .50 0.45 105.00 0.45 107.50 0.40
5 135,00 045 140.00 0.55 135,00 0.50
6 105.00 0.50 100.00 0.50 105,00 0.50
7 95.00 0.50 - 95.00 0.50 100.00 0.40
8 137,50 0.45 140.00 0.50 125.00 0.50
9 100,00 0.40 90.00 0.45 97.50 0.40
10 125,00 " 0.60 115,00 0.60 120.00 0.60

.
TABLE 7.

A,



Amplitude and Durgtion of Bengali Consonants

pronounced by different person (Female voice)

Person . S ¥ hl

Amplitude i Duration Amplitude i Duration Amplitude i Duration

Vo Fmv) i T(8ec) v, (awv) i T(Sec) vV, (mv) i T(Sec)
1 122.70 0.40 143.60 0.40 122,70 0.45 -
2 120,00 0.50 120.00 0.40 120,00 0,40
3 140,00 0.40 156;00 0.40 135,00 o.40
4 115,00 0.45 115,00 0.40 107.50 0.50
5 135,00 0.50 130.00 0.35 135,000 0.45
6 T70.00 0.40 110.00 0.50 120,50 0.50
7 20.00 ! 0.40 95.00 0.35 - 97.50 0.45
8 140,00 0.45 135,00 0.50 125,00 0.45
9 90.00: - 0.40 90.00 0.40 100.00 0.40
10 107450 © 0.50 100,00 0.50 120.00

0.60

TABLE 7.

)]
AR}



Amplitude and Duration of Bengali Consonants

Pronounced by different person(Female Voice)

Person 2 _ i R "
Amplitude Duration Amplitude Duration Amplitude | Duration
Vm (mv) T(Sec) Vo (mv) T(Sec) Vm (mv) i T(Sec)
1 131.80 0.50 131,80 0.50 125.00 0.45
2 125.00 0.50 117.50 0.50 115,00 0.45"
3 150,00 0.60 140,00 0.55 135,00 0.30 .
4 110.00 0.50 105.00 0.50 100,00 0.45
5 140,00 0.50 140.00 0.50 140.00 0.45
6 105.00 0.50 120450 0.50 100.00 0.45
7 100.00 0.45 110.00 0.40 100.00 0.30
8 135,00 0.50 135.00 0.55 140.00 0,40
9 110.00 0.50 100.00 0.40 - 95.00 0.50
10 115.00 ¢ 0.60 110.00 0.60 120.00 0.60
TABLE 7.

s



Amplitude and Duration of Bengali Consonants
pronounced by different person (Female voice):

Person ¥ - A 2
Amplitude i Duration Amplitude i Duration Amplitude 1 Duration
v, (mv) ! T({Sec) Vp (ov) E, T(See¢) Vm (mv) i T(Sec)
1 118.20 0.45 113,60 0.40 122.76 0.40
2 115.00 0.40 112.50 0.40 120.00 0.40
3 135,00 0.40 135.00 0.35 150.00 0.40
4 105.00 0.45 105.00 0.45 110,00 0.50
5 130.00 0.40 130,00 0.40 140,00 0.45
6 97.50 0.45 95.00 0.40 - 100.00 0.50
7 95.00 0.35 90.00 0.35 95,00 '0.40
8 125.00 0.45 130.00 0.45 135.00 0.40
9 95.00 0.40 97.50 0.40 90.00 0.40
10 117.50 . 0.60 105,00 0.6€0 122,50 . .. 0.55

TABLE 7.




Amplitude and Duration of Bengali Consonants
pronocunced by different person (Female voice)

Person E v i . F S
i Amplitude | Duration | Amplitude Duration Amplitude |  Duration

i Vm (mv) i T(Sec) i Vm (mv) T(Sec) Vm (mv) i T(Sec)

- -
1 115,90 0.45 122.70 0.45 113,60 0.30
2 “110.00 0.45 120.00 0.50 110.00 0,30
3 135.00 0.50 132.50 0.50 120.00 0.20
4 115.00 0.50 120.00 0.50 117.50 0.30
5 145,00 0.50 145,00 0.50 145,00 0.40
6 110,00 0.40 ~ 112.50 0.45 110.00 0.30
7 - 112,50 0.50 | 110.00 0.50 105,00 0.30
8  180.00 0.40 " 130,00 0.50 120.00 0.30
9 115,00 ° 0.50 105,00 0.60 100,00 0.30
10 115.00 © 0,50 120.00 0.50 115.00 0.30

TABLE 7.



Average Amplitude and duration of Bengali
Consonants in Female Voice.

v
)
———————-—_q.-n--——-—m—-n-———-—_-—-—-n————-—-——-——-—--———-—-————-___—————————————T._.-._-_

T
I
¥
i
|
!
|
i
1

——— —— - ————— — ——

Consonant : %mplitude : Duration
o o (mz) ) ' T(Sec) |
1 B | o ]
? | 124,50 | 0.48 !
% : 118.80 ! 0.52
T : 116.20 : 0.49
9 ' 122.20 l 0.50
5 :' 116,50 ': 0.44
3 ! 117,70 ! 0.48 E
® ' 117.00 ! 0.47 i
3 ! 119.70 :‘ 0.49 E
5 ! 121.90 ! 0.46 s
) ' 121.10 i 0.47 E
s : 117.60 ) 0.45 i
¥ ! 119.70 : 0.48 |
T ' 106. 30 ' 0.40 E
- : 119,30 : 0.47 E
3 : 117.90 ' 050 |
% : 122,40 : 0.4?_ i
¥ | 120. 70 | 0.50 ) E
< ! 107,20 : 0.40 i
i I i

TABLE 8.

“J
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Average Amplitude and Duration of Bengali Consonants
in Female Voice.

v

— —— —

— i ——

| Consconant

Duration
T(Sec)

Amplitude
v (mv)

——————————— e e

0.46
0.48
0.46
0.46
0.42
0.46
0.51
0.50
0.43
0.4%
C.42
0.44
0.48
0.50
0. 30
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TABLE 8.
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CHAPTER 4

MEASUREMENT OF THE_AMPLITUDE VERSUS TIME PATTERN OF THE '
BENGALI ALPHABET 1IN WORDS IN VOICE SIGNALS.

)
4.1 Introduction

In normal speech or connected speebh'the.fietteréiafe ra—-
rely pronounced individuélly. They occur in syllables and in
words. For.practical purposes it is therefore necessary te study
their amplitude and durafion pattern when they.appear ir words.
This has been carried out in this chapter in both male and female
voices. The voices for the recorded data are the same as mentio-
ned in the preceeding chapter,

4.2 Amplitude and Duration of Bengall Vowels in Words in Male
Voice:

The wave shapes ofra typical voice uttering different words
initiated by vowels are shown in Fig.10.-'$verage amplitude and
duratior of Bengali vowels-in those -words in male voice are shown
in table 9. Three words have been uttered'corresponding fo each

alphabet-by each of the 10 persons. !

From the data it is obsefved that both the.amplitude and
duration eof vewels afe ‘les8  when they are used in different words
than when pronounced'individually. The amplitude and duration of
the same alphabet vary from word to word. This is because the mode
of pronunciation of an alphabet vary in different words. Again in
some cases the mode if pronunciation of a vowel is completely diff-

erent from the orlglnal mode. For example, the pronunciation ef
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a in the words #f$ and «fgzrg is like 3 and not like w .-

Similarly the pronunciation of g in the word azwrgis like afr
rather than g o

The average amplitude of% in male voice is 126.30 mv, -
But the average amplitude of § in the word wfy®rg: . is .as low
258 76,90 mv, From the data it is seen thszt when the word con-
sists of only two alphabets,the average arplitude of the vowel

is very near tc the average amplitude of the vowel when uttered

independently. This is true for all the vowels except "¢ . It
is also very difficult to measure the duration of W from the
word &I as ¥ appears insignificantly. This is due to closed
monosyllablic structure of the word. The mode of pronunciation of
T in different words are almost similer. Its amplitudes in diffe-
rent words are also nearly similar.lﬂgain there is no word in
Bergali which begins with $.Thereforgwe have taken three words
ending in % .
4,3, Amplitude and Duration of Benrali Vowels in words in Femele
Voice:
Average smplitude and durstion of Bengali vowels in some
words uttered irn different femsle voiceé are shown in table 10.
Comparing with the male voices, the arplitudes and duration are,
as expected, relatively lower for ezch vowel. Within the .scope of
our cbservati$n the amplitude variation ranges from 33,60 mv (% )
- 106.20 mv (®¢ ) compared to 34.9 mv ( ¥) - 112.60 mv ( ¥%) in
male voice. The duration ranges from 0.12 sec (% ) =0.%2 sec (¥)
compared to 0.14 sec ( 2 ) - 0.35 sec. ( W ) in male voice. Again
like male voices the smplitude and duration of each vowel occuring,inj

words vary from word to word.
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4.4  Amplitude and Duratior of Bengali Consonants irn Words in
Male Voice:

Typical wave shapes of Bengali consonants occuring in different
words are shown in Fig. 11. Average amplitude and duration of Bengali
éonsonants in those words in male voice have been calculated from the .
voices of 10 persdns which is shown in table 11. In all 94 words have

been recorded from each person.

It is noted that when the word consists of two letters. -

and of closed monosyllablic structure the amplitude of the first

Eiema aE TS o R o
H

consonant is very near to its amplitude uttered in isol=tion,

This characteristic h=2s been observed in the follwwing words.
H§l qa! Eﬁ' ga’ m?! ‘f;@’ Ga’

¥, ©GA, wdA, . <4, w©d, Vs, R, TT 8

From the measured wave shape it can be observed that in

.such monosyiiablic structures the first alphabet dominates

3

‘over the entire word.

For other types of words both the amplitude and dura-

tion of & consonant sre found to vary over 2 wide range.The

amplitude and duration of g in final position of different ‘

words are found to be almost similar. ?

4.5 Amplitude and Duration of Bengzali Consonants in YWords
in Female Voice.
Average amplitude and duration of Bengali consonants
in some words in female voice are shown in table 12. Both
the amplitude and the duration of a consonant vary from word

to word. For example the amplitude of ¥ is 70,00 mv in the
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word W%, 05,50 mv in the wprd-_“?¢ and 114,20 mv
in the word 9% The durations of ¥ in the sbove words

are 0.16 sec., 0.20 sec., and 0.25 sec. respectively.
4.6 Discussion: -

Amplitude and duration of Bengali Vowels and Conso-
nants occuring in different words uttered by male and female
voices were studied from recorded data.'We can observe from
the relevant data that both the amplitude and the duration
of an alphabet very from word to word. This veriation is -
entirely dependant on the structure of the word and its mode
of pronuﬁciation. ." The distribution of amplitude and dura-—
tior of an alphebet occuring in different words depends on
the length of the word. It is also noted that for = ciosed
monosyllablic. word the amplitude .of the firs: alphabet -is very -

near to its amplitude uttered in isolation.
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Average Amplitude and Duration of Bengali
Vowels in Some Words in Female Voice.
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] ' Words. ! Amplitude J Duration l
1 Vowels ! ' Vo (ov) ! T(Sec) |
e b L e I A
' I b I i
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| 1 ] | :
| 3 l Amgay i 91.40 I 0.20 i
I ! I 1 ]
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e : R T e d
i ) I ) i
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t I i i 5 |
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I 1 i : 1 | 1
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I ) RAIE I i N
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in Some Words in Male Voice.
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Average Amplitude and Duration of Bengali Consonants .
in some words in Female voice.
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Average Amplitude and Duration of Bengali Consonants

in some words in Female Voice. -
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CHAPTER

ANALYSIS OF THE FREQUENCY BANDWIDTE OF BENGALI
ALPHABET]) IN VOICE SIGNALS.

5.1 . ‘Introduction

In the preceeding chapters we .discussed the amplitude‘and
duration characteristics of Bengali .alphabet{} uttered in isolation
'and in words Tecorded from différent pérsons both male and female.
These characterige the signal shapes and signalvstreﬁgth'in'the'timef;
domain. However the design of a transmitting andlrecéiving sysfeﬁ ‘
of the Bengali voice éignals reguires knowledge of tﬁeir frequency
characteristics and particularly the optimum signal béndwidth. In
this chapter a bandwidth analysis of the Bengali Vowels and conson-
ants uttered in isolation and in words has been carried .outs .- The -

|

method is based on the Gaussianffrequency;spectrum'analysiso..Both

male and female voices have been treated seperately.

5.2 Mathematical Analysis

LY

We know that the freguency bandwidth of a pulse of duration

T, is given by B =,-§? . vhere K is a constant factor determined

from the shéperof the pulse. For most .of the pulses ofrreéular sha- -

pes, K = 1. '

A study of the wave shapes of the Bengali alphabét@ indicates

that they appear as Gaussian type of pulses at least at the bottom

portions. Let us assume, the pulses are of truncated Gaussian type



becsuse the peak portion of the pulsfcs are slways truncated at a
certain amplitude due to the mechaunical dempinp of the stylus of the

the pen recorder. A truncated Gaussian pulse is represented by

Treuncolted Gauwssian Tulse

"l — €

Q

—ty
fFCo= Vv e /T2 which is plotted in the following fig,
] ‘
1
——
B
| . .
: e Actual Gouassioamn Pt&lse
H
Tm 1]
U
1 PI
. i ‘
/\
Vo Jf 1T
4

Fige 12 A Truncated Gaussian Pulse and its Enveloping Gaussian Pulses

T is measured at a height of Vi € , i.eo, 0.606 Vm.

pl-

The actual Gaussian pulse will however become an enveiope ovee the

truncated Gaussian. The enveloping pulse shape is given by

O = e /2T
JQJT-nh
where T 15 measured at \;‘_?‘_ -« Comparing with the trun-
) ‘ R im .

cated Gausgsian the factor K i1s given by

T Y .
or = Tm = L
K

|
| -

Again by Fourier analysis of the truncated Gaussian pulse [e]
. _
=T w?
F(w = J27<'ng,e /h-
and for the actual Gaussian pulse

| (i Oy
FCw) = € 2



From compariscn of their amplitudes

\
Jan- TV, -

E =

Hence the bandwidth of the pulse is given by

e A = K
S S
Using the above procedure the bandwidths of Bengali alphabeqj

have been calculated .in the later sections.

5.% Freguency Bznd of Bengall Vowels in Male Voice

Frequency bandwidth of Bengali Vowels in different male
voices are shown in table 13 and their average is shown inA
table 14, From the detez it is seen that the highest bandwidth
is reguired for ¥ (628 Hz) and the lowest bandwidth is
reguired for }ﬂ”(193 Hz). The bandwidth requirement o the
short vowels % and ® are more than the eorresponding long
vowels % and &, -gcomparing the dipthongs the béndwidth regui-
rement of & is much more than d .. Among tha semivowels

¥, 9t  anda; W regquires the highest bandwidth (405 Hz).
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‘5e4& Frequency Band of Bengali Vowels in

Femrle Voice :

Freguency bandwidth of Bengzli Vowels in different
female voices are shown in table 15 aﬁd their average is
shown in table 16. ILike male voice the Bandwidth for “q'is
maximum (565 Hz) and that for & is minimum (15% Hz). The
short  vowels require more bandwidths than the long vowels
and the bandwidth requirement éf' d is greater than = §

as in mzale voice.

545 Freguency Bard of Bengali Consonants in HMale Voice:

“

reguency bandwidtﬁ of -Bengali Consonants in dilferent .
male voices are shown in tablé 17 and their aferage is shown
in table 18. The maximum bandwidth is shown to occur ~in %
(398 Hz) and ninimum for ¥ (156 Hz). There is 2 similarity in
¥, 5,5, © and 4 group in respsct of the amplituds of +the
pandwidth. The last alphebet of these groups, e.g., ¥, %,F, €, 8
which are phonetically voiced and aspirated sounds nave tﬁe'highesf
bendwidth. The consonants #, L B, which are-phdhétically
u%voiced_and unaspirated 1in the. corresponding groups reguire the

minimum bandwidth. In ths & and 4 group, the voiced sand un-

aspiraved consonants require minimum bandwidth.

Among ¥, ¥, ¥ the consonant ¥ has the highest band-

width., The bandwidths for ® and F are almost egual.

N
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5.6 Frequency Band of Bengali Consonants in Female Voice:

The 'FréQuency' bandwidth . of .Béngali‘ Géﬁsonanfs,
in different femazle voices ares shown in table 19 and their
average is shown in tzble 20. In this case 2lso the maximum
bandwidth is for ¢ (288 Hz) and the minimum bandwidth is
for # (100 Hz). In the ¥ and ¥ groups § end @ which
are voiced and unaspirsted consonants have the highest bandwidth.
In the agls and 4 group «,%¥ and ¥ whiqh are unvoiced as-
pirated sounds requirergiéhest bandwidth. The bandwidth of A
is grseter than those of # and % . Again the bandwidths of

F and  § are almost equal.
5.7 Frequency Band of Bengali Vowels in Words in lMale Voice:

Average Freguency bandwidth of Bengali Vowels in some
words in mole voice has been shown in table-21. We observe from
the table that the bcndwidth of e vowel increases considerably
when used in 2 word. The highest Bandwidth is ssen to occur for=
in the word 3fswrs (3465 Hz.). There is a great difference
between the bandwidths of the same vowel used in different
words. The only differsnce is in the case of &g, &¢ in

different words regquiresalmost similar bandwidths.

5.8. Frecuency Band of Bengali Vowels in words in Femzle

Voice. .

Average frequency bandwidth of Bengali Vowels in

some words in Temale voige has been shown in table 22. The —5§ﬁ
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bendwidth of the szme letter Vary over 2 wide range wvhen
used in different words. For example the bandwidth of T
is 384 Hz in the word ik , 997 Hz in the word ®MW

‘and 1385 Bz in the word . ®#% . The highest bandwidth is

observed for 3 in the word »f¥=zrs (2886 Hz). The band-
width rcquiremgnt of : 2t the end of any word is dependant to
a2 large extent on the particulsr letter at the end of which

it is used in that word.
5.9 Frecuency Band of Bengali Jonscenunts in werds in rMele Veice

Average freguency bandwidth of Bengali consonants in some

words in m2le voice has baen shown in table 2%, The highest band-

width has been observed to be 2407 Hz. for . & in thes word wfaf .

It has been noted that when the word consists of only two ~lett-~
ers and the word is closed monosyllablic type.thé bandwidth
requirement of the consonant is considerably low. For example,the
~ bandwidth of & in the word ®&® is 399 Hz. while its bandwidth
in the word &7¢ is 1191 Hz and in the word sftg is 1841 Hz.

Though the word s&T consists of only two letters - the bandf

width of ¥ is 1041 Hz which is not ondiderzably low enough.
This is because the duration of & in ¥F&T is not dominant. The

bandwidth requirement of § 1is almost the same in d#fferént words.
' !
|

5,10 Frequency Band of Benzzli Consonants in words 1in

Femzle Voice @

.
w !

Averags frequency bandwidth of Bengzli consonants in some -



words ir female voice is shown in table 24. When uttered in
isolation the maximum bandwidth requiremsnt was 285 Hz for % .
But when used in words the bandwidth requirement is zg high as

1874 Hz for the consonant % 1in the word <994%.

5ell. Discussion :

An extensive bendwidth analysis has been perform=d for
Bengali alphzbet - uttcfed'in isolation as well as occurring 1in
different words. The method is based on Gaussian Spsctrum analysis
over the penrecorded data of théir time domain pattern. It has
been observed that the average vocal bandwidth required by a
letter . is more in the csse of its occurring in a word rather
than that regquired when it is uttered in isolétion. In isolated
utterence ¥ requires the highest bandwidth and &  the lowest
bandwidth in both male and female voices. Among the consonants 4
has the highest bandwidth in male voice and ¢ in female voice.
.)The minimum bandwidth is for ¥4 1in both the cases., While occu-
rring in different words % requires the highest bandwidth for
both male and femalé voices. For a comparative study of the band-
widths of the alphabet uttered in isolation and in different

words the statistical results are illustreted in tables 14-24.



Frequency Bandwidth of Bengali Vowels

pronounced by different persons.(Male Voice)

: Person 1 Vowel « :r . : . Vowel &1

\ | Vm(mv) I P(Sec) | K | B(Hz) 1 Vm(mv) ;1(Sec) ; K ; B(Hz )
— —— -

: 1 : 143.30 - 0.157 | 17.77, 113 ! 140,00 : 0.147 : 19.44 : 132

b2 1 130,00 ! 0.167 ! 18.42] 110 | 128.30 , 0.167 ,  18.67 , 112

L3 ., 125.00 | 6.118 12721 250 i 105.00 | 0.120 ' 31.75 | 264
S 102.50 i 0.108 | 36.13, 335 | 95.00 | 0151 36.61 ! 318

S5 1 116.70 : 0.100 : 34.28: 343 : .. 105.80 | 0.120 , 31.50 ; 262

' 6, 116.70 1 0.125 ' 27,431 219 102,50 , 0.125 ! 31.22 | 250

: 8 : 121.70 ; 0.150 : 21.92: 146 : 116.70 : 0.115 : 29.81 : 259

b8 1 143,30 : 0.130 : 21.48) 165 : 122,50 | 0.130 , 25,12 , 193

' | 140.30 ! 0.160 | 17.821 111 1%0.00 : 0.140 | ©  20.51 , 137

10 : 123.50 ;‘ 0,142 : 22.90: 161 : 113.60 ! 0.115 ! 30.61 : 266

{ ! : : : I i |

-

'TABLE 13:

.Y
-



Frequency Bandwidth of Bengali Vowels
Pronounced by different persons.(Male Voice):

: -

S A L A
vV (mv) E'T(Sec) K ! B(Hz) i Va(@v) ) (see) K | B(Hz)
________ e e Tt - SO U IS
B
1 44.:20 0.127 71.26 561 | 52.50 0.167 | 45.62 273
2 32.50 0.172 | 71.56) 416 i 50.80 0172 45.78 266
3 41,70 | 0,117 81.98 701 45,00 | 0.117 | 75.97 649
4 3670 0.127 85.821 676 38,30 0.133 | 78,52 590
5 32.50 | 0.100 123.19 :5231 l 45.00 | 0.110 | 80.81 735
6 59.60 0.112 1 59.92 535 60.00 | 0.150 | 44.b4 296
7 34,20 0.130 90.05 693 | 45.00 0.140 1 63.49 1 454
|
8 50200 0.133 60.15 452 60.00 0.128 | 52,08 | 407
9 57:80 0.137 50. 51 369 | 69.00 | 0.170 | 34.10 201
10 47100 0.135 |  74.07 Gtk 51.50 | -0.118 | 65.81 558
I 1

TABLE 13,




Frequency Bandwidth of Bengali Vowels
pronounced by different persons(Male Voice)

r 1 3 |
Person - — ; “""“f ___________ I
V. (mv) . | 1’(Sec)§ K ! B(Hz)
! N . N SO i —_
= = .
1 90,00 0.150 E 29.63 ! 198
|
2 85.00 0.160 | 29.44 1 184 :
| I o
3 83,30 | 0,100 i 48.00 | 480
— l l 7'
E 4 20,00 | 0.123 | se.46 ! 378
I
5 i 65.00 0.100 | 61.54 1 615 !
. Y "
. 6 20.00 0.122 | u46.84 ) 384
v 72.50 0.131 | 42.12 | 321 i
: |
8 | 90.00 0.117 | 37.99 305 :
" . 4 .
9 95.00 0.150 | 28.07 | 187
10 78.80 0.122 | a1.62! 241 '
- P | | '
------------ e B e e B
¢ ;

D I i G VA Pl P Y e B D S = S T, Y S G - —

89.20
100.00

105,00
84.10

8
T sec) 1 & .1 B(Hay |
I SR N
0.160 29,41 184
0.150 31,08 207
0.103 46,62 453 '
0.170 I 33.61 198
0.100 55.79 558
0.153 32.68 214
0.140 | 32,03 229 i
6.145 27.59 190 |
0.0 | 27.21 | 19 |
0.140 33,98 | o143 i
____________ d

il



Frequency Bandwidth of Bengali Vowels
pronounced by dfferent pe;sons(Male Voice)

== et e e e e n

!Person L ——————————————— ﬂ- B - - e J
LoV, (mv) T (Sec) | K | B(Hz) { V (av) T (Sec) K | B (Hz)
—— L SV IS | i S i S 4 ————
L 81.67 P 0,142 3,49 1 243 101.70 0.120 2.7 | 275 |
2 | 58.30 0.163 42,10 | 258 93.30 0.155 27.66 178 |
3 65.00 0.100 61,54} 616 74,20 0.107 | 50.38 471 |
4 56.70 0.120 | 58.79 | 490 88. 30 0.125 36.24 | 290 |
5 60.00 0.097 68.73 | 709 | 78.30 0.100 51/10 511
I 6 50.00 0.137 53.39 | 426 ! 90,00 1 0.133 50.12 377 |
7 64.20 L 0.130 1 47.98 | 369 80.83 0.150 50.79 220 |
8 1 80.00 0.430 38.46 | 296 115.80 | 0.117 s59.52 | 252 |
9 85.50 | 0.750 | 39.19 | 208 119.00 i 0.130 25.86 199 i
| 10 ) 8670 | 0.123 | 48.78 | 397 89.40 | 0.130 342 | 265 |
e e e Lo I S A IS 3 I I L

7Ll



FREQUENCY BANDWIDTH OF BENGALI VOWELS

T Y e kT S ot S i e W i = Y S S T P Y ey o S Bt =k s e, S s ST S TP A AR Ao

l""""" -—— ) o T B e o P Y0 L0 o o s o o o it ok T8 s ok s 0 Y e T e o o ol 0 8l s s e o o n o
; | Vowel 2 ! Vowel @

Person TTITTTTTTTC T T T T T o e e T T T T T T T S T T T T e e
b vV, (mv) T(5ec) K B(Haz) Vo (mv) T (Sec) K
o 1 \ (H,)
. R B T
: 125 I 125,50 0.083 38,40 463 120.00 0.110 30.30 275

_ | 7 ‘
12 ! 105.80 0.107 25,33 . 330 119.20 0.120 27.96 233
| ] o S ‘ :
13 I 96.70 - 0.075 55.15 735 84,20 0,110 . 43,19 393
| { . L. .
7 I 110,70 0.100 35,81 258 100,00 0.120 33,33 278
I I , : : .
' 5 b 83,30 0.080 60.00 750 88.50 0.100 45,28 453
L] | ’
: 6 : 80.00 0,110 45,45 413 80.00 0.120 35,21 248
: 2 : 90.80 0.100 44,05 - 440 94,20 0.120 35.38 . 295
U b 118,30 0.100 33,81 3238 115,00 0.120 - 28.98 242
| |
I g ' 132,580 ©.110 27.46 250 1%3,20 0.120 25.02 209
' ! _ , : g _
: 10 : 122,40 . 0.100 30,21 721 125 0,125 25.6 - 205
i | '
[ e e e o e e £ et 2 1 e ot S 8 S 3 3 S T 2 7P ek o 7 S 2k e e e P ke i e ot e e o o et e e}
TABLE 13,

——— —
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Frequency Bandwidth of Bengali Vowels
pronounced by different persong(lMale voice)

Wb mm amp wmm mm e e e i mm Gk M mm es e e e e sy e e el mmp M A mm MmO e il AR Ry e EE ma mp SR TR mE e mm AR AR W s wa e

139.99° 0.113 25.29 ‘224 186.05  0.103  26.59 258

| Vowel B Vowel W% |

Person m——————————— e e —— - e B 1
: vV (mv) T(Sec) K B (Hz) | V., (av) T(Sec) K B(tiz) J
"""""""""""" LTI T B ""'“"'”‘""'"“f""“'l
1 I 140,00 0.11 25.97 236 148,85 0.092 29,21 219 I
1 ]

2 , 129.20 0.11 28.14 256 137,50 0.110 26.45 240 :
i o ' } . |

z 1 91.70 0.110 39,65 360 95,00 0.080 52.63 658 |
T : [

4 t 108.30  0.128 28,85 225 123.30  0.092 35,26 283 :
} : . . |

5 1 93,33 0.100 42,86 429 111.67  0.0.80 44,77 560 |
i . _ b

6 ! 80.00 0.120 41,67 347 108.33  0.087 42, 44 488 '
L] |

7 : 99,17 0.13 26.25 239 122.50 0.100 22,65 . 326 :
8 : 125.80 . 0.103 30,87 300 141,70 0.100 28.8% 282 :
9 : 139,28 °  0.120 2%,9% 199 156.05 0.100 25.63 256 :
10 PP , ‘
} 1

E t

s o am e ww om wm] e e e e mr am mm ew A e mm v e e e m ms em M em em ee me A8 me e e e e e = = = e e = = oW

TABLE 13.



Frequency Bandwidth of Bengali Vowels
pronounced byidiiferent persons(Male. voice),

e A o L S A A S ———— o o Y . S S [P ot M S SO S S S S S T A A A S S T — o — " ——

P e e mm G W R e e @ e mm am mm mw ma AR mm e e wm Er o ee e R em Ee mE s am W e

| |
i : i
Person T -V- Em;)- - -‘%(;e;)— - == % ------ BEH;)- - 1
! o )
T 1
1 ! 148,33 0.100 26.97 270 !
2 : 135.00 0.130 22479 175 E
3 : 108. 30 0.097 38.07 392 |
! 111,70 0.108 . 33.16 307
5 ) 115.00 0.075 46,38 618
6 : 103.33 o;Qéo 43,01 478
7 ' 136.67 0:120 24,39 203 i
8 | 137,50 0.080 36.36 454
9 : 156.05 0:090 28.48 316
10 :’ 133,41 0.100 29.98 300
"

S it e e ws mm e MR mm  ems e e M em G ey | e WA Em MW mm MR e s ma ew WA Y e ey e ew e

LLb



Average Bandwidth of Bengali Vowels in Male Voice.-

——— e et

Bandwidth

(Hz)

ek MR MM N WE WP MW mm @mE g e W MW MR MW WS TR MR R TR mm e e e e me  ma mm e

193
219
628
443
341
267
405
313
440
283
281
377
551

e e et WM m mm e A M B R me W Mk ek S R A A e el e e e mm e e ded mE e

TABLE 14.



Frequency Bandwidth of Bengali Vowels
Pronounced by different persons(Female_Voice)

m———— - - v o s e e ek S S PO S S P PO s . . A e e e A e e e e e et et e e e e e e i e i . e e e e 08 i . o e o e o
Person i ----------- r~——-—-?;"""r—~*-~~-j—---—~-*—%-— : T[T ----- : T

T T B T S e e N

1 ; r l | ] I 1 |

oA ;145,00 : 0.135 : 20.43 : 151.36 : 140.00 : 0.142 : 20.12 | 142

: Lo : : : b ' o : .

: 2 : 130,83 : 0.150 : 20.38 3 136, ':_ 125,00 :.0.150 : 21.3%3 ;142

3 | 112,60 ' 0,127 ' 28,00 ! 220.44 1 101.67 1°0.130 1 30.26 | 233

ou ! 120.00 L 0.150 |, 22.22 , B8, 15.00 , 0.142 | 24,50 ! 172

b5 | 123,33 : 0.122 ': 26.58 , 218 | 103.33 : 0,130 | 29.78 | 229

: 6 : 121.67 | 0.157 | 20.94 ; 1%3 I 115,85 1 0,15 | 23.92 : 153

: vi : 105.00 : 0,170 : 22 .41 ; 132 L 91,67 : 0.175 | 25.22 : 146

'8 | 100,00 | 0,200 | 20,00 | 100 | 85,00 | 0.190 | 24.77 1 130

9 ' 41167 ' 0.150 | 25.88 | 159 ! 96.67 | 0.160 ! 25.86 | 162

: 10 : 128.33 : © 0,142 : 21.95 : "155 : 125.00 : 0.145 : 22.07 : 152
_________ N 1. L S SV e et e

TABLE 15.
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Frequency Bandwidth of Bengali Vowels
Pronounced by different persong(Female Voice)

O T2 7
| j el e E B | Y m TG kD)
1 48,33 0.117 70. 74 605 60.00 0.133 50.12 377
2 42,50 0.117  80.44 688 43,33 0.150  61.54 410 |
3 43,33 . 0.127 72.69 572 46,70 . 0.127  67.44 531
4 E 44.68 0,125 76479 64 | 60.00 0.120 55.55 463
I 5 37.50 0.150 71,01 4 40,83 0.200 48.98 245
6 47.50 0.140 €0.15 430 60.00 0.175 38,170 - 218 |

7 30.00 0.183 72.86 398 45.00 0.183 48,57 -85

8 33,33 0.183 65;58 358 41,67 0.200 48,00 246 |

9 i 27.50 0.190 76.55 403 . 36.67 0.193 56.5. 293 :
| i, .

10 42.50 0.120 78.43 654 48,33 0.125 66.21 530

TABLE 15.



( Frequency Bandwidth of Bengali vowels -

pronounced by different persons(Female voice)

—— S — T T S I S S S S S e A S N S W SR G N S e S S A S A S G e S AT S sk me oo m—

Y .
K B(Hz)
31:37 209
31.89 225
34, O4 227
35.17 234
30.58 183
30.19 194
24,00 120
18.18 183
37.15 219
31.23 215

P T yower & % Vowel
Person e e L e e e e e —t-
V_(nv) T (Sec) K B(1z) : Vﬁ(mv) T (Sec)
i | 80,00 0.130 38.46 © 296 85.00 0.150
2 73,33 0.133 41,00 308 88.33 0.142
3 I 71,67 0.133 41,96 316 78.33 0.150
4 66.67 0.147 40.81 278 75.83 0.150
5 | 70,00 0.143 39.96 : 279 78.55 0.167
6 i 75,00 0.150 35.55 237 82.50 ~ 0.158
7 80.00 0.167 29.94 179 83,33 0.200
8 57.50 0.200 34,78  A74 100.00 0.022
9 i 51.67 0.143 54,13 379 63.33 0.017
10 | 75.83 10,140 37.68 269 88.33 0.145 -
1
______ l e o o i e e e e mt em e e e e mm e e e e e = m e e o wm am s wm o e o o = = = = = -



Frequency Bandwidth of Bengali Vowels
pronounced by different persons(Female voice)

—— mm e oy mm e e v wE Gw mm mm ek e e wsh TV il b mm wm Em MR mm S me me ww e mm e e mm e Gk BN e WE  mm T mm e ww TR W WR M eme A e

i i " P :
t Person ) I e e e e e e e et et e o e e S e e 2 o 2 e e e o e 1t 0 o . o o o o o e e e e e 1
: : V (mv) T(Sec) K B(Hz) Vi (mv) T(Sec) K B(HZ)!
ST T T T T Tt TS T T T T e e i S i iy 1
| 1 : 47.67 0.125  67.13 537 86.67 0,150 30,77 205 |
L2 , 51.67 0.133  58.21 438 82.50 0.158 30.69 194
: 3 : 51.67 0.150  51.61 54& 105,00 0.130 29,30 225 :
" | 63.35 0.160  39.46 27 78.33 0.142 35.96 253 :
, S \ 56.67 0.13%  53.07 399 95.00 0.133 31,66 238 !
: 6 : 52450 0.125  60.95 488 79.17 0.150 33,68 225 :
L7 | 38,33 0.200  52.18 261 88.33 0.133 34,05 256 |
: 8 : 40,00 0.190  52.63 277 168.30 0.200 29.28 196 !
: 9 : 51.67 0.160  48.38 302 81.67 0.160 30.61 191 :
110 | 47,50 0.150  56.14 374 96.67 0.160 25.86 162 :
L S :

4

TABLE 15.

ccl



Frequency Bandwidth of Bengali Vowels
pronounced by different persons(Female voice)

3 .T : :
Foreen - s Gy T TET T e, TR e T E T T T
I 1 m(mv) Tbee (Hz) n(mv) (Sec (Hz)
 E Jd —— _— ________;_,_____.3_ ____________________________________ -+
1 I N ‘ S e . , 1
! 1 I 121.67 0,080 41,10 514 125.00 C 0,137 23,36 170 )
] ] o . o "

) 2 ; 98.33 0.097 41.94 432 10%,33 0.150 25.81 172 :
: 3 : 113,33 0.090 39,22 3 436 , 75,00 - 0.143 30,30 261 :
" | 93,33 0.097 44,18 455 100.00 0.158 25.32 160 |
I | po- ‘

. 5 | 113,33 0,090 29,22 436 120,00 0.133 25.06 188 :
: 6 : 95.00  0.090 46,78 526 101,67 0.167 23,56 141 :
t 9 ) 93,33 0.100 42.86 429 110.00 0.163 22,31 137 |
| I . & - i
, 8 , 105,00 0.110 28,28 348 103,33 0.200 19.35 97 ,
L9 19833 0.7110 26.98 336 100,00 0.140 28,57 204
[ 10 1 110.00 0.100 %6. 36 364 105.83 0.160 - 23.62 148 '
i I ‘ b, $
i | i

Jm mm i E mr oy SR md dk Eh we e e e me ed mw e e ek e el vh w mk wm mr Em Am M SR SE ok el SR A R EE am e Tm En Em em me s om wR e

-
~

TABLE 15.



S ' Frequency Bandwidth of Bengali vowels

. pronounced by different person(Female voice) ‘ x
----- R R SRR E EEEEEPERPEEEY
Person | 7 - e e e e e T """"""""""""""""""""""" - = 1
m (mv=) 'YFSec) K Baz) ; v, (av) T (Sec) K B(uz)
- -+ S SN N - R —— _—
1 1 116.67 0.150 22.86 " 152 126,67 0.110  28.71 261
2 115,00 03150 23.19 155 128.%3 0.100 31,17 312
3 | 12000 0,014 23.81 .17 . 120.00 0,100  33.33 333
4o 105.00 0.140 S 27.21 19 109.67 0.100  36.47 365
5 | 118.%3 0.013 26.00 200 115.00 0,100 34,78 348
6 i 103,33 0.125 30.97 248 115.00 0.100 34,78 348
7 113.33 0.137 25.76 188 96,67 0.117 = 35.36 302
8 10%.33 0.150 25.81  172. 101.67 0.125  33.10 265
9 | 98.33 0.142 28.65 202 109.17 0.120  30.53 254
10 | 113,33 0.150 23.55 157 131,67 0.100  30.38 304
I ’

Tl
=
=
-
.Y
[ ]



Frequency Bandwidth of Bengali Vowels
pronounced by different persons(Female Voice)

| Vowel . S !
: v, (mv) T (Sec) K B(Hz) :
L o e o et e e e em e e e e em e o  we e ww o = -
131,67 . 0.1%0 2%.37 180 :
| 120.60 0.110 30.30 275 :
L 116,67 0.113 30. 34 268 !
: 113,33 0433 26,54 200 :
'\ oaes.33 0,093 T 33.51 360 !
b 11917 0,182 2%.64 166 '
L 95.00 0.125 33.68 269 :
. 98.33 ) 0.15  27.12 181 :
: 115.00 0.5 23.19 155 :
: 134.17 0.125 33.85 19 :
S R I_

<z
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Average Bandwidth of Benpali Vowels .

in Female Voice.

Bandwidth
- (Hz)

- em mm me s em ms we me i wm e me e W R S G S M S e e e e ma am

LY O O o)) . < O~ o N (o8] 4\ N QJ
Ly Ve ad Ly - o O [0 [ [+4] < Q )
< < s LY ad < A0 ad A0 < 4V} (L9 0

ol .
B B O xm o o e B o ¢ & T o

- wm e ey mm ww e e G ek s wm e mm mm me AR em am Em AR ek S e ma e am

TABLE 16.



Frequency Bandwidth of Bengali Consonants
pronounced by different persons(Male voice)

S Em AR e e we wm mm mm we mm mp we e mm v R vm e S e e e = e

} Consonants @
Person r - - - -
B(my) T (Sec) K

S I
1 150,00 ° 0.15 17.78
2 135.00 0.15 19.75
3 115.00 0.125  27.83
4 110.00 0.12 30.30
5 110.00 0.12 30. 30
6 120:00 0.125  26.67
vi 110.00 0.15  2u4.24
8 i 142,50 0.15 18.71
9 195.00 0.15 16.16
10 140,00 * 0.15 19.05

TABLE~1

— ———

| vm(mv) v (Se
140.00 0.14
115.00 0.16
105,00 0.13
97.50 0.13
105,00 0.12
110.00 0.12
105.00 0.14
140.00 0.15
165.00 0.1a
135,00 0.14

""""""" q
___________ 4
K Brz)
20.41 146
21,74 136
29.%0 225
31.57 243
31.75 265 :
30.30 253
27.21 194
19,05 127
| 17 .31 124 H
21.16 151 |

Y
AW
o}
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Frequency Bandwidth of Bengali Consonants
Pronounced by different persons{Male voice)

i ———

————————— e s st ——— "--"-'-""""-‘--b—-*'--'———----————-1——-—'————- — —— o ——————
consonants s ! consonant g !
Ferson "V o) ‘ - 3 - 5
o (mv)‘ T(Sec K. B(Hz) n(mv) T(Sec) (Hz) |
- e e o e e e e et e e e e o e o bt i !
1 115,00 0.17 20.46 120 145,00 0.150 18.39 123
2 § 117,50 0.17 20.02 118 137,50 0.16 18.18 114
3 110.00 0,140 25.97 186 92.50 0.125 34,59 277 E
L !
4 90,00 0.125 232 68 269 100.00 0.125 32,00 256 !
. |
5 | 105.00 0.12 21,75 265 ° 95.00 0.12 35.09 292 |
|
6 112.50 0.125 28.44 228 107+ 50 0.12 21,00 258 E
! ‘ t
v, | 125.00 0.150 21.33 143 135,00 0.11 26.94 245 |
I |
8 1 140,00 0.16 17.86 112 140,00 0.16 17.86 112
9 150.00 0.16 16.67 104 160.00 0.15 16.67 111
10 | 415,00 0.14 24,84 179 120.00 0.14 23,81 170 !
|
; I N
_________ e et e e e e e e e e e e e e S e o S 3 T e 7 o T e o o o 1 e S i B et 7 e e S e e P e S i e % o
%
TABLE 17.
;_r"- ,__/!



Frequency Bandwidth of Bengali Consonants
pronounced by different persons(Male voice)

1 eomsomemt 5 e consoment g T i
Person ~ - T T T T T T T T S e A e s “== “"='“}
b e () T(Sec) K Bl Ha) v, T(Sec) K B(Hz) |
S I e ) e
1 125.00. 0.15 21.33 142 . 150.00 0.15 17.78 . 119 |
2 125.00 . 0.16 0.2oj 125 122,50 0.16 20.41 128 |
3 90.00 0.14 31:75 227 85.00 0.13 36,20 278
4 110.00 0.12 20.30 253 97.50 0.12 34,19 285 |
5 95.00 0.13 32,39 249 ' 100,00 0.12  33.33 278 |
6 105.00 0.15 25.40 169 . - 110.00 0.12 30.30 253 E
7 I 130,00 0.15 20,51 137 | 1125.00 0.14 22.86 165 |
8 | 135.00 0.15 19.75 132 145,00 0.15 18,39 123 E
9 155.00 0.15 17.20 115 167.50 0.15 15.92 106 i
10 110. 00 " 0. 26.97 186 132,50 0.125 24,15 193 E
t v :

———— TABLE 17,

=y
"
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Frequency Bandwidth of Bengali Consonants
pronounced by different persons(Male voice)

B eemonsmt x| eememenw |
erson o T (Sec) K B ia) Vm(mv) 'rSSec) E B(Hz) i
L _ e e e e o o e S i o e e R e S M S e S 2 S S A . (e . Sk o e e B AR i o S e A kU D P R Sk o St ot i e e S D 47 S S B R U S 7 e L S T S -1
1 145,00 0.15 18.39 121 140.00 0.125  22.86 183
2 I 120.00 0.16 30.83 130 125.00 0.14 22.86 163 |
I3 90,00 0.12 37,04 . 309 . 100.00 0.12 33.33 278 i
4 | -100.00 0.12 33,33 278 107,00 0.125  29.77 238
5 | 105.00 0.12 31.75 265 100.00 0.125  32.00 250
I 6 L 10280 0.12 32,52 271 102.00 0.12° - 32.52 271
7 120.00 0.15 22.22 198 115,00 0.44 24,84 177 |
| 8 135.00 0.15 19.75 132 145,00 0.15 18,39 123 E
P9 160400 0.15 16.67 111 162.00 0.15 16.41 109 |
10 | 130,00 ¢ 0.14 21.98 157 120.00 0.14 23.81 170 ;
o . = = = = - e e - . m e mm e e e m o= = m o mm e = = === = = == -i
TABLE 17.
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ey em mp = o

- o Frequency Bandwidth of Bengali Consbnents
pronounced by'different persons] Male Voice) .

b = am em am o e e ws em e wm e wm ww wm mm e e e mm am lmm A e e e o e e = T e e

i Consonent ¥ l Consonant %

[ — - b s S A T S Sl Sy PR AR il e e il e e e B Sy P i e Al S AR LS S Y D PR P PP A bl S S Y P S S D S PR S S D e S D S AR S (S P S o e e . S i i e it 4R A

| Vv T (Sec K - ) 3 '

LY (mv) (Sec) (Hz) vm(mv) T (Sec) K( B(Hz)
130.00 0.14 21.98 157 125.00 0.14 22.86 163

| i

l 125,00 0.17 18.82 111 120,00 0.16 19,23 120

i 115,00 0.12 28.98 242 95. 00 0.12 35,08 292

, |

' 115,00 0.12 28.98 242 95,00 0.125 33,68 269
110.00 0.13 27.97 215 » 110,00 0.12 %0. 30 258

1 "

i 110.00 0.125 29.09 233 115.00 0.12 28,98 242

I 136,00 0.14 21.16 151 125,00 0.13 24,61 189

| o ' t .

' 140.00 0.15 19,04 127 140.00 0.14 20.41 146

i g ;

i 160.00 0.15 16.66 111 165.00 0.15 16.16 108

| o ’ :

| 140.00 0.12 23.81 198 127.50 0.14 22.81 160

! o |

1

e e et omk e he am wm am wm am em mw wm e ew mm we e e am an mm mm s A mm ew B M W wm e WA am e ER e em e e ww e

) . TABLE 17.

e i At il A e b

,
Ll



.

Frequency Bandwidth of Bengali Consonants
pronnunced by different person(lale Voice)

cesem o Gomonmtw ] Consonants
__________ TP e Ty TOO T e
1 140,00 0.13 21.98 169 125.00 0.125 25,60 205
2 | 130,00 0.16 19.23 420 130,00 0.16 19.23 120 |
3 1 95,00 0.125 33.68 269 ©85.00 1 0.125 37.65 301 |
4 i 95,00 0.14 30.67 215 112.50 0.125 28.44 228 i
5 100.00 0.12 33,33 378 105.00 0.11 34,63 315
6 | 116,00 0.125 27.83 223 10,00 0.11 33,05 300 |
7 110. 00 0.15 ou. 24 162 130,00 . 0.14 21.97 157
8 | 140,00 0.4 20.40 146 137.50 0,15 19,39 129
9 | 155,00 0.16 16.13 101 160. 00 0.15 16.67 111
10 137,50 0.4 20,78 148 120,00 0.14 20,41 146 |
_____
1 H
TABLE-17. .
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Person
e
1
2
3
4
5
6
7
8
9
10

b-—‘—

Frequency Bandwidth of Bengali Consonants

Pronounced by'qifferent Persong(Male Voice)

. Comsonamt v ol Comsemmws |
,_-Ym(mvz_ 'TffeC) _T - (Hz) vm(mv) T(Sec) K B(Hz) |
i 132,50 0.010  30.19 302 137.50 0.4 20.78 148
105500 0.010  38.09 381 1750  0.16 21.28 138 !
85,00 0.09 52.28 581 105.00 ' 0.13 29.30 225
85.00 0.10 47,06 41 115,00 ~ 0.14 24 .84 17 !
105.00 0.10 38.09 381 © 110,00 0.12 30.30 252
85.00 0.10 47,0.5 471 120,00 0.1 30.30 275
115,00 0.10 34.78 348 120,00  0.15 22.23 148
i 125500 0.09 35,35 395 142,50  0.15 1871 125
150,00 0.09 29.63 329 ' 145,00  0.16 19:24 108
L 119:50 0.10 34,04 340 140,00  0.14 20.41 146
| PR — e e e e o e e e s e e e
. , :- .
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130.00
140.00

~150.00

117450

e e o e e e B o T R I T

Frequency Bandwidth of Bengali Consonants

——— i — . Pt W . B S Ml v

T ———— v r—

TABLE 17,

140,00

120,00

150,00
95.00

95.00

115;00
127.50
140,00
150,00
142,50
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Frequency Bandwidth of Bengali Consonants
pronounced by different persons(Male voice)

T T A SN wall (AN S et S A T el S S S A e S P A S A S FE T — S S M S S0 N S Py S P PR Sl i A s S ey S S S S S D e W —

. r—— . N i 1{-“ ——————
Person |eme—m——- Cousonant
D (v) T(Sec) K
b e e - "
o 130.00  0.12 25.64
2 130.00 0.16 19.23
3 125.00 0.10 32.00
41 110..00 0.11 33,05
5 95.00 0.11 38,27
6 | 100.00 0.11 36.36
7 1 135,00 0.125 23.70
8 1145.00 0,14 19,76
9 150.00°  0.16 16.67
10 135,00 0.13 22.79

——— — = —— v — ——— — ——

i Pavy T : (2)
125,00 0.10 32.00 320
125,00 . 0,10 32,00 520
77.50 0.10 51.61 516
92.50 0.10 43.24 432
90.00 0.10 44,40 o
85.00  0.10 47.05 47
125.00 0.1 29.09 264
130.00 0.10 30.76 308
137450 0.11 26.45 204
117450 0.10 34,05 340

T TS TV S o (6 A U S S S WM S S P P SRS S a0 mAl AW T S S T D G S R R WP e NS WD S g A S A e S . T N VI S A R AR S Y PED S S S o — T . S O P S




F " Gonsonant « T
:Person - ——————
E | B i) T(Sec) K ' B(Hz)
e e o s o e e o e e e - ‘ - - =
I 140,00 10.125 © 22.86 183
2 E 135,00 0.16 18.52 116
3" 115,00 0.125 27.82 223
Loy 10500 0.125 30.47 244
5 | 1412.50 0.10 35.55 . 356
6 120.00 0.10 33,33 333
o | 130:.00 0.14 21.97 157
8 i _145:00 0.15 18.39 123
9 i 15000 0.16 - 16.67 104
10 i 140,00 ¢ 0.125 22.86 183
— __L e e e

TABLE 17,

120.06
130.00
100.00
105.00
110.00

110,00

140,00

437.50
152.50

s A Y

. - Frequency Bandwidth of Bengali Consonants
pronounced by different persons(Male Voice)

. Gt D Y S T D T P T N S S S P PU S e S T N P D A AR al SN VP R S ) S S A et Sl aklt Y S

S o iy Tl e e — — —— T —— - i A T (i S el o —— — ——— — g — — $HD ] TP T S . P D el o — S S ——— ——— — e - ————— 4

(Hz)
27.78 231
19.2% 120
36,36 331
27.21 194
33,06 301
53.05 500
22.85 183
20.77 148
17.45 117
22.86 183

peq]
(H



T — o — T — S —— —— — —— T— —— o i e i o S Bl ke s sl

W e W ek ek wvh M ek TR BM A e em wm v vw

_____ < .
Person F 5 -
1 . .
B e . M
1 i 150.00  0.10
2 | 125,00 0.16
3 - 95.00 0. 14
4 | 102.50  0.14
5 - | 105.b§ 0.12
6 115,00  0.12
7 | 120.00  0.14
8 | 427.56 0.15
9 147,50  0.16
10 125.65" 14
----- by |

Frequency Bandwidth of Bengali Consonants
pronounced by. different Persons(Male voice) .

e Y el ke g S S S B . Sy

————— e e e L )

______ e e
Consonant 3 .
v
Blaz) gy 1(See) £ B
267 1%5.00 0.12 24,69 206
125 132.50 0.15 20.12 .17
215 95,00 0.13 22,38 249
199 120.00 0.10 33,33 333
265 110.00 0.11 33,06 301
242 112.50 0.12 59.62 247
170 130,00 0.15 2051 137
139, i40.00 0.15 19.04 127
106 150.00 0.15 17.78 119
163 130,00  0.125  24.61 197
TABLE 4
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i
Frequency Bandwidth of Bengali Consonants
pronounced by different persors(Male Voice)

"""" 1 comsonans x T " Gonsonant ¥
Pergon | e ———— 7 p— ety
. | ey ) X e Man TV P e
1 | 120.00 0.10 33,33 333 130.00  0.14 '21.98 157
2 | 135.00 0.125 23.70 190 125,00  0.16 18.52 116
3 | 92.50 0.10 43,24 432 87.50 0.1% 35.16 270
4 | 90.00 0.10 H4 44 nay 112.50  0.15 23,70 158
5 | 105.00 0.10 38.09 381 95.00 - 0.1 38.27 348
6 i 110.00 0.10 36.36 364 115.00  0.125 27.82 223
7 | 125,00 0.10 32.00 320 120.00  0.125 26.66 213
8 I 135,00 0.10 29.62 296 130,00  0.15 20.51 137
9 145,00 0.15 18.39 123 150.00  0.15 17.78 119
10 ;.120.00 0,10 33,33 233 120.00 0.14 53.81 170
_____ b o e

TABLE 17.



Frequency Bandwidth of Bengali Consonants .
pronounced by 'different persons(Male Voice) .

[ o e e e o e e T T L L L T o e 1 e e e LY ek ek S A ko B ST Y ST 440 . g S 7 R e S e o e i o e

| pesson | Comement 3 ] L Cowsonmt '
e Yeew T e o TEO K P
1 E 145,00 0.15 18.39 123 140,00  0.14 20,41 146
2 135.060 0.16 18.52 116 130,00 0.15 20.51 137
3 ! 100,00 0.15 26.66 178 100,00  0.15 22.66 178
4 105.00 0.16 23.30 149 95.00 0.15 28.07 187
5 } 95.00 0.12 35.08 292 . 100.00 0,12 33.33 278
6 E 125.00 013 24,61 189 120.00  0.13 25.64 . 197
7 E 125.00 0.15 21.35 142 130,00 0.15 20.51 137
l 8 132.50 0.15 20.12 134 130,00 .15 20.51 137
9 | 145,'_0%5 0.6 17.24 108 150,00 0.15 17.78 119 .
10 135.00 0.15 19.75 132 137.50  0.14 20.78 ¢ 148
TABLE .17,
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Frequency Bandwidth of Bengali Consonants
pronounced by Different persons{Male Voice):

o e e mm e m e - e ek e e e e e e e — e
) ! Consonant = r Consonant ¥
, Person L v-— T e T —— e e e e e e e
| ' Vn (@) T(Sec) K B(Hz)‘ Vi T(Sec) K B(ga)
! G o (mv)
e e - o o st om _ - e e e et e e e e et e e e e e 8 e e
1 r A - -
L I 137,50 0.125 23.27 186 135,00  0.13 22.79 175
1 ‘
| o j : :
.2 . 120.00 0.14 23.81 170 125,00 - 0.15 21.33 142
'3 | 125.00 - 0.10 - 32,00 320 - 85,00 + 0,10 - 47.05 471
— | 85.00 0.10 47.06 471 105.00 * 0.125 .47 244
- | L -
| 5 ' 85.00 0.10 47.06 471 ..  95.00 0.10 42,10 424
l .
' 6 y 112,50 0.125 28.44 228 105.00  0.125 30.47 244
P | 130.00 0.12 .  55:69 214 110.00  0.11 33,05 300
| - ‘ ‘ ‘ .
, 8 ' 122,50 0.125 243115 193 140,00 0,13 21.97 . 169
| : . :
L9 | 150.00 0.150 17,78 119 150.00  0.15 17,78 119
I 10 I 137,50 * 0.14 20.78 148 135.00°  0.15 19.75 132
| 1 . -
l— -— - m—— - L -— - .-'— - e Em e e e e me o mm e me M s e my ww ey, Gm am Em wm em G me em m S as AR AR o A eR W ==
~ TABLE 17.
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Frequency Bandwidth of Bengali Consonants i

—— . T S e ey et e, s e i s e et ks e ey e ey el S et ey ey ot . s et e P N A W N P Y S .

e e T I I R A
I } | Consonant ' Consonant ¥ 1
! Person ————— T EmasS e, -i___"; ““““““““““““““““““““““““““““““““““““ ':
: , : Vi (av) T(Sec) K (Hz) ; (v ) T(Sec) K (Hz)
________ = U s,
A L 12000 0.13  25.64 197 140,00 0.10 28.57 268 !
L2 ' 115,00 0.15 2%.19 155 137.50 0.15 19.39 129
'3 ! 100.00 0.10 40.00° 400 ~ 110.00°  0.10 36.36 364
L4 I 102.50 0.125 31,21- 250  110.00 0,10 - 36.36 364 |
5 :ﬁggiqo 0.10 4210 421 005.00  0.10 -38.09 381
- L1250 0.1 32,32 204 120.00 0.40 33.33 333 |
b7 b 110500 0.11 23:05 300 120.00 0.14 23.80 170 :
: 8 : 137150 0.12 24,24 202 135,00 0.14 21,16 151 u
L9 | 150400 0.15 . 17:77 118 150.00 0.15 17,78 119 :
L 10 ' 135.00 0.4 21.16 151 140,00 0.11 25.97 236 :
:.-_;.._I,._______..______; ___________________________ L

L7l



Frequency Bandwidth of Bengali Consonants

o m———— B S et D e e e e e e - m—————— 1
l ' } Consonants ¥ Consonants § .
Person e -- - e it e -——- Rty -
! 0 nv) T(Sec) K (Hz) Bmv) T(Sec) K B(Hz)
I L ST ¢ . 4 — o
] |
: ! .. L . .
1 135,00 0.125 23,70 190 145,00 0.12 22.99 192
i 2 | 142,50 0.12 23,39 195 135, 00 0.125 2%.70 190 '
z. | 100.00 . 012 33,33 278 87.50 : 0.12 28,09 317
4 120.00 0,17 19.61 115 132,50 0.15 20.12 134
|
5 I 100,00 0.11 36.36 331 95,00 0.12 28,28 214 .!
6 | 115,00 0.4 27.82 177 110.00  0.15 24,24 162 i
) - ’ cttoon o I
7 { 145,00 0.15 18.39 123 140,00 0.15 19,04 127 |
|
8 140,00 0.16 17.85 112 135,00 0.16 18.52 116
9 i 150,00 0.15 17.78 119 155.00 015 17,20  #115 |
10 130.00 . 0.15 20.51 137 130.00 0.14 21,98 157
|
—_——— —— _— O S, ’ ______________________________ ok
TABLE 17.

chl



.

Frequency Bandwidth of Bengali Consonants
pronounced by different persons(Male voice)

'? Consonant ¢
Person T e e e e e B T T T e e e e i e b e e et e e e e e
v (v -T(sec) K B(Hz)
________________ S
1 135.00 0.1 29.63 296
2 127.50 0.1 31.37 379 E
@ |
3 95.00 0.10 42,10 421 !
4 115. 00 0.09 38.64 429 :
5 i 105.00 0.10 38.09 381
6 125,00 o.ﬁé 26.67 222
v | 135,00 0.08 37.03 463
8 125.00 0:09" 35.55 395
9 147.50 0.09 30.13 335
10 1 120.00 0;0§ o 37,04 412 S
— S B S e e e e e -
TABLE 17, _ - .
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Average Frequency Bandwidth of Bengali

Consonants in Male Voice.

A —— — e ——— T — i T ——— — A — - — -

- e e e e Em e e e e e e e = o e e e e o el m—

Bandwidth .

(Hz) -

Consonants

362
202
211
190
205
322
191
156
166
266
272
260
253
178
182
369

-
I
1
I
I
i
t
I
i
i
1
I
1
1
1
I
1
i
i
i
i
|
1
i
i
}
1
i
|

TABLE 18,
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—l o mw omm wml e e wh N mew s sl R B mm mm g mw e R WW WM e mm e e e s Am ME T em mee
P e | _
n A
4 | L
g _ !
|
o I { I
Q i s
[1)] - |
a
Q 1
&) S
+ |
e Lol
.ﬂ ] 1 _M _
| | ~ I «— O o ] LY o W o ¥ @] N F N O F O NN {
g | | y O~ [ve] 0~ (oY O~ oy Oh (@) - O O O Q - Qd - o
[ | 1 jas} < L - <« < « < o Ll — A S SV S el o VAN N oV 1
m 1 | M~
s 1 ] I
4~ @] 1
o ol ] H
. I |
A ol B 1 ¢
4 = | ]
ks i | I
FE _
gk
ﬂ b | | 1
| i
m I 1
o] t
© 1 | 1
(70 I | ]
ol | 1 /3] I
A it P
Q ot i m 1 t
P { { |
bt od PR OF m b B B R B B bor o ow BT
i m i
- .
I © L ]
1 O I ;
i 1 - l
I |
b o e el e o o o o e e w mn e e e e o e e em mm e o ks o e - = we - - '
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T s - = "~
{ Person L

e e e B . et e e e e et i i iy e it s et vk et e G S T ot St T —

..-——-.-.————--—-—m—-..'————l-n——-—__——-——...—————o———_—_‘

_ .. _ _Comsopant ¥ . _ _\ _____ _:CGowsonant = __ _ __ J
Ywlmv) T (Sec) K B(E) {Vm(m) T (Sec) K BlHz)
140.90 0.15 18.90 125 140,90  0.15 18.90 126 !
115.00 0. 14 2u4.84 177 110.00 0,15 24.24 169 !
135.00 0.15 19.75 132 142,00 0.15 18.71 125 .
107.580 0.16 24.80 165 105.00  0.15 © 25,39 169 :
131,80 0.15 20,25 135 120,00  0.15 C22:22 148 |
105.00 0.15 25.39 169 100.00 0.5 26.66 178 |
105,00 0.15 25.39 169 102.00  0.15 26.02 173 I
135,00 0.20 14,81 74 130.00  0.20 15.%8 77 :
130,00 0.14 21.97 157 120.00  0.14 23.81 170 :

‘ |
140,00 0.19 15.03 79 130,00  0.19 17.54 92 :
A l

TABLE 19.
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- Frequency Baﬁdwidth of Bengalil Conscnants
prrnounced by different persons.(Female Voice)

€ wm mm e wm em mm e m wm wh S Ww mm  ws mw  ew e o mm mm me Se W MR ME G EE ik W WE ms mp Se Am am MR SR ER e el AR e A oy e W

O O N3 0w EWN D

=S
@]

- — — . S T i i e ik i . S o T S A D WA S Al Sy e e Y S — o S Dl R A Pl S S e S S SO S S el D s S S A A W S SO Saa S -

- em e me mm mm  MEm wh  mm oy AR e o g e mm e mm  ww  ww R ew  mE m mift mmk WR R &8 mm e em e A wE me W we Rw A e

140.90  0.19
107.50  0.18
135,00  0.19
102,55  0.18
125,00  0.15
100,00  0.15
105,00 0.15
125,00 0.24
112.50 0.16
120.00 “ 0.20

- emm mm et e e e o s e am wm e an es em mr ot bm A EE R e WE mR Er = W ER Sw e em R W A TR e e e

14,94
20.67

- 15059

21.66
21.33
26.66
25.%9
13,33
22.22
16.60

79
115
82
120
42
178
169
56
139
83

121,80
410.00

145,00 -

105,00
135,00
100.00
110.00
140.00
110.00

135.00

0.15
0.14
0.17
0.16
0.17
0.15
0.15
0.20
0.16
0.20

Lirb



- e e EE ME i AR e B e we e ME MW mE R 48 KE WS we e e e e A PR mm  MIE R un mm mm e me Ew e dmr em me mm my me mr wm me e e

I

|

| 125,00
: 105;66
! 155;§o
I 100,00
: 137.50
o0
I 95,00
| 15000
' 105.00
! 125.00
i

. , 3 ' p
Freguency Bandwidth of Bengali Consonants

pronounced by different persons (Female: Voice)

T et e e mr me aw e we mm aE wE wm me wm e wm mw wm omm am em e

0.15
0.15

- 0.18

0.16
0.15
0.15
0.18
0.20
0,15
¢.20

- wm em a mm mm e vE e A A e SR e B e we  we -

21.33
25.39
16. 64
25.00

19,39

27.35
23.39
14,28
25.40
16.00

TABLE -19.

— R s D am VER Y WE AW Em WD AR m— SE SR MR R O EE AW we  wm =

" e Em A e wm ew W mm WA ER TR e me e e mm mm e Ww am e

129.50
110..00
135,00
105.00
137.50
105.00
85.00
140,00
110.00

120.00

Consonants =
T(Sec) K

0.15 20.59
6.15 24,24
o.ﬂs 119,75
0.15 25.39
0.18 16.16
0.16 23,80
0.16 29.41
0.20 14,28
0.15 24,24
0.20

16.66

129
162

= 132

169
Q0
149
184
71
162
83

el
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——— o WP B EE WE MR e A A e we s mm e mm mm me m

Frequency Bandwidth of, Bengali Consonants
pronounced by dlfferent persons(Female Voice)

o e e ——— T VS AT} S v e e —— o > —— Y S P - -

bepson 1. _ _ Oomeemamt_® T . R Consonant . ¥ _

:V (mv) T(Sec) K B(Hz) EVm (mv) “T(Sec) K B(Hz)
T T T TS T T T ST TS TS TS mT ST mSSmmTTmTmmEm T 7
) . |
1 | 120.40 0.19 17.48° 92 131.80  0.18  16.86 9 i
2 : 115.00 0,18 19.32 107 120,00 0.18 18.51 103 i
3 ' 140.00 0.15 19.04 127 . 135.00 - 0.12 24.69 206 i
4 : 105.00 0.15 25.39 169  105.00 0.19 . 27.22 194 i

5 : 140.00 0.16 17.86 112 140,00 0.16 | 17.86 - 112
6 ' 102.50 0.20 19.91' 98 ~ 105.00 0.15 25.39 169 !
7 : 95.00 0.17 24,77 146 100.00 0.13 30,77 237 i
8 | 120.00 0.22 15415 69 145,00 0.16 17.24 108 i
9 : 105.00 0.15 25.40 169 110,00 0.15 - 2u.24 162 i
10 | 127.50 0.20 15.69 78 105.00 0.20 19.09 95 fi
_____
TABLE 19.
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Frequency Bandwidth of Bengali:Consonants
pronounced by different persons(Female Voice)

‘‘‘‘‘ P - - - - - - - - - -T-o°TT-TT-TTfT--TA-TTTTSTSTSTTSSSEETEEEETTTT
i Consondnt ¥ : g Consonant '§ !
Person T T T T T T T s e s e - = - - e ke e e o e e m e e = e e = = e = - |
LY (nv) T(Sec) K B(Hz) + V  (mv) TEec) K B(Hz) [
m
ey T S :
1 : 136. 30 0.18 16.30 91 140.90 0.17 16.70 ‘98 .
|
2, ' 120.00 0.20 16,66 8% 125,00 0.15 21.33 142 ,
| : . :
. . co L |
2 1 135,00 0.18 16.46 91 - 135,00 0.15 19.75 1%2 :
1 . : .
4 ¢ 110,00 0.16 22.72 142 » 115.00 0.15 23.18 155 :
5. : 1%5.00 0.175 16.93 9 140,00 0.18 15.87 88 |
. : . i !
6 : 107,50 0.15 24,80 165. . 110.00 0.18 20.20 112 i
B i, = - . !
7 P 95,00 0.175 24,06 137 100.00 0.15 26.66 178 |
l s ; |
8 I 145,00 0.19 14.51 .76 140,00 0.16 17.85 112 l
l 7 " - o,
9 102,50 0.15  26.02 173 90.00 °  0.15 29.63 198 :
10 | 132.50 .20  15.09 75 115,00 0,20 17,39 87 !
: . ‘ . : }
'. : "; |
U O U

TABLE 19.
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. M R e o mm m oms  m  mn me o MR e S e M e W e mwm mm

- wmm e mem e e ww N ma e MR AR e AR mwm R R e o AR B e AN e

136.30

112.50

110.00
130,00
105.00
95,00

130,00
102150
130200

- e aw | e

125.00

Frequency Bandwidth of Bengali Consonants
pronounced by different persons(Female Voice)

0.18

16.30

22.22

17.77
22.72

19.23 |

25.39
28,07
17.09
30.00
14,65

142

120
169
187
95
231
70

TABLE 19.
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131,80

120,00

" 132.50
115.00
140,00
107.50
115.00
130.00
90.00
115,00

' 0.16
© 0.15
M 0.15
017

0.15
0.13
0.15
0.15

- 0.21

130,00
134
155

99

165
206
137
198

79
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Frequency Bandwidth of Bengali Consonants
pronounced by dlfferent persons(Female voice)

1 . e e e e S T
' I Consonant 9 : Consonant T
b Person p = = = = = = = = m = m m - o e o - oo - o e e e e e e e e m e e - - =
: o Vo (mv) T(Sec) K B(gz) 1V (mv) T(Sec) K B(Hz)
l- - = s = e e e o e e e e em e me e e e e = = = - e e m e e e e e e -
I : :
l | . .
| 1 | 113,60 C 0,4 25315 . 180 140,90 - 0.15 18.90 126
| ST o : g . ,
| 2 i 10000 0.13 20,77 237 117.50 0.14 24, 31 174
| o _ . ,
: 3 ¢ 125.00 - 0.13 24,61 - 189 135.00 - 0,16 - 18.51 © 116
' 4. : 120,00 0.12 27.78 231 115,00 . 0.16 21.7% 136
| ' - - : |
‘ 5 : 120.00 0.12 27.78 . 23 t 130,00 0.20 15.38 - 77
: S i 1Qo:oo 0.14 28,57 204 ' 110.00 0.16 20.72 42
v ' 80.00 0.11 45.45 413 105.00  0.15 25.39 169
| : : _
| 8 ! 105,00 0.13 29, 30 225 120.00 ~  0.20 16,67 8%
| - . ' .
I 9 | 95.00 £ 0,10 42.10 421 90.00 .  0.15 29,63 198
I i ; : . s : : . H ' .
, 10 \ 115.00 * 0.14 24,84 177 £ 1%0,00 . 0.20 15.38 77
I 1 ' ' ‘ '
e e R R T e T R R R e T T B T

TABLE 19.



Frequency Bandwidth of Bengali Consonants
pronounced by different persons(Female voice)

- ww ww wm e wm am mm e v R W e ww e mm mm mb e mm e e

- - el e it i e e e e e s m == s == R 1

i Consonant ¥ ' Consonant wg I

Person e B R R T T T b e e = = m e e — s = e = = == = - =

vV (mv) T(Sec) K B(Hz) i V (nmv) T(Sec) K B(Hz) |

______ e e e e e e e e e e e e e e e e W e e D m e e e e e e e e e -

1 | 136.30 0.15 19.56 130 131.80 0.18 16.86 94 :

2 | 115.00 0.6 21.73 136 120.00  0.18 18.51 103 :

3 I 130.50 0.15 19.39 129.00  122.50  0.16 50.40 128 .

4 L 11500 0.15 23.19 155 120.00 0.16 -  20.83 130 |

5 | 132.50 0.16 18.87 118 140.00  0.16 .86 112 !

6 ' 107.50 0.16 23,25 155 115.00  0.16 21.73 136 |

7 | 110.00 0.15 on. 24 162 105.00  0.15 25.39 169 :

8 ' 125.00 0.17 18.82 111 130.00 0.20 °©  15.38 77 |

9 95,00 0.15 28.07 187 100.00 0.15 26.67 178 l

10 | 115.00 015 23,19 155 140.00 0.26 14,28 7 :

R e :
TABLE 19.
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g Frequency Bandwidth: - of Bengali Consonants
pronounced by different persons{Female Voice)

SRR s e e e S o am am s e mR e M em et o Em e e e e e mm em e e o e e mm mm mm g mm e vr an mm ew  mm e em e e e

115,00 0.20 17.39 87 95.00  0.15 28.07 - 187

______________________ ;
v (mv) T{Sec) K B(Hz) Vm(mv) T(Sec) K B(Hz) |
_________________________ -'"""—"""""""'"-"—"——""'-_"“"l"
I I 4 |
i I . é : J ' . ! I
oA 127,30 0.18 17.46 97 127.30 0,15 20.95 140 .
| | . ! ‘ .
y2 1 11000 0.15 24,24 162 120.00  0.16 20.83 130 :
: 5 : 1%@-60 0.15 19,04 157 120,00  0.10 33,33 333 |
" ! 117,50 6.16 21.27 133 110.00  0.12 30.30 253 B
{ | ‘
5 I 140,00 0.18 15.87 88 130.00 0,10 30.77 308 :
6 | 110.00 0.15 2424 162 105.00 0.12 31,74 265 |
‘ ' ' I
9 ' 110.00 0.14 25,97 186 75.00 0.10 53.33 233 -
1 i .
1 8 1 132,50 0.19 16.88 g4 105.00  0.15 . 25.39 169 :
L9 ' 105,00 0.16  23.81 a9 85.00  0.12 39. 21 327 !
10 ! ’ .
l I |
| |



e

Frequency Bandw1dth of Bengali Consonants
pronounced by different persons{Female voice)

—_ e o e am o e wm e am e o e wm e Em mm o s e oy

- e mEm Am am e wm W e me mm e e ws e o der e mm wm ek ks M mm am me mm mm ww e e e = = am

- e Em em G mke ek M W MR MR aw ww mm mm o ww mm W we == ww

105,00
140.00
100.00

95,00
140.00
90.00

115.00

e R it I e B I -
| | _ Congonant ;
IR e d s R A O
| g '
e T r
oA ' 140,90 0.16 17.74 111
: 2 : 112.50 0.17 20.91 123
L3 | 132,50 0.17 17.76 10k
- ' 142,50 0.17 20.91 123
: 5 : 135.00 0.18 16.06 91
- ' 105.00 0.18  21.16 118
o7 | 95.00 0.16 26.31 164
s | 137.50 0.19 15.31 81
L9 ' 100.00 016 25.00 150
' 10 : 125.00 - 0.20 16.00 80
o Lol

TABLE 19.
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e mm em o ew wm Gm o e mm R MR e mm v mm mm el e e e ew mm am ww mm wm

I . ]

- ww et mm mm v mm em e mE oww me e e mm m mm wmk

105.00
106.00
125.00
97.50

120,00

R A AR e SR Em Em AR Mm A AR WE AR ek mr ee ! e me mm mE A TR mm s e Emt Gm mEm mm A S e mm em o e wm e e wen w

S et . e e e e S S, S e

0.20

I — o 0 S — —— . A Tty e e e o " e — — T — iy ¥ s - S S S T o

_ am A% me e mm Ew mm o e el W b mm MR mm mw e W e

! m
127 135.00
93 120.00
106 140.00
145 115.00
85 145.00
118 110,00
178 90.00
80 140,00
182 90.00
83 107. 50
TABLE 19,
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Frequency Bandwidth of Bengali Consonants
pronounced by different persons(Female voice)

-— wm  mm e AW mm Em e e et mm we e me el mm GRS me am em  ea mm

b _Gomsnamew T oy oonsnamry ]

'Y (av)  T(Sec) K B(Hz) | ‘m™)  T(ee) K B(Hz) .

e e A L e e e e e e e e e e e - - - - e e e e e e e e e e e m e m - e - 4

1 : 125,00 0.10 32,00 320- 135,00  0.17 17,42 102 :

2 | 120.00 0.15 22.22 148 120,00  0.15 22,22 148 !

3 I 120.00 0.125 24.61 497 135.00  0.15 19.75 132 :

4 ' 115.00 0.12 28.98 242 107.50  0.15 24,80 165 :

5 : 140,00 0.4 20.40 140 145,00  0.15 18.39 123 :

6 I 110.00 0.12 30.30 25% 120.50  0.15 22.13 148 .

v : 95.00 0. 14 30.07 215 97.50 0.15 27.35 182 :

8 | 135.00 0.15 19.75 132 125.00 - 0.175 18.28 104 :

9 | 80.00 0.12 41,66 37 100.00  0.125 32,00 256 :

10 | 100.00 0:15 26,67 178 120.00  0.16 20.83 130 :

! " o i I

_____ Hom e e e o o e e e e e A e e e e e
TABLE 19. f ’
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‘Frequency;Bandwidthhof Bengali Consonants
pronounced by different persons(Female voice)

1 Consonant 3 . e Consonant @ _ :

| Fexaon v, (@) Tee) T KT T BMHZ) T Ty (mv) | (see) | K B(Hz) _::
| 2 3 '

1 I 145,00 0.20 13,79 .69 ° 145,00 0.20 13.79 69 .

2 | 125.00 0.20 16.00 80 117,50 0.20 17,02 85 |

3 | 150,00 0.20 13,33 &7 140.00 0.175 16,32 93 !

4 I 110,00 0.18 20.20 112 105,00 0:16 - 23.80 149 .

5 : 150.00 0.20 13.33 &7, 150,00 0,20 13,33 67 :

6 | 105.00 0.20 19.04 95 102.50 0.16 24,39 152 !

7 ' 85.00 0.16 29.41 184 110.00 0,15 24,24 162 .

8 I 135.00 0.19 15,59 82 135,00 0.20 14,81 74 ,

9 : 110,00 0.15 24,24 162 90.00  0.15  28.07 - 187 :

10 : 115,00 0.20 17.39 827 - 110,007 0.20 18.18 91 :
______ L

: . TABLE 19.
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Frequency Bandw1dth of Bengali Consonants
pronounced by different persons(Female voice)

- oam e R S e e e mm e mm e e em mm wm mw wm me e A ma mm

i Consonants % E Consonants ¥
PTSOns Uy try T aGen kT s L v aGen kT iy
S e
1 : 137.50 0.16 18.18 114 130.00 0.15 20.51 137
2 I 115,00 0.16 21.73 136 115,00 0.16 21.73 136
3 :135,00 0.15 19.75 132 135,00 { 0.15 19,75 132
I : 100.00 0.15 26.67 178 105,00 0.15 25.39 169
5 t 150,00 0.16 16.67 104 140,00 0.17 16.8¢ 99
6 1 100.00 0.5 26.67 178 97.50 0.15 20.85 182
. | |
7 190,00 0.15 29.63 198 £ 95.00 0.15 28.07 187
8 ' 140.00 0.15 19.04 127 125.00 0.17 18.82 . 111
9 ' 95,00 0.15 - 28.07 187 95.00 0.15 28.07 187
10 :120.00 ,0.20 16.67 83 S M7.50  0.20 17.02 85
_____ O R S

TABLE 19.



Frequency Bandwidth of Bengali Consonmntse
pronounced by different persons(Female voice)

.........-_-_.....—-...__..._......—-—_-—_.————

f ST T C -an;o;agt; ; —————————— ! -------- EO;SSH;DEI --------- T
:Pemn v Emfr)"_-rEs;cT“K"-Eéz}”f?"(;vi"”'r'('s'éci""x""""Ecﬁzi_“;
e T el y
L I 125.00 0.15 21.33 142 135,00 0.15 19.75 132 ,
: 2 : 112,50 0.16 22.22 139 120.00 0.16 20.83 130 :
: 3 : 135,00 0.15 19.75 132 ~150.00 0.15 Cagmm 118 |
: 4 : 105.00 0.15 25.39 169 110.00 . 0.16 22,72 142 :
' 5 1 110,00 0.15 19.04 127 150.00 1 0.16 16.67 104 .
: 6 : 95.00 0.14 30.07 215 100.00 . 0.15 26.66 178 :
: 7 : 90.00 0.15 29.62 197 95.00 0.15 28.07 187 |
. | 130,00  0.15 20.51 137 135.00 0.15 19.75 132 !
9 ! 87.50 . 0.15 30.48 205 90,00 0.15 29.62 197 E
e I 105.00 Q.20 19.04 95 122.50 0.16 20.41 127 ;
o .
TABLE 1
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Frequency Bandwidth of Bengali Consonants
pronounced by different persons{Female voice)

= R e T R e T T T O O

! : Consonant v f Consonant [ T
T T T e 2 T O T acen” x0T s
I I (mv) T Sec) K B(Hz) : '
REERY e
: g : 127.50 0.18 17.42. 97. .. ... 135.00 0.16 18.51 116 :
- , 110.00 0.20 18.18 91 120,00 0.18 18. 51 103 |
: 3 ?—T55700"' 0.175 16.93 97 132,50 0.175 17.25 X 99 :
: 4 : 115,00 0.18 19.32 107 120,00 0.17 10,60 115 :
5. | 155.00 0.20 12.90 65 155.00 0.20  12.90 65 i
: 6 ': 110,00 0.16 22.72 142 12.50  0.16 22,22 129 :
L7 ! 112.50 0.15 23.70 158 110.00  0.15 24,24 162 !
'8 140,00 0.19 15.03% 79 130,00  0.21 14.65 70 !
: 9 : 115,00  0.15 23,18 155  105.00  0.15  25.39 169 :
: 10 t 115,00 0.20 17.39 87 120.00  0.21 15.87 76 :
Lomomm o = : _______ ’ R |
3 TABLE 19.



Frequency Bandwidth of Bengali. Consonants
pronounced by different persons(Female voice)

_.--uuu--—-———mu-..—————-——————

] !
! Person T = = = = = = = = e e .- e e e e mm = s e == = = e = e !
: i V (av) T(Sec ) K B(Hz) :
________ L o e o o e o am oan e oem e e e e mm e am e we me e e ee o e o e e =
i s , - \
: 1 | 125.00 0.0 32.00 320 :
"2 L 110.00 0.2 3030 253 a
i [ ’ . 1
I 3 : 130.00 0.10  30.77 © 208" .
: 4 (117,50 0.10 34,04 30 !
! 5 : 155.00 , 0.14 . 18.43 122 ;
' o : !
‘ 6 ‘' 110.00 - 0.10 36.36 264 :
i o
: 7 | 85.00 0.10 47,65 - 471 :
'8 ' 120.00 0.15 22,22 s '
t : |
\ 9 : 100,00 | 0.12 ' 33,33 278 |
: 10 t  115.00 0.12 28.98 244 :
i ! ¢
O U e e e e e e e e = = e = = e = == = -

TABLE 19.
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Average Bandwidth of Bengali Consonants

in Female Voice.

i et v . Vo

‘Bandwidth

~Gonsonant

137
141
115
127
130
132
113
146
112
129
134 -
129 -
257
127
140
120
127
231
114
133

. e ems my mw  ew  BE e mm  mm mm ME A s e e S e e e A we e G e Gm M ow e e Rk MR da e e e

TABLE 20,
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Average Bandwidth of Bengali Consonants

in Female Voice.
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Average Bandwidth of Bengali Vowels
in Some Words in Male Voice
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Average Bandwidth of Bengali Vowels

in Some Words in Male Voice,
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Average Bandwidth of Bengali Vowels
in Some Words in Female Voice.
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Average Bandwidth of Bengali Vowels

in Some Words in Femazle Voice.
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Average Bandwidth of Bengali Vowels -
in Some Words in Female Voice.
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Avzrage Bandwidth of Beangali Conscnants

in Som

Words in Male Voice.
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Average Bandwidth of Bengali Consonants

in Some Words in Male Voice.
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Average Bandwidth of Bengali Consonants

in Some Words in Male Veoice.
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Average Bandwidth of Bengali Consonants

in Some Words in Male Voice.
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CHAPTER = 6

CODING OF MESSAGRS IN BENGALI LANGUAGE

6571 Introduction

The amplitﬁde and duration pattern and the bandwidth
analysis of Bengali alphabets)in the preceeding chapters enable
" us to consider digital processing of messages:in Bengali, In a
digital comﬁuLication'system the analog signals are converted
to binary pulses‘u;ing'analog to digital converters. The analog
signal is first saﬁpled at a rate which must be grezter than or
ecual to twice the;signal bandwidth. The sampled outputs are then
quantized into a large number of discrete voltage iévels which
are strongly relatéd to the amplitude and duration psttern of
thersignals.*These:discrete'voltage"ieveISNare:then_coded.into
binary pulses for transmission. At the-receiver the coded pulses
are decoded using a digital to analog converter. The advantages

of this type of communicaticn over analog signal communication

are as follows :

1. Information is carried by discrete~symbols instead of
continuously varying pulse amplitudes. So the signals may be

regularly reshaped or regenerated_during transmission,

2o All digital ciréuitry nay be used 1n the entire system.
3, Signals may be digitally processed as desired.
4, Noise and interference may be minimized by appropriate

coding of the signals.



The design of a code for efficient trensmission of
ressages is rather difficult. However, coding has the advan-
tage thaf_it allows us to ingrease the rate of information
transmission. Another advantage of coding is that it helps us
o0 detect ‘errors ‘in transmission of messases and In some CaAses
to correct errors. This is accomplished by properly designing
the length of a code word by incorporating redundancy bits

with the message bits.

6.2 Design Considerations for Digital Transmission of

Bengali Messages :

From chapter 5 it is observed that the maximum bandwidth

of the Bengali alphabetﬁ?in.voice signels is 3.465 Kild.

So for digitizing the symbols in Bengali messages by an
analog to digital -converter :the .szmpler -should have a sampling

rate

fc'zp 2 x 3,465 KBEZ

or f, 2} 7,0 EHZ (app.)

-

There are altogether 48 aiphabet){Vowsle and Consonants)

in Bengali. If each symbol is equally likely to occur the infor-

mation rate ¢f 2 pulse code Modulation (PCM) .system will be

C,,» 7-0 x 107 Log, 48 bits/sec. = 39097 bits/sec. which

is the Shanon's limit.

Now since in practice the symbols are not ecgually likely
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£o occur, the rate of information should be

. n
» C - 2B 5 Pj Log Pj bits/sec.
=l

_where Pj is the probability of occurence of the jth symbol.

av 7

Now the entropy component - Pj Log Pj has been previ-
ously calculated to be 4.554 for Bengali Language by Das [i];

S50 practically
Ouy 3 7:0 x 107 x 4,554  Dbits/sec.

or G, >y 31.88 x 10> bits/sece

The redundancy fzctor for a language can be calculated

from

R = Tog,n + ét Pj Log P,
e

Which gives the difference between the theoretically
maxinum entropy and the practically occuring entroy of the

messages. For messages in Bengali Language

R

Log, 48 - 4,554 bits

= 5.585 — 4,554 bits

= 1,031 bit
The percentage redundancy is = 1091y 100
5.585

18, 46%
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603 An Algebraic Coding Scheme for Bengali Messages:

There are Qarious types of coding. One of them is the
algebraic coding.Eﬂ - In this systemr information is trans-—
mitted alohg with redundancy bits which are meant for correc—
ting errors during transmission. Let us suppoée that wﬁen a
binsry 'O' is to be trénsmitted we transmit a sequence of three
0lS (000) and when a *1% is to be transmitted Qe actually trans-—
mit three 1'S (111). These triplets of 0'S or 1'8 are redundant.
Because two of the.O's in 000 and two of the 1's in 111 carry
no information te the message. Now let us suppose that not more
than one error oqcurs—in.the above cases of triplet. Then if
we receive 100,010 or 00Ol we may be rather certain’fhat the tran-
smitted message was actually 000, On the other hand if we receive
4110, 101 or Oll.we may be rather sure that the transmitted me-
ssage was actually 111. So redundancy ﬁas adtually helped us to

detect the occurence of an error.

Now let us suppose that we have M equally likely messages.
We encode these in M message words each of 1ength‘K where M=2%,
Each of these code word has no redundancy. Ezch bit in each.
messége code word conveys an amount of information I = 1 bit.
If we add T redundant bits to each ﬁessage the transmitted code
word will have n = E + r bits. The total number of wofds is 2B
while the total number of possible messages is EKO A typical code

word will have the form

a/l a2 35 O &8 &5 0P8 ssssase ak01 Ce ...--....Cr..

Where a; is the i th bit of the message and Cj is the J th
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redurdant bit. These redundant bits are called parity check

bit, aj and Cj both may assume the values O or 1.

The parity bits are selected to satisfy the linear

equations,

0 ]

02+ o---o.ol+ Ocr

u
=2
. ¥
. Y
fo
.Y
+
=2
=
Mo
il
Mo
+
.
.
.
.
.
’
o
+
g
H
~
o
b
+
[
Q
N
+

L4

0 = h2134+ h2282 + """""'h2k G OC1 + 102 + oeaeenet Our

s S —— A . S T . g T . Al T e ettt i . — i — o ——— — . . B o o o —

." "—‘\ i ) l . . - .
“ %fm?32+u.”."+l&kak+(DT+ﬂb2+..”.J-IC

[ &)
oo
=

The co-efficients hij are either O or 1.

The rules of algebra are as follows

additionss -0 + O-= @
0+ =1 (6,3-2)
1 +0=1

1+1=20

Maltiplication : 0.0 = O
0.1 = C _ -

1.0 = 0 T (6.3-3)
1.1, = 1-

This differs from the Boolean algebra in the case 1 + 1

which is equal to 1 in Boolean algebra.

One algebraic code is distinguished from amother by the

number of parity bits and the selection of the coefficients hié'
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The H metrix is defined as a rectangular matrix with r

- Ty 4 fd v

rows and n columns and is given by

!

i

haq Bag eveceenannanans .hlk 1 0 [0 I ¢ | ;

: . ) - ! ) F

hs, hon'evninen. h2k o0 " 10 SRR | ;

QR (6.3-4)
T ..« hy O O O teeenncaaal f

The column matrix T representing the transmitted code word

is defined as

[FR—y

o

T - By o - (6.3-5) |

T
———

Then equations (6.3-1) may be written as H T = O (6.3.6)

The column matrix T is a vector, with components 245 85

.----a--.tot-l.ak, C/I’ ca.---.t.-.-ocr.

Let us now suppose that the received message is R which
may or may not be the transmitted code word. Let us =21so
suppose that at the receiver we have an zppropriate apparatus

to form the product HR. If HR# O, we know that R is not a -

possible message =nd error has occured.
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We hzve 48 alphabets in Bengali. So we can code any
of the 48 alphabets by 6 binary digits excluding the redun-
dént bits. We are to add enough redundant bits to allow correc-
tion of single error. It is quite apparent that a single redun-
dant digit is not enough. If we add 2 redundant bits then we
have r = 2 and n = k + ©* = 6 + 2 = 8, The H matrix has 2 rows
and 8 columns.Froz'the mutrd¥ errangement ww can see tha
it is not possible to have each of the 8 columns different from
every other° Hence 2 redundant bits are not enough. Similérly 5
redundant bits are not also sufficient. If we add 4 redundant
bits then r = & and n = 6 + 4 = 10. The H matrix will have 4
rows and 10 columns. With 4 digits in e:xch column we have 16
possible different columns. We can choose any 10 of the 16 cod~
umns.

Let us form the H matrix as

L 4

81 32 a3 aa_ 35 a6 C,.‘ 02 03 04
1 1 1 0 1 0 1 o 0 0
_ 14 0 1 0 1 0 1 -0 0
H=
1 0 o0 1 1 0 0 o 1 0
1 0 1 0 0 1 0 o 0 1

10

Since n = 10, there are 2 '~ = 1024 possible 10 digit

(6.%7)

sequences. Yhe H matrix of equations(6.3-7) can be used to determine

the required number of seguences of 10 digits which will ac-

tually be recognized as messuges at the receiver. Let us con- . -

sider one oI the messages to be 101010. With 4 redundant bits

let the complete message is 101010 ¢, Gy 03 Sy -
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G © = O

o

]
o

1 =0 (6-3—8)

We have,
140 41 + O + 1 + O + C,1 +0+0+0
190+ 0+0+0+0+0+ C, + 0+ O

1+0+0+o-;-'1+-0+0+0+03+‘o, _ (6.3-=9)

17+ 0+1+0+0+0+0+0+0+C,

So we get, ¢, = l, ¢, =1, ¢

5 5 =0, Cy =0

The message is ther represented by the code word 1010101100,

In a2 similsr way the complzte code word for any msssage can

.~

be determined.
To see how coding may be useh to correct single error let

us assume that due te such an e&ror the received sequence 1s

1010111100 instesd of 1010101100. The error can be .checked and
N
corrected by evaluating the syndrome

S=ﬁ.§ . e o s m e ra - s -
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is the received code. If 5 equals any of the column

of the H matrix then the transmitted code will bhe in error.

|
1

|

1
1
1
1

1l

1l
1
0
0

O O M

0
1
1
0

1
0
1
0

Cornsidering the above example

0
1
0
1

o O o W+

o O - O

+0+1+0+1+0+1+0+ 0'+ 0

+ 0+ 0+0+0+1+0+1+0+0

+04+0+0+1+0+0+0+0+0

+0+1+0+0+ 1+ 0 +0 +0 + O +0~

o + O O

~ O O O

o O K+ K+ = = O

O

' "(éa—li)

6.3-12)

Since the syndrome it identic21 with the sixth column of

the H matrix it is obvious that the sixth digit is in error and

hence the corrected code is 1010101100,

C.4 A Convolutiok Codin
|

&4 convolution coding

Scheme for Bengali Messsges:

schere can be adopted for Bengali

messages. In this system the message can be coded in a conti-

nuous manner using computer circuitry. Convolution codes are

-
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generated with a shift register which is 2 cascade of storage
of memory devices being capable of storing 1 binary digit.The
1l digit storaée device may be a flip flop which stores the

digit 1 or O, depending on which of its two allowable states
it occupies-.A shift register using four 1 digit memories is

shown in fig.13,

4 stream of binary encoded data is applied to M. It stores
.the latest input bit and indicates its state on its output line.

At the end of each bit interval the bit stored in ezch -of the
mémory devicég shifts cne stage to the right. The code is generated
by cbmbining the outputs of a K-stage shift register employing =

V modulo-2 adders. In fig.qj.K =4 énd V = 3. Vq, V2 and V3 are

the outputs of the adders.

V., = 8

1 1
V2 = S,] + 52 + 85 + 84 v ) (6o4 "'-1)
V5 = 51 + 55 + 54

The first bit of the input dasta is entered into Mq.'During
this message bit intervel the commutator samples, in turn, the
modulo-~2 adder outputg Vq, V2 and V30 Thus a single message bit
yields three coded output bits. When the next message bit enters
Mﬂ, the bit initially in Hq transfers to M2 and the commutator
again samﬁles the V adder outputs. The process continues until
the last message bit enters M,. Then in order to ensure that
every message bit may proceed entirely through the shift register

and hence be involved in the complete coding process, enough 0.'s

-



INPUT DATA ——{ My My M3

y - Y
COMMUTATOR

CODE OUTPUT

Fig.13 An example of a Convolution Coder.

qelL
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are added to the message to transfer completely the last
message bit through M, and hence out of the register. The

coded output bit stream for 101010 will be

C = 111 010 100 001 100 001 ©Ol1 011 000 OO0 (6.4-2) .

If the number of bits in the message stream is L, the
number of bits in the output code is, V ( L + K). In practice
L is very large compared to K. So we have V (L + K) = V L.
This means that the number of code bits is egual to V times

the number of commutator segments.

Even if the input message bit stream consists of millions

of bits the stream would be run continuously through the encoder.

6.5 A Complete Code Tree for Bengali Messages.

A4 complete code tree for Bengali aiphabets is shown in
table 25, Out of the &4 coded symbols, 48 cean be used to repre-
sent the Bengali messages. This code tree applies to the convo-
lutionel encoder of figure13 for which K = 4 , V=3 and which
is constructed for the case L = & corresponding to a 6 bit me-

ssage secuence for encoding Bengall messages.

The code tree starts from theAleft pogition and corres-—
ponds to the situation before the occurrencé of the first me-
.
ssage bit, which may be either a 1 or a O. when the input bit
is O we shall diverge upward and when the bit is 1 we shall

divergze downward. For the message 101010 the first is 1. Ente-

ring the tree at the node 4 we move downward to the lower branch



157

and to node B. From equation (6.4-2) we find that when the first
input bit is 1, the output of the coder is 111. So the lower
_'ﬂranch associated with node 4 in table 25 is marked as 111. The
second bit is O. We now diverge upward from node B. We see agiin
from equation (6.4-2) that when the first two input bits are 10,
the encoder output during this second input message bit interval
is 010. So the upper branch diverging from node B is correspon-
dingly marked Old. Following this procedure we find that the
message 101010 indicates é downward divergence from node C to node
D, an upward divergence from D to E, a downward divergence from

E to F, an upward divergence from npde F and from there out to the
ehd of one of the branches of the tree. The path through the tree
is shown by the dotted line. Reading in 6rder, the bits encountered
from entrance to exit of the tree, we can find the code given in
equatien (6.4-2) for the message 101010. In decoding pfocess the

messazge 1s reconstructed from the path taken through the code tree.

6.6, Discussion:

In this chapter an attempt has been made to develop digital
coding schemes for Bengali messages considering the time amplitude
pattern of the Bengali alphabets. It has been fnuﬁd that for an
analog to digital converter the sampling rate should be 7 KHz and
for Bengall language the Shanon's limit for a binary transmitter
is 39097 bits/sec. As there are 48 alphabets, six_bits are to be
allocated for coding the individual alphabet. However for checking

rrors during transmkssion at least 4 redundsncy bits are required

to design an algebraic coding scheme. Alternatively if a convolution



coding scheme is adopted a stream of 30 vits zre to be
trgnsmitted for each alphabet. A code tree for'the purpose
of convolution coding has been illustrated which will help
in choosing a proper encoder and decoder fof digital commu-

nication in Bengeli l=anguage.
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CHAPTER

GENERAYL, DISCUSSION AND CONCLUSION
+

7o Concluding Remarks.

A statistical analysis has been carried out on Bengall
aiphabet in voice signals recorded from twenty Bengali persons
of different ages aﬁd profession. We have mecstly chosen average
standard educated speakers as informants. Most of the speakers —
possess é commang over their own didectal forms. But we have not
tried to seperate the dialectalfeatures if any from their spoken

discourse.

From the recqrded.data the electrical charactéristics of
the alphebet such as signal asmplitude duration and bandwidth
were calculated forall the. 48 Hlettegs (Vowels and Conso-
nants) in Bengali language. Since the data varies from person
to person a statistical average was ﬁade on amplitude,duration
and the bandwidth for speech samples recorded from ten males
and ten femzles. The data from male and female voices were pro;?
cessed seperately. We have studied the letters uttered both
individuzlly and occurring in words. 39 words were selected
for studying vowels and 94 words for consonants. There is a

clear declination bf both amplitude and duration of a letter

used in words compared tc its isolated utterence. The ampli-
!

tudes and duration pattern was dlscussed from the phonetlc

point of view. From the time amplltude pattern of the 51gn918

their bandwidths were studied by the method of Gaussian speqtfum

\{J- ’j )



Sn&lySLSO-The pand.sth of an alphubet increases comsidersbly

in words in compari:.n with its bandwidth in individusl pronun—
clation. The results of this statistical analysis are shown 1in
tables 1 — 24. From the dsta of bandwidth znalysis we can suggéét
that the bandwidth of a telephone -channel which will pess the-
Bengali Voice Signels distinetly and smoothly should be 3.5 EKHZ.
Statistical determination of the signal pattern and the frequency
bandwidth of Bengali alphabets enabled us to think over develop~
ing digital-trénsmission schemes for Bengali messages. For this |
purpose an algebraic coding scheme'incorporating €& meszsage bits
and 4 redundant bits for Bengali messages has been suggested. Also
2 6~bit Convolution Code Tree with 30 bit stream hes been develope

for coding and decoding of Bengali messages.
W] - ] o

7.2 Suggestion for Future Works

The following works may be suggested for future research
reiated to the present work:-
(1) Synthesis of speech from aralytical dats by the method
of prediction.

n from statistical speech

-

(2) - Artificial Voice generati

Q

nal pattern.

(3) Vocal therapy by recognizing the signal pattern of

fine and sweet veoices.



analysis. The bandwidth of a letter increases considerably
in words in comparison with its bandwidth in individual pronun-—
ciation, The results of this statistical analysis are shown in
tables 1 - 24°.From the data of bandwidth analysis we can suggest .
that the bandwidth of a telephone channel which'wili pess the -
Bengali voice signals distinectly aﬁd smoothly should be 3.5 EHZ,
Statistical determination of the signal pattern and the freguency
bandwidth of Bengali alphabet enabled us to think over develop-
ing digital transmission schcmes for Bengali messages. For this
purpose an algebraic coding scheme incorporating €& message bits

and 4 redundant bits for Bengali messages has been suggested. Also._
a 6-bit Convolution Code Tree with 30 bit stream has been developed

for coding and decoding of Bengali messages.

L 72 Suggestion for Future Works

The folléwihg works may be suggested for future research

related to the present work:-

(1) Synthesis of speech from analytical data by the method
of prediction.

(2) Artificial Voice generation from statisticel speech
signal pattern.

(3) Vocal therapy by recognizing the signal pattern of

fine and sweet voices.

>



Gl

3

B
[6).

[
[}

3

202

REFERENCES

‘Hai, M.A., Bengali Language handbook, center for Applied

Linguistics, Washington D.C., (1966).

Prgmarnik, M.A.K., "Acoustical study-on the . Vowel Structure - -

of Bengali Language,” Doctoral thesis, Tohoku University,
Sendai, Japan (1977). '
Das, P.K., "On Information Contents of Bengali Language
and Noise in Microwave Communication in Bangladesh". M.Sc.

Engg.Thesis, BUET (1976).

Bruel & Kjaer, Instruction manual, Tape Recorders Types
7003 & 7004 Denmark, (1977).

Bruel & Kjaer, Imnstruction Manual, Level Recorder Type 2307
Denmark (1977).

;Chaudhury,:Mufazzathaider,=P0011ectad'Works,LVolume'II",

Bangla Academy, Dhaka (1984).
Hai, M.4., " W ey e Wearwfiesg ¢ svae 3"
Schwartz, Mischa., "Information Transmission, Modulation and

Noise", MeGraws-Hill Book Company, New York.

Taub, Herbert & Schilling, Donald L., "Principles of Communica-

tions Systems" McGraw-Hill Kogakusha Ltd. i



LIST OF SPEAXFRS:

Mujibur Rahman
D.A.H.Alamgir

Mahbub Iftelkthar Ahmed

. Syed Kamrul Islam

Motaharul Hugq'

Satya Prashad ﬁajumder_

Mujibur Rahman
A.XK.M.Wahiduzzaman
Abdur Rahman

Syed Ziaul Huque

“ Miss -Nusrat_-Sharmin. ..

ﬂale:

1. Mr,
2. FMr.
3. IMr.
4. I

5. Mr,
6. Mr.
7. Mr,
8. - Mr.
9. Mr.
10. Mr.
Female:
1.

2; . Mrs.
2 Miss
4. Mrs.
5. Miss
6. lMrs.
7 Miss
8. Miss
9. - Mrs.
10. lirs.

Zebunnessa -.
Nasima Parveen
Shahrin EKhalek
Wajiha Shirin
Nilufar Begum
Syeda BRownak Jdahan
Tanjima Rahman
Sarah Tasneem

Rumana EKhan

dgbqs*f'\
i\ .“1 [ o572

LA
T, 9

|
|
|



	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130
	00000131
	00000132
	00000133
	00000134
	00000135
	00000136
	00000137
	00000138
	00000139
	00000140
	00000141
	00000142
	00000143
	00000144
	00000145
	00000146
	00000147
	00000148
	00000149
	00000150
	00000151
	00000152
	00000153
	00000154
	00000155
	00000156
	00000157
	00000158
	00000159
	00000160
	00000161
	00000162
	00000163
	00000164
	00000165
	00000166
	00000167
	00000168
	00000169
	00000170
	00000171
	00000172
	00000173
	00000174
	00000175
	00000176
	00000177
	00000178
	00000179
	00000180
	00000181
	00000182
	00000183
	00000184
	00000185
	00000186
	00000187
	00000188
	00000189
	00000190
	00000191
	00000192
	00000193
	00000194
	00000195
	00000196
	00000197
	00000198
	00000199
	00000200
	00000201
	00000202
	00000203
	00000204
	00000205
	00000206
	00000207
	00000208
	00000209
	00000210
	00000211
	00000212
	00000213
	00000214
	00000215
	00000216
	00000217

