
  
Abstract— This paper describes in detail the computational 

investigation through analysis and synthesis of Bangla Retroflex and 
Dental consonants /ট/ [ta], /ঠ/ [tha], /ড/ [da], /ঢ/ [dha] and /ত/ [t], 
/থ/ [th], /দ/ [d] and /ধ/ [dh]. After careful segmentation of speech 
data, spectral analysis were performed in four long vowel contexts 
/অ/ [a], /ই/ [i], /ও/ [o], and /উ/ [u] to parameterize the contextual 
effects. The research was intended for an accurate description of the 
acoustic characteristics and features of Bangla retroflex and dental 
consonants for synthesis as well as recognition of consonants in 
different contexts. The quality of synthetic speech was evaluated 
through subjective listening along with matching the spectra of 
synthetic speech with original speech. The synthesized speech 
segment was fairly clear with good degree of phonetic naturalness. 
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I. INTRODUCTION 
ANGLA is an Indo-Aryan language of more than 300 
million people in the world concentrating in the eastern 

region of Indian subcontinent i.e. Bangladesh, Indian states of 
West Bengal, Tripura, Assam and around. The history of 
Bangla begins in the late 18 centuries and before that there 
was only a family of dialects commonly known as Prakrit [1]. 

Every language has its own set of basic sounds, which 
constitute the language. Bangla speech contains a set of eleven 
vowels with eight being the cardinal vowels and 39 
consonants, of which about 30 consonants are of frequent 
usage. The vowels can be pronounced independently, but the 
consonants need the support of vowels to be pronounced. 
These consonants can be conveniently classified according to 
the manner and place of articulation [1]. 

The Bangla consonants possess certain special features, 
which are not so common to other European languages and 
American English. The major discrepancy results from a 
difference in the number of places at which the stops can be 
formed by the tip of the tongue making contact with the front 
portion of the top of the mouth. Consonants differ from 
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vowels in that they had more energy in the high frequency 
region compared to the low frequency region. Bangla 
linguistics classifies consonants on the basis of their place of 
articulation. In Bangla, there are five ways of distinction exist 
in the place of articulation for the stop sounds, compared to 
English where there is only four way contrast [2]. 

In this work, we investigated spectral properties of Bangla 
retroflex and dental sounds from 1800 speech corpora 
containing vowel-consonant-vowel (VCV) and consonant-
vowel-consonant (CVC) syllables produced by male and 
female speakers of different age groups. The revealed spectral 
properties of the retroflex and dental sounds along with the 
burst amplitude and duration are used in the synthesis of both 
the retroflex and dental sounds. The synthetic sound and 
spectra was evaluated based on the experimental observations. 

The rest of the paper is organized as follows: Section II 
covers literature review along with the analysis procedure and 
Section III discusses the synthesis procedure with 
experimental results and discussion in Section IV. Section V 
concludes the research observations.  

II. ANALYSIS PROCEDURE 

A. Literature Review 
In Bangla linguistics, the vowel and consonant sounds have 

been further classified into many sub-classes based on place 
and manner of articulation. Besides these, Bangla sounds are 
also classified into another two distinct classes according to 
their mode of excitation: voiced and unvoiced sounds which 
are subclasses of Plosive sounds [1], [2]. 

Voiced sounds are produced by forcing air through the 
glottis with the tension of the vocal chords adjusted so that 
they vibrate in a relaxation oscillator mode, thereby producing 
quasiperiodic pulses of air which excite the vocal tract. In 
Bangla, voiced segments are: /গ/ [ga], /জ/ [ja], /ড/ [da], /দ/ 
[da], /ব/ [ba] etc. Forming a constriction at some point in the 
vocal tract, and forcing air through the constriction at a high 
enough velocity to produce turbulence generates fricative or 
unvoiced sounds e.g. /ক/ [ka], /চ/ [cha], /ট/ [ta], /ত/ [ta], /প/ 
[pa] in Bangla. Plosive sounds result from making a complete 
closure in front of the vocal tract, building up pressure behind 
the closure, and abruptly releasing it [1]-[3]. 

According to the physiological aspect, consonants can be 
defined as, “A sound (in normal speech), in forming which the 
air issues out of the lungs through the pharynx and mouth or 
the different articulators, there being facing obstruction and 
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narrowing such as would cause audible friction” [3]-[4]. 
Kewley-Port [5] explored the spectral change over time by 

focusing on the time-varying properties of stop consonants 
from the release burst into the vowel portions of Consonant-
Vowel (CV) syllables. One of the metric adopted was spectral 
tilt of the burst. The study done by Kewley-Port mainly 
focused on observing the absolute spectral tilt in different stop 
consonants in the release burst spectrum. But the investigator 
did not take into account the relative changes in the spectral 
energy, which occurred, from burst to the formant transitions. 
It was then proposed by Lahiri et al [6] that the invariant 
properties for the labial and dental/alveolar place of 
articulation could be contained in relative changes in the 
distribution of energy at high and low frequencies when 
measured at the release burst and the beginning of formant 
transitions. 

A study done by Dorman and Loizou [7] verified that the 
relative spectral change were indeed effective in classifying 
the labials and alveolar stops in English. It was also verified 
by Dorman and Loizou that an attribute of the signal, which 
allows accurate sorting of the signals by algorithm, fails to 
exert a large influence on perception when other cues are 
present. 

One of the earliest acoustic study on Bangla speech was 
conducted by Paramanik [8, 9] during the doctoral research in 
Japan. The study was limited to Bangla vowels for a small set 
of Bangla vowel phonemes and extracted formants of isolated 
Bangla vowels and drawn a comparison with those of 
Japanese vowels and vowel like sounds. 

B. Analysis Procedure 
All the consonants were recorded in the form of CVC and 

VCV syllables spoken by male and female native Bangla 
speakers in all four vowel contexts /অ/ [a], /ই/ [i], /ও/ [o], and 
/উ/ [u] at the sampling rate of 16 kHz. These CVC and VCV 
syllables were then broken into CV and VC syllables for the 
entire analysis through spectral techniques. The starting and 
ending times of the vocalic nuclei was measured by hand from 
high-resolution digital spectrograms. Only the first 10 ms of 
the release burst or the whole burst was considered. 

Prior to the analysis, the Bangla vowel data set was 
manually and visually segmented to consonant vowel 
consonant segments. The starting and ending times of each 
vocalic nuclei were measured by hand from high-resolution 
digital spectrograms. In order to avoid the effect of formant 
transitions due to the role of consonants, acoustic 
measurements were made starting form 20% of the vowel 
duration to 80% of the vowel duration. The vocalic segments 
were segmented into frames of 10-20 ms and acoustic 
analyses were done on these frames [10]-[12]. 

For Bangla retroflex and stop consonants, the release burst 
were analyzed over a 10 ms interval or the total burst duration, 
whichever was found smaller, starting from the burst. 

A half-Hamming window of 20 ms was used that is (only 
the latter half of the Hamming window was multiplied with 
the 10 ms of the release burst samples). The LPC spectrum 
was obtained using a 512-point FFT.  The frequency of the 

maximum amplitude of spectral peak was extracted from LPC 
spectrum using a global peak picking algorithm. 

C. Synthesis Procedure 
Articulatory synthesis was used as computational models of 

the articulators(e.g. jaw, tongue, lips etc.) and their 
movements to synthesize speech. In this model speech is 
synthesized through well defined rules [13]-[17].  

Same formant frequencies of burst (and transitions) were 
used for consonants belonging to same place of articulation. 
For example same values of first four formants were used for 
all four consonants /ত/ [t], /থ/ [th], /দ/ [d] and /ধ/ [dh] in the 
dental group for a given vowel context. 

The synthesis flow diagram used in this study is shown on 
the flow diagram of Fig. 1. As shown in the Fig. 1, the 
synthesis model process frames of segment of speech and 
determine necessary coefficients and gain from the LPC based 
analysis of the segment. The high frequency noise is removed 
and required contextual modification is achieved through the 
prosodic measurements. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Flow diagram of Bangla consonant synthesis 
 

III. EXPERIMENTAL RESULTS AND DISCUSSION  
Prior to any analysis, the complete consonant data set was 

manually segmented to Vowel-Consonant-Vowel segment. 
The starting and ending times of the vocalic nuclei was 
measured by hand from high-resolution digital spectrograms. 
Only the first 10 ms of the release burst or the whole burst 
was considered. 

As can be seen from the Figure 2, the speech segment /আত/ 
[aat] is displayed on the top frame and the segment length is 
about 65msec. The FFT and LPC smoothed spectrum is 
captured in another frame whereas frame wise formant 

Start

End

Determine NOF

Check whether the
excitation signal is

empty or not

Get the synthesized
signal

Remove high frequency
noise

Create overlap signal by
taking coefficients and gain

Initialize vector for
synthesized signal

FC <= NOF

Legend:

Number of frame: NOF
Frame Count: FC ( Initialized by 1)

True False

 

International Journal of Computer Science and Electronics Engineering (IJCSEE) Volume 1, Issue 2 (2013) ISSN 2320–4028 (Online)

258



contour and log Mel power spectrum of the same speech 
segment is captured in another two frames. 

The formant contour clearly demonstrates the transition of 
formant frequency due to consonant segment /ত/ [ta]. The first 
formant F1 tend to increase due to the closure of the oral tract. 
The FFT and LPC smoothed portion of the spectrum shown is 
the last frame of the speech segment under analysis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.  2. Analysis of Bangla speech segment  /আত/ [aat] from the Bangla 

corpus আতা [ata] produced by a male speaker 
 

Fig. 3 shows the analysis of the speech segment আত [aat] 
and the speech segment তা [ta] same as the male speaker. The 
segment length is about 85 msec and 95 msec respectively. 
The FFT and LPC smoothed spectra along with the formant 
contour and log Mel power spectrum of the same speech 
segments are captured in another two frames. The formant 
contour clearly demonstrates the transition of formant 
frequencies due to vowel-consonant-vowel phonation. The 
first formant F1 tends to increase due to the closure of the oral 
tract and decreases again due to the opening. 

The experimental results are shown in Table I and Table II 
and as can be seen, the place of articulation and the vowel 
context determine the burst frequencies of retroflex and dental 
sounds. The burst and formant transition of the target vowel 
varies across the stop consonants. The same stop consonant 
shows variation in the formant frequency transition in 
different vowel context.  

The vowel context /ই/ [i] shows significant difference in 
formant transition between first formant F1 and second 
formant F2 for all the retroflex sounds of Bangla. The formant 
transition between the second and third formant frequency F2 
and F3 is consistent throughout different dental sounds. 
Besides, the context /উ/ [u] and /ও/ [o] shows persistent 
formant transitions for different retroflex sounds as can be 
seen from the Table I and Table II. 

 
 
 
 

TABLE I 
COMPARISONS OF BURST FREQUENCIES  

OF DENTAL SOUNDS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The consonant /ট/ [t] shows higher relative burst amplitude 

in higher formant frequencies in all vowel contexts. In case of 
consonant /ঠ/ [th] the relative burst amplitude is high in higher 
formant frequencies except for the vowel context /আ/ [aa]. 
The consonant /ড/ [d] also shows higher relative burst 
amplitude in higher formant frequencies except for the vowel 
contexts /আ/ [aa] and /উ/ [u]. In case of consonant /ড/ [dh] the 
relative burst amplitude is higher in higher formant 
frequencies for all vowel contexts under the present study. 

Burst frequencies depend on the place of articulation of the 
stop as well as the vowel context. The spectral difference 
among the stop consonants across the places of articulation 
are primarily reflected in the spectra of the burst and formant 
transitions of the target vowel. The burst frequencies of the 
same consonants do show slight variation in different vowel 
contexts. 

Formant frequency measures were taken one-third into the 
vowel (i.e., at the point determined by adding one-third of the 
total duration to vowel onset). Formant values were both 
automatically computed by spectral analysis using Matlab and 
visually verified using the spectrographic display; these 
methods almost always converged. 
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TABLE II 
COMPARISONS OF BURST FREQUENCIES OF  

RETROFLEX SOUNDS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It has also been observed that the bandwidths of the 

formants are narrower (i.e. the formant peaks are better  
defined) in the case of voiced aspirated sounds /দ/ [d], /ধ/ 
[dh], /ড/ [d], and /ঢ/ [dh] as compared to unvoiced  
aspirated sounds /ত/ [t], /থ/ [th], /ট/ [t], and /ঠ/ [th]. The 
formant    transitions   from burst  frequency  to the target 
vowel frequency are part of the aspiration segment. Aspiration 
duration is about 90-110 ms in case of retroflex sounds, while 
the duration is 80-100 ms for dental sounds. 

Burst frequencies depend on the place of articulation of the 
stop as well as the vowel context. The spectral difference 
among the dental consonants across the places of articulation 
is primarily reflected in the spectra of the burst and formant 
transitions of the target vowel. The burst frequencies of the 
same consonants do show slight variation in different vowel 
contexts.  

IV. CONCLUSION 
We identified the contextual parameters and spectral 

differences of Bangla retroflex and dental consonants based 
on the burst amplitude as well as formant transitions. These 
burst amplitude and formant transition can be used for natural 
synthesis of consonant segments within the vowel context. We 
also conclude that the burst position at third and fourth 
formant contains most of the energy in case of dental sounds 
while fourth formant contains most of the energy in case of 
retroflex sounds. Despite the lowering of the third and fourth 
formant in case of dentals, retroflex sounds have a very strong 
burst release as compared to the corresponding dental sounds. 
Also there is general lowering of the third and fourth formants 

in case of retroflex as compared to dentals. Voice bar 
frequency is about 10 to 15% lower in case of retroflex as 
compared to dentals. These spectral parameters in different 
vowel context may be used for identification of dental and 
retroflex consonants in speech recognition beside speech 
synthesis.  
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