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ABSTRACT

A statistical analysis has been performed for determi~
ning the electrical characteristics of Bengali Voice Signals.:.
For this purpose the amplitude and duration pattern of the
letters 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 channel adaptive to Bengali Voice Signals
should be 3.5 KHz for uninterrupted transmission. Also the
sampling rate for an analog to digital converter has been
calculated from this band limit. Based on these statistical

,
data some prospective coding schemes for digital processing
of Bengali voice signals have been suggested. The number of
bits required for an algebraic coding has been found to be
10 including 6 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

101. A Brief History of Bengali Language

Bengali is the language of over 150 million people. Among
them one third live in the West Bengal and Tripura States of
India, a few millions 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 commonly knO\iIlas Prakrit. The gradual develop-
ment and the location of Bengali in the Ino-European f~~ily of
languages is shown in page-2 in tabular form~]~1.In linguistic
'relationship, Bengali is closer.to Assamese,then to 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 derivee from ancient Indian Brahmin, itself a modificatior:
of ancient southern Arabic. It goes from left to right E~d unlike
roman hangs from a line and there are no capitals. Modern Bengali is
an Indoaryan language. It has been written in a script called
Bongolipi.l"Iodernisation of Bengali started from late eightenth
century. T:Jis \>/a,sthe time of advent of modern prose and standard
collOQuial Bengali. However, Bengali language like any other lan-
guage has several directal variations.
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Bengali is structurally known as a SOV ( Subject object verb)
language. But it has noticeable flexibility in the order of the
words rlepending on the c intentional contectualisation of the
speakero

There are about 4000 languages in the world. 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 is unique in South Asia. About 1600 newspapers
and journals are ?uhlished in Bengalio

The Language movement of 1952 and the subsequent establish-
ment bf Bengladesh in 1971 have greatly influenced the modern
trend of the language. It is now being extensively used in aca-
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 changing status
the domains of uses of the languages h~s been exte~1ed substan-
tip~lyo So Bengali as a language has to coup with the new situa-
tions. Bengali as a language has not been ext~nsively analyzed
for an electrical communication channelo The most ~elevant work
on the acoustical study of the

. b,r .guac;ewas carrled out/.tTamanlk
mation contents of messages in

vowel stTucture of Bengali lan-i . ~
l2J 0 Dasl (3] studied the infor-

IBengali languageo 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 language and to extend this
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.study to digital processing of Bengali messages by appro-
priate coding.

1020 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 processing of Bengali messages- by statistically mea-
suring their time- amplitude and frequency bandwidth pattern.
For this purpose the following steps have been carried out.

10 The time-amplitude signal patterns of Bengali alphabets
uttered in isolation and occuring in different words were recor-
ded from both male and female voices and statistical averages
were established for their respective amplitude and duration.

2. For assessment of the bandwidth of a voice channel adaptive
to BengWli, the bandwidth of the Bengali alphabets uttered in
isolation and occurring in words from male and female voices
were determined by the method of Gaussian frequency analysis.

30 Based on the da.ta obtained in steps 1 and 2 appropriate,

coding schemes for efficient digital processing of Bengali
messages have been suggested.

i
I

In Ohapter-2 the time-amplitude pattern of Bengali VowelsI

recorded from the voices of ten males and ten females of diffe-
rent ages and professions were studiedo A similar study on

Bengali Oonsonants uttered in isolation is given in Ohapter-3 ••
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Since in normal speech the alphabets occur in different
words a study has been given to their time-amplitude pattern
occurring in different words. The results of this "study ~re
given i~ chapter-4o In chapter-5 a frequency analysis hasbeen-.
performed over the penrecorded data of the time-amplitude
pattern. The method is based on Gaussian Spectrum analysis.
The statistical data for amplitude.and duration pattern as
well as the frequency bandwidths of the alphabets enabled us
to think over the design considerations for digital processing
of Bengali messages. For this purpose some coding schemes have
been developed for Bengali Voice Signals and illustrated in
chapter-6. The thesis has been concluded with a generaldiscu-
ssion in chapter-7.
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Chapter 2

I'1EASUREMENTOF 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 are females. 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 pronounced by different persons have be-
en 'calculated and bargraphs of the average amplitude ver~us durati-
on have been drawn. The data for male and 'female voices have been
processed seperately.

2.2 Experimental Set-up
A photograph of the experimental set up is given in Fig.i.

A tape recorder type 7003 of Brue~ & Kjaer is conneoted to a level
recorder type 2307 (of Bruel & Kjaer). The voice signal'is first

,

recorded from the microphone and then replayed to the level record-,
Ier giving the pen recorded data. The electrical and mechanical cha-
I
Iracteristics of the instruments are:described below.

Tape Recorder [41
•

This is a portable multichannel instrumentation tape recorder
-type 7003 of Bruel & Kjaer designed to give optimum performance and
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reliability. It is especially designed for recording of Vibrati-
on and acoustic data. It employs all soid state Circuitry giving
accuracy and repeatabiJJ.ty of performance. It uses )I." 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 down to DC. Two tape speeds are availa-
ble, 15 ips and 1.5 ips which allow a frequency transformation
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 linearity and
low noise. The wide band dynamic ranges are 39 dB and 44 dB at
1.5 ips and 15 ips respectively. For the available 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.

I

A circuit forirecording voice signals on channel 1 is also
I

included. It consists of a dynamic microphone, an amplifier and a
relay, which is controlled from the ~~crophone. When recording
voice signals the output of the amplifier is switched via the relay



-l-leo..d..
"Dn:.i.vert

F rt:a,II"<!J'\~
D~v~d.erc

Vol+c.'Cle
C<mht:01\C!d
So.w+oo\h
GQ"are"""

- ..-.--- ---~- - - -- -l
CCM.~rt:ol vol\Q.8es frc:01'n I
lo..l'e. SpQacl. S••••+0.1., I~-IHeC><\.Low P0-5S ,.

F( I+ert

-- ..- ..- ..- 9n~e~on~~e.cl.-cr;,.~--..-
A ,Ch.2. .3 o..nd.4
:I"'Pu.:t
S\ASH,c.""Ac.

I
- I

I '{I'}; I ' "JP'N' 0 -IOV. Co.\~bn:o..H""" 1<",'1 :
I 'I\ •• - - - - I_DC Chec\(.
!E.~=.?_n:c:l.._S~+i.ol'\_._ -= -=-.t_ ---!-1'41~ ' ._. . _

CoJi.brc:o.
+\"'"
.sc"IlQJ.

B'-a.s
Oscilla.'

------1
I
I
I
I
I
I
I-------

~•.
.l"\ e~rt / 1'1 "" \~ort:s••;acl,---,

C.h.4
<len.!..--:-•••.•n.1

<:.\'.1

P't"" i.+ort
Al'l1pl •.f':e

J"\. Ed,arc.
Arnl'l •.r..••,

t='--./
/ IL. ../

Co ••~",,~FU."Ch"'" St.>.
Vol~Q Co.UbruUi"" S

___.. ...._o~LI~n:"", J'II.o;oc:C;:1t
ICo •..•.•""'o'"' -\-0 0.11 C1-Io,l'll'l elS__ . .__ ._.J.- ._._

-Ii --
i I
I I l.M.e~erc

I I
I I
I I

.1'1..c.
Amplif.:e

M...c. l<elQ'd
r-
I
I
I

J'IItmUOI't I
Ou.\Pu%' 0 I

1_ e'" ..! OY\.~ __ .__ . _. _J
r---

Ccm.l:rc.cl Vol\o.cae!l
. £rt"""", To..pe Speecl.

LRe.pn:oo.......ce Sec.+':o-n
. -._._._.- .- _._---- ----- -------- '-' _. --_._-_ .... - ---------~---

--I

I
IReprtoI~_d.,-••Prce.

Q,"'l'li~

I
I
I

____ ....J

L;.' .•..•.I-\.a
O",e. Sh
.!'1.u.I.Fc

Vi.brtcUo

Bola:n.e e
-IOV

Low P",ss
FUl:en:.

Ou...\; pu-t

Amplt fie
,

eh l.'Ou.~..tl

F,~. 2. BlOCK d-La.Zjrr.a...........o£' 'Y>"lea.sun:eY>1.e:nt C-ho.'Vl-nel (Ch.1.)
0,1: Ta.:pe qecor<.aten: T~pe '1003

'0



10

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 Recorder-=t5J~-

The Level Recorder is an instrument type 2307 df Bruel &
Kjaer. It is basically a recording voltmeter designed to accurate-
ly record theRMS. average or peak level of an AC signal from 2 Hz
to 200 KHz as well as dc signalso Recording as a function of time
or frequency 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 Potentiometer and a calibr-
ated input attenuator. The wiper at the Range Potentiometer is li-
nked with the pen drive. ,

Input to the recorder is performed via a 14 mm "coaxial so-
I

cket for ~tandard B and K plugs. A ground socket is also provided
Ienabling banana plugs to be used. The input signal can be attenu-

ated continuously 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 calibrationo A push button
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operated 100 mv reference voltage is provided for easy calibrati-
on.

The dynamic range of the recorder is determined by the in-
terchangeable range potentiometer. There are six different poten-
tiometers, two linear ~~d four logarithmic knth dynamic ranges of
10, 25, 50 and 75 dB. The resolving power is adjustable by the
Potentiometer Range attenuator.

Time averagins 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 Frequency 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-
ective averaging times from the order of seconds down to approxima-
tely 10 mso

The level Recorder records the absolute arithmetic 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 dB for signals with crest facto~ upto 10.
Phase distDrtion will not affect the RMS accuracy.

In the DC recording mode a 1 KHz electric chopper lS intro-
duced before the average rectifier. '



Mechanical Description

The mechanical section of the Level Recorder consists of
a pen drive system, an event marker facility and a paper drive

.mechanismo

As well as driving the paper, the.paper drive mechanism
also incorporates an automatic stop device for single chart reco-
rding, synchroni~.ation of external instruments with the paper mo-
~ement, 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 is capable of writing on 50= and 100
= widths of strip •chart recording paper and on 200 = dia Polar
paper. For 50 = wirting width the moving arm is coupled direct-
ly to the Pen holder. For 100 = writing, width a very. accurate
wire driven mechanical gear transforms the movement of the drive
coil into the required pen movement. When recording on Polar paper
a small pin suppli~d is inse~ted through the hole in the centre of
the paper and into a hole in the writing platformo

,
A Pen Lift mechanism enables the pen to be lifted from the

paper when-ever desiredo
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The Level Recorder is also equipped with an Event Marker fa-
cility whose markings at the chart border can represent frequency,

•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 70ms.

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 be 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 alphabet. Comparative stu-
dy of the amplitudes and durations of the vowels have been carried
out in the following sectionso

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. [~.
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~ ~ ~ ." ls {1; III

;> a I "I: u. \.I.: yi

o!I ~ '(l ~ ~~ , ~:
•

e oi 0 ou. on3 oh

Among them ~,i3lT,~, ~, o!I and- - , '(l 'are-original vowels
and -are known as Phonem es or Phonological units. ~ 'and 6 are
variations of ~ and ls.' ,'~ and i! are short vowels and 'Sf

and 6 are long vowels and are not mutually contrastive. So ~
and 'Sf are considered as members of the same phoneme. Similar
is the case with \S and 6. lII, ~~ and are semivowels ~
and are called compound vowels or Dipthongs. Each of them
are actually sum of two vowels,

e.g.,

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). ~ has the lowest amplitude (43.60 my) and minimum duration
(0.41 Sec.). The duration of {1; is maximum (0.51 See.). The amp-
Iitude and duration of ~ is greater than .~.~

duration is probably psychological.
are greater than • The reason of these

and

fand those of '-G I
I

higher amplitude and
I

6 are known as Ilong
vowel. This notion might have influenced the speakers in realizing
the sounds in longer duration and higher amplitude. t~ is known as
back vowel and both 'its' amplitude and duration are higher than
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'~ which is known as low vowel. This is because during pron-
unciation of I~ the aperture of our month is more open than IJiJ

and as a result the air thrust is ::Cower.-

2.5 Amplitude and Duration of Bengali Vowels in Female Voice:

Amplitude and duration of Bengali Vowels in 10 different
female voices are shown in table 3 and their 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 durationo In female voice '~ has
the highest amplitude in contrast to ~\ which has the highest
amplitude in male voice. Other characteristics are systematica-
lly similar with lower amplitude and duration.

Discussion:
From the data we find tha~ ~\ has the highest amplitude in

male voice and ~ has the highest amplitude in female voice. The
lowest amplitude occurs in ~
duration is maximum for ~

in both male and female voices. The
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- 118.80mv for female voice.

, .
I

The ranges of variation of the furation is 0.41 sec-0.51 sec. for
male voice and 0.40 sec-0.49 seL 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.
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Amplitude and Duration of Bengali Vowels _
Pronounced by different Persons (Male Voice)

" i3lT ~
Person

Am{litude Duration Am{litude Duration Am{litude DurationV mv) T(Sec) V mv) T(Sec) Vm mv) .-T(Sec)m -_ m _
.

1 143.30 0.53 140.00 0.47 44.20 0.37 -

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 95.00 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 0.60 116.70 0.60 34.20 0.40,

8 143.30 • 0.60 122.50 0.47 . 50.00 0.43 -
, . " .

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.

f\)a



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

~ \! G
Person Amplitude Duration Amplitude Duration Amplitude Duration

Vm(mv) H! T(Sec) Vm(mv) T(Sec) Vm(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 45.00 0.37 83.30 0.40 83.30 0.40..
4 38.30 0.42 70.00 0.37 70.00 0.47.. ,,
5 45.00 0.35 65.()0 0.38 671.70 0.35
6 60.00 0.50 70.00 0.37 80.00 0.50.. ' ., ..
7 45.00 0.50 72.50 0.55 89.20 0.60.~..,
8 60.00 0.45 90.00 0.43 100.00 0.50 .. , "

9 69.00 0.58 95.00 0.53 105.00 0.60
'.

10 51.5.0.. 0.45 78.80 0.48 84.10 , 0.50
,.. ~

TABLE 1.
I •• '"->



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

'41 o!I ~Person Amplitude Duration Amflitude Duration Amplitude DurationV (mv) T(Sec) Vm mv) T(Sec) . Vm(mv) T(Sec)m
1 81.70 0.55 101.70 0.50 125.50 0.43

2 58.30 0.53 93.30 0.60 105.80 0.48

3 65.00 0.45 74.20 0.40 96.70 i 0.40
.

4 56.70 0.42 88.30 0.42 111.70 0.40

5 .- -69-•.00- 0.35 78.30 . 0.40 83.30 0.38

6 50.00 0.47 70.00 0.40 80.00 I 0.40,
I

7 64.20 0.52 eO.80 0.50 .90.80 , 0.47

8 80.00 , 0.47 115.80 0.43 118.30 0.43

9 85.50 • 0.58 119.00 0.55 132.40 0.50

10 66.70 0.47 89.lj{). 0.50 132.40 0.50

TABLE 1

f\)
f\)



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

•

I
'3

v
~

I
'~H

I ~:Person I I I I

I :Amt>litude I Duration 1 Amflitude Duration I Amplitude I Duration I Amplitude I Duration
I V mv) I T(Sec) 1 V mv) I T(Sec) I Vm(mv) I T(Sec) I Vm(mv) I T(Sec)m I m I

1 I 120.00 0.53 140.00 I 0.50 148.80 I 148.30 I 0.50I I I 0.53 I
I I I1 I 1 I I

2 I 119.20 I 0.60 1 129.20 • I • I 135.00 • 0.53I 0.53 137.50 1 0.53 I
I I I I I

3 1 84.20 I 0.37 I 91.70 0.33 1 • I
.

0.301 100.00 I 0.33 108.30 1
I 1 I 1 1

4 1 100.00 I 0.47 1 108.30 0.45 1 123.30 0.47 I 111.70 0.43I 1 I
I I 1 , 1 • I •1 I 1 1 I

5 1 88.30 0.32 93.30 1 0.30 111.70 I 0.37 115.00 1 0.30,1 1 I I
1 1 " I.
I 1 0.33 103.30 I 0.306 I 80.00 I 0.43 I 90.00 0.38 I 108.30 I. 1 1 , I

7 94.20 0.53 99.20 1 0.50 122.50 I 0.40 136.00 I 0.37I 1 I I 1
, , • I

I
I , I

I 141.70 : I 0.408 1115.00 1 0.50 1 125.80 0.48 1 0.47 I 137.50
I I I

I
I I

1
9 I 133.20 I 0.55~s I 139.30 I

I
I 0.52 1 .156.00 I 0.43I 0.53 150.00 1 1

I 1 I 1 I. • I10 I 125.00 1 0.65 1 140.00 0.55 I 146.00 I 0.50 .033.40 0.50I .1
I I I 1 I .' .

, ,

TABLE 1.

",. ! :<" •

f\)
\,'
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Average Amplitude and Duration of Bengali Vowels_______________iu_~al~_YQi~~~ _ <

0.41

0.44

0.49

0.45

0.45

0.44

128.40

107.70

115.70

105.90

129.10

91.10
1
1

1

I

I

I

I

I

I

I

I
1

I I . I
I I I--------------------~------------------------------------

r-------------------------------------T----------------,
1 Vowels I Amplitude I Duration I
I I Vm (mv) I T(Sec) I--------------------~----------------------------------~I I . .-----

e{ I 126~30 0~50 ',.',,:,,-::1
I .-

I I
I \!lIT I' 115.90 0.47 I

~ I 43.60 0.41 I
I I

I 51.700.46 I
I I

I 79.80 0.46 I

I 85.20 0.51 I
I I

I 66.80 0.48
1

\

TABLE 2.



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

:.;..--..,...
•

, ~ <f "f J, Person , , I
,Amplitude Duration I Amplitude I Duration I Amplitude I Duration

I IV (mv)" I T(Sec) VmVmv) I T(Sec) Vm(mv) , T(Sec)I II m ., I I ,•, I I ,, 1 ' 135.00 0.50 , .130.00 .0.47 I 45.300 0.37I I ,
I I I

2 ' 130.80 0.50 I 125.00 0.50 I 42,.50
I 0.40, , I I

•
, I I, 3 I 112.50 0.38 I 101.70 0.37 I 43.30 0.37, I ,

I
I ..

• .. I. .
I 4 I

I 0.50 115.00 0.44 I 41.70 0.30I 120.00. , I I
I ,

"
I

I , I

I .5 I , 0.38 103.30 0.35
,

37.50 0.35, 123.30 I , ,
II I I I I

I 6 I 121',70 I 0.50 I 115.80 I 0.40 • 47.50 I 0.32,
I . " I I I I
I 7 , 105.00 I 0.50 I 91.70 I 0.48 30.00 I 0.40,, , I I I, ,,

8 100.00 I 0.60 I 85.00 I 0.55 33.3.0 I 0.53I I
I , I I I I,

9 ' 111.70 I 0.40 I 96.70 I 0.47 35•.00 , . 0.40, I
I

I I I .I

I 10 I 128.30 I 0.55 I 125.00 I 0.50 42.50 I 0.53I I I
,

I ,
I---~~-_. .. - -~- ,

TABLE 3
f\)
\J1

..,



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

I I I (f
I ~ I l! IPerson ,

I Amplitude I Duration I Amplitude I Duration I Amplitude I Duration
: Vm(mv), I 'r(Sec) I Vm(mv) I T(Sec) I Vm(mv) I T(Sec)

I I II

1 60.00 0.44- 80.00 0.47 85.00,.. 0.50
2 43.30 0.47 73.30 0.40 80.30 0.50

3 46.70 0.37 71.70 0.42 78.30 0.48

4 50.00 0.37 66.70 0.48 75.80 0.48
, 0.455 40.80 0.38 70.00 0.40 78.30

6 60.00 0.40 75.00 0.45 82.5d 0.48

7 45.00 0.50 80.00 0.50 83.30 u.50

8 41.70 0.53 57.50 0.53 70.00 0.60
,

9 40.00 0.45 51.70 0.40 63.30 0.42

48.30
. I10 0.53 75.80 0.50 88.30 0.53

'UBLE 3

rva~



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

I ljI I ,!J I ~
Pers.on I I I

I Amplitude I Duration I Amplitude I Duration Amplitude I DurationI
I V (mv) I T(Sec) V (mv) I T(sec) V (mv) I T(Sec)I Im I m I m I
I I I

1 67.70 0.47 86.70 0.45 121.70 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 78.30 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 3
N
---:J



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

,
~ I I ~:I I ~ I ~<.Person I I

I I Amplitune I Duration I Amplitude • Duration I Amflitude I Duration I Amflitude' Duration
I I Vm (my) I T(Sec) I V (my) I T(Sec) I V my) I T(Sec) I V my) I rr(Sec), I i I m I m I m I

I I I' I I
.

I I1 115.00 C.47 116.70 0.45 I 126.70 0.43 I 131.70 0.37I I I I I I I
I I

I I I I I I 0.40 ' I2 103.30 0.40 115.00 0.40 1~28.30 I 120.00 0.40I I I I I I I
I I

I 3 I 75000 I 0.37 1 110.00 I 0.43 120.00 I 0.43 116.70 I 0.30I I
I I I I I I I

4 100000 0.48 105.00 0042 I 120.00 0.43 I 113.30 I 0.42I I 1 I I I
I I

I I I 1 I I I5 110.00 0045 118.30 0.47 I 115.00 0040 I 128.30 0030I I I I I I I
I I

I 6 I 101070 I 0.50 I 103.30 I 0.40 115.00 I 0.40 119020 I 0.451 I
I 1 I I I 1 I

7 110.00 0.48 113030 0045 I 110.00 0.43 I 95~00 0037I I I I I I I
I I

II I I I I I8 103.30 0053 103030 0.50 1 101070 0.47 I 98.30 I 0047I I I I I I
I I

I 9 I 100.00 I 0.45 1 98.30 I 0.47 119.20 . I 0.40 115.00 I 0.43I I
I I I I I I I

113030 0.45 I 131.70 0.43 I 134020 0.4'1I 10 I 105.80 I 0.50 I I I I
I I

I I I I I I I I,
I I

I I I I I I I I

TABLE 30
Nco
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Average Amplitude and Duration of Bengali
Vowels in Female Voice.-----------------------------------------

0.49

0.45

0.40

0.45

0.45

I

53.10 0.46 I

I

86.20. 0.44 I
<!I

I .

~ 103.20 0.45 I

I

I
IS 102.40 0.46 I

~
I

110.60 0.44 I

\51\ 117.80 0.42

<51: 117.20 0.40

I'

I

--r--------.------r--------------------r------------------I
I Vowels Amplitude Duration I

I I Vm (mv) I T(Sec) I
______________________________________________________-I-
I I I

I

I ~ I 118.80 I 0.48 I
I I I

I I I
I ~ I 108.90 I

I I I

I ~ 39.90 I

I I

I ~ 47.60 I

I I

I ~ 70.20 I
I. I

I' IG 79.30

I

, I
I i I . I------i--------r---------------------------------------'

I
I

TABLE 4.

" .
)

I
f1



30

CHAPTER 3.

•
MEASUREMENTOF THE A1"IPLITUDE VERSUS TIME PATTERN
OF BENGALI CONSONANTS IN VOICE SIGNALS •

3.1 Introduction

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

ed below with phonetic transcription of their normal pronunciation~l.

~ '" 'T <J ~ D Ii: Q" ~ ~
k;> 1<1,;, ~;) ~", '!lJ C:l eh., j;) jh;> JlJ

it ~ 15 11 '1 ~ 11 '\ \I ~
t;) th::> q;) qh;) '1" t=> +h';l cl., d.I-." ..,.,
<{ ~ ~' i5 'i! lJ" If or "f
P;) ph';) b;) bhv I'l'\';) j;, TO) b J~

li" .., ~ if W If ar ~ '-:.I \ ••
~;) s;) - - k> "kh;) p 'tho> "::J -t: ':l

""

The number of consonant phonemes are 31. We have excluded ill, ~,

and ar from recording becuase they are not pronounced in-
dependantly. Also •• not sccur i. the iaitial
p.sitioa sf werda. However ill and \ has been explained with vo-
v01Nelsound as ~\ and ~: (Chapter 2). ~ is phonetically

I

eCJJ~ivalentto ~ phoneme. So it does not deserve any seperate
I

y~eatmento The sounds represented by ar and~ are in complementary
distribution with dental ~ and so the three sounds can be assumed
to be allophones or members of the same phoneme. They can be repre~
sented by the same letter, preferably ~I . ar represents two phon-
emes of Bengali, y and w. ~ is known as a diacritic. It has no
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cate nasalisation, predominantly vowel nasalisation.

"! and "Ii are also aJ1ophonesof the same phoneme. Alth-
outh the pronounciation of ~ is similar to "! in most_places-
the sound represented by ~ has a distinctive function. So ~ is
considered as a different phoneme. " and W are in complementa-
ry distribution. " occurs only in initial positions and W in
medial and final positions of words. They are also treated as sepe-
rate phonemes.

Bengali consonants uttered in isolation by 20 Bengali speakers
were recorded. 'They were the same persons from whom the vowels had
been recorded. ,Each consonant was pronounced once by each person.
The average amplitude and duration have been 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:

The amplitude and duration of Bengali consonants in 10 differ-
, -

ent male voices are shown in table-5 and their average is shown-in
I

table 6, which are Plbtted 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 o~ pronunciation Bengali consonants are divided into 9
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classes~j.They are shown below with their corresponding amplitude/
amplitude ranges

1) Velar :- examples
Amplitude range: -- 119.00mv - 129.70mv

2) Dorso-Alveolar: examples
Amplitude range: 120.00mv-125.50 mv

3) Alvelo-retrofleK: examples ~.t. IS. If. \?.If

Amplitude range . 122.20mv - 129.00mv..
4) Dental examples 15. 'lI. 'I. tl

I

Amplitude range . 123.20mv - 128.00mv..
5) Labial :- Examples 'If., 1j<, ~. is. If

Ampli~ude range . :118.70mv--129.20mv ••

6) Alveolar_-: examples
Amplitude range: 112.00mv - 124.20mv

7) Post alveolar: examples

Amplitude 121.50mv.

8) Glottal or Laryngeal example ~

Amplitude.: 126.70mv.

different alphabets of the
From the data it is

i
seen that the

I

'l', ~

amplitude characteristics of the
and 'If groups are similar in

nature. ~,~ and 'If which are phonetically unvoiced and unaspira-
ted have the highest amplitude levels and ~,\5. and ~ 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 correspoLding unaspirated consonants.

In the 1> group the unvoiced unaspirated 1> .has the
lowest amplitude and duration and the unvoiced and aspirated
consonant 11: has the highest amplitude~ The duration of voiced
and aspirated consonant ~ is maximum.

In the dental ~ group the voiced unaspirated consonant l\

has the highest amplitude and lowest duration while the unvoiced
aspirated ~ has the lowest amplitude and highest durations.

q :never stands at the begining of a word. In fact the
pronunciation of unsyllabiic ~. in any word is alveolar. The
amplitude of "i"

same.
is higher than .q although their duration is

Junong sibilants "f, 1;'. and 'f. "f has the highest
amplitude. Its phonetic name is unvoiced unaspirated post dental
fricative sibilant. 'f has the lowest amplitude. The amplitude

of 1;' falls between these two. The names "f (Talobba sha), ~
(Murdhornoqha) and 'f. (Danto Sha) have been derived from Sanks-

ikrit. Howlve~ in modern Bengali they are not pronounced in accord-
ance with their corresponding articulatory positions. So they are
misnomero



The place and mode of pronUAciation of '* and are
almost similar. The phonetic name of W is voiced unaspirated al-
veolo flapped sound and that of ~ is voiced aspirated alveolo
flapp~d sound. __Their amplitudes are_almost similar.

3.3 Amplitude and Duration of Bengali Consonants in Female Voice:

The amplitude and duration of Bengali consonants in different
female voices are shown in table 7. Their average is shown in table
8. They are shown in bar graph in fig. 9 • In female voice
also '<l'1 shows the highest amplitude (124.50mv) and'.,' the _lowest
amplitude (106.30mv).

The different types of consonants are shown below with their
corresponding amplitude/amplitude- ranges:

1) Velar examples
Amplitude range 116.20mv - 124.50mv.

2) Dorso alveolar examples
Amplitude range 116.50mv - 119.70mv.

4)

Alvelo-retrofleK:
Amplitude range
Dental

examples
117.60mv
examples

121.90mv.

Amplitude range. _117.90mv 122.40mv.
Labial examples

Amplitude range 113.90mv - 119.60mv.
6) Alveolar examples

Amplitude range
Post alveolar ..

107.20mv - 122.20mv.
example
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8) Glottal or Laryngeal

Amplitude

example

118.50mv.

The ~. It and .•• groups exhibit identical characte-
risticsasthe. male voice. That .me211S .the ullvoiced and unaspirated

and "f have the highest amplitude and the voiced and
unaspirated or. 15 and ~ have the lowest amplitude levels. In

group also the unvoiced unaspirated ,]).has the minimum amp-
litude and duration. The highest and duration is occupied by the
voiced. aspirated consonant. __~ • .In 0 group the voiced unas-
pirated consonant ~
aspirated consonant

has the-highest amplitude and the unvoiced
~ has the lowest amplitude. The duration. of

o and ~. are equal. Similarly the duration of ~ and It are
also equal.

T~he ampli tude-of -=r is higher than '1 although their durat-
ions are same. Like male voices >If has higher ampli tude than

and "f. Theampli tude of the lowest and ~ is
in the intermediate position. The duration> of •••.a!ld 1l" are,howev-
er seen to be similar. Again W has somewhat higher amplitude
and duration than •

..Discussion;: c. ,

From the data it is observ3d that has the highest

,

. dlamplltu ~,
and '1 has the lowest a~plitude in both male and female voices. The
duration is maximum for .~ and minimum for ~ in both the cas~s.
The vari~tion of the amplitude ranges from 110.50 mv- 129.70 mv for,.
male voice and 106.30 mv-124.50 mv for female voice. The duration
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varies from 0035 sec-0054 sec. in male voice and 0030 sec-
0052 sec. in fcmale voiceo The obscrved data w'ere explained
phoneticaJJy in sections 302 and 3030'For a comparative study
the average amplitude 2nd duration pattern of Bengali consonants
are graphically illustrated in figures 6 and 7 respectively for
male and female voices.



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

Person ~ 'If <f
Amflitude Duration Amplitude DUfati~n Amplitude DurationVm mv) T (Sec) Vm (mv) T Sec Vm (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 0.60
9 165.00 0.55 165.00 0.60 150.00 0.60
10 140.00 0.60 135.00 0.00 115.00 0.50,

.

TABLE. 5

.i:'
\>J



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

~ 15" 'i:Person Amplitude Duration Amplitude Duration Amplitude DurationV (mv) T(Sec) Vm (mv) T(Sec) Vm (mv) T(Sec)m

1 145.00 0.50 125.00 0.40 150.00 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 0.50
9 160.00 0.60 155.00 0.50 167.50 0.50
10 . 120.00 0.65 110.00 0.50 .132,50 0.60,

.

TABLE 5
t



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

Person l:l ~ 1)'
Amplitude Duration Amplitude Duration' Amplitude Duration
Vm (mv) T(Sec) V I (mv) T(Sec) Vm (m'll) . T(Sec)

1U;;,; , I; : . .
. . .

1 145.00 0.50 . J~O.OO 0.50 130.00 0.50
2 120.00 0.60 12,5.00 0.60 125.00 0.60

., i .
3 110.00 0.40 120.00 0.40 125.00 0.50

&'4 100.00 0.40 1 7.50 0.50 115.00 0.40
. .., -I . - - - - -- - - -"-

I. 1~ 105.00 0.40 1bo~00 0.40 110.00 0.40;;J

0.40 1.1' 0.40 110.00 0.406 ..-'102-90- .102.50 ..

7 120.00 0.50 115.00 0.60 135.00 0.50,
, '

8 135.0b 0.50 145.00 0.60 140.00 0.50
, .'

160.00
.;: \: .'

0.609 0.60 162~50 0.65 160.00
,

. II, i 140.00 0.5010 130.00 0.55 120.00 0.55,
I"

I '
• :"/"' I. ~••

.
.

TABLE 5.

+:-
\]1



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

.,

"3" 15 11
Person ' ",

" '" '"

Amplitude Duration Amplitude Duration Amplitude Duration
Vm (mv) , T(Sec) , . ) .

" Vin, (mv) T(Sec) Vm (mv) T(Sec),
, .

1 125.00 0.50 "130.00 0.40 " 125.00 0.45
130;60 I2 0.60 120.00 0.60 130.00 0.60

"

'! /' O~40 "3 125~00 0.40 125.00 120.00 0.50 "

95.00
.1 ,

4 95.00 0.50 0.60 112.50 60.00
110.00

,

5 0.40 100.00 0.40 105.00 0.40
6 11~:U)O 0.45 115.00 0.40 110.00 0.40

125.00 "'7 0.55 110.00 0.55 120.00 0.60
I

8 140~bo .. 0.50 140.00 0.50 137.50 0.50
9 165.bo 0.60 155.00 0.60 160.00 0.60

121~50 0.55
,

0.6010 , 137.50 0.55 140.00

•

TABLE 5

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

I
, 'I'

I I I
I <f I i$ I 'IfPerson . I '1 J. I

. I I
I . I I II Amphtude. I Duration I Amplitude I Duration I Amplitude I DurationI IJ Vm (mv) I T(See)' .."."I V (mv) .. I T(Sec) I V (mV') I T(Sec)

I ' I m I I m II , I I I

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 0.30 115.00 0.50 120.00 0.90

J4 85.00 0.30 115.00 0.40 105.00 0.45
5 105.00 0.40 110.00 0.40 105.00 0.45

. '. I '
6 85.00 0~4b 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
,

117.50 0.5510 117.50 0.40 140.00 0.55

TABLE 5

.1'___J



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

I II I IPerson I '{ I II I "fI i ! Amplitude I I II Amplitude Duration Duration Amplitude DurationI I I I II V (mv) I T(Sec) I Vm (mv) I T(Sec) ,I Vm(mv) I 'T(Sec)I m I I ' I
I I I I I II I I I I I

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 92.50 0.45
5 105.00 . 0.40 105.00 0.50 90.00 0.30 '
6 115.00 0.40 100.00 0.40 '85.00 0.40
7 127.50 0.50 135.00 0.60 125.00 0.50
8 140.00 0.50 '145.00 0.60 130.00 0.50
9 150.00 0.55 150.00 0.60 1)7.50 0.50,
10 142.50 0.50 135.00 0.50 '110.00 0.40

TABLE 5

.f:'In
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Amplitude and Duration of Bengali Consonants
Pronounced by different Persons.(Male voice)

I

<! 'l' ~Person ..

Amplitude Duration Amplitude Duration Amplitude Duration
Vm (mv) T(Sec) . Vm (mv) T(Sec) Vm (mv) . T(Sec)

1 140.00 0.50 . t 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 .. - --" - . --100.06- 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

7 130.00 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 1~fO.OP 0.55 140.00 0.55 125.00 0.50

.

TABLE 5
~
'.D



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

. .. - ~ ---_._.- .

i5 l[ ll"
Person ,

-..._._- __ Amplitude Duration I. Amplitude Duration Amplitude Duration
V (mv) 'r(Sec) Vm (mv) T(Sec) V (mv). T(Sec)m . m ,

~. . I
_L.

1 135.00 0.60 120.00 0.50 130.00 0.50
I.

2 132.50 0.60 i 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 '1.15.00 0.40
;

7 130.00 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.()0 0.60 120.00 0.50 120.00 0.50

.

TABLE 5
\.no
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Amplitude and Duration of Bengali Consonants
Pronounced by different persons(Male Voice)

"if <r If .•
Person

Amplitude Duration Amplitude Duration Amplitude DurationVm (mv) T(Bee) Vm (mv) T(Bee) Vm (mv) T(Bee)
I

.

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. 0.40
7 125.00 0.50 130.00 . 0.55 130.00 0.50
8 132.~0 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.

•
\11
_.>



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

.

'If 'I ~
Person . , . .. . .

Amplitude Duration Amplitude Duration Amplitude Duration--~_. 'Vro (rov) T(Sec) "." . 'Vro (mv) T(Sec) Vro(rov)'. T(Sec),.

1 135.00 0.50 'I 120.00 0.50 140.00 0.50I•. _,.

2 125.00 0.60 115.00 0.60 137.50 0.60
0~40 ' ,3 105.00 0.35 100.00 110.00 0.40

,

I ••4 105.00 0.40 102.50 0~40 110.00 0.40
. ,

5 ,105.00 0.40 95.00 0.30 105.00 0.40
,

6 105.00 0.50 .. 112050 0.50 120.00 0.50
7 110.00 0.40 110.00 0.40 120.od 0.55

,.1,
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, , .

, :i10 115.00 0.60 135.00 0.70 140.00 0.60
•

TABLE 5.

.~

'11
N



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

. ,I,
! (, ,

w
" ' ,

If ~Person
Amplitude Duration Amplitude Duration Amplitude Duration
V (mv) T(Sec) ,V (mv) , T(Sec) V (mv) , T(Sec),m m m ',

•

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 0.35
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

I '10 130.00 0.55 130.00 0.55 120.00 0.40
•

"'TABLE 5.
•

. \n
\}J
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Average Amplitude and Duration of BengaliQ~~~~~~!~_!~_~~~~_Y~i£~~_

--------------------------------------------------------I Consonants I Amplitude I Duration I

I V (mv) I T(Sec) I

I m I I--------------------------------------------------------
I I I I

I ~ 129.70 I 0.50 I

I I I

I '"
124.20 I 0.54 I

I 119.00 0.51 I
'T

I I

I 'I 125.20 0.52 . I

I I

I D 120.00 0.4:3 I

I 125~50 0.50 I

I fii I

I 122.70 0.48 I
l:i

I I

I ~ 123.70 0.52 I

I 129.00 0.49
I ~

I ~ 125.70 0.50
I

I
\!; 122.20 0.48

I v 126.00 0.50
I

I '1 110.50 0.42
15 126.20 0.50
~ 123.20 0.53

'I 128.00 0.49

0.42
0.52126.50

112.00

I

I

I

I

I I I I

;----------------~------------------~------------------r

-rABLE 6.



Average Amplitude and Duration of Bengali
Consonants in Male Voice.

r-------------Ir------------------T-------------------,
I Consonant I Amplitude. I Duration' I

I
I I V (mv) I T(Sec) Im I~-------------~------------------~-------------------~
I I I
I "I I 129.20 I 0.48

I "" I 124.50 I 0.50
I I I

I ~ I 121.20 I 0.48
I I I
I i5 I 127.50 I 0.51

I l< I 118.70 I 0.45
I I I

I II I 120.70 I 0.49
I I I
I "if I 124.20 I 0.53

I if I 123.20 I 0.52 .
I I I

I "f I 121.50 I 0.45
I I I
I li I 119.50 I 0.47

I "I I 116.70 I 0.46
I I

I ~ I 126.70 0.49
I I
I W I 125.70 0.50

I f I 128.50 0.52
I I

I ~ I 124.00 0.35
I I

I I
I I--------------~------------------r--------~~--------~

TABLE 6.

55



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

Person <I' 'l[ 'f

Amplitude Duration Amplitude Duration Amplitude Duration
V (mv) T(Sec) Vm (mv) T(Sec) Vm (mv) T(Sec).m

! 0.501 . 140.90 0.45 140.90 0.50 140.90
, . 107.50 0.452 115.00 0.45 110.00 0.50

}--_ .. 135.00 0.50 130.00 0.55 113.60 0.45

4 107.50 0.45 105.00 0.45 102.50. '0.40

5 131.80 0.40 120.00 0.50 125.00 0.45

6 105.00 0.50 100.00 0.50 100.00 0.50

7 105.00 0.40 102.50 0.40 105.00 0.50

8 135.00 0.60 130.00 0.60 125.06 0.55
,

9 130.00 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.

\J1
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Amplitude and Duration of Bengali Consonants
pronounced by different person(Female Voice)

"J D Ii
Person. Amplitude Duration Amplitude Duration Amplitude Duration

Vm (mv) T(Sec) Vm (mv) T(Sec) V (mv) T(Sec)m

1 131.80 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 0.50 135.00 0.45 . 135.00 0.45

4 105.00 0.50 100.00 0.45 105.do 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 .105.00 0.40 110.00 0.50
10 135:00 0.55 125.00 0.55 120.00 0.50

•

TABLE 7.
\.n
-~



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

l:i ~ ItPerson Amplitude Duration Amplitude Duration Amplitude Duration
Vm (mv) T(Sec) V (mv) T(Sec) Vm (mv) , . T(Sec)m

1 120.40 0.50 131.80 0.45 136.30 0.50
2 115.00 0.40 120.00 0.55 120.00 0.40

3 140.00 0.40 135.00 0.50 135.ob 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 0~40 95.00 0.50
8 120.00 0.60 145.00 0.45 145.00 0.50

9 105.00 0.45 110.00 0.50 102.50 0.35
10 127.50 0.60 105.00 0.50 132.50 0.60,

,

TABLE 7.

\./1
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Amplitude and Duration of Bengali Consonants
Pronounced by different Person(Female Voice)

Person i" 15 I>

Amplitude Duration Amplitude Duration Amplitude 0\ Duration
Vm (mv) T(Sec) Vm ,(mv) T{Sec) V (mv) (J'I T(Sec)m

1 140.90 0.40 136.;0 0.50 131.80 . ! 0.45
2 125.do 0.45 112.50 0.40 120.00 0.45

3 135.00 0.45 125.00 0.40 132.50 0.50
4 115~00 0.45 110.00 0.50 115.00 0.60

5 140;00 0.55 130~00 0.40 140.00 0.40

6 1~(j.00 0.50 165.00 0.50 107;50 0.60
" "

,
7 100.00 0.40 95.00 0.45 115.00 0.40

8 140.00 0.45 130.00 0.50 130.00 0~40

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

\)1
'..t)



.-....••.

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

--------
1 I I
I '1 I \5 I IIIPerson I I II Amplitude i Duration I Amplitude I Duration Amplitude i DurationI I I I I

I V (mv') I V (mv) I Vm (mv) I rr(Sec) I V (mv) 'I T(Sec)I I I I I
I m I m I I I m I
I --- ------- I I I

~
I

1 113.60 0.35 140.90 0.40 136.30 0.45

2 100.00 0.40 117.50 0.50 115.00 0.55

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
,

0.5010 115.00 130.00 0.55 115.00 0.55

TABLE 7.

ft '

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

•....1.._
0 ,,'

;'

'1 I II I 'lPerson I I

I Amplitude I Duration I Amplitude I Duration I Amplitude I Duration
I V (mv) , I T(Sec) I V (mv) I T(Sec) I V (mv) I" T(Sec)I I I
1m, ' I I m I I m i

,
I1 131.80 0.50 1270.30 0.50 127.30 I ' 0.30

2 120.bd 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 0.45 117.50 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 0.40

" s
7 105.bO 0.40 110~00 0.4-0 ,,"75.00 0035

, ,
8 130.0d 0.55 132,50 0.55 105.00 0.40

9 100.00 0.45 105.00 0.50 85.00 0.40
- - -_._.- -, ,

10 140.bb 0.60 115.00 0.60 95.00 0.50 ,
, ,

.,

TABLE 7.

--
(Y\

-'
_' '4



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

I i I

Person <f 1 ~ I ~
I I I
I I 1 1 I I
I Amplitude 1 Duration I Amplitude 1 Duration I Amplitude I Duration
I 1 i 1 I I

-I Vm ('mv) 1 T(Sec) I VIIl (mv) 1 T(Sec) I Vm (mv) .",1 T(Sec)
I I I I I
1 I

1 140.90 0.40 131;80 0.40 127.30 .. ,',', 0.45
2 112.50 0.45 110.00 0.45 107.50 0.45
3 132.50 0.40 130.00 0.40 130.00 0.40
4 112 ~50 0.45 105.00 0.45 107.50 0.40

5 135.00 0.45 140.00 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

9 100.60 0.40 9b.oO 0.45 97.50 0.40
,

. ,
10 125.60 . 0.60 115.00 0.60 120.00 0.60

, J; .

TABLE 7.
en~



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

I \5
I I

Person I I l[ I •••
-I . I I

I Duration I I i
IAmplitude i i Amplitude I Duration i Amplitude I Duration
IVm (mv) I T(Sec) i Vm(mv) I i

I I I T(Sec) i Vm (mv) I T(Sec)! " I I i i i
i i i ,

1 122.70 .0.40 113.60 0.40 122.70 ... 0.45 .

2 120.00 0.50 120.00 0.40 120.00 0.40

3 140.00 0.40 130.00 0.40 135.00 0.40

4 115.ob 0.45 115.00 0.40 107.50 0.50

5 135.00 0.50 130.00 0.35 135.000 0.45
6 -110.00 0.40 110.00 0.50 120.50 0.50

7 90.00 ! 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~OO . 0.40 90.00 0.40 100.00 0.40
10 107.50 , 0.50 100.00 0.50 120.00 0.60

-
. . '" , . ..

TABLE ~
A''>'

•.~ ..• .. ,
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Amplitude and Duration of Bengali Consonants
Pronounced by different person(Female Voice)

-,------ - I
I 11 I Of I "fPerson I I I -
I I Duration I Ampl:ltude I I
I Amplitude I I I Duration I Amplitude I Duration
I Vm (mv) I T(Sec) I Vm (mv) I T(Sec) I
I I I I I Vm (mv) I T(Sec)
I I I I I
I I I I I I

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 0.50 120.50 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.
~
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Amplitude and Duration of Bengali Consonants
pronounced by different person (Female voice):

I I I
Person I ••• I " I ~

1 Amplitude I I
I Duration Amplitude I Duration I Amplitude i DurationI I I I I

I Vm (mv) I T(Sec) I Vm (mv) I T(Sec) I Vm (mv) I T(Sec)I I I II I i I i
I

1 118.20 0.45 113.60 0.40 122.70 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 O.E() 122.50 . 0.55

TABLE 7.

'toO ... -_.' '}

en
\I1
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Amplitude and Duration of Bengali Consonants
pronounced by different person (Female voice)

i '* I If I
"lPerson I I I

I I I
I Amplitude I Duration I Amplitude I Duration I Amplitude I DurationI I I I I
I V (mv) I T(Sec) I V (mv) I T(Sec) I Vm (mv) i T(Sec)I I I I II m I I m I

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 0.50 130.00 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

8 140.00 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.
(j\
0'



Average Amplitude and duration -ofBengali
Consonants in Female Voice.-----------------------------------------

0.41

0.48

0.49

0.48117.70
l:i 117.00 I 0.47

1
~ 119.70 I _ 0.49
•• I" 121.90 0.46

I

~ 121.10 I 0.47
I

1S 117.60 I 0.45
If 119.70 I 0.48
'1 106.30 0.40

i5 119.30 0.47

,-------------.--------------------.------------------1
I Consonant Amplitude Duration I
I V II I m (mv) I. T(Sec) I~-----------------------------------------------------~I . I

I 124.50 I

I I
I 118.80 1

I 116.20 I
I I

I 122.20 I
.I I

116.50 I

I

I

I
-I

1
I
1
1
I
I
I
I
1
I
1
1
1
I
I
1

0.47

0.40

117.90

107.20
120.70

1

I

I

I

1

I

I

I I
~----------------------------------------------------_-I,

TABLE 8.

, ,



Average Amplitude and Duration of Bengali Consonants
in Female Voice.----------------------------------------------------

,----------------1--------------------.---------------.~I
1 Consonant 1 Amplitude 1 Duration I
I I Vm (mv) I T(Sec) l
--~-------------------------------------I-----------------i

1 I

<! 119.60 0.46:
I
I.

~ 115.70 0.48!

0.50

0.30

115.50 0.46

117.00 0.46

113.90 0.42

118.30 0.46

122.20 0.51

119.20 0.50
I

117.00 I 0.43
.1

113.30 0.43

111.40 0.42

118.50 0.44

121.30 0.48

121080

116.60

~

15

I...,
If I

I'

1
I
I
I
I
I
I

I I
- 1 I I 1~-----------------~---------------------------------~-~--I

.. 1

TABLE 8.
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CHAPTER 4

I1EASUREMENT OF THE AMPLITUDE VERSUS TI!"lEPATTERN OF THEBENGALI ALPHABET IN WORDS IN VOICE SIGNALS •
•4.1 Introduction

In normal speech or connected speech the .letters'.are ra-
rely pronounced individually. They occur in syllables and in
words. For practical purposes it is therefore necessary to study
their amplitude and duration pattern when they appear in 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 Bengali Vowels in Words in Male
Voice:

The wave shapes of a typical voice uttering different words
initiated by vowels are shown in Fig.10. Average amplitude and
duration of Bengali vowels-in those-words in male voice are shown
in table 9. Three words have been uttered corresponding to each
alphabet-by each of the 10 persons.

From the data it,is observed that both the amplitude and
duration of vewels are :~ess 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 Jf pronunciation of a vowel is completely diff-I

erent from the original mode. For example, the pronunciation of
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~ in the words i31~ and i3Ifllm is like -3 and not like ~ .
3imilarly the pronunciation of ~

rather than ~

The average ~nplitude of~

in the I'TOrd~'l'''R1is like ~rr

in male voice is 126.30 mv.

But the average a.'lJplitudeof ~ _in the word ~<1nF - is-as low'

as 76090 mv. From the d2ta it is seen that when the word con-

sists of only two alphabets,the average amplitude of the vowel

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

independently. This is true for all the vowels except \31~ . It

is also very difficult to measure the duration of ~ from the
word ~ as 'if appears insignificantly. This is due to closed
monosyllablic structure of the word. 'The mode of pronunciation of
i31~ in different words are almost simil~ro Its amplitudes in diffe-
rent words L're 8_lso nearly sim.ilar.'Again there is no word in
Bengali which begins with :.Thereforewehave taken three words,.
ending in ••

Amplitude and Duration of Bencali Vowels In words in Female
Voice:
Average amplitude and ,duration of BenGali vowels in some

\-lQrdsuttered in different female voices are show'llin table 10.,

Comparing with the male voices, the amplitudes and duration are,
as expected, relatively lower for each vowelo Within the scope of,

our observati~n the amplitude variation ranges from 33060 .mv (~ )
- 106.20 mv ('g ) compared to 34.9 mv (~) - 112060 mv (\31:) in
male voice. The duration ranges from 0.12 sec (~) -0.32 sec (~)
compared to 0.14 sec (~ ) - 0.35 sec. ( ~ ) in male voice. Again
like male voices the amplitude and duration of each vowel occuring,in.
words vary from word to word.



voices of 10 persons which is shown in table 11. In all 94 words have
been recorded from each persono

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

and of closed monosyllablic structure the amplitude of the first

This characteristic has been observed in the follwwing wordso
<:IW, <:ISf, 1>il', lllif, ~l.', Vil' i5Sf,,
"il', "if, 'Vf, <lif, "'Sf, 'Il?s, ~,' ~il' ••

consonant' is very near to its amplitude uttered in isolation. i

I
From the measured wave shape it can be observed that in

-such monosyllablic structures the first a1phabet dominates
over the entire wordo

For other types of words both the amplitude and dura-
tion of a consonant are found to vary over a wide range.The
amplitude and duration of ~ in final position of different
words are found to be almost similar.

405 Amplitude and Duration of Bengali Consonants in Words
in Female Voice.

Average amplitude and duration of Bengali consonants
in some words in female voice are shov.'llin table 12. Both
the amplitude and the durati.on of a consonant vfJ.ryfrom word
to wordo For example the amplitude of <:I is 70000 mv in the \'
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word 'If.rl:/5- , 96.50 mv in the word <lV'4' and 114.20 mv
in the word 'l~ The durations of '1 in the above 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 vary from word to word. -This -variation is
entirely dependant on the structure of the word and its mode
of pronunciation.- The distribution of amplitude and dura-
tion of ,m alphabet occuring in different words depends on
the length of the word. It is also noted that for a closed
monosyllablic ,lOrd the amplitude of the-first a.lphabetis ~very ~-
near to its amplitude uttered in .isolation.
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Average Amplitude and Duration of 3engali Vowels
in some words in (Male Voice)

0.16

0.17

0.17

0.24 -

0.21

r------------r-------------------------------~--------------------I . I I IVQwel I Words Amplitude Duration I
I I I V (mv). I T(Sec) I
L------------r-----------------J----~------------J---------------~
I I 1

I I ~A- I,,'I:> 92.70
I I I

I 1
I ~ ~"I15" 82.90 .
I I I

I I ~ft!m I 76.90 0.16L------------r-----------------J-----------------~---------------~
I I 1 - I
I : ~ I 110.00 I 0.35 I
I I I I
I ~ ~1'f I 105.90 I 0.21 I
I I I I

IOIltiil'i 192.30 0.20 I
1 1 I ~I-------------r--------------------------------------------------~~I I I

11 ~-n 1 43.80 I
1 1

I ~ ~Oif 1
1 I

I 1 ~~T"! I 39.70 I 0.14.
I

.J. 1 1------------T----~------------------------------------------~----
1 I 1

I ~~ I 50.40
I I

42.40 0.19
1

I : -5i~srn- 1 48.80 I 0.18 Ii-------------------------------r-----------------r---------------1
I I

I 1 ~-n 176•10 I 0.19 :
I

I I
I

~ I t;W'l 57.90 0.19 I
1
I
I

I t;'l~ 152.70 I 0.19 II I . I-------------~------------------r-----------------+---------------1

TABLE 9.
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Average Amplitude and Duration of Bengali Vowels& in some Words in (Hale Voice)

0.21

0.25

93.20

f;~~;l~----I----W~;d~--------T-----~;li;~d;---I----~~;~;i~~---~-l
I I I V (mv) I T(Sec) I___________~ ~_~ m ~ ~
I I

I I I
I 83.00 I 0.22 I

I
I I I

81.20 I 0.23 I
I

I I
I I ~~~"l I 71.30 I 0.21 I~---------------------------------------------------------------~I I I
I

llIOf I 64.30 I
I I I

';jI;jI~ 64.30 I
I

I I ;jIOfZ-~ I 63.80 : 0.26~----------------------------------------------------------------I I I
I
I 6~ I 90.00 I

I I

I 77.90 I
I I

I I
I I 6~'llOl' I 80.20 I 0.21~----------------------------------------------------------------,II I I

I
I 88.70 I 0.21 I
I I I

I
I 0.25 I

I
I I

I
I ~~fjr~ 82.90 I 0.22 I

I I I Ir-------------------------------------------- ,
I I I

{j~ 103.20 0.21
I

13 I (jilH 99.30 0.21
I

I I
{j~~ 79.20 0.17

I I I I
I IL L__~ ~ L _

TABLE 9.
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Average Amplitude and Duration of Bengali Vowels---~g-~Q~~_~QE~~_~g_1~~~_YQ~£~2 _

0.27

.0.25

.0.28

112.30

112.60

110.00

112.10

110.00.

r-7----------r----------------r-----------------r---------------~
I Vowels I Words : Amplitude I Duration. I
I I : V (mv) I T(Sec) :L------------r-~--------------+-----~-----------~-~-----------__~

I I I
I I I
I 103.4D I 0.25 . I
I I I
I I I
I I I
I 96.80 : 0.23 :
I I I
I I I

~"\I"l"'Rr I 96.80 I 0.19 I
I I Ir------------r----------------T-----------------~---------------~I I

I I
I 0.25 I
I I
I I
I II 0.26 I
I I
I I
I 0.25 :
I Ir------------r----------------~-----------------~---------------~I

I
I
I
I
I
I
I
I
I
II iOili:-
I+------------+---------------_4 L _

TABLE 9.

('.
/I':.



Average Amplitude and Duration of Bengali Vowels- !g_2Q~~_~Q£~~_!g_E~~~1~_YQ!£~~ _

0.19

0.16

0.19

0.15

0.15

0.21 !

0.17

0.16

0.17

98.80

37.50

42.50

,------------T---------------.-----------------.-----------------,
Vowels I Wo~~s I Amplitude I Duration' I

I V (mv) T(Sec) 1
1 I I m I I-----------------------------------------------------------------~
I I I I

I I ~~ 85.601
I ~ I I

I ~~D 74.80 1
I 1

I I ~m I 68.20 I 0.15~ ~ ~ L _

I I 1 I
I ~ 102.50 I

I

I

I

I I~" 1 85.10 I 0.18 r"
~------------~--------------_~ L 1

I I 1 I
I 1 ~U I 38.40 I

I I I 1
I ~ ~~ I 33.50 I

I I~~..,•...
1 I I 35.80.'. I 0.12.:'r----------~-,---------------i-----------------~------------------
I I ~"l i 45.00 I 0.12
I I 1

~ I -5i'fCf I
I I

I I-5i"l<m:
I I I~------------~---------------~-----------------~------------------,

I I
~u I 68.80 I

I ! I I
I i!l~~ 50.00 I

!

I is l.,...... I
I I~-II< 1 46.40 0017

L- J J l _

TABLE 10.
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Average Amplitude and Duration of Bengali
Y2~~1~_ig_~2~~_~2~~~_ig_~~~~1~_Y2i£~~_

------------~-----------------------------------------------------I I I I
I Vowels I Words I Amplitude I .Duration I
I I Vm (mv) T(Sec) I

I I I~-----------~---------------------------------------------------~I I
I I
I I {;~ I 76.80 I 0.20

I I
I I

I {; I {;~11 I 74.40 .0.20
I

I

I I G"~lSfT'I I 65.20 0.19
4' I I~-----------~---------------------------------------------------~I I I

I I I
I I '$~ 52.20 I 0.27 I

I I
I I I

'$ ~i5 I I
I I. 51.80 0.23 I

I I
I I I

~~~~ 48.70 I 0.23 I
I I IL-----------J--------------- __, -r ----------4

I I
I I ~~ I 85.40 I 0.28

I I
I I

I ~ I ~~it I 72.50 I 0.19
I I

I ~~lffi!l 74.80 I 0.18
I I~-----------~---------------------------------------------------~I I I

I I ~<!'l" I I I
I I 80.80 0.20 I

I I I
I ~ I ~filr'l' I I :
I I 85.60 0.22 I

I I I
I . I I

•• A I I, I
I "l""ll~ . 74.60 0.21 I

4 I I
I I I------------------------------~----------------~----------------~I I I

I
I I lSi!. 100.pO 0.19 :
I I I I

I IS I I3H 96.4p 0.19 !
I

13~ I 75.20 I 0.18 I
I I I------------------------------~-----------------~---------------~

TABLE 10.
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Average Amplitude and Duration of Bengali
Vowels in Some Words in Female Voice.

'-------------'--w~;d;~-------r----A;plit~d~----'---D;;;ti~~----l
I Vowels I .. I Vm (mv) I T(Sec) :L L L ~----------L----- ~

I I I I
I

I ~li~ I 97.50 I 0.22 I
I

I I I

~ I ~li4orr I 91.40 0.20 I
I

I I I

I I. ~'1Tm I 90.70 I 0.19 !
L . I I I I---------------------------------------------------------------;
I I I I

I I ~••tlf . I 106.20 I 0.22
I I I

I ~.. I ~••.,. 105.80 I 0.22
I I

I I I 102.20 I 0.22 I
I I ~"m I I.------- ~J
I I I I I

I
I I I Ic"". . 104. 50 0.25 I
I "I I I

I
I I 102~60 I 0.26 . I
I~: ~-;r:- I I I

• I
I II I

~~: I 101.40 I 0.25 I
I

I I I
I- - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - --~

TABLE 10.
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Average Amplitude and Duration of Bengali Consonants
in Some Words in Male Voice.

-I
1
1

.1
I
I
I
I
1
I
1
1
I

0.20 . _.

- - - - - -I
I

0.27 1
1
I
I
I0.21 I
I
I
I

0.17 I
I
I- - - _I

0.28

0.23

0.20

0.22

0.24

0.22

0.18

0.18

0.20

1 '

-1-

114.20 I

I

I

I

I

I

- - - - - -I-
I

I

I

I

1

1

- - - - - _I-
I

I

I

72.80

115.60. .

109.30

105.20.

108.70

98.90

110.80

119.50

87.70

118.40

99.30

-+ - -

_ 1

~ -

...J _

101.00

1------

I

1
l>~ 1L ~ J J _

L _ _ _ _ _

r-~---------~----------------T----------------T-~---------------1
I Consonant I '.lords 1 Amplitude I Duration :
I 1 I Vm (mv) 1 T(Sec) :

1r-----------~----------------i----------------i-----------------
I 'l'VlT I 125.00 1 0.20
I I 1

I 'l' 'l'i'fil" I 117.40 I
I I

I 'l'~ I
1 I

r - - - - - ~- - - - - - i

I I
"JW I

I

I

I

I

I

I

I.

I

I

I

TABLE 11.



Average Amplitude and Duration of Bengali Consonants
in Some Words in Male Voice.----------------------------------------------------

-I
1
1
1
I
I
I
I
I
I
1
I
I
I

0.18

0.31

0.24

0,,21

0.22

0.28

0.23

0.32.

1.18

0.19

0.32

0.23

0.22

0.20
I

1
_1- _
I

1

1

I

-1---

- - -
I

88.40

113.10

98.40

123.70

97.40

112.10

123.00

109.40

127.40

113.60

126~30 .-
1
I

85.do,
I
I

I

-1-

- - - --1-

lHr

-------------------------------~---------------------------------I I 1 1: Consonant I Words 1 Ampli tude 1 Duration :
1 . 1 V (mv) T(Sec) I
11m 1 IL ~ ~ 1

1 I 1I 'i~ 104.50 1 0.23
I
I 1
I ~ Vf'lT 103.40 1
1
I 1
I 1 'i~
I
~ - --- - - - - - r - - -

I

I

1
1 ~<f~

I

L _ _ _ _ _ _ _ _ L
I
I
I
1
I
I
1
I
I
1
I
I
1
1r - - - - - - - -
1
I
1
1
I
1
I
I
I
I
I
I
I
r - - - - - - - - - - - -
1
1
1
I
I
I
1
1
1
I
: ~~"'{ 1 90.60
I 1 1 1r----------------------------------------------------------------1

TABLE 11.
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Average Amplitude and Duration of Bengali Consonantsi£_eQ~~_~Q!£~_~£_~~1~_YQi£~~ _

- --t-

0.19

0.18

0.1'7

0.23

0.21

0.19

0.32

0.20

0.33

0.29

I

I

I

I

I

I- - -
, I

95.60

86.80..::

104.70

122.00

IP!,

,--------------.----------------,-----------------1---------'-----1
I I
I Consonant Words I Amplitude I Duration I

: I Vm (mv) I T(Sec), I
I . I~-~------------T---------------~-----------------,--------------,

i
., I I I~~ 120.50

I I I

I I I
~!i"'f I 116.10 I

I I
I 114.60 I

r - - - - - - -1- - - - - - - - r - - - - - - ~

I 125.20 I
I I

I 124.70 I,
II.
I I;101.80

I. 0.26
_____ I - - - - - - - - 1'- - - - - - _.J

I
~ - - - - - - -I-
I
I I II i5~
I I I
I i5
: I . i5fV;r"t I
I I I
I
~ - - - - - - _1 L J
I I I
: I '<1m,
I
I I I
I -.:I( ~~;;;I ~ I, V~ v I
I
I I
I
I I '<i'i '<I'i I
I I Ir - - - - - - -- - - - - -
I I
I
I '\if I
I
I I

I 1\ 1\'!IVf 105.40 0.2i
I 'I I

: I m'f I 85.70 I 0.2b
I I I I I~--------------~---------------~-----------------~--------------

TABLE 11.



Average Amplitude and Duration of Bengali Consonantsig_~Qm~_~Q~g~_ig_~~lg_YQ1~g£ -

~
I
1
I
I
I
I
1
I.
1
1
1
1
1,
1
I
I
I
1
I
I
I
1
1
1
1
1
-l

0.19

0.19.

0.20

0.22

0.19

0.19

0.22

0.22

0.21

0.23

0.22

I

J

I

~
1

1

1

- - - -r
1

1

I

1

1

1
J.

1

97.00

96.70.

96.40

91.40

95.00

99.70

38.50

85.90

103.70

104.40

102.50

1

-i-

I

1

1

I

1

,-
I

I

1

1

1

~-
I

~ ..

I
1

-I - -

I

1

I

I

• - - - - - - -1- -

----------------------------------------------------------------~1 I I 1 1I Consonant I WOrGS I Ampli tude 1 Duration :
: ,I I Vm (mv) 1 T(Sec) :r--~-----------r----------------I---------------l---------------1
1
1 \Pi" 119.80 0.29
1
1
I
1
1
1
I
1
I
1
I-

1
L I : _
I
1
I
1 I
1
1 I
1 ~
I 1
1
I I
I
I 1
1~ I J_~ ~ ~

1 I
I qj[,-, 118.20 c 0.30:

I
1 1
1 ~afl 103.90 0.24:

I
1 I
I q"'JI I 112.20 I 0.23 I

IL L J- ~ ~

TABLE 11.



Aver8ge Amplitude and Duration of Bengali Conson~~ts
in Some Words in Male Voice.-----------------------------------------------------

0.34

0.23

0.26

0.26

99.85

112.22

86.00

116.80

~----------------------------------------------------------------~I I - I I II Consonant Words Amplitude Duration I

I _- Vm (mv) I T(Sec) _:
I - I I _ I _ Ir------------------------------- ~----,
I I I I
II \51! 124.90 I
I
I
I
I
I

I "'''''''''"I I v.,vo I
Ir-----------~------------------~-----------------~--------------~
I I
I
I
I
I
I
I
I
I

: lf~f.r"f 83.70 0.23
I~-----------~------------------~-----------------~--------------~

• I I I

<r~ I 103.30 0.20
I

0.20

0.22

0.23

-0.27

106.50

111.70

I

I

I m;~rw 95.50
I I I~---------------------------------------------------------------;I I I I

I
I ~~ 118.~0 II
I
I
I
I
I
I
I ~lflffi" 104.10 0.26
I I I I _~---------------------------------------------------------------~I I I I I
I II Ofi5T 116.70 0.26:
I _I I
I I
: Of I ~ 107.70 0.23:

-I I
I I

: .,i1n\" 122.~0 0.23:
I I I I I~-----------4----- 4------ ~---- ~

TABLE 11.
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Average Amplitude and Duration of Bengali Consonants
in Some Words in Male Voice."-----------------------------------------------------

--------------------------------------------------r--------------,I I . I Il Consonant I Words I Amplitude. I Duration.. I
I I I V ( ). I. T(S ). I

I I mv. I. ec ,-.. II . . m .r-----------T-----------------+-------------------L--,-----------~
95.50 0.23

107.40 0.24

0.19

0.29

0.23 .

0.20

0.24

96.90

95.50

89.20

80.60

126}00
,-----,---
I
I

90.80
~~ I+- - - - - - -- - - - - - - - - - - - - - - - - -1- - - - - - - ,

I I
I ~~... 100.00 I
I I
I I
I I
I ~ ~W<r-l!l 106.60 I
I I
I I
I I
I I

~- - - - - ~ - - - - - - - - ~- - - - - - - - - 1 - - - - - - -
I I
I I
I 0.32 I
I I
I I
I I
I :0.21 I
I I
I I
I II 0.23 I
I- - _.- - - - - - -- ~ - - - - - - -
I
I
I
I
I
I
I
I
I
I_: 0.21
I
I I-r-----------r-----------------r------~-----------~-~----~------~

TABLE 11.
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Average Amplitude and Duration of Bengali Consonants
in Some Words in Male Voice.
----------------------------_.,..----------------------

~-----------~-----------------------------------------------------I 1 1 I 1
: Consonant : Words. : Amplitude. I Duration ,~ :
I : I V (mv) I T(Sec). I
I , 1 m I ,r-----------,------------------r-----------------,---------------,

89.30 0.29

89.80 0.29

86.20 0.28

0.26

0.22

0.26

0.27
r - - - - - ~ - - - - - -- --- - - - -,- -- - - - - -,
I I 1
I : ~W 108.50 I
I I ,
'I 1I I 104.00 I
1 l.' , "f~ I
1 I I
I I Ir - , - - - - - - - - -1- - -- - - -1- - - - - - --
1 I 1 I
I 1 1 II .Y" I ~nT Y" I 109.10 I
1 1 1 Ir~-----------r-----------------r-----------------~----------------I I I 107~20- I 0.25 -I -rj 1 : ~¥ I 1
1 1 1 1~-----------~-----------------~-----------------~----------------I I I I
I 1 I I

I ~ I ~~~ : 99 I
I 1 I .10 1
I 1 . I I~-----------~-----------------~-----------------~---------------

TABLE 11.

I
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Average Amplitude and Duration of Bengali
QQn~Qnguts_in_~Qm~_~Qrds_in_~~mal~_YQi~~&

---- - - - - - - - - - - - - - - - - - - - - - - - - - -
1 Consonant I I 1 -~, IWords Amplitude Buration 1
1 1 Vm (mv) I T(Sec) I
L J 1 I- - - - - - - - - - - - - - - - - - - - - - - - - - r
I 1 I

~i\T 114070 0.18 1
1 I 1

1 1 I 109.70 0.171 I
~ifli

1 I ~'4T 1 105.60 0.18 I
I- - - - - - - ~ - - - - - - - -1- - - - - -1- - - - - - - - i
I ~ 1 108.20 I 0.24

I
1 1 103.60 I 0.20".flID 1
I 1 I

I
I 1 ~~ I 92.50 I 0018 I•• - - - - - - ~ - - - - - - - -1- - - - - -1- .,. - - - - - -

<fP 103040 0.20 1
I I 1 I

1
I 1

<f~"'f 1

I
<f

I 1 107.50
I 0.19

I
1 I <ffo I 98.50 I 0.18 I
I - - - - - - - 1- - - - - - - - I- - - - - - + - - - - - - - -114.20 0.25 1
1 I vHf

1
I I

'Jh''J 96.50 0.20 1
I

1
1

1 '<1f.rlis 1 70.00 0.16 1•• - - - - - - ~ - - - - - - - -1- - - - - -1- - - - - - - -- 1
I I 1>'1' 1 115.50 I 0.27
I I 1
I 1 D~<rn 93.50 I

0.22
I 1 1>~ 82.50 I 0.18
I I • I I- - - - - - - - - - - - - - - - - - - - - - - - - - -,

TABLE 12.
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Average Amplitude and Duration of Bengali Consonantsin Some Words in Female Voice.------------------------------------------~----------
r - - - - - - - - - - - - -r - - - - - - - "1 - - - - - - - - -t

Consonant I Words Amplitude 1 Duration 11 1
1 Vm (mv) 1 T(Sec) 11 1
1

I- - - - - - - - - - - - - L. - - - - - ..J - - - - .JI
I 1 I1 ~f% 99.60 0.22I I 11
I 1 1 1'Ii 1 R"lT 96.50 0.20 I1 1 I

1
I I 1 1I
I ~ I 83.00 1 0.22 II
L I I I- - - - - ., - - - - - - - - - - - - - - - - - - - - -1 1 1 II lIiOf 115.60 0.30I 1 1 1I
I 1 1I
1 1Ii'f~ I 108.60 1 0020 I
I 1 I I
1 li~Of 1 93.40 0.18 I
I 1 I 1- - - - - -1 - - - - - - - - - - - - -r r - - - - - -,- - - - - - "1
1 ~l? I 117.80 1 0.31 I1
I. I 1 II
I . ~'f\?T ~ 1 1 II 107.20 - 0.201 1 I II
1 I 11 ~i'[1fOf- 106.50 0.22I I I

Ito - - - - - - - - - - - I- - - - - - -I - - - - - - - - ..J1
1 1 I 11 t'~ 120.80 0.25I

1
ih~ I I

I 106.50 0.17I I
I

l
I t'wS[ 95.60 0.201 II

L - - - - - - - - - L - - - - - - - _I _ - - - - - - - -1-I -
I 1 1 1I .~~ 120.10 0.30I 1 I II
I

t<ffi"'iT I I 1 !~I 80.60 0.171 I I I
1 I I I
I t'fii'f 1 85.50 I 0.20 1
1 I I I- - - - - -1- - - - - - - - - ••• - - - - - - - - - - - - -I

TABLE12.

.-



00~.".

Average lunplitude and Duration of Bengali Consonantsin Some words in Female Voice.----------------------------------------------------
1- - - - I- - - - - - - - - - - - - - - - - - - - - - - -Consonant I 1 I
'.I 1 Words Amplitude DurationI 1 1
I I V (mv) T(Sec)1 III 1 I
1- - - - - - L - - - - - - - - ,- - - - - r - - - - -,
1 1

15~ 1 114.40 0.27 II I
I I 11 1
I 110.20 I 0.18 I

I 15 1 ,"~'f
I I I1 1
I 107.50 1 0.18 1

I I i5~ir
I I 11 1- - - - - - - - - - - - - - , - - - - - r - - - - - - - -I

I 1
I>'l' I 117.60 1 0.30 1

I 1
1 11 1
1 1

I I> 1 I>ir 115.80 0.301 1I 1
I 1I 1 96.70 0.251>'f1"i 1 11 1- - - - - - - - - - - - - ~ - - .L - _I

I 1 - - - - - - - -
100.20 I I

I 1 ~'<IT 0.20
I II ~ 1
I I, 1 ~~~'1 83.70 0.15
I II 1
1 1I I

I It- - - - - - r - - - - - - - - - - - - - - - - - - - - 1

~fir 92.10. 1 0.17 1I I
I I, I

74.60 I 0.16 11 I ,<{i5'iT~
I II ,

84.40 1 0.20 1I 1 '<{"'<fOr
I IL - - - - - 1 - - - - - - - - , - - - - - r - - - - - - -,, 1

11i[ I 116.60 I 0;28 II I
1I I

'1:t1if 99.50 I 0.20 11 1
I I

I ,
'If .'f I 1

I 80.60 0.18I 1 1L. - - - - - J. - - - - - - - - -I - - - - - .1. - - - - - - - _I

TABLE 12.
(
I .;; ,
\.
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Average Amplitude and Duration of Bengali Oonsonants
in Some liOrdS in Female"Voice.----------------------------------------------------

1-.- - - - - - - - - - - - - - - - - -, - - - - - - - 1I 1IOonsommt Words
1

Amplitude
1 Duration 1I

I V (mv) I T(Sec) II 1 m
L. - - - - - "'j - - - - , - - - - - -, - - - - - "T

1 If"'l" I 116.80 1 0.28
I I I

1
1I I 90.60 0.20I If"'IT

1 1 I
I

1 I1 I
I Iflf ••' 98.80

I
0.21 1I I

I- - - - - - 'i - - - - - - -I - - - -. - - - - - - - ,
I

I I••iR I 85.50 0.221
• • 1 I 1

I
1 I1 •• "f"'IT I 98.20 0.18I

I I I I
I

I 1 92.50 0.20 I

1
•• 'PIT

1 1 1
L - - - - - ,- - - - - - - - ., - - - -, - - - -' - -t
1

i<l." I"!i!' 1 92.60 1 0.20I ,', .
I • 1

I
I 1I "!~~ 90.20 0.181

I 1 I I
1

11 "!fil"Ui 1 78.80 I
I 0.18

J I I Ir - - - - - - - - - - - - ---- - - -"- - - - - - - - -
I I 1

1
~~"i! 98.60 0.IJ3 II 1

1
II I

1
~~~ 92.50 0.17 •1 I

I
I 1 1

I
I 1I ~f.Fi 1 32.50 0.181

- - - - - .J - - - - _I _ - - - - - - - 1 - - - - - - - _,
I ,

I I I 1
1 ~., 112.60

I Q.28 11 I
I

II ~W.fl I I
1 98.70 0.22 i II 1 1
I

1 1 I

I
I

1 ~'llI 107.30 0.20 1I 1 1
l I- - - - - -I - - - - - - - - -1- - - - - - - -1- - - - .I. -I

TABLE 12.
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Average Amplitude and Duration of Bengali Consonants
in some words in Female voice.
- - - - - - - - - - - - - - - - - - - - -

r- - - - - - -1- - - - - -r - - - - - - - r - - - - - - .,
1 115 Ampllhtude Duration I

I I I
Consonants Words I

I I I V (mv) I T(Sec)m .Jr - - - - - -1- - - - - -r - - - - - - r - - - - - -
I I\5S 115.50

I
0.32

I I

I i5 i5~ 107.60 0.25 I
I

I
I I

i53'5T 93.80 0.22_ I
I I I

l-
I- - - - - -1- - - - - - - -I- - - - - - I- - - - - - -

1
I

I I 111,;20 I 0.31~- I
I I I I

I
1 I 'lti!il I 82.40 I 0.24
I

I
I I I

I I
I

I I

I 'l~fil"f 78.60 - 0.22 I
I I I

j" - - - - - - - - - - - - - - - - - - - - - - - - - - - -l
I I I

"!l"lT\ 99.60 0.18 I
I I I I

I
I

I I I

1 I 102.40 0.20 I
"!l"'l['i I

I
I I I

I I m;~ 92.50 - 0.20 I
I I

I
I

I- - - - - - - - - - - - - --- - - - - - - - -i
I 1

I ll'l''l 112.20 -0.22 I
I

I
I

I

ll~ 103.80 0.25 I
I

I I

I I ll'lm'i I 99.50 0.25
I I I
j" - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - -l

I I I

I -.rOT I 110.70 I 0.24
I I I

I m I 101.60 I 0.22
I I I I

I I
i[~

115.30 0.21
I I I- - - - - - - - - - - - - - - - - - - - - - -

TABLE 12.
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Average Amplitude and Duration of Bengali Oonsonants
in some words in Female voice.- - - - - - - - - - - - - - - - - - - - - - - -

.- - - - -,- - - - - - - - - r - - - - - - - r - - - - - - - ,
Oonsonant Words I Amplitude Duration I

I 1
1 V (mv:) T(Sec) 1

1 1
I m Ir- - - - - - -1- - - - - - - - - - - - - - -I- - - - - - -

I
1 I

~~ 90.20 0.22 1
I 1 I

1
1 I 1

I 1
I "f I ~ .103.20 I 0.22

1 1
I I 1

I 1
I 1 "fi57J' 84.30 I 0.181 1
1 I 1

I . 1r - - - - - - 1- - - - - - - - - - - - - -r- - - - - - - -
I I, I 1

If<i5 94.60 - 0.22 . I
I 1 I

1 1
I 1 I

I 1

~V~ 100.30 0.22
II

I I I
1 I

I I I- - - - - - - - - - - - - - - - l- - - - - - - - - - - - - - ••••I I 1
I I

I I
~ 110;20. I 0.30I .. 1

1 I I
1 1

I I I

'NY- I 92.80 0.21 1
1 I

I I
1 I

~
I 82.70 0.221 I
I I

I I- - - - - - - - - - - - - - - - l- - - - - - - - - - - - - - -I
I I

I
I I

~q; I 115.60 0.27
I I

I
I ~ll!~ I ,

1 94.50 0.181 I

~i5lT
I

I I
I 80.20 0.201 I I; IIL - - - - - (- - - - - - - - - r - - - - - '- - - - - - - -

I

TABLE 12.
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Average Amplitude and Duration of Bengali Consonants
in some words in Female Voice.----------------------------------------------------

.1."

1- I - - - - - - r - - - - - r - - - - - - - ,
I

1 Consonants Words I Amplitude I Duration 1
1

I I 1 V (mv) 1 'l'(Sec) 1m I
1- - - - - - - L - -- - - .- .- - - L - - - - - L - - - - - - - .J
1 I I 1

1 1 i[~ 1 84.40 I 0.26
1 1 I 1

1 I '\if 1 85.50 1 0.27
1 I 1

I I 1f~ I 86.20 I 0.27
1 I

1- - - - - - - r - - - - - - - - r - - - - - r - - - - - - - ,
1

I I I I

~ 103.80 0.25 I
I 1 I 1 1

W 1
1 I 1 1 I

I
I I <fW 1 101.60 I 0.25 I

I
1- - - - - I- - - - - - - - - +- - - - - - I- - - - - - - - -l,

I
I

~
I

~
I 104.10 I :0.25 1

1
I I 1 I- - - - - - - - - - - - - - - - - - - - - - - ..I

1 I I 1
i 'ii I

I I 102.50 I 0.22 1
1 _

1 I I I I
I1- - - - - t"" --- - - to - - - - - I- - - - - - - - •••I

1 l; I Wl; I 1 194.30 0.20 1
1 I I 1

I
1- - - - - I- - - - - - - l- - - - l- .- - - - - - - -I

TABLE 12.
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CHil.PrER 5
ANALYSIS OF THE FllliQUENCYBMIJrwIDTHOF BENGALI

ALPHABETC) IN VOICE SIGNALS.

5.1 -Introduction

In the preceeding chapters we .discussed the amplitude and
duration characteristics of Bengali alphabetOuttered in isolation
and in words 'recorded from different persons both male and female.
These characterize the signal shapes and signal.strength -in the time
domain. However the design of a transmitting and Tecei ving system
of the Bengali voice signals requires knowledge of their frequency
characteristics and particularly the optimum signal bandwidth. In
this chapter a bandwidth analysis of the Bengali Vowels and conson-
ants uttered in isolation and in words~hasbeen carried .out. The

I

method is based on the Gaussian frequency.cspectrumanal:ysiso. Both
male and female voices have been treatedseperately.

5.2 Mathematical Analysis

where K is a.constantfactor determined
i
IFor most .of the pulses of regular sha-
I
I

k
= "p
the pulse.'

We know that the frequency bandwidth of a pulse ,of duration
'Tp is given by B

pes, K = 1.

from the shape of

A study of the wave shapes of the Bengali alphabet~ indicates
that they appear as Gaussian type of pulses at least at the bottozn
portions. Let us assume/the pulses are of trxncated Gaussian type



because the peak portion of t:-16 pU..L.::'_G2- [;..':"8 8.1v.rClYstru.ncatea at a

certain amplitude due to the mecha:;ical dampin[';of the stylus of the

the pen recordero A
-*/'z,'>VTY>e

truncated Gaussian pulse is represented by
which is plotted in the following fig.~

Fig. 12 A Truncated Gaussian Pulse and its Enveloping Gaussian Pulse.

_.1
I is measured at a height of vm e ., , i. eo, 0.606 Vm.

The actual Gaussian pulse will however become an envelope oveF the
truncated Gaussian. The enveloping pulse shape is given by

\' -t2y, "-fe-I:.) = -- e- /2T",
~:<'7iT",

where ~~ is measured at o Comparing with the trun-
cated Gaussaan'the factor K is given by

or

K = 'I
l>n

1m = .I.
K.

I! '

Again by Fourier analysis of the truncated Gaussian pulse [8]
~

,. £.>)1;
F (w) = ~2.7'; TV.,.,e :2.

and for the actual Gaussian pulse
W>'T~

Few)::. e :l-



. From cODparison of their amplitudes

K =

Hence the bandwidth of the pulse is given by

B =

Using .the above procedure the .bandwidths of Bengali alphabet£)
have been calculated ,in the later se.:;tions.

503 Frequency Band of Bengali Vowels in Male Voice

Frequency. bandwidth ..of Bengali Vowels in r'; fferent 'male
voices'are shown in table 13 and their average is .shown in
table 14. ~rom the data it is seen that the highest bandwidth
is required for ~.. (628 Hz) and the 10l-lestbandwidth is
requi:red for j[.(193 Hz)o The bandvlidth requirement of the
short vowels ~ and ~ 2:r'e more than the corresponding long
vowels '5; and~. comparing the dipthongsthe bandwidth requi-
rement of ':il is Jlluchmorethari ~ ',.Among the semivowels

and~~~: requires the highest bandwidth (405 Hz).
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Frequency Band of Bengali Vowels in
Female Voice :

Frequency bandwidth of Bengali Vowels in different
female voices are shown in table 15 and their average is
shown in table 16. Like male voice the bandwidth for ~ is
maximum (565 Hz) and that for 'Ill is minimum (153 Hz). The
short vowels require more -bandwidths than the long vowels
and the bandl1idth requirement of ~ is greater than ~
as in male voice.

5.5. ]'re:;;uencyBand of Bengali Consonants in I'18leVoice:

Frequency b~~dwidth of Bengali Consonants in different
male .voices.are shOlvn in table 17 and their average is shown
in table .18. 'l'hemaximum bandwidth is shovm to occur in or

098 Hz) and minimum for ll: (156 Hz). There is a similarity in
and 'If group in respect of the amplitude of the

bandwidth. The last alphabet of these groups, e.g., l1T,., V, Ill, ~

which are phonetically voiced p~d aspirated s~unds have the highest
bandwidth. The consonants ., D, ~, which are phonetically
u~voiced and unaspirated In the corresponding groups re'luire the

I

minimum bandwidth. In the ~ and 'If group, the voiced and uD-
I

Iaspirated consonants require minimum bandwidth.

Among "t, If, 'Sl the consonant If has the highest band-
width. The bandwidths for ~ and r are almost equal.
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5.6 Frequency Band of Bengali Consonants in Female Voice:

The
. ,Frequency bandwidth of B~ngali' Consonants

in different female voices are shown in table 19 and their
average is shown In table 20. In this case also the maximU1Jl

bandwidth is for (288 Hz) and the minimU1Jlbandwidth is

for l! (100 Hz). In the ~ and ~ groups ~ and 1> which

are voiced and unaspirated consonants have the highest bandwidth.

bandwidth. The bandwidth of ~
In the ". ~ and "'l group Ilf t lIf

w-
pirated sounds requirerhighest

and ll' which are unvoiced as-

is greater than those of "f and ~ • Again the bandwidths of

end r are almost equal.

5.7 Frequency Band of Bengali VO~lels in "'lordsin M.ale Voice:

Average Frequency bandwidth of Bengali Vowels in some
words in male voice has been shown in table-21. We observe from
the table that the bondwidth of a vowei increases considerably
when used in a word. The highest Bandwidth is seen to occur for~
in the word ~mf$f (3465 Hz.). There is a great difference
between the bandwidths of the same vowel used in different

words. The only difference is in the case of M#'" ".
different words requires almost similar bandwidths.

in

Frequency Band of Bengali ¥owels In words in Female
I

Voice.
"~{

Average frequency bandwidth of Bengali Vowels in
some words in female voice has been shown in table 22. The,c:" .

....



bandwidth of the same letter.

109

vary over 0 wide range when
used in different words. For example the bandwidth of "'T•
is 384 Hz in the word , 997 Hz in the word "'11'1"
and 1385 Hz in the word "'WW'l • The highest b=dwidth is

observed for ~ in the word ~~!<r>T (2886 Hz). The band-
width requirement of :at the end of any word is dependant to
a large extent on the particular letter at the end of which
it is used in that word.

Frequency Band of Bengali 0onson~0s iliwords in Hale Voice

Average frequency bandwidth of Bengali consonants in some
words in male voice has been shovffiin table 23. The highest b=d-

width has been observed to be 2497 Hz. for .'.il in the word 'i!~

It has been noted that when the word consists of only two .lett-
ers and the word is closed monosyllablic t:;'])ethe bandwidth
requirement of the consonant is considerably low. For example, the
bandVlidth of .lJ in the word lJi[ is 399 Hz. while its bandwidth

•

in the VlOrd 1i'f~ is 1191 Hz and in the word lJ~i[ is 1841 Hz.
Though the word "iff consists of only two letters the band-

width of is 1041 Hz which lS not onsiderably low enough.

This is because the duration of " in "iff is not dominant. The

bandwidth requirement of ~ is almost the same in different words.
!

i
Frequency Band of Bengali Consonants in words in
Female Voice :

"Average frequency bandwidth of Bengali consonants in some
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words in female voice is shown in table 24. \f.henuttered in
isolation the maximum bandwidth re'luirement was 285 Hz for ~
But when used in words the bandwidth requirement is a~ high as
1874 Hz for the consonant •• in the vlOrd ~\5".

Discussion :

An extensive bandwidth Analysis has been performed for
Bengali alphab~t. uttered in isolation a~ well as occurring in
different words. The method is based on Gaussian Spectrum analysis
over the penrecorded data of their time domain pattern. It has
been observed that the average vocal bandwidth required by a
letter is more in the case oi its occurring in a ~Iord rather
than that required when it is uttered in isolation. In isolated
uttr:rence ~ requires the highest band,,-idthand '!l the lo,,'est
bandwidth in both male and female voices. Among the consonants <t

has the highest bandwidth in male voice and ~ in female voice.
The minimum bandwidth is ior ~ in both the cases. wnile occu-
rring in different words ~ requires the highest bandwidth for
both male .and female voices. For a comparative study of the band-
widths of the alphabet uttered in isolation and in different
words the statistical results are illustrated in tables 14-240



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

262

264

266

112

250

318

259

193

137

I r I

P :'Vowel~ I Vowel ~ I
I arson I I I I
I I V (mv) I 't\Sec) I K I B(Hz) I V (mv) TCSec) K B(Hz) •

m I I I I mi' I
i I I

I I • I I I I
I I I1 143.30 i 0.157 I 17.77. 113 I 140.00 I 0.147 I 19.44 I 132
I I . i I I I

I 2 I 130.00' 0.167 I 18.421 110 I 128.30 I 0.167 I 18.67 I
I I I I

: 3 _: 125.00 i El.118 I 27.121 230 I 105.00: 0.120 I 31.75 ~
II I i I I

I 4 I 102.50 I 0.108 I 36.131 335 i 95.00 I 0.115 I 36.61 I
I I, . I I I

I 5 I 116.70 I 0.100 I 34.281 343 I,. 105.80 I 0.120 I 31.50 i
I I I I ..

: 6 : 116.70 I 0.125 I 27.43' 219 I 102.50 I 0.125 I 31.22 I
I I I I I , I

I !jl I 121.70 I 0.150 I 21.92, 146 I 116.70 I 0.115 I 29.81 I
, I , I , I

I I I. I
I 8 I 143.30 0.130 21.48 165 122.50 I 0.130 I 25.12 I

I I I I
I I ,I I I
I 9 I 140.30 I 0.160' 17.821 111 I 130.00 0.140 I 20.51

, I I I' ,

I 10 I 123.50, 0.142 I 22.901 161 i 113.60 I 0.115' 30.61 i
I , .

I I I I I ~ I
I I, I I II I I I '

TABLE 13:

;.'

..,
-'.,



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

I- I ,< . . . ,
I -----------.---------------------If----------------r------------~---------~---------------------1
I pi, '..JI erson r----------r--------r-------------------~--------------------------------------------
I I V (mv) : T (S ) I K IB(Hz) I V (mv) 1 T (S ) I K I B(Hz) I1 1m. I ec I I .. I m I ec I' I. Ir-----------~-----~---~--------i--------t----------t------------i----------L--------~-----------~

I I I' I I I
1 i 44;20! 0.127 I 71.261" '561 I 52.50 I 0.167 45.62 I 273 I

I I I I I I

2 I b2.50 I 0.172 I 71.561 416 I 50.80! 0172 45.78! 266 !
. I I I

3 ! 41~70! 0.117 I 81.981 701 I 45.00 I 0.117 75.97 I 649

4 I 36~70 • 0.127 i 85.82I I
I I I
I I I

5 I .32.50 I 0~100 I 123.1dI I
I

i i 0.112 ! I I
6 59.60 59.92 I

I
7 I 34~20 . 0.130 I 90.05 II I

I I

8 I 50~00 0.133 i 60.15I
I

57.80
I

9 I 0.1371 50.51,
I

'.' ,'1 1 • I10 i 47;00 0.1~5 I 74.07
!,

iii j I

---J--'--'--
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Frequency Bandwidth of Bengali Vowels
pronounced by different persons(I'Jale Voice)

r----------T--------------------------------~-------------------------------------------------------,
I I ~ I (S I

I Person +------~---------------------~----~------~--------~---------------T---------~-----------~I I V (mv) . I T(Sec)1 K I B(Hz) I V (mv) I T(Sec) I . K -: B(Hz) I
I m I I I I m I , I Ir----------+----------1---------~-------L-----------~-------------+----------+---------~------------I

I I I,' I' I I I II . . I I I I
1 I 90.00 I 0.150 I 29.63 I 198' I 85.00 ! 0.160 ! 29.41! 184

I I I I
I I I I. •

2 I 85.00 ! 0.160! 29.41 ! 184 ! - 85.80 ! 0.150 i 31.08 I 207
I

3 ! 83.30 I 0.100 : 48.00 I 480 183.30 I 0.103 I 46.62 I 453
1------

t

229

214

558

194

190

198

27.21

32.03

27.59

32.68

33.61
"

55.79

6.145

0.140

0.140

0.153

0.170

0.10071.70

70~00

89.20

80.00

105.00

100.00

321

378

615
I

384 :

42.12

46.460.123

72.50

90.00

70.00

65.00

70.00

7

5

9

6

4

8

10

I 0•100 I 61. 54
I I.,
I I'
I' 0.122. 46.84
I
II 0.131
I
I I I'
I 0.117 I 37.99 I 325
I

,,'. I I , I I

95.00 - I 0.150 I 28.07 I 187
I I I. .

78.80 I 0.122 I 41.62 I 341' I 84.10 i 0.140 i 33.98 i 243 I
. I, I I I I I. I I

. . I I I: I I I I J___________L ~---------~------~----------~-----------------------------------------------

~ TABLE13.
~
~
\H
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Frequency Bandwidth of Bengali Vowels
pronounced by dfferent pe~sons(Male Voice)

0.120101.7024334.490.14281.671

---------------------------------------------~--------,------------------------------------------,I I III I .!l IIPerson ~------------"1----------1"--------1"-----------i--------- -1I l Vm (mv) : ,(Sec) I K I B (Hz) : V (mv) I T(Sec) I K I B (Hz) I
I I l. I I I. I m I I I . Ir---------r-------~----_i----------1"--------+-----------i 4 4 ~ d

. • • I I I I

I 32.78 \ 273

2

3

58.30
65.od

0.163

0.100

42.10

'61.54

258

616

93.30

74.20

0.155

0.107

a7.66

50.38

178

471

4 56.70 0.120 58.79 490 88.~0 0.125 36.24 290

5
6

60.00

50.00

0.097

0.137

68.73

58.39

709

426

78.30

70.00

0.100

0.133

51/10

50.12

511

377
I

7 I 64.20 ! 0.130 47.98 369 ! 80.83 i 0.150 ! 50.79 i 220
, I •.

8 ! 80.00 I 0.130 38.46 296 I 115.80 ! 0.117 ! 29.52 I 252
I I

9 I 85.50 I 0.750 39.19 208 I 119.00 I 0.130 I 25.86 I 199
I I

10 i --66.70--- I 0.123 48.78 397 I 89.40 i 0.130 il 34.42 i 265
I I I I' ,

. I I I I I ".L L J-~ ~ ~ J J J L _

TABLE 13.
r'

-'-'.r:.

,.



FREqUill~CYBANDWIDTH OF Bhl~GALIVOWELS
~gQ~Q~Q~Q_~X_Q!fE~~~!_~~geQg~~{~~_YQ!Q~2

---------------------------------------------------,--------------------------------------------I I I I
VOHel :! . , Vowel 13 t. :I Person I------- ~---------M--------------~----------- 1

I I Vm (mv) 'r'(iJec) K. B(Hz) I V () 1:' (Sec) K B :
I I. ; m mv (H7) I---------------- ---- •• ---- .---------- ------------- 1
I I 1

I

I 125 I 125.50 0.083 38,40 463 120.00 0.110 30.30 275 I
I I I

I
I 2 I 105.80 0.107 35.33 330 119.20 0.120 27.96 233 I
I , .. I

'I' ~~ I I

I 3 I 96.70 0.075 55.15 735 84.20 0.110. 43.19 393 I
I 1 I• • 1

I 4 I 11().70 0.100 35.81 358 100.00 0.120 33.33 278 :
I I I

I

I 5 I 83.30 0.080 60.00 750 88.50 0.100 l.5.28 453 :
I I 1

I

16 180•00 0.110 45.45 1+13 80.00 0.120 35.21 248 :
I I I

I

I 7 I 90.80 0.100 44.05 440 94.20 0.120 35.38 295 !
I I I

I 8 I 118.30 0.100 33.81 338 115.00 0.120 28.98 242 I
I

I 9 I 132.40 0.110 27.46 250 133.20 0.120 25.02 209
I

I 1G '132.40. 0.100 30.21 321 125 0.125 25.6 205
I '

I
I ---- ~ ----------- _

TABLE 13. ...>
-'\)1



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

326

560

282

488

,256

32.65

28.~3

25.63

44.77

42.44

0.100

0.087

0.100

0.0.80

0.100

141.70

156.05

108.33

111.67

122.50

300

239

347

199

429

30.87

26.25

23.93

1.1.67

42.86

0.103

0.120

0.13

0.120

0.100

- - - - - - - - - - - - - - - - - - - - - - - -

139.28

125.80

93.33

99.17

80.00

9

5

7

3

2

6

4

8

-- - - -1
1 1 . Vowel ~ : Vowel Gl~
1 Person ~-------------------------------------,-------------------------------------------;
1 1 Vm (mv) 'T"(~c) K B (Hz) ! Vm (mv) 'T"(Sec) K B(Hz) I
I ~_~__~ ~ J

1 1 I
I 1 I 140.00 0011 25.97 236 148.85 0.092 29.21 317 I

I 1
1 129.20 0.11 28.14 256 137.50 0.110 26.45 240 I

I I

I 91.70 0.110 39.65 360 95.00 0.080 52.63 658 I

1 I
108.30 0.128 28.85 225 123.30 0.092 35.26 383 I

I

I

"
I
I

I

I

I

I

I

I

I

I-I _I
I•.•

10 139.99' 0.113 25.29 224 146.05 0.103 26.59 258
1

I
- - I

'rABLE 13.

->
-'
(J'I

.'



,.

Frequency Bandwidth of Bengali Vowels
pronounced by.different persons(Male.voice).-------------~-~~----------------------------

.- - - - - - -1- - - - - - - - - - - - - - - - - - - - - - - - - - - I
1 1 Vowel "I: I
I Person -- - - - - - - - - - - - - - - - - - - - - - - - - - - 1
1 I V (mv) 'T(Sec) K B(Hz) I

. 1m. • 11--------------------------------------------------------------------,
I I, 1, I
I 1 1 148.33 0.100 26.97 270 I

I 1
I . '. I2 I 135.00 0~130 22.79 175 I
I - - I

1 3 : 108. 30 o~097 38.07 392 I
1 I1
I ---4--- 1 111.70 0.108. 33.16 307 I

I I

: 5 1 115.00 0.075 46.38 618 I
1 1

I 6 I 103.33 0~090 43.01 478 I. I
I I
1 7 I 136.67 0~120 24~39 203 I
1 I , '. 1
I 8 1 137.50 0;080 36.36 454 I

I 1
1 9 I 156.05 0;090 28.48 316 !
I '. I

10 I 133.41 0.100 29.98 300 :
I .' I
I I

- - - - - - - - - - - - - - _~_- - - - - - - - - - - - - - - -I

TABLE 13.

1;-

-'-'
"-.l

'. ~ -~~{
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Average Bandwidth of Bengali Vowels in Male Voice.--------------------------------------------------

443

628I

I

. I

---------------------.-----------------------------1
Vowel I Bandwidth I

I (Hz) I---------------------.-----------------------------1
I I
I 193 I

I I
I 219 I

I

I

I

341

267

405

313

440

I

. I

~ I
- - - - - - - - - - r

283

281

377
351

I

I

I

I

I

I

I

I

I

-l

TABLE 14.

'.



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

r---------r-------------------------------~---------L---------~--------------------------------~ I ~ IIPerson L-----------r-----------r------------------------~---------------~-------------------I
I I Vm(mv) I '( (Sec) I K : ~z) : Vm(mv) : T (Sec) : K I B(Hz) I

L---------L-----------r---------------------------------------------------------+--------------1I I I I I I I

I 1 I 145.00 I 0.135 I 20.43. I 151.36 I 140.00 I 0.142 I 20.12 : 142 I
I I I I I I I I I

I I
I I I I I I I I

I 2 I 130.83 : 0.150 II 20.38 \ 136. 1-125-.00 I 0.150 I 21.33 : 142 :
I I I I I I

I 3 I 112.60 I 0.127 I. 28.00 I 220.44 I 101.67 \,0.130 I 30.26 I 233 I______ .. _ . I 1
I \ I I II I I
I 4 I 120.00 I 0.150 I 22.22 I 148 I 115.00 I 0.142 I 24.50 1 172 I

I I I I I
1 5 I 123.33 I 0.122 I 26.58 218 I 103.33 I 0.130 \ 29.78 I 229 \
I I. ! I. I I I

I 6 I 121.67 I 0.157 I 20.84 \ 133 I 115.83 \ 0.15 I 23.e2 I 153 I
I I I I. I I ,I I I-

7 105.00 \ 0.170 I 22.41 I 132 I 91.67 I 0.173 I 25.22 I 146 I
I I ' I I

I 8 I 100.00 : 0.200 : 20.00 I 100 I 85.00 I 0.190 I 24.77 I 130 I
\ I I I I I, I I
I 9 I 111.67. I 0.150 I 23.88 I 159 I 96.67 I 0.160 I 25.86 I 162
I . I I \ I I I I

I
10 I 128~33 I' 0.142 I 21.95 I . 155 I 125.00 I 0.145 I 22.07 I 152 I

\ I I
,I \ I I " I I - -

I ---~--~-~-------------------------------------------------~---------------~-------------_I
TABLE 15.

~ ~:.;:; ~,>.

~_.•....~

->
->
'.0



Frequen~ Bandwidth of Bengali Vowels
Pronounced by different persons(Female Voice)

, ~, ,----------------------------------------------------~--------------------------------------------I I 'II> I ". I
I I Vowel ~ ,~Vowel "'l • I

IPerson 1-----~--~~------~---------------~--------,--------------------------------------------1
I I Vm (rnv) ,(Sec) K ~(Hz) I ~ V (mv) 'r (Sec) K B(Hz) Ir---------,-----------------------------------------L- m 1

1 I 48.33' 0.117 70.74 605 60.00 0.133 50.12 377

531
463
245

410

56.5

48.98
38.10
48.57
48.00

61.54-
67.44
55.55

0.193

0.183
0.200

0.175

0.150
0.127
0.120
0.200

60.00

41.67
45.00

43.33
46.70
60.00
40.83

~36.67

398
358
403

430

688
572
614
474

76.55

72.86

72.69
76.79
71.11

65~58

60~15

80.44

0.140

0.190
0.183

0.117
0.127

0.125

0.150

().183
33,33
27.50

30.00

37.50
47.50

42.50
43.33
41.68

5

9

6

7

2

3 ..

4

8

218 I
I

~5 I~0 I
I
I2L,6 I
I
I

293 I
I
I

I 10 I 42.50 0.120 78.43 654 48.33 0.125 66.21 530 I
I I ' I ~
I I I
I I I_________________________________________________________________________________________________ r

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

r----------T------------------------------------------r-------------------------------------------II I Vowel l3 : Vo\.el t; I
I Person +-----------------------------------~-----~-------------------------------------------1I I Vm(mv) .(Sec) K _ _ B(HZ): _ Vm(mv) ,.(Sec) _. _ K B(Hz)1~----------+-----------------------------------------~-------------------------------------------
I II 1 I 80.00 0.130 38.46 296 85.00 0.150 31~37 209
I I '

I 2 I 73.33 0.133 41.00 308 88.33 0.142 31.89 225I .
I •I 3 ! 71.67 0.133 41.96 316 78.330.150 34.04 227
I

4 i 66.67 0.147 40.81 278 75.83 0.150 35.17 234 I
I•

5 : 70.00 0.143 39.96 , 279 78.33 0.167 30.58 183
I
I I.

6 I 75.00. 0.150 35.55 237 82.50 0.158 30.19 194

7 I 80.00 0.167 29.94 179 83.33 0.200 24.00 120
I ,

8 ! 57.50 0.200 34.78 174 100.00 0.022 18.18 183

9 i 51.67 0.143 54.13 379 63.33 0.017 37.15 219
I
I

10 ! 75.83 0.140 37.68 269 88.33 0.145 31.23 215,
~ - - - - -"- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

TABLE 15.
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Frequency Bandwidth of Bengali Vowels
pronounced by different persons(Female voice)

225
253
238
225
256
196
191
162

35.96
31~66
33.68
34.05
29~28
30.61
25.86

29.30Q.130

0.133
0.150
0.133
0.200
0.160
0.160

0.14278.33
105.00

95.00
79.17
68.33
68.30
81.67
96.67

, ,
247

344
"

,
277
302
374

399
488
261

51.61
39.46
53.07
60.95
52.18
52.63
48.38
56.14

0.160

0.150

0.133
0.125
0.200
0.190
0.160
0.150

56.67
,

52£50
38.33

51 :67

47.50

T - - - - - - - - - - - ; - - - - - - - - - - - - - - - - - - - -; - - - - - - - - - - ~
L _

I Vm(mv) T(Sec) K B(Hz) Vm(mv) "(Sec) K B(Hz) :
I
- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - I
I

I 47.67 0.125 67.13 537 86.67 0.150 30.77 205 I
I

I
I 51.67 0.133 58.21 438 82.50 0.158 30.69 194
I 51.67
I

I 63.35

I

I

I .
I 40.00
I

I

I

I
_ l. _ _ _ _

7

9

8

10

r - - - -
I Person
I

I

I

I 1
I
I 2

I 3
I

I 4
I
I 5
I 6

I
I
L _

•

TABLE 15.
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.
Frequency Bandwidth of Bengali Vowels
pronounced by d~fferent persons(Female voice)

r--------,---------------~----------------~-j~----r------------------------------------------------. ~ . I
I . I . .' "I . .' I .. . 19 I
Person - - - - - - - - - - - - - - - - - - - - T - - - - - - - - - - - -- - - - - - - - - - - -

I I V () 'T'(S~c) K B(H') , V () 1'(Sec) K ' B(H) II I m mv z, m mv z I
. i t'L ~ ~ ~ ---------------------~----------------------4

I I

125.00 "I 1 I 121.67 0.080 41.10 514 0.137 23.36 170
I I "
I 2 I 98.33 0.097 41.94 432 103.33 0.150 25.81 172
I

I 113.33
"I : ,

3 0.090 39.22 ) 436 75.00 0.143 37.30 261
I I ~.i:' '
I 4 I 93.33 0.097 44.18 455 100.00 0.158 25.32 160
I I I .

I 5 I 113.33 0.090 39.22 436 120.00 0.133 25.06 188
I 6 I 95.00 0.090 46.78 520 101.67 0.167 23.56 141
I I
I 7 I 93.33 0.100 42.86 429 110.00 0.163 22.31 137
I I

"

I 8 I 105.00 0.110 38.28 348 103.33 0.200 19.35 97
I : 98.;3

"; I

j 9 0.110 36.98 336 100.00 0.140 28.57 204
~I.

I 10 I 110.00 0.100 36.36 364 105.83 0.160 23.62 148
i I ,

" .
i I
.- - - - -,- - - - - - ~ - - - - - - - - - - - - - - - - - - - - -'- - - - - - - - - - - - - - - - -
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J

Frequency Bandwidth- of Bengali vowels
pronounced by different person(Female voice). . ,

.,

348

302
34.78
35.360.117

0.100115.00
96.67

248
188

30.97
25.76

0.125
0.137

10~.33
113.33

2

3

5

7

1

6

4~

.- - - - - r - - - - - - - - - - - - - - - - - - - - -1- - - - - - - - - - - - _
• I ~ ~ I \'f~ II Person ~-------------------------- L ------------------------------------t
• I V ( ) I . I
I I m (mv=) l' Sec K .....E(H ) I V (mv) T(Sec) K B(H) I
I I Z , m. z I
I 1.- • J.----------r------------------------------------------~----------------------------------------- _

I I
I 116.67 0:150 22.86 152 126.67 0.110 28.71 261 I
I I
I. , II 115.00 0.150 23.19 155 128.33 0.100 31017 312 I

, I120.00 0.014 23.81 -171 120.00 0.100 33.33 333 I
I

105.00 0.140 27.21 194 109.67 0.100 36.47 365 I
. I

I118.33 0.013 26.00.200 115.00 0~100 34.78 348 I
I
I
I
I
I
I

8 I 103.33 0.150 25.81 172.. 101.67 0.125 33.10 265
I

9 I 0.142 28.65 202 1'09.17 0.120 30.53 254I 98.33
I
I10 ! 113.33 0'.150 23.53 157 131.67 0.100 30.38 304

•~ - - - - + - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - -
I
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Frequency Bandwidth of Bengali Vowels£:~~~~~::~_~~~~~~~:::~!_£::~~~~~~:~~::_~~~::2
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - ,
I I ~. IVowel - •
I I IPerson - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I - I I
I I Vm (mv) T (Sec) K B(Hz) I
1 ______ L __________________________ ~

I I I

I 1 I 131.67 - 0.130 23.37 180 I

I 2 I 120.60 0.110 275 I30.30
I I I

3 I 116.67 0.113 30.34 268 I

I

4 I 113.33 0.133 26.54 200
I I - - - - .._- ... - . -

I 5 I
128.33 0.093 33.51 360

c
I 6 I 119.17 0.142 23.64 166

---1----._. I

I 7 I 95.00 0.125 33.68 269
I

I 8 I 98.33 0.15 27.12 181
I

I 9 1 115.00 0.15 23.19 155 I

I I I

10 , 134.17 0.125 33.85 191I I 1
;

II_.___ L _____________ - - - - _________ 1

TABLE 15.
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12E,

Average Bandwidth of Bengali Vowels
in Female Voice.

",'; ,~

,.,';

- - - -
I

-------
I

Bandwidth
•.(Hz)~--------------------~---------------------------+

I

I Vowels

I

\ '

TABLE 16.
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Frequency Bandwidth of Bengali Consonants
pronounced b~ different persons(Male voice)

I - - - - -,- -,- - - - - - - - - - - - - - ~- - -,- - - - - - - - - - - - - - - - - - - - - - -,! Person ~--- 2~~~~~~:~__! ~ L ~ 2~~~~~~:__~ ~
I I Vm() ,..(Sec) K B(R 0) V I"(Sec) 0 0 K B(R ) I, ,mv z m( ) z I
I I 0 0 mv I~---------~-------------------~------------------------------------------------~-----------------f

1

2

3
4

5
6

7

8

9
10

1-----

.---~.•..•..- .

150.000

135.00
115.00
110.00

110.00
12d~00
110.00
142.50
195.00
140.00

0.15
0.15

0.125
0.12

0.12

0.125
0.15
0.15
0.15

0.15

17.78
19.75

,
27.83
30.30
30.30
26.67
24.24
18.71
16.16
19.05

119
132
223
253
253
213
162

, 10125
108

127

TABLE-17.

140.00
115.00

105.000
97.50
105.00
110.00
105.00
140.00
165.00
135.000e

0.14

0.16
0.13
0.13
0.12

0.12
0.14
0.15
0.111

0.14

20.41
21.74
29.30
31.57
31.75
30.30
27.21
19~05
17.31
21~16

146
136
225
243
265
253
194

127
124
151

e_

_\
I \J

•...•. J



277

256

292
258

245

114

32.00

35.09

31.00

26.94

34.59

18.18

0.125

0.12

0.12

0.11

0.125

0.16

92.50

100.00

95.00

107~50.

135~00

137.50

269
265 '

186

118

28.44 228

21.33 142

25.97

33.68

31.75

20.02

0.125

0.12

0.125

0.150

0.17

0.140

117.50

90.00

105.00

112.50

125.00

110.00

7

4

5
6

Frequency Bandwidth of Bengali Consonants
Pronounced by different persons(Nale voice)1---------1-------------~----------------~-----1-------------------------------------------------,

I I consonants 'J i consonant 'il 1
Ip I I
I erson I II IVm (mv) -r(Sec) K. B(Hz) Vm mv -r(Sec) K B(HZ) I~---------~-------------------------------------------1 __2 --------~
I I II 1 1115.00 0.17 20.46 120 145.00 0.150 18.39 123
I

I 2
I
I
I 3

170

111

112

23.81

17.86

16.670.15

0.14

0.16

120.00

140.00

160.00

177

104

112

24.84

17.86

16.67

,

0.16

0.14

0.16

9

8

10

I 140.00
II 150.00
I
I
I 115.00
I

I I
I II J --------------------------------------------

TABLE 17.
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Frequency Bandwidth of Bengali Consonants
pronounced by different persons(Male voice)

285

278
30.30
33.33

20.41

22.86

36.20
34.19

0.16

0.12

0.14

0.13

0.12
0.12

125.00

85.00

100.00

122.50

110.00

97.50
227

249
253

137

142

169

125
31~75
30.30
32.39

0.20
21.33

25.40
20.51

0.13

0.16
0.15

0.14
0.12

0.15
0.15

125.00

110.00

105.00
130.00

125.00

95.00

90.003

2

7

5
6

4

1

i---------r----------~~~~~~~~~--~----------~~------------l--------~~~~~~~~---~--------------~-------r
I I 'I 'I
~erson r----------------------------------------------~------------------------------------~--=--:
I I Vm ( ) T(Sec) K B(H ) , V T(Sec) K B(H):I I mv ' , z m( ) z
I I 'mv :~---------~-----------------------------------------------------------------------------------------,

; I
150.00 0.15 17.78 119 :

I

128 l
I
I278 I,
I
I
I
I
I
I
I,

253 'I
I

163 I
8

9

10

135.00
155.00
110.00

0.15

0.15
0.14

19.75
17.20
29.97

132
115
186

145.00
167.50
"132.50

0.15
0.15
0.125

18~39
15.92

24.15

123
106

193

- - - -. - - - --------

.-
TABLE 17.
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Frequency Bandwidth of Bengali Consonants
pronounced by different persons(Male voice)

r-----------r-------~-----------------------k-----------T-------~---------7.---------------------I.
!person ~---------:~~:~~~:--~----------~-~---------l-~-~---~-:~~:~~~:-~-------------------~
I I V -r(Sec) K B V ,.(Sec). K .. B(H) II I m(mv) (Hz) n:(mv) ,z Ir-----------r-----------------------------------------------------------------------------------1

1 i 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
I
I

3 I 90~00 0.12 37.04 . 309 100.00 0.12 ;'3.33 278
I
I

4 I 100.00 0.12 33.33 278 107.00 0.125 29.77 238I,
, .

5 I 105.00 0.12 31.75 265 100.00 0.125 32.00 250
I
I ' ",

6 I 102~f'0 0.12 32~52 271 102.00 0.12 " ,32.52 271
I

7 i 120.00 0.15 22.22 198 115.00 0.14 24084 177, I
, I

8 I 135.00 0.15 19.75 132 145.00 0.15 18.39 123 I
I

I
I

I

9 I 160~00 0.15 16.67 .111' 162.00 0.15 16.41 109 I
I

I

I
I

I ' . I

10 I 130.00 , 0.1l~ 21.98 157 120.00 0.14 23.81 170 I

I
I

I
I

I
I

I , I
r - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~
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c.

Frequency Bandwidth6f Ben~ali Consonents
pronounced by'different personsO Male Voice) ,. ;;.,

2l~2

258

292

189
146

160

269

108

35.08

30.30

22.41

33.68

20.41
16.16

28.98
24.61

0.14

0.15

0.12

0.125

0.13

0.12

0.14

0.12

115.00

140.00
165.00

110~00

127.50

95.00

125.00

95.00

J

242

127

233
151

215
242

111
198

111

23.81

29.09
21.16

28.98

19.04

18.82
28.98

27.97

16.660.15

0.12

0.15
0.14
0.125

0.17

0.13

0.12
0.12

140.00

139.00

160.00

110.00

140.00

125.00

..

110.00
115.00

,

115.00

- - ~

7

5

3

6

9

4

2

8

10

~ - - - - - ~ - - - - - - - - - - - - - - - - - - - - -,- - - - - - - - - - - - - - - - - - - - - -! )! ConsonBl1t It I' Consonant ~' I
I Per~on r--~----------------------------------------------------------------------------------~I I • II , : Vm () "((Sec) K " B(H ) V ,-(Sec)' K B(HZ) :
I . I mv Z m(mv) , I~-----------~-------------------------------------------------------------------------------------1

I "I

11 ! 130.00 0.14 .21.98 157 125:00 0.14 22:86 163 I
jl r

o I130.00 0.16 19.23 120 :
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

- -l

t, TABLE 17~
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Frequency Bandwidth of Bengali Consonants
pronnunced by different person(Male Voice)

----------------------------------------------------T------------------------------------------~I I II I Consonant I'; Consonant If I

1 Person r--------~----------------------------------------------------------------------------~1 V . I
I 1m. '-(Sec) K B(Hz) V T(Sec) K B(H) iI I (mv) . . " m(mv) . ,z II----------t--------------------------------~----------------------------------------------------~
I" :
I 1 140.00 0.13 21.98169 125.00 0.125 25.60 205 :
I II 2 130.00 0.16 19.23 120 130.00 0.16 19.23 120 !
I ._~~~.... II 3 95.00 0.125 33.68 269 85.00' 0.125 37.65 301 II
I ', I
I 4 95.00 0.14 30.67 215 112.50 0.125 28.44 228 I
I I! 5 100.00 0.12 33.33 ?78 105.00 0.11 34.63 315 I
I . I

I 6 116.00 0.125 27.83 223 110.00 0.11 33.05 300 !
I I
I 7 110.00 0.15 24.24 162 130.00 0.14 21.97 157 I
I I
I ' II 8 140.00 0.14 20.40 146 137.50 0.15 19.39 129 I

I II 9 155,00 0.16 16.13 191 160.00 0.15 16.67 111 I
I' I
I 10 137.50 0.14 20.78 148 140.00 0.14 20.41 146 I
I I I
I 1 • ,
I I I
1- - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - ,

TABLE-17. -'\}l
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0.16 21.28 138
0.13 2~~30 225
0.14 24 ~84 177
0.12 30.30 252
0.11 30.30 275
0.15 22.22 148

, ,
0.15 18~71 125
0.16 17~24 108

0.14. 2d.41 146

!
. 'I •

2 105;00 0.010 38.09 381
3 I 85.00 0.09 52.28 581I

• • '!

47.064 I 85~bb 0.10 471
5 I 105.do 0.10 38.09 381I

I
6 I 85.00 0.10 47.0.5 471I

7 i 115~bo 0.10 34.78 348
I
1

8 I 125~00 0.09 35.35 395I
I

9 I 150~00 0.09 29.63 329I

10 i 111~50 0.10 34.04 340

Frequency Bandwidth of Bengali Consonants
Pronounced by different Persons(Male Voice)

,.!. ,I

r - - - - -,- - - - - - - - - - - - - - - - - - - - -1- - - - - - - - - - - - - - - - II Person ~ ~ ~~~~~~~: __~ ~_~ l ~ -~~~~~~~:-~--------------~---~
I 1 Vm() 1"(8ec) K B V ""'(8) K B III I mv , .', ,. (Hz) m(mv) I ec . (Hz) Ir----------r------------------------------------------------------------------------------------~

1 ' I
1 I 132~50 0.010 30.19 302 137.50 0.14 '20~78 148

117.50
105.00

115.00

, 110.00
120.00
120.00

142.50

145.00

140.00

~----------~-----~~-----------------------------------------~------~------------~----------------
J f

TABLE 17.
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127
115

287

187
292

1£l.3

I,
I,,
I
I
I
I
I
I
I
I
I,
I
I
I,
I
I
I,

- - - +

104

35.09

19.05

19.04 136

31.62

19.61

28.07

25.09 201
19.04 127
16.67.'

20.05

0.15

0.11

0.15

0.14
0~17

0.12

0.125
0.15
0.16
0.14

140.00
120.00
150.00

115.00

95.00
95.00

127.50

142.50
150.00
140.00

33'1

315

214
125

306

169

340

182

119

127

25.64

34.63

15.62 .
36.36
25.39

33.05
23.66

34.04

19.04
17.78

0.16
0.12

0.11

0.11
0.11

0.15

0.13
0.15
0.15
0.10

3

2

5

4

1

7

6

9

8

10

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

, : ,1 \r---------f----~-------C~~;~~~t-;-------~~------------I---------------c~~;~~~t-~--------------l
'Person +--------------------------------~----------- ----------------,
I , V -r(Sec) K . B(HZ) V ,(Sec) K B(H ) II I m(mv) . . . m(mv) Z I~---------~---------------------------------------------------------------------------------------I

I •

I 130.00,
I
I 125.00
I,
I 100.00
I
I 105.00
I,
I 105.00,
II 119.00,
I 130.00,,
I 140.00,
I
:-15<:1.00",
I 117.50,
I
I

~ - - - - - - - - -., - -
!.

~ TABLE 170
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Frequency Bandwidth of Bengali Consonants
pronounced by different persons(Male voice)

r---------r---------------------------------------r---------------~------------------------------
1 I' C t 'l 'f I1 Person i-------Qn~Qn~-------------______________________ Consonant II IV -------------------------------------1! I m (mv) 1"(8ec) K B(Hz) Vm "(8ec) K B !~ JL ~~~~ ~~~~__l

1 i 130.00 0.12 25.64- 214 125.00 0.10 32.00 320
;/

2 130.00 0.16 19.23 120 125.00 . 0.10 32.00 320
3 125.00 0.10 32.00 320 77.50 0.10 51.61 516
4, 110.00 0.11 33.05 300 92.50 0.10 43.24 432
5 95.00 0.11 38.27 398 , 90.00 0.10 44.44 444
6 100.00 0.11 36.36 330 85.00 0.10 47.05 471
7 ! 135.00 0.125 23.70 190 125.00 0.11 29.09 264-

I

8 :145.00 0.14 19.76 1141 130.00 0.10 30.76 308 1
I
I9 i 150.00 0.1,6 16.67 104 137.50 0.11 26.45 204 I
I
I

10 !135.00 0.13 22.79 175 117.50 0.10 34.05 340 1
I. 1
1
1~---------~---------------------------------------------------------------~----------------------!
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/

331

120

. 231

36.36

27.78
..

19.230.16

0.12

0.11

120.06

100.00

130.06

223

116

183

27~82

22.86

18.520.16

0.125

..0.125

'i

140.00

115~00

135.bo2

3

1

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

I I Consonant "I I Consonant lji. 1
1 I I 1
1 Person ~----------------------------------------------------~--------------------------------1I I V' V ' 1
I I m( . ) ""(8ec) K ' B(H ) m T(Sec) K B(EI) 1I I mv Z (mv)' Z I~----------~-----------------------------------------------~-------------------------------------~1

1
1
I
I
r
1
1
1
1
1,

4 ! 105~00 0.125 30.47 2114 105.00 0.14 27.21 194
, ,

5 I 1,12~50 0.10 35.55 356 110.00 0.11 33.06 3011

6 i 120~OO 0.10 33.33 333 110.00 0.11 33.05 300
-~- -

7 1 130~00 0.14 21.97 157 140.00 0.125 22.85 183I

,
8._ 145~9() 0.15 18.39 123 137.50 0.14 20.77 148

9 150.00 0.16 16.67 104 152.50 0.15 17.4<; 117

10 140.00' 0.125 22.86 183 140.00 0.125 22.86 183
" I

;'.' . ", .. I______ ~ ~-------------------------------------- -----------------------------------------4• r

TABLE 17•
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30133.060.11110.0026531.750.12

0.14102.50

105.00

3

2

5

4

1

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

,- - - - -, - - ~ - - - - ~ - - - - - - - ~I,- r - - - - - - - - ,- - - - - - - - - -)- - - - - -,
I I ,] I . II Person L__~ ~~~:~~~:__~ ~______ ~~~:~~~: ~ J
I I I

I I Vm() "(Sec) K B(H ) Vm() 1'(Sec) K B(H) I
I I mv . z mv f. Z I----------~---------------------------------~---------------~------------------------------------~I I

I II II 150.00 0.10 26.67 267 135.00 0.12 24.6'1 206 I
I ,I

1125.00 0.16 20.00 125 132.50 0.15 20.12.1:-4 I
I I
I ... I
I 95.00 0.14 30.07 215 95.00 0.13 32.38 249 I

I
27.87 199 120.00 0.10 33.33 333 i

I
I

,
6 i 115.00 0.12 28.98 242 112.50 0.12 29.62 24.7

7 I 120.00 0.1'4- 23.80 170 130.00 0.15 2051 137I

8 i 127.50 0.15 20.91 139. 140.00 0.15 19.04 127
I
I

9 I 147.50 0.16 16.95 106 150.00 0.15 17.78 119I ~---- -_ .._,. __ .

10 I 125.00 0:14 22.86 163 130.00 0.125 24.61, 197I
I I
I I
1____ - ~ - - - - - _ - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - -

t TABLE 17.
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\Frequency Bandwidth of Bengali Consonants
pronounced by different perso~B(Ma1e Voice)

_ -l

348

213
223

158

170

137
119

38.27
27.82

23.70

20.51
17.78

23.81

26.66

0.11
0.15

0.15
0.15

0.14

0.125
0.125120.00

95.00.

130.00
150.00

112.50

120.00

115.00

333

381

320
364

296
123

44444.l~4

32.00

38.09
36.36

33.33

29.62
18.39

0.10

0.10
0.10

0.10

0.10

0.10

,0.151l~5~00

105.00

135.00

110.00

90.00

I 125.00
I
I
I
I
I
I
I
I
I
I 120.00
I
I
I
-I-

7

5

9

4

6

8

10

1--

r----------r-----------------------------~-------~-l------------~---------------------~--------i
I I'. Consonant 'ij . . I Consonant 11 I
I . I I
I Person r----------------------------------------------------~------------------------------~! !--Vm(m~S ,(Sec) K.. B(Hz) Vm(mv) T(Sec) K, B(Hz) !~----------~-----------------------------------------------------------------------------------~I I I
I I I
I I I
I 1 1120.00 0.10 33.33333 130.00 0.14 21.98 157 I
I I' I
I I II 2 : 135.00 0.125 23.70 190 135.00 0.16 18.52 116 I
I I I

I 3 : 92.50 0.10 43.24 432 87.50 0.13 35.16 270 :
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TABLE 17.'
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Frequency Bandwidth of Bengali Consonants
pronounced by 'different persons(l"IaleVoice)

146
,13720.51

,20.410.14
0.15

140.00
130.00116

12318.39,
18.520.16

0.15
135.00
145.00

2

1

~-----------r----------------------------------------------------~-------------------~------------,
I I 1" I! Person ~--------~~~:~~~:--~---------------------- ----- ~~~:~~~:_~ ~
I I Vm(mv) '1(Sec) K, B(HZ) Vmc) T(Sec) , K ' Be):
I I (mv) , mv , Hz I~ L ~

I I
I
I
I
I
I
I
I

3 l 100.00 0.15 26.66 178 100.00 0.15 22.66 178
".' ~.4 i 105~00 0.16 23.:30 149 95.00 0.15 28.07 187

I

5 l 95.00 0.12 35.08 292 100.00 0.12 33.33 278
I,' '

6 I 125.00 013 24.61 189 120.00 0.13 25.64 197
I .-
I

7 I 125.00 0.15 21.33 142 130.00 0.15 20.51 137

148
119
13720.51

20.78
17.78

Q.15

0.15
0.14

130.00
150.00
137.50

108
134

132

20.12
17.24
19.750.15

0.15
0.16

132.50

135.00
145,°09

8

10

I
I
I
I
I
I
I
I
I

, I-----------~-------------------------------------------------------------------------------------_ .

••

TABLE ,120 -"'->J
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0.10 4-'7.06 471 95.00 0.10 42.10 421

0.125 28.44- 228 105.00 0.125 30.4-7 244-

0.12 251.69 214- 110.00 0.11 33.05 300

0.125 24-,15 193 1lfO.00 0.13 21.97 169
.,

0.150 17.78 119 150.00 0.15 17.78 119

0.14 20.78 148 135.00 0.15 19.75 132

Frequency Bandwidth of-Bengali Consonants
pronounced by Different persons(Male Voice):

~ - - - - -,- - - -C:n:o:a:t- ; - - - ""'-~- - - - - r - - - - ~o:s:n:n~ -'If - - - - - - - - - - ~

I Person L--V--------------------------~-~-------~-----------------------------------------,
I I m (mv) 'T"(Sec) .K. B(HZ): Vm <r(Sec) K B(Hz) I

I •• I (mv)L----------r---------~-----------------~-~----------~- J

: 1 I 137.50 0.125 23.2+ 186----- 135.00 0.13 82.79 175 :
I I , I

, ..
I 2 _~~I __ ~_SO.OO 0.14- 23.81170 125.00 0.15 21.33 14-2 I

I
. . .- I

3 I 125.00 0.10 32.00 320 85.00" 0.10 4-7.05 4-71
I

4- I 85.00 0.10 4-7.06 4-71 105.00 0.125 ;c.4-7 244- I
I

5 I 85.00
I

6 I 112.50,
7 : 130.00

8 I 132.50

9 I 150.00
I

10 I 137.50'

.'

TABLE 17.
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Frequency Bandwidth of Bengali Consonants ~.

~!QgQ~Q~~~£~_~iff~!~g~_~~!~Qg~{~~~_YQiQ~2
I. ,I. ,r - ~ - - - 1- - - - - - - - - - - - - - - -- - - - - I - -~ ~- - - - - - - - - - - --- -- ~

I
, Consonant I Consonant ~ II 't I

, I

I Person ~-----------------------------------------~----------~~---------------------------j
I I V 'r(Sec) I V 'T(Sec) K BK B ,m (mv) (Hz) I m(mv) (Hz)1 I II - -- - -I - - - - - -,-- - - - - -~- - - - - - - - - - - - - - - - - - - - - - - - - - -.
I l' 1 120.00 0.13 25.64 197 140.00 0.10 28.57 268
I I ,
I

2
I

115~00 0.15 23.19 155 137.50 0.15 19.39 129
I I 0.10 - . 36.36 3643 100.00 40.00' 400 110.00 0.10
I I

"'; -

I 4- I 102.50 0.125 31~21. 250 110.00 0.10 36.36 364
I I

•

I 5 I 95.00 0.10 42.10 421 005.00 0.10 .38.09 381--~--~-- .- - ..
I 6 I 112.50 0.11 32.32 294 120.00 0.10 33.3} 333I I

1 I
,,": 33.057 110;00 0.11 300 120.00 0.14 23.80 170

I I . , 24.24-1 e 1 137~50 0.12 202 135.00 0014 21.16 151
1

9
I 150;00 17.77 150.00 17.78 119

I I
0.15 118 0.15

I 10 I 135.00 0.14 21.16 151 140.00 0.11 25.97 236 I

I I , I~ _____ ~ _______________ ~ _____________________ • ____ L

TABLE 17.
-'~
-'



19222.990.12145,00
.1,

19023.700.125135.001

Frequency Bandwidth of Bengali Consonants
pronounced by different permons(Male Voice)

f----~------r~-----------~:~::~::~:-~--------~-----I----~---~------;:::::::~:--w----------------l
I Person ~-------------------------------------- -------------------------------------------1
I I V) V ' I
I I m() T(Sec K B(H ) T(Sec) K B(H ) I
I : mv z m(mv) z It-----------r----------------------------------------------------------------------------------~I' .
I
I
I

2 i 142.50 0.12 23.39 195 135.00 0.125 23.70 190
3. I 100.00 .012 . 33.33 278 87.50 l 38.09 317'0.12

I ~
4 I 120.00 0.17 19.61 115 132.50 '0.15 20.12 134

I
I 95.005 ! 100.00 0.11 36.36 '331 0.12 38.28 314 . I

I
6 ! 115.00 0.14 27.82 177 110.00 0.15 24.24 162 I

I
I-- --- - ,

7 l 145.00 0.15 18.39 123 140.00 0.15 19.04 127

157

116
"115

21.98

18.52
17.20

0.16

015
0.14

155.00
130.00

135.00112
119
137

17.85

20.51
17.780.15

0.16

, 0.15
9

8

10

140.00
1- -------
II 150.00
I
I1130.00
I
I . ._______~ 1 ~ ~ ~

• . j : ~

:: TABLE 17.
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Frequency Bandwidth of Bengali Consonants
pronounced by. different persons(!'1ale voice)

379

381

296

222

429
421

46337.03

38.64

31.37

38.09

35.55

26.67

29.63

42.10
0.1

0.12
0.10

0.10
0.09

0.1

0.08
0.09

135.00

115.00

127.50

135.00

105.00
125.00

95.00

125.00

5

3

2

7

4

6

8

1

.--------------r---------------------------------------------------------------------,
I I I
I I Consonant ~ I

I ~erson t---------------------------------------------------------------------~
I I V l' (Sec) K B(H ) I
I I m (mv) Z I
I I. I,--------------r---------------------------------------------------------------------,

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I395' I
I

." I9 I 147.50 0.09 30.13 335 I
--~---I I

I'. I10 I 120.00 0.09 37.04 412 "I
I I. I
I. I '., ~ I~--------------~-~------------------------------------------~------------------------~

TABLE 17.
.' "

->
-I:'

\>I

--...•.
•



TABLE 18.

145



144

Average Bandwidth of Bengali Consonants
in !1aleVoice.---------------------------------------

I

I

I

I

I

I

I

I

I

172

I

I

I

I

I

1

I

1

I

1

I

I

I

I

1
I

i
I I

1I-"
I

Consonants
r------------------Ir----------------------------j

I ~ IBandwidth
I (Hz) I.
I I-------------------------------------------------_.
1 I

1 171 I
I I

I 186
1

1

1
I -,~. " 196

D 173

~ 193

lli 192
.. 1

I ~ 200
I

I it 179

i"
1 194
1

15 I 183
I

1> I 201

'1 I 400
I

C I 174
I

~ I 223
I ,

'1 1
172

I 224Ii
1

I- - - - - - - - - - - - - - - - - - - - - - -

TABLE 18.



TABLE 19.

-'+0
0'



Frequency Bandwidth of Bengali Consonants
pr~nounced by different persons.(Female Voice)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -I 1 I 1. Consonant <f I Consonant '" I
1 Person 1--------------------------------------,--------------------------------------------.
1 1 Vm (mv) 'T(Sec) K B(Hz) 1 Vm(mv) T(Sec) K B(Ha) I

1- - - - - - + - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I 1

1 I

I 1 I 140.90 0.19 14.94 79 131.80 0.15 20.23 135
I, I

I 2' I 107.50 0.18 20.67 115 110.00 0.14 25.97 186

: 3 :135.00 0.19 15.59 82 145.00 c 0.17 16.22 95

I 4 I 102.55 0.18 21.66"120 105,00 0.16 23.80 149
I

----i

71

142

74

103

178

162

17~43

26~66
24~24

14~28

22.73

14.81

0.17

0.15

0.15

0.20

0.16

0.20135.00

135.00

100.00

110.00

140.00

110.00

142

178

169

56

139

83

21.33

26.66

25.39

13.33

22.22

16.60

- - - -

0.16

0.15

0.24

0.15

0.15

, 0.20

1d5.00

120.00

125.00

112.50

'125.00

100.00

1

I

I

I

I

I

I

I~ - - - -'- - - -

5

6

7
8

9

10

TABLE 19. ...>
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) ,
Frequency Bandwidth of Bengali Consonants
pronounced by different persons (Female~'Voice)
- - - - - - - - - --- - - - - - - - - - - - - -

B(Hz)

- - - - -l
I

I

I- - - - - - .,
K'T'(Sec)K-r"(Sec)

- - - - -- - - - - - - - - - - - - - - ,- - - - - - - - - - - - - - - - -
Consonant Q '.1 Consonants 'l- - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - -

B(Hz) : Vm (mv)
I- - - - - - ~ - - - - - - - - - - - - - -

I

I- -

I V (mv)m -_ L _ _ _ _ _ _ _

I
I
IPerson
I
r - - -

4

6

8

7

I

I

I

- - - -t

83

71

162

139
162
132
169
90
149
184

20.59
24.24

-19.75
25.39
16.16

23.80
29.41
14.28
24.24
16.66

0.15
0.15

0.15

0.15
0.18
0.16

0.16
0.20
0.15
0.20

.129.50
110.00
135.00
105.00
137.50
105.00
85.00
140.00
110.00
120.00

" .

21.33 142
25.39 169

I
16.64 91
25.00 156
19.39 129
27.35 182
23.39 130
14.28 71
25.40 169
16.00 80

0.15
0.15
0.18
0.16
0.15
0.15
0.18
0.20
0,15
6.20

125.00
105.00
135.00
100.00

137.50
97.50
95.00
140.00
105.00
125.00

•- - - -

9

5

10

3

1

2

I

I

I

I

I

I,
I

I,
I

I

t- - - -

'l'ABLE 19.
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Frequency Bandwidth qf,Bengali Consonants
E~~~~~~~~_~l_~~!!~~~~!_E~~~~~~~~~~~~~_~~~~~2

- - - - - - - - - - - - - - - - -

2

1

102.50 0.20
95.00 0.17
120.00 0.22
105.00 0.15

108
162
95

169
237

94
103
206
194
112

"

-----1
I
1

-I
1

K B(Hz) I
- - - - - - - - -~

16.86
18.51
24.69
27.22
17.86
25.39
30.77
17.24
24.24
19.09

Consonant . ~--------

0.18
0.18
0.12
0.19
0.16
0.15

0.13
0.16
0.15
0.20

"'T'(Sec)

- - - - - - - - - - - - - - -

(mv)

145,00
110.00

131.80
120.00
135.00
105~00
140.00
105.00
100.00

I
, V, m

- - ,- -,
- - 1- _

B(Hz)K

15.69 78 105.00

17.48 92
19.32 107
19.04 127
25.39 169
17.86 112
19.;)1 98
24.77 146
15.15 69
25.40 169

- - - - - - - - - - - - - - -

- - - - - - - - - - - - - - -

~

0.20

0.19
0,18
0.15

0.15
0.16

'T(Sec)(mv)

127.50

105.00
140.00

120.40
115.00
140.00

1
I Consonant- - - - - .- - - -
1 V
1 m- - - - - - - -. - -_. ~-_.-
1

1

1

1

1

I

1

1
1
I

1

1
_ L

3

4

5
6

10

7

8

9

I
1
1 Person
I

I-

I

1
1

rrABLE 19. -'-!='
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Frequency Bandwidth of Bengali;Consonants
pronounced by different persons(Female Voice)- - - - - - - - - - - - - - - - - - - - -

"- - - - - - - - - - - - - - - - - - - - - -"- - , - - - - - - - - - - - - - - - - - - - - - - -I I) , I
I I Consonant iJ : ,'_. Consonant '3" I
Person - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - -I

I 1 'V (mv) 'T(Sec) K B(Hz) , V (mv) 'T1f3ec) K B(Hz) I
I I m I m
- - - - - - - - - - - - - - - - - - - - __ - - - - - - - - - - - - - - - - - - - - - - - - - _I1 I --,------.- . - .., I

I 1 I 136.30 g.18 16.30 91 140.90 0.17 16.70 "98 I
I I

,
I

I 2) I 120.00 0.20 16.66 83 125.00 0.15 21.33 142 1
1 I

i r
3 I 135.00 0.18 16.46 91 135.00 0.15 19.75 132

I
4 I 110.00 0.16 22.72 142" 115.00 0.15 23.18 155

I 135.00 975 I 0.175 16.93 140.00 0.18 15.87 88
I ,

6 107.50 0.15 24.80 165. 110.00 0.18 20.20 112
I

I
i ,',

7 95.00 0.175 24.06 137 100.00 0.15 26.66 178
I

8 I 145.00 0.19 14.51 76 140.00 0.16 17.85 112
I

"9 I 102.50 0.15 26.02 173 90.00 0~15 29.63 198
I

I 132.50 (1.20 15.09 75 115,00 0~20 17.39 87 I10
I I
I I- - - - .- - - - - - ~ ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

TABLE 19.
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Frequency Bandwidth of Bengali Consonants
pronounced by different persons(Female voice)__ - - - - - - - _: 1- 1______ ' _______

~ - - - - r - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - I
I Consonant '1 I Consonant ~ .I II Person r - -,-- - - - - - - - - - - - - _ - - - - ,- __________________ ,
: I Vm (mv) T(Sec) K B(HZ): Vm (mv) T'(Sec) K B(Hz) I

- - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~I

I

I

I 1 113.60 0.14 25;15 180 140.90 0.15 18.90 126I
I "2 I 100;00 0.13 30.77 237 117.50 0.14 24.31 174I

I

3 I 125~00 0.13 2lf..61 189 135.00 0,16 18.51 116
4

I
120.00 0.12 27.78 231 115~00 0.16 21.73 136 I

I
,

5 120~00 0.12 27.78 231 , 130.00 0.20 15.38 77
6 I 100;00 0.1'+ 28.57 204 110.00 0.16 22.72 142

I I
7 , 80.00 0.11 L15.45 Lf13 105.00 0.15 25~39 169 I

8 I 105.00 0.13 29.30 225 120.00 0.20 16.57 83 I

I

9 I 95.00 , 0.10 42.10 421 90.00 0.15 29~63 1')8 I

I I
" I

10 115.00 , 0.14 24.84 , 177 130.00 .' 0.20 15 • .,R 77 II I ,

I I I

r - - - - T - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~

TABLE 19.
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Frequency Bandwidth of Bengali Consonants
pronounced by different persons(Female voice)
- - - - - - - ~ ~t- - - - - - - - - - - - - -

,-- - - - -,- - - - - - - - - - - - - - - - - - - - r - - - - - - - - - - - - - - - ~- - - - - ,
1 I Consonant 'll , Consonant "{
I Pe~Bon ,- ~ - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - 1
, I V (mv) 7(8ec) K B(Hz): V (mv) 'T(8ec) K B(Hz) Im I1______ 1 ______________________ m______ - - - - - - - - - - - - - - ~
I 1 I

I 1 I 136.30 0.15 19.56 130 131.80 0.18 .16.86 94- I,
I , I 21.73 I

2 115.00 0.16 136 120.00 0.18 18.51 103
I I I

I
,

3 I 137.50 0.15 19.39 .129.00 122.50 0.16 20.4-0 128 I

I I I

I 4- I 115.00 0.15 23.19 155 120.00 0.16 20.83 130 I

I 5 I 132~~0 0.16 18.8'7 14-0.00 0.16 .17.86 112
I

118
I I

I 6 I 107~50 0.16 23.25 1~5 115.00 0.16 21.73 136 I

I I ., . I

I 7 I 110.00 0.15 24-.24- 162 105.00 0.15 25.39 169 I

1 I 125.00 18.82 130.00 0.20 15.38 77 I

I
8 0.17 111

I I

1 9 I 95.00 0.15 28.07 187 100.00 0.15 26.67 178 I

I I 1

1 10 I 115.00 0.15 23.19 155 14-0.00 0.26 14-.28 71 I,
1 I I, ,.
1 ___ ~ _ ~ __________________ - - - - - - - - - - - - - - - - - - - - - - - _I

,

TABLE 19.
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Frequency Bandwidth; . of Bengali Consonants
pronounced by di~ferent persons(Female Voice)
- - - - - - - - -1- - - - - - - - - - - - - -,

- - - - - ...;'~---;;;:;--~--=_..- - - - - - - - - - - _. _. - - - - - - - - - - - - - - - - - - - - - - - - -
I I ,

Consonant "I (
I Consonant 'l" c-, , ,

,Person ,- - - - - - - - - - - - - - - - - - - - r - - - - - - - - - - - - - - - - - - - - - ,
V (mv) 'KSec) K B(Hz) I Vm(mv) 't(Sec) K. B(Hz) I

, 1m. ,- - - - - - - - -- - - - - - - - - - - - - - - - ~- - - - - - - - - - - - - - - - - - - - - - ~I I - ,

i I I
( 1 II 1 I 127.30 0.18 17.46 97 127.30 0.15 20.95 140 II I i

I 2 I 110~00 0.15 24.2'1 162 120.00 0.16 20.83 130 I

I II 140.00 i273 0.15 19.04 120.00 0.10 33.33 333 II I
,'';

II 4 I 117.50 0.16 21.27 133 110.00 0.12 30.30 253
I I I

I 5 I 140.00 0.18 15.87 8(3 130.00 0.10 30.77 308 I
'. I -,-

I I 110.006 0.15 24.24 162 105.00 0.12 31.74 265 II I

110.ob I I
I 7 I 0.14 25.97 186 75.00 0.10 53.33 233 II I

8 132~5b 0.19 16.88 8!+ 105.00 0.15 25.39 169 II I
( II I 105~bo9 0.16 23.81 149 85.00 0.12 39.21 327 II I ,

28.07
II 10 I 115~OO 0.20 17.39 87 95.00 0.1,5 187 II

I ,
I~ - - - - - - - - - - - - - - - - - - - - - -,- - - - - - - - - - - - - - - - - - - - - - - - -

TABLE 19.
-,
\J1
~



Frequency Bandwidth of Bengali Consonants
~ronounced by different persons(Female voice)
~ ~ - - - - - -'- - - - - - - - ~ - - - - - -:

r - - - -
1
I Person
1

I

1

I

I

I,
87

198

142

137
169
67

156
187

79

105

22.73

17.85

20.51
25.39
13.33
25~00
28.07
15.03
29.63
17~39

0.15
0.19
0.15
0.20

0.15
0.15
0.20
016

0.16
0.17131.80

130.00
105.00
140.00
100.00

110.00123
111

104

123
.91

118

20.91
17.74

26.31 164 95.00
15.31 81 140.00
25.00 150 90.00
16.00 80 115.00

17.76
20.91
16.46
21.16

0.16

0.17
0.17
0.17
0.18
0.18
0.16

0.19
016
0.20

- -
125.00

112:50
140~90

100.00

132.50
112.50
135.00
105.00

95.00
1 137.50
I

I

1

I

I

,
_ _ _ _ _ _ _ L _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

. I
I Con,sonant "I : Consonant. I

1_ - - - - - - - - - - - - - -- - - - - - J - - - - - - - - - - - - - - - - - - - - - -,V (mv) 'T"(8ec) K B(Hz) I V (mv) -r(Sec) . K B(Hz)
1m, :' m . 1- - - - - - - - - - - - - - - - - - - - - -~ - - - - - - - - - - - - - - - - - - - - - -

I

1
I

I

3
4

5

6

7
8

9

1

2

10

I

I

1
I

I

I

I

1
I

I

'UBLE 19.

c -'\)1
\)1



Frequency Bandwidth of Bengali Consonants
EE~~~~~~~~_~~_~~!!~i~~E_E~E~~~~i!~~~~~_!~~£~2

"

.- - - - - - 1- - - - - - - - - - - - - - - - - - - - -, - - - - - - - - - - - - - - - - - - - - - -I

Consonant ~ , Consonant \; 11 Person L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1 I Vm (mv) ~(Sec) K B(Hz): Vm(mv) "l'(Sec) K B(Hz) I
1- - - - - - t- - - - - - - - - - - .., - - - - - - - - -' _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -I

1 1 140.00 0.15 19.04 127 135.00 0.15 19.75 1321

2 1 107.50 0.20 18.60 93 120.00 0.16 20.83 130
1

3 I 130.00 0.17 18.09 106 140.00 0.15 19.04 127
I ' '. ,

4 107.50 0.16 23.25 145 115.00 0.15 23.18 155I

5 I 145.00 0.18 15.32 135 145.00 0.15 18.39 123 '
1

6 I 105.00 0.18 21.16 118 110.00 0,15 24.24 162
7 1 100.00 0.15 26.66 178 90.00 0.13 34.18 2631

8 I 125.00 0.20 16.00 80 140.00 0.15 19.04 127
I 1

, ,
1 9 1 97.50 0.15 27.35 182 90.00 0.15 29.63 198
1 • I10 120.00 0.20 16.67 83 107.50 0.20 18.60 93 I1 I

I 1 I
I.- - - - - - r - - - - - ~ - - - - - - - - - -'~ - - - - - - - - - - - - - - - - - - - - - - - - ,

TABLE 19.

-"\J1(J'
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Frequency Bandwidth of Bengali Consonantsi
pronounced by different persons(Female voice)- - - - - - - - - - ~ - - - - - - - - - - - - -I ! I

.- - - - - I - - - - - - - - - - - - - - - -~- - ,-- - - - - - - - - - - - - - - - - ~- - - - I
II: Consonant ~ : i Consonant 11" •

I Person I-V- (m~)- - -~(s:c) - - -K- - -B(H:)- : -v:(mv) - - ~(~ec)- - - -K- - - - B(Hz) - - -~
I I m I- - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - ~
I I I I
I 1 I 125.00 0.10 32.00 320- 135.00 0.17 17.42 102
I I 148

,
2 120.00 0.15 22.22 120.00 0.15 22.22 148

1 I

I 3 I 130.00 0.125 24.61 197 135.00 0.15 19.75 132
I I ,
I 4 I 115.00 0.12 28.98 242 107.50 0.15 24.80 165
I 5 I 1110;00 0.14 20.40 140 145.00 0.15 1,8.39 123
I I

, ,

I 6 I 110.00 0.12 ~0.30 253 120.50 0.15 22.13 148
1 I

I 7 I 95.00 0.14 30.07 215 97.50 0.15 27.35 182
1 I

,
8 135.00 0.15 19.75 132 125.00 0.175 18.28 104

1 I
. '

I 9 I 80.00 0.12 41.66 347 100;00 0.125 32.00 256
I I

I 10 I 100.00 0.15 26.67 178 120.00 0.16 20.83 130
I I
1- - - - - ~ - - - - - - - - - - - - __ - ___________________________

TABLE 19. ~

-"\]1
--J



,

Frequency,Bandwidth of Bengali Consonants
pronounced by diffe~ent persons(Female voice)

• , I ~- - - - - - - - - - - - - - -'- - - - - - - -
,

1- - - - - -1- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I 1

I 1 Consonant II ,: Consonant if
" 1Person - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - -- - - - - - - - --

I I V (mv) 'T'(Sec) K B(Hz) I V (mv) -r(Sec) K B(Hz)
11m . I m- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~I I < }. I

1 1 1 145.00 0;20 13.7969 145.00 0.20 13.79 69 I
1 I. 1
1 2 I 125.00 0.20 16.00 80 117.50 0.20 17.02 85

, 1

: 3 : 150.00 0.20 13.33 67 140.00 .0.175. 16.32 93

I 4 1 110.00 0.18 20.20 112 105.00 0;16 23.80 149
1 1
I 5 1 150.00 0.20 13.33 67 150.00 0.20 13.33 67
I
I 6 ,105.00 0.20 19.04 95 102.50 0.16 24.39 152

I 7 '85.00 0.16 29.41 184 11,0.00 '0.15 24.24 162
1

1

I 8 1 135.00 0.19 15.59 82 135.000.20 14.81 74
1

1 9 1 110.00 0.15 24.24 162 90.00 0.15 28.07 187

I 10 1 115.00 6.20 17.39 87' 110~O(j' 0.20 18.18 911 I . t

1 I1- 1 - _ - - - - - -
. ---_._.

"
TABLE 19.

-,
\Jl0)



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

Persons

..,
1- -,
I

- -,
I

I

I

182

111

187

187
85

132
169
99

19.75
25.39
16.80
27.535

28.07

18.82
28.07
17.02

Consonants 'lf

_ _ _ .J

0.15 20.51 137
0.16 21.73 136
0.15
0.15
0.17
0.15

0.15

0.17
0.15
0.20

7(Sec) K B(Hz)

,

130.00
115.00

13.5.00
105.00
140.00

125.00

95.00
117.50

97.50

95.00

- - -V (mv)m

----,-

114
136
132

178
104
178

198
I

127
187

83

B(Hz),-----
18.18

K

29.63

21.73
19.75
26.67
16.67
26.67

19.04
28.07
16.67

0.16
0.16

1;(Sec)

0.15
0.15
0.16
0.15

0.15

0.15
0.15
,0.20

Consonants "f

I 137.50
I

I 115.00
1
I 135,00
1 ..100.00,
I 150.00
I
I 100.00

-1------
1

'-v,- (mv)
1 \~ _- ,-

1
I 90.00

\

I 140.00
I

1 95.00
1

I 120.00
I

__ L- ..,

2

5

6

?

9

8

1
1,

3
1j.

10

r - - - -
I

1
1

r
I

I

1

I

1

1

1
I

I

I

I

I

1
I

I

I

1

I

1
l- _

;l'ABLE 19.

,. -'v'
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Frequency Bandwidthof Bengali Consonnntsy
Er?n?~c~d_bt ~i~f~r~n!Ee~s~n~(~e~a~e_v~i~e2

- ..,
I

118

132
130

142
104
178
187
132
197
127

•
I ~

:':7 I-----

19.75
20.83
17.77

Consonant~ .

0.15

0.15
0.16

135.00
120.00
150.00

142
1"'°//22.22

21.33

19.75 132

- - - - - - - - - - - - - - - - - - - - - - -

0.16

0.15

0.15

0.15 25.39 169 110.00 0.16 22.72
0.15 19.04 127 150.00 O~16 16.67
0.1l~ 30.07 215 100.00 .0.15 26.66
0.15 29.62 197 95.00 0.15 28.07
0.15 20.51 137 135.00 0.15 19.75

30.48 20~ ... _ ..- ... - - - 0.15 29.620.15 90.00
Q.20 19.04 95 122.50 0.16 20.41

Consonants 'l

125.00
112.50

105.00
135.00

140.00

I

I - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - 'I . ". . I

I Ym (mv) 'T(Sec) K B(HZ); Ym (mv) ~(Sec) K . B(Hz) •
- r - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - ~

I

I

I

I

I

-----

6 • 95.00
7 I 90.00
8 : 130.00
9 I 87.50

I

10 I 105.00
I----~----

I- - - - - - - - - - - - - - - - - - - - - -

I

I
I Person
I.- - - -
I 1
I

I 2
I
I 3

• L~I

I 5

TABLE 19.
.-'
8



Frequency Bandwidthof Bengali Consonants
Rr~n~~c~d_b~ ~i£f~r~n!Re~s~n~(~e~a~e_v~i~el

~ - - - - -I - - - - - - - - - - - - - - - - - - - - I ---- ---- ----- -- --- ----;
I I Consonant '* I Consonant Y" I

I Person 1- -- - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - ~
I I V (mv) 'T"(8ec) K B(Hz): Vm (mv) -r(Sec) K B(Hz) I
I 1m, I
~ - - - - - - - _. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I I
I 1 127.50 0~18 17.42 II 97 -- 135.00 Q.16 18.51 116

", I I

2 I 110.00 O~20 18.18 91 120.00 0.18 18.51 103 I

1-1:?5:00
I

3 0.175 16.93 97 132.50 0.175 17.25 99 II •
4 I 115.00 0.18 19.32 107 120.00 0.17 10~60 115 I

I
5. I 155.00 0.20 12.90 65 155.00 0.20 12.90 65
6 'I 110~00 0.16 22.72 142 112.50 0.16 22.22 139

7 I 112.50 0.15 23.70 158 110.00 0.15 24.24 162
I

8 , 140.00 0.19 15.03 79 130.00 0.21 14.65 70

9 . 115.ob 0.15 23.18 155 105.00 '0.15 25.39 169
I

I 120.00
I

10 I 115.00 0.20 17.39 87 0.21 15.87 76
I ,

1L _____ 1_________________ , ____________ - - _ - - - - - - - - - - -

J 'rABLE 19.

->
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Frequency Bandwidth of Bengali, Consonants
pronounced by different persons(Female voice)
~ - - - - - - - - - - - - - - - - - - - - - -

~ - - - - - - - - - - - - - - - - - - - -"- - - - -- - - - - - - - - - - - -I
I I

1 Consonant <: I
I

I Person 1r - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -
I V (mv) 'l"(Sec ) K B(Hz) I. I
I m! 1_ _ _ _ _ _ _ _ L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - -
I I

I
I 1 125.00 0.10 32.00 320 I

1
I

j
I

I 2 110.00 0.12 30.30 253 I
I

I I I

3 I 130.00 0.10 30.77 ,308'I I
I

I 4 117.50 0.10 34.04 340 I
1

I 1
1

I 5 155.00 0.14 18.43 132 I
I

I I

6 I 110.00 0.10 36.36 364I I
I

I 7 85.00 0.10 47.65 ,471 1
1

1 I
1

1 8 120.00 0.15 22.22 148 I
I

I I

9 I 100000 0.12 33.33 278I I
I

I 10 115.00 0.12 28.98 241 1
I

I 1
I

I I
f- - - - - - - -1-,- - - - - - - - - - - - - - - - - - - - - - - - - - - -

TABLE 19.
-'(J)
IV



Average Bandwidth of Bengali Consonants!~_E~~~!~_Y2!£~~ _
r - - -
-Gonsonant,;!t", ,

1

I

I

I

I

I.

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

,r l~

-r
I

I

1
I

I

I

I

.1

I

I

I

I

I

_ _ _ _ _ _ _ .1

TABLE 20.

Bandwidth
(Hz)

137
141
115

127
130

132
113
146

112
129
134
139 -

257
127
140

120
127
231
114 ..

133

- - - - - ...
I

I

..J

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

1

I

I

I

I

1

I

I

I

I
I

1
I
I

--!

. .:,



Average Bandwidth of Bengali Consonants!g_E~~~l~_YQ!£~~ _

164

t" -

I

I

T

Consonant Bandwidth
(Hz)

120

151

238

149

100

123

144

142

I. 156 ~ c
I

145

108

111

285,

I
1- - - - - - _.- - - -

TABLE 20 •.

. I

I



Average Bandwidth of Bengali Vowels
in Some Words in Male Voice---------------------------~--------

I---------------I------------------I---------~---------~~~
I Vowel :. Words I Bandwidth. I
I I I (Hz) I
I I I Ir---------------,------------------r---------------------~

-.,
I
I
I
I
I
I
I
I
I
I
I
I
I

--I
I
I
I
I
I
I
I
I
I
I
I
I
I

----!

1942

2801

- - .• - -

~ 1511

\li'lf~ 2275

\lifll~ 2337
-I - - - - - - - - - - - - - - - - - - -
I
I

~ 430I
I
I
I 1370I ~'T""I •
I
I
I ~F 1871I
I

-1 - - - - - - - - - - - - - - - - - - -

- -.

hr 2580

~~ 3154

~fil~P'f 3465
----- ---1-- ----- - - -

~l\ 1485

~ ~'Ti[ 2590
~l\~ 3010

L
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1"" -

1""
I
I
I
I
I
I
I
I
I
I
I
I+- - - - - - - - ~ - - - -

I
I
I
I
I
I
I
I
I
I
I •• 3244 .I ,,~~ I
I I~ L !

TABLE 21.
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Average Bandwidth of Bengali Vowels
in Some Words in Male Voice----------------------------------_.

- - - --~

- - .•. - - --'
2240

2363'

2513

2632

2240

2028

1498

3122

1358

871

1863

1485

1393

1371

~---------------~--------------------~---------------------;1 I
1 Vowels I Words I Bandwidth l
: 1 (Hz) 1
1 1r---------------r--------------------,---------------------,

I t;~ I 2005
1 1

1 t;~. I
1 1

I I
t;~,r"l Ir- - - - - - - -I - - - - - - - - - - I

1I 1 $'1" 1
I I 1
1
: ~ .~~ I
1 • 1
1
1 1 II I ~'I"Z~ 1
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - -~

I I I
1
: <!l~ I
1 1
I
I <!l <!l.•lt I
I •
1 I
1
I I
1 <!l~
I I
1L _ _ _ _ _ _ _ L _ _ _ _ _ _ _ _ _ _ 1_ _ _ _ _ _ _ _ _ _ _~

1
1 I I
1 ~~
1
1
I
I
I
1
I
I
I
IL _ _ _ _ _ _ _ L _ _ _ _ _ _ _ _ _ _ 1_ _ _ _ _ _ • _ _ _J
1
1 1 1
1 $••
I I.
1
1 1
1
I 1
I
I
1
I
1L _ _ _ _ _ _ _ L _ _ _ - _ _ _ _ _

TABLE21.
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Average Bandwidth of Bengali Vowels
~~-~~~~-~~~~-~~-~~~-y~~£~~-------

1728

1099

1452

~----------------~------------------1---------------------,I I: Vowels 1 Words 1 Bandwidth :
I 1 1 (Hz) IL----------------1-------------------1---------------------~

I
I
I
1
I
1
I

"I
I
I
I
1
I

~ - - - - - - -- L - - - - - - - - -1- - - - - - - - - - -1
1 1
I ~~"f 1241 I
I I
I I

I 'H ~~'f 1236 I
I 1
I I

I 1226 I
I ~~'fB 1
I 1 Ir - - - - - - - - I - - - - - - - - -1- - - - - - - - - - -1
1 I
I I
I ~Il: 820 I
1 I
I I
I 15"1: I

•I ~: 762 I
1 1 I
I I
II I
I 'If'/": 714 II ~ I
1 I
1 I I I
I 1 1 I-----------------------------------------------------------,

TABLE 21.
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Average Bandwidth of Bengali Vowels
~B_e2~~_~2~~_~a_~~~~1~_Y2i£~~_

- - I-
384

1765

1189

1586

1385

2072

997

2886

1086

26~

1911

2200

2414

2053

1568

_ _ _ _ _ .J

1

1

I

1

I

I

-l

_1- _

1

I

I

I

I

I

-1- -

I

-----------------.------------------.----------------------.
Vowels 1 Words Bandwidth:

1 I . I (Hz)... :~----------------------------------------------------------~I I 1
I
I ~ I
I
I I
I
I ~ ~~ 11
I I
I
I ~<m 1
1
1I... _ _ _ _ _ _ _

1
1
1
I
I
I
1
I
I
I
I
1
It--------
I
I
I
I
I
I
I
I
I
I
I
1
I
1 1
r - - - - - - - - - -
I
I
I
I
I
I
I
I
1
I
I
I
I I
~ - - - - - - - - - - - - - - - - -I 1
I
J
1
1
I
I
I
1
1
J
I
J
1 J I

, ,. ~.- r~ ~=..••...._.•.•.__.,..-_...•__.... +---- :... _J._ ..:.._ ..•••..•.-;..-;;._ ..:..~ •••;:.._ •••~.L.---- ..•.•_.,..

TABLE 22.
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Average Bandwidth of Bengali Vowels
in Some Words in Female Voice.

I-------------------~--------~---------~---------------------~I I: Vowels I Words I _ Bandwidth I
1 . I I (Hz) I______________________________________________________ - 1

1 I

1 ~~ 1 1464-
1 I

~ I Gfi I 983
I I

I ;,._Je",", I 2380I ,,'l<I.... 1

...•- -- -- --~---

1663

2035

1050

1785

1760

1485

1268

676

920

1568

980

- +- -

- - - -"1- - _ _ _ _ _ _ _
I
1
I I
I
I I
I
I 1
1
I 1
I
1 I
1
1 I
1
~ - - - - - - - - -I-
I
I
1
I

; I
I
I
I
I
I
1
I
I~ - - - - - - - - -1- ~ _
I
1
1
1
1
I

: ~ 1
I
1 1 I,
I I ~~m I
I , I
1r - - - - - - - - -1- - - - - - - - - T - - - -

I ~~. I ~~~O
•I 1

1 ~~" I
I I

I ~~ I
I I-------------------T------------------T----------------------r

TABLE22.
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Average Bandwidth of Bengali Vowels~~_~~~~_~~E£~_~~_~~~~l~_Y~~£~~_

720

1017

972

r-----------------r------------------,----------------------,
I Vowels I. Words . I Bandwidth I
: I I (Hz) IL---~-----~-------L-------------~----lr---------------------~

I
I
I
I
I
I
I
I
I
I
•I
I

~ -- - - - - -- ~ - - --- - - - ~ - - - - - - - - - - ~
I I
I ,
I ~vr 848 I
I ,
I •
, I
: .~ (.<[ 832 :
I ,
I ,

I ~3 I,~vrnl I I
I , ,

r - - - - - - r - - - - - - - r - - - - - - ~- - - ~
I' I
I. .' ro".. '.'"'~ 618 c~
I I ,
I I I
•• I
I ~:, 607 II I \5""T: I
I' •'I ,: I ~~: 490 :
I I •. I'I ,~-----------------~-------------------~---------------------~

TABLE 22.



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

640

1041

1662

1187

-1247

1-------------.,-----------------..,-----.---------------------------,
I Consonant 1 Words 1 Bandwidth '
I I ,(Hz). " 11-------------,-----------------,--------------------------------~

1
1 1 I~m
I 1 1

I '!' ,!,j["'Ij 1

1 1

1 'il'~ 1
1 1
1- 1_ _ 1 - _ - - - - - -

I I I

I 1 ~ I

I

I

1

I 1635'l/"QI!
1 1 ,,- - - - - - - 1- - - - - - - - -1- - - - - - - - - - - - - - - - ..I

, I
I 'TI!~ - I 909 1

5f~,;[
1

974
1 1

1 '5Tm I 1681
I 1

1- - - - - - - ,- - - - - - - - -1- - - - - - - - - - - - - - - - J
1

'f"i 1 682

rJ~~ 1966
,

'JR'lt 2497

1

1
1- - - - - - -1-

1- - -- -

1

1

1

- --I

550 -

1613

2333

_______ 1
1
1

I

1
I

-:I

- - - - - - - -~
•. .t"

TABLE 23. ~:,:/,l ~"{'-o"~
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Average Bandwidth of Bengali Consonants
in Some Words in Male Voice.---------------------------------------

r------,..-------,------------------r---------------~------ ....----.,
I Consonant Words .I Bandwidth I
: I 1 (Hz) :~--------------------------------------------------------~-----~I I

1 ~ft 1547
I

1572

399

505

1841

1191

1913

1409

I

I
1 ~"'H IL ~ ~ J

I I I I . ,
1I I ~if I
I
I
I
I
I
I
I
I ~~if
1 1 I
1r---------------r-----------------,---------------------------,
I ~ I
I 1 I 356 I
: I ~W I
1 I

I I oar ••• ,.,. 1347 I
I ~ I""'... I
I I

. 1 I--I ~if'fif I 1199 I
I. I~---------------~-----------------_r---------------------------~

I
1 ~ I 456 :

I
1
1
I
1
1

I ~ 1 1706 !
I~---------------~-----------------~-----------------~---------~

I I
~~ .

1
'I .~~ 2567

I .••...•..•..".
I 0",0, 1 2041
1 I----------------r----------------------------------------------,

TABLE23.
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Average Bandwidth o~ Bengali Consonants
in Some Words in Male Voice.

- - - - -~

2614

506

475

2272

1558

1511

1622

1144

1235

437

r---------------l-------------------,--------------------------,
I Consonant I Words I Bandwidth l
I I I (Hz) .1---------------------------------------------------------------,
I I I
I I 10., I

I I I

I 10 I IO~. I

I I I

I I lO~if I

I I I- - - - - - - - - - - - - - - - '- - -I I I

I I 11'l' I

I I I

I 11 I Vir I
I I I

I I 11~ I
I I I
r - - - - -,- - I - - - - - - - r
I I

I I

I I

I I

I I-------
I I

I . I

I I
~ I ~\5lfi5 I

I I I

I I ~lT~ I 1886
I I I ••.

~ - - - - - - - , - - - - - - - - - r - - - - - - - - -I'
I

I 469 I
I I

I

I 1343 I
I I

I

A-. I 2412 I
I I '{''''OJ I I

. . I
I . I I I----------------------------------------------------------------

TABLE23.
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in Some Words in ~ale Foice.---------------------------------------

------------------------------------------------------------ ~
I I" I . I
I Consonant Words Bandwldth I
I I I ( ") II Hz It---------------~-----------------J------------------- J
I I I

I I "'I I 590
I
I I

:" "'lJ I 1783I
I I

I IlH'l I 1018
I
t - - - - - - - J - - - - - - - - J - - - - - - - - - - - -1
I I I

I 'l~ 1858
I

1509
1621

1602

1551

I

I

I

I

I

I

I

I

I

I

I

I

+ - - - - - - - - - - - - - - - - - - - - - - - - -~
I
I
I
I
I
I
I
I
I
I

1667 I
I I

t - - - - - - - I - - - - - - - - I - - - - - - - - - - - -1
I I
I ~~l! 1445 I
I I I
I I

: ~ I ~h 1486:
I I I
I I
I I ~GR II I 1657:
I I+ - - - - - - - ~ - - - - - - ~ - - - - - - ~ -~

I
I ~i[ I 466 ,I
I I i I

i I

: ~Wrfl : 1004 I !
I II
I ToM I 1570 I
I I I~---------------~-----------------~------------------------~

TABLE 23.
".-.:~f~



Average Bandwidth of Bengali Consonants
:!::e_~S~.L~£E£~.j;EU1~LY£:!:£~::. _

__ -l

______ oJ

356

470

1359

1504

1510

1505

1268

1195

1634

,- - -

.- - -t- -

I- - - - - ~ - _

r~--------------T--~-----------------r---------------------~~ I: Consonant I Words I Bandwidth I
: I I (Hz) . :
1------------------------------------------------------ ._-1

I I
i5ll I

I

I

I

1

I

I

1

I

I

1

I

I- - - - -.-

I

I

I

I

I

1

I

I

I

I

I

I

I

I

I

I

I

I

Ir - -.- - -~-- - - - -_.- - - - - - ~
I I
II 7= II"..•.~ 952
I I
I I
I I
I "" 111 II" liiIT I
I 1
I II I 13~ 1129 :
I I I I
t - - - - - - - , - - - - - - - -1- - - - - - - - - - -~
I I
I I 902 II ifi5T I
I I; I I

:1 if Ii I 1281 II~-;; .

I I 1
I I

: if1tn!'l I 872 :
1 I I I+------------------------------ ~ 1

TABLE 23.
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384

1491

1411

504

1161

1517

I

I

I

I

T
I

I

-1-

I,
I,
I-,-
I

I

I

.~
I

I

I

'S"r -.~
I .

r- - - - - - -
I
I
I
I
I
I
I
I
I
I

f-

L ,_
I
I- - - - - - T - - - - - - - - - -~
I
I
I,,
I
I
I
1
I

I ~m I 2405 :
I I I

'I I I------------------------------------------------------------,

r--------------~--------------~-------+---------------------,I I
I Consonant. ! Wor,is - 1 Bandwidth' I
I (rr ,)- , II I I nZ... I~------------------ J

I I I
I

I 1%0 I
I

I I
I

I 1258 I
I

I I
I

I 1627 l
I I

I- - - - - - - - - T - - - - - - - - - -~
I

I I
1422 I

I
I
I
I
1
I
I

- - - - - - - - -~

TABLE 23.,
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Average Bandwidth of Bengali Consonants
in Some Words in Male Voioe.,-------------------------_._- ..-----------

r----------------,--------------------.--------------------,
10' t .. "d B,,'dth' II onsonan '.. I. wor s._. I. aI'_va.. "c. I
I (E') II . I I"'Z .. I
~----------------------------------- J

I I

I

I

I

I

I <f>l' I

I I

r - - - - - - - - ~ -- - - , - - - - - - - - - -~
I I
I I I
I I
I I ~ I 808 I
I I
I 'J I I I
I I
I I «- I 104-0 II . "li' I
I I I I
I I
~ - - - - ~ - - - - - ~ - - - - - - - - -~
I I
I I I
I I
: f-! ~.. I • 8720 I
I I I
I Ir'-- - - - - - - r -- - - , - - - - - - - - --~
I I
i 11 Ii)! I I
I t
I I 77/, I
I It - - - - L - - - - - - - - _ J _ _ _ _ _ _ _ _ _~
I I
I ': '!1i'r~ I

I 1163 I
I I I I
I I IL--~- -L J ~-------------1

TABLE23.



Average Bandwidth of Bengali Consonants in some
words in Female Voice.

446

812

727

836

596 ..

682
1144

1132

1142

~----------'-------------------I----------------~-------
bonsonant _~~J Words. J Bandwidth._
I I I (Hz,"<,r----------~--~----------------~--~--------------------
I
I
I
I
1
1
I
I
I
I
I
I
I~~---------i-------------------l---~-------------------- I
I 1 I
I I 1
1 I I
I I .1If'lt 1
1 If I I
I I I
1 I lltSW I
1 I I
I I I
I I I
I 1 llt~~ 1
1 1 1
I 1 I,----------,-------------------,------------------------
'1 1 1
1 1 I
illI I 'IT''~,.- :
I I I

I '1': 'Jf'.. :
ill
I I ",c.. I
I 1 "' II:> 1
.1 1 1
I I I~----------T-------------------~------------------------,I I . I 1
I I I I
1 I 1if~ I 452 I
1 I I 1
I if I I I
: : ~~ : 1383 :
I I I 1
I I 1 167'6 II I 'T~ I I
I I . I • IL ~ ~ --~

1 I . I 1
I I 1

D-I n I 374 .1
1 I 1

I I 1126 I
1 D~'if 1 I
1 I I
I I 1642 I
1 W" I I
I ~ I I___________! J J

TABLE 24
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Consonant I Word I Bandwidth

• I (Hz).-.~,I I I ....: L _ - -"_ ":.---' --------~-~------------~--~--------------------, 1

1076
1110
1352

347

972

276

319

820

1656

1194.

1430

+-----------~--~-------------~-----------------------
I I'
I I
I •• II ~ .
I
I
I
I "!lor~ .~ 812
I I
I I

: 1288 l
I ~~ I
I ,
I I~ ~- ~- I

I I .1
I I I
I I 1
I 'llt,-~: 248- I

I 1
I. I
I 922 •I I
I
I
I
I
I
I
I~-----------~----------------~-----------------------

I I I
I I I
I I I

: V" :
I I: V~:
I I
I I
I I

: V~'jL"' :
I I
I I
I Ir-----------,----------------,------------------~----,
I I
I I

I
I
I
I
I
I
I
I
I
I
•I
•L J J -J
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358

305

854

782

1"'''

r-..----- -----T.~--------------------T-.---------------------~_1
: Consonant : Wor-J. I Bandwidth I
I I I (Hz) I
I I I It---.----------.,.--------------------.,.----------------------- --I
I I I
I I
1 II _ I
1 ~ I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I 1r------------.,.--------------------r------------------------,

I
I
1
1

327

1057
I
Ir------------r--------------------L------------------------1. r . I

I I I I
I. I <ltT. I .' I
I '5 I ~- I 1048-'" " 1
I I I - - I
I I I I
I I I I

:: : 1588' :I I 1TIV;ft . I I
I I 1 I
I I I I~------------~--------------------~------------------------+I I I
I I ",C>.. I
I I ..••'01 I
1 1 1135 I
I I I
I. I I
I ~ I I

: : ~~'5 1874 :
I I I
I I .•• I

:: 1320:I I IlflTIlflT I
I I I
I - I .' I~------------r--------------------r------------------------T
I I I I
I I I I
I I "., I 321 1I I •••, I I
I if I I I
1 I I I
I I I 940 I
I I if~if I I
I I I I
I I I I

I : ~or: 1668 :
I I I I~------------~--------------------~------------------------+

TABLE 24
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I Consonant : i-lord: Bandwidth :
: : : (Hz) :
1 I I . I.1.- -l- -l __• ...1
I ' , 1 I
I .• I
: 11or 412 " I
1111
I I

I I10li 1248:
I I
I 1
I ~6 I
: 1 lf1f;:i'\ ,I
I I I. J ~ _l---------------------...I

'.1 I I
I 1 I
i ~.. : 1312 :
I 1 I
I I I
1 I 1056 I1 or'l"OIT, 1 I
1 1 1
1 I 1

i : 1133 i
I ~"tr 1 1
1 I 1
1 I Il _l--------------------4---------------------~

I I' ,I 1
I 1 I I
I I I I
I 1 <tlf 1 878 II 1 1 1
1 I 1 1
I <1 1 I I
: : "tc:i& .. : 1085:-=- :
I I 1 I
I 1 I I

: : "'~\i; : 1163 :
I 1 I I
I I 1 I
I I ' I I+---------------1--------------------,. -'.-------------------,
I I I I
I I I I

1 : n~ : 996 i
I 1 I
I I I
I I I
I 'lf~. I 1040 I
I I I
1 1 I
I 1 I
1 1 1152 _ II 'lff.Jf . I :
1 . 'I ' I_______________l__~ l__~ ---~,

TABLE 24
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Ave~<Jge 3undvJidth of lk:Il5,)li CO:lSOTJ.?..nts
in some words in Felllulc voice.

,----------------------------~-------------------------~
.: Consonants l Word I Ecwdwidth :I.: I (Hz) I"i--------------4---------------r-----------------------~., I I

I I !
I qif C 7 I 326. i
I I I
I I I

: q~-l'l: 694 :
I I I
I I I

: : 1099 :
I q~ I I
. I .,., I I
I I . I,--------------,--------------l-------------------------r
I I I
I I I

: ~il": 247 I
I I
I I
I I
I ~6'" I
I I
I I
I I
I ~~Il\"T I
I I
I I
I I~--------------~--------------~------------------------~I I I I

: I ,I I
I ~'llD I II : : 328 I

I... I I I
I ~ I I I

: : if~---- : 1063 - 1
I I" I I
I I I I
I I I '
, I 'll"~if'f I 1058 :
I I I I
I 'I I
I I I~--------------~---------------T------------------------t
I I I
I I I
I I I
I v~ I 8~ I

I I
I I

: 836 :
I ,
, I
, Im~: 1154 :

I I 'I, I. .. I . i I______________________________ L ~
I
!

TABLE 24
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Average Bandwidth of Bengali Consonants
in some words in Female Voice

622

631

896

774
792

,-------------r--------------r-:c-------------------------- I
I I I I
I I I . I
I"Consonant I Word I Bandwldth I

I : : (Hz) :t------------~---------------r---------------------------I
! '1 ,
I 1 I 658 I
I '" 1 "',...,. I 1I •• , •• ~~ 1 1
I I I
I I I
1 '1 'l!~f I
I 1 I
I 1 ,
, I I
I I 1
, I 'l!.~m I
I I I
I , I~------------~--------------~---------------------------I I I
1 I I
I I I
I I ~T I
I I I
1 or I I
I I I
I I II ,. i!1Of 1
, , I
I I I
I 1 1
I I -.:....... I
1 I "1 ~ 1111 1
I 1 I
I 1 I
~------------~--------------~----------------------------+I . I' . 1
I I I I
I I I ,
I I ."f1fO 1 1038 I
1 ••• I I 1
I -. I' I
I 1 I I
1 I "t"f I 840 I
I I I I
I I I I
I I I I

: : : 1138 :
I I 'lQ" I I
I I 1 I
I 1 I I+------------~--------------~----------------------------r
I 1 I 1
1 I I ,

: V : If'lt: 985 :
1 I I I
I I 1 I
I I I I
I I lrll"l"Ol!! I 812' 1
I I 1 1
I I I • 1
I I' I I:t------------t----~---------l----------------------------r

,I I I I
II I I ,

I"
I. ~, 268 1
I I I

1 '1 ,

I : '$f: : 984 :
.1 I ~V I 1
1 I I I
I I I I

: : '$f~: 1063 :
I Ir f "0 I IL L L L

TABLE 24
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------------t------ - --1'---------------------------------- :
9onson8nt: . \-lord: Bandwidth. :

. I I . (Hz) IJ-----------t--------------+---------------------------~-----_}
I I I I
I I I I
I I 1l"" I 352 I
I I I I
I I I I
I '!( I I I
I I I 1088 I
I I '!(~ I I
I I I I
I I I I

: : 1l"m: 1612 I
I . I I I~-----------~--------------r----------------------------------}I I I
I I I
I I =r I 892I I .,.. I
I I I
I ~ I I

: : lfV: 876
I I I
I I I

: : "t'if: 885
I I I .
I 1 I 'r-----------~--------------i-----------------------------~----I
I I I I
I I I <:;56 I
I 'I' I 'fb' I/,I
I I I I
I I I I

I : I 712 :
I I "tb' I I
I . 1 . I I~----------~--------------~----------------------------------\I I . I . I
I I I I
I I I 1
I 1f. I <ili'TlfTlf I 610 II I I 1
I I I I
I I rj----------I---------------l----------------------------------1
I I I I
I I I I
I il I .,..". I 522 I
I I -" I I
I I I I

t----------1--------------~----------------------------------:
I I I I
1 I I I
I I I 4 I
i ~ I nT~ 1 81 :
I I I I
i I I . I-------------------------------------------------------------~

TABLE 24



CHAP1:L::R - 6

'.CODING OF ~iliSSAGZSIN BENGALI L_~.GUAGE

601 Introduction

The amplitude and duration :pattern end the bandwidth
anelysis of Bengali alphabet(tin the preceeding chapters enable
us to consider digital processing of messages in Bengali. In a
digital commUl.icationsystem the analog signals are converted
to binary pulses' using 'analog to digital converters. The analog
signsl is first sa~pled at a rate which must be greater than or
equal to twice theisignal bandwidth. The sampled outputs are then
quantized into a large n~ber of discrete voltage levels which

,
are strongly related to the amplitude and duration pattern of
the siGnals.-Thesediscrete voltage .levels"are -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 communication over analog signal communication
are as follows :

1. Information is carried by discrete-symbols instead of
continuously varying pulse amplitudes. So the slgnals may be
regularly reshaped or

All digital

re~enerated. during _transmissiono

I
cirtuitry may be used in the entire system.

Signals may. be digitally processed as desired.

Noise and interference may be minimized by appropriat&
coding of the signals.



The design of a code fo:;:,efficient t:;:,allsmissionof
messages is rather difficult. However, coding ha.s the advan-
tage that it allows us to increase the rAte of information
transmission. Another advantage of coding is that it helps us
to detect errors in transmission of messages and .in some cases
to correct errors. This is accomplished by properly designing
the length of a code word by incorporating redundancy bits
\~ith the message bits.

602 Design Considerations for Digital Trfu"smission of
Bengali Messages :

From chapter 5 it is observed that the maximum bandwidth
of the Bengali alphabet£lin voice signals is 30465 KHZo

So for digitizing the symbols in Bengali messages by an. ..

analogcto digi tal-conve'Cter ,the ~s2mpler -,shouldchave. a .sampling

rate

fc)- 2 x 30465 KHZ

or fc ~ 700 KHZ (aIJpo)

There are altogether 48 alphabet()(Vo~els and Consonants)
in Bengalio If each symbol is equally likely to occur the infor-
mation rate af a-pulse code Jiodula.tieD (PCM) .system will be

Cav~ 700 x 103 Log2 48 bits/sec. = 39097 bits/seco which
is the Sharron's limit.

Now since in practice the symbols are not e~ually likely



-
187

to occur, the -rate of information should be

•
n
L
j=1

P. Log P. bits/sec.
J J

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

Now the entropy component - P. Log P. has been previ-_ J J
ously calcul ated to be 4.554 for Bengali Language 1:>:1Das [3J,'
SO practically

c b 700 x 103 x 40554av ~ bits/sec.

The redundancy factor for a language can be calculated
from

Which gives the difference between the theoretically
maximum entropy and the practically occuring entroy of the
messages. For messages in Bengali Language

R = Log2 48 ~ 40554 bits
= 5.585 40554 bits
= 10031 bit

= 18.46%

The percentage redundancy is = 10031
5.585

x 100

-<
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An Algebraic Coding Scheme for Bengali Messages:

There are various types of coding. One of them is the
alE;ebraic coding [9] • In this system information is trans-
mitted along with redundancy bits which are meant for correc-
ting errors during transmission. Let us suppose that when a
bin9ry 'a' is to be transmitted we transmit a sequence of three
O~S (000) and ",hena 'I' .is to be transmitted we actually trans-
mit three 1's (111). These triplets of a's or l's are redundant.
Because two of the O's in 000 and two of the l's in 111 carry
no information to th~ message. Now let us suppose that not more
than one error occurs in the above cases of tripl~t. Then if
we receive 100,010 or 001 we may be rather certain that the tran-
smitted message was actually 0000 On the other hand if we receive
1110, 101 or Oll,we may be rather sure that the transmitted me-
ssagewas actually Ill. So redundancy has actually helped us to
detect the occurence of an erroro

Now let us suppose that we have M equally likely messages.
We encode these in M message words each of length K where M=2K•
Each of these code word has no redundancy. Each bit in each
message code word conveys an amount of information I = 1 bit.
If we add 'r redundant bits to each message the transmitted code
word will h~ve n = K + r bits. The total number of words is 2n

while the total number of possible messages is 2Ko A t7Pical code
word will have the form

Where ai is the i th bit of the message and C
j

is the j th



/I •••, , •

1 :. ::

redundant bit .. These redundant bits are called pari t3''''chec~L.:

bi~. aj and Cj both may assume the values 0 or 1.

The parity bits are selected to satisfy the linear

equations,

,
o = h21a1+ h22a2 + •••••••••••h2k ak + 0C1 + lC2 + ••••••+ OCr

------------------------------------------------------------------

•.•..• (6.3-1) •

,The co-efficients hij are either 0 or 1.

The rules of algebra are as follows

Addition. -0 + 0 -= 0

o + ,1 '" 1

1 + 0 = 1
1 + 1 '"0

.Multiplication 0.0 = 0
0.1 = C
100=0
1.1D =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 another by the
number of parity bits and the selection of the coefficients h. :.:J.J
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rows and n columns and is given by
The H m8trix is defined as a rectangular matrix with r

•

H =

h11 h12 •..............• h
1k

1 0 0 .......... 0

h' " h22 ............... h2k" 0 "I 0 .: ........ 021

--------------------------------------------------------

f

t
I

hr2 hrk 0 o o 1

The column matrix T representing the transmitted code word
is defined as

31

a2
•

T .
= "k (6.3-5)

c1
c2
•
•cr

Then equations (6.3-1) may be written as H T = 0 (6.3.6)
The column matTix T is a vector, with components a1, a2

Let us now suppose that the received message is R which
mayor may not be the transmitted cpde word. Let us also
suppose that at the receiver we have an appropriate apparatus
to form the product HRo If HR * 0, we know that R is not a
possib~e message gnd error has occured.

i
!,
I
f
I
I
I

I
i
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We hove 48 al~habets in Bengali. So we can code any
of the 48 alphabets by 6 binary digits excluding the redun-
dant 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 + r = 6 + 2 = 8. The H matrix has 2 rows
Bnd 8 columns. F,ro:;:"thematriX r':T.'rancement'We' can see' that
it is not possible to have each of the 8 columns different from

,

~

r
I
•!,
!

every other. Hence 2 redund=t bits are ,not enough. Similarly ,
redundant bits are not also sufficient. If we add 4 redundant
bits then r = 4 andn=6+ 4 = 10. The H matrix will h9ve 4
rows and 10 columns. 'vIi th 4 digits in ee,chc,)lurunwe have 16 !
possible different columns. 'vIecan choose any 10 of the 16 coil- Iumns.

Let us form the H matrix as
••

;a1 ~ a, a4- a5 a6 c1 c2 c, c4-

1 1 1 0 1 0 1 0 0 0
1 1 a 1 0 1 0 1 0 0

H= (6~3..7)1 a a 1 1 0 0 0 1 0
1 a 1 0 a 1 a 0 0 1

Since n = 10, there are 210 = 1024 possible 10 diGit
, sequences. ~he H matrix of equations(6.,-7) can be used to determine
the required number of sequences of 10 digits which will ac-
tually be recognized as mess"ges at the receiver. Let us con- r',

sider one o~ the messages to be 101010. with 4 redundant bits

let the complete message is 101010 c1 c2 c, c4-'

",



we hElve,

t,
I .'~

10
,
.L ~

0

1

0

:aT = H C1 =0 (6.3-8)

C2
C3
C4

1+0 +1 + 0 + 1 + o + C1 + 0 + o + 0

1 ~O + 0 + 0 + 0 + 0 + 0 + C2 + 0 + 0

1 + 0 + 0 + 0 ,-1 +0 + 0 + 0 + °3 + 0

1 + 0 + 1 + 0 c- -0 + 0 + 0 + 0 + 0 + C4

So we get, c1 = 1, = 0

The message is then represented by the code word 1010101100.

In a similar way the comp12te code word for any message can

be determined.

I
To see how coding may be use~ to

us assume that due to such an e~ror

correct single error let

the received sequence is

1010111100 instead of 1010101100. The error can be checked and

corrected by evaluating the syndrome

S = H Ii. •••••••.••••••••••••••••••••.•.•• (6.3-10')
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~Ih.::2:.C R is the received code. IrS equals any of the column
of the'H matrix then the tr,msmi tted code will be in error •

•
Considering the above example

1

S=H:R 1 1 1 0 1 0 1 0 0 0 0
=

1 1 0 1 0 1 0 1 0 0 1

1 0 0 1 1 0 0 0 1 0 0

1 0 1 0 0 1 0 0 0 1 1

1

1

1

0

0

(6.3-11)

1 + 0 + 1 + 0 + 1 + o + 1 + 0 + 0 + 0 0

" ' 1 0 + 0 0 0 1 + 0 + 1 + 0 + Q 1+ + + +

1 " ,6.3-12)'+ 0 t- O + 0 + 1 + 0 + 0 + o + 0 + 0 0

1 + o + 1 +0 + 0 + 1 + o +0 +0 + o +0,' 1

Since the s;yndrome is identical 1'liththe sixth column of
the R matrix it is obvious that the sixth digit is in error and
hence the corrected code is 1010101100.

,

604 A Convolutioh Coding Scheme for Bengali Messages:
I
!

A convolution codine; scheme can be adopted for Bengali
messageso In this system the message can be coded in a conti-
nuous manner usine; computer circuitry. Convolution codes are
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generated with a shift register which is a cascade of storage
of memory devices being capable of storing 1 binary digit.The
1 digit storage device may be a flip flop which stores the
digit 1 or 0, depending on which of its two allowable states
it occupies.A shift register using four 1 digit memories is
shol-min fig..13.

A stream of binary encoded data is applied to M1• 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 each.of the
memory devices shifts one stage to the right. The code is generated
by combining the outputs of a K-stage shift register employing a
v modulo-2 adders. In fig.13.K= 4 and V = 3. V1, V2 and V3 are
the outputs of the adders.

V1 = 81

V2 = 81 + 82 + 83 + 84
V3 = 81 + 83 + 84

(6.4 -1)

The first bit of the input data is entered into M1• During
this message bit interval the commutator samples, in turn, the
modulo-2 adder outputs V1, V2 and V3• Thus a single message bit
yields three coded output bits. wnen the next message bit enters
M1, the bit initially in M1 transfers to }~ and the co~nutator
again samples the V adder outputs. The process continues until
the last message bit enters M1• Then in order to ensure that
every message bit may proceed entirely through the shift register
and hence be involved in the complete codinE process, enough O.'s
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are added to the message to transfer completely the last
message bit through M4 and hence out of the register. The
coded output bit stream for 101010 will be

C = 111 010 100 001 100 001 011 011 {l00 000(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) c::V L.
This mecillSthat the number of code bits is equal 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.

A Complete Code Tree for Bengali Messages.

A complete code tree for Bengali alphabets is shown in
table 25. Out of the 64 coded symbols, 48 can be used to repre-
sent the Bengali messages. This code tree applies to the convo-
lutional encoder of figure13 for which K = 4 , V=3 and which
is constructed for the case L = 6 corresponding to a 6 bit me-
ssage sequence for encoding Bengali messages.

,
The code tree starts from the left position and corres-

ponds to the situation before the occurrencJ of the first me-
I

ssage bit, which may be either a 1 or a o. Jhen the inpu~ bit
is 0 we shall diverge upward and when the bit is 1 we shall
diverge downward. For the mess~ge 101010 the first is 1. Ente-
ring the tree at the node A we move downward to the lower branch
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and to node B. From e'Juation(6.4-2) we find that when the first
input b~t is 1, the output of the coder is 111. So the lower
branch associated with node A in table 25 is marked as 111. The
second bit is O. we now diverge upward from node B. We see ag~in
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 010. Following this procedure we find that the
message 101010 indicates a downward divergence from node C to node
D, an up\.••.ard divergence.from D to E, a downward divergence from
E to F, an upward divergence from node F and from there out to the
end of one of the branches of the tree. The path through the tree
is shown by the dotted line. Reading in order, the bits encountered
from entrance to exit of the tree, we can find the code give~ in
equati~n (6.4-2) for the message 101010. In decoding ~rocess the
message is reconstructed from the path taken through the code tree.

Discussion:

In this chapter an attempt has been made to develop digital
coding schemes for Bengali messages considering the time a~plitude
pattern of the Bengali alphabets. It has been fDund that for an
analog to digital converter the sampling rate should be 7 KHz and
for Bengali 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 c~ecking
errors during transmission at least 4 redundancy bits are required
to design an algebraic coding scheme. Alternatively if a convolution
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coding scheme is adopted a stream of 30 bits are to be
transmitted 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 for digital commu-
nication in Bengali language.

".
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100010

100011

100100

100101

100110
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o

101000

101001

101010

101011
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110000

110001

110010

110011

110100
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110111

111000
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111011

111100

111101

111110



200

CHAPrER 7

GENERAL DISCUSSION A1~ CONCLUSION
•

701 Concluding Remarks.

A statistical analysis has beeh carried out on Bengali
alphabet in voice signals recorded from twenty Bengali persons
of different ages and profession. We have mostly chosen average
standard educated speakers as informantso Most of the speakers
possess a command over their own d~ectal forms. But we have not
tried to seperate the di~ectalfeatures if any from their spoken
discourse.

From the recorded data the electrical characteristics of
the alphabet such as signal amplitude,duration and bandwidth
were calculated _ for all the. 48 _letters (Vowels and Conso-
nants) in Bengali language. Since the data varies from person
to person a statistical average was made on amplitude,duration
and the bandwidth for speech samples recorded from ten males
and ten females. The data from male and female voices were pro-
cessed seperatelyo We have studied the letters - uttered both
individually and occurring in wordso 39 words were selected
for studying vowels and 94 words for consonants. There is a

,
clear declination ;Ofboth amplitude and duration of a letter
used in words comJared to its isolated utterenceo The ampli-

I
tudes and duration pattern was discussed from the phone~ic
point of view. From the time amplitude pattern of the signHls
their bandwidths were studied by the method of Gaussian speqt:;um

~"!J',,./ -



in 'words in cc.:ni';;,i.l'~~::_:1 "".rith its b;1ndvlid.th in individual :prcnun-

ciationo The results of +' ,L..nlS statistical analysis are shown in
tables 1 - 24. Fro~ the data of bandwidth Enalysis we can suggest
that the barid\vidth'of c. telephone 'channel which will p2.SS the
Bengali Voice Sign:Jls distinctly and smoothly should be 3.5 KHZ.
Statistical determination of the signal pattern and the frequency
bandwidth of Bengali alphabets enabled UG to think over develop-
ing digital transmission schemes for Bengali messageso For this
purpose an algebraic coding scheme incorporating € message bits
and 4- redund.ant bits for Bengali messages has been suggested. Also
a 6-bit Convolution Code Tree with 30 bit stream has been develope
for coding and decoding of Bengali messages.

7.2 Suggestion for Future.Works

The following works may'be su[';gestedfor future-research
related to the present work:-

(1) Synthesis of speech from analytical data by the method
of p:--ediction.

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

(3) Vocal therapy by recognizing the signal pattern of
fine a."'1d'SNeet voices.

'.,....- ,
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analysiso The bandwidth of a letter increases considerably
in words in comparison with its bandwidth in individual pronun-
ciationo The results of this statistical analysis are sho~n in
tables 1 - 240 From the data of bandwidth analysis we can suggest
that the bandwidth of a telephone channel which will p~ss the
Bengali voice signals distinctly and smoothly should be 3.5 KHZ.
Statistical determination of the signal pattern and the frequency
bandwidth of Bengali alphabet enabled UG to think over develop-
ing digital transmission schemes for Bengali messageso For this
purpose em algebraic coding scheme incorporating 6 nessage 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.

Suggestion for Future Works

The following 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 statistical speech
signal pattern.

(3) Vocal therapy by recognizing the signal pattern of
fine and sweet voices.

.~,
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3. Miss Nasima Parveen
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