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 Abstract 
This paper presents vocal tract shape 
estimation for south Indian vowels based on 
LPC. This is demonstrated by Acoustic 
model on vowels and speaker basis using 
area function approximation to the vocal 
tract shape. We propose to use area function 
approximation of a person taken at different 
times, and in different context, at many 
instants. These vowel utterances of an adult 
male, and female, are recorded 30 times and 
the variability of the resulting shapes, are 
measured on Intra speaker basis. We have 
also looked at the spreads for the same vowel 
of the individual speaker at different 
occurrences and investigated the variability 
role, on ‘speaker specific recognition 
applications’. The vocal tract shape 
variability estimation is implemented using 
MATLAB. 

Index Terms: LPC, Acoustic model, 
Speaker recognition.  

I. INTRODUCTION 
Speech is the most accepted and convenient 
means of communication and is well known and 
recognized. The narrow concept of speech is 
that it is just a sequence of sounds punctuated 
by abrupt changes happening from one to 
another or some signals that are ignored and go 
into oblivion soon after uttering. Speech is not 
just an information signal it is actually a 
complex wave and acoustic output arising as a 
result of the speaker’s effort. 
Speech is a signal with information galore 
exploring frequency modulated, amplitude 
modulated and time-modulated carriers 

(example: resonance movements, harmonics, 
noise, pitch, power, duration).  
Speech analysis is synonymous with feature 
extraction of speech. Speech sounds are 
sensations of air pressure variations produced 
by exhaled air and later modulated and shaped 
by vibration of glottal cords and the resonance 
of the vocal tract. The entire gamut of 
information is basically conveyed in the 
traditional telephone bandwidth of 4 kHz. 
Speech energy 4 kHz reflects audio quality and 
sensation. 
A. Vocal Tract Analysis 
The Acoustic tube model, is an accepted model 
of the vocal tract [Chiba and Kajiyama, 1941, 
Dunn 1950, Stevens, et, al 1953; Fant 1965, 
Stevens 1972, & 1989]. The vocal tract is 
modelled as a coaxial concatenation of lossless, 
acoustic tubes, of different lengths, and 
diameters. The cross sectional area of any of the 
tubes can be varied independently to simulate 
the changing shape of the vocal tract. The first 
tube starts at the glottis and the last tube ends at 
the lips or the nostrils. Most of the acoustic tube 
models assume that the tract length for an adult 
male is generally 17cm running from glottis to 
lips, the cross sectional area being up to 20cm

2
. 

The widely used model for speech production is 
based on the assumption of the capacity of the 
vocal tract to represent as a concatenation of 
small cylindrical tubes figure 1. An independent 
variation of the cross sectional area of any tube 
for stimulating the changing shape of the vocal 
tract is seen.  
Digital signal processing (DSP) techniques find 
use in modelling, use of the speech signal 

mailto:ashokreddy02@gmail.com
mailto:hod_ece@kec.ac.in


 
INTERNATIONAL JOURNAL OF CURRENT ENGINEERING AND SCIENTIFIC RESEARCH (IJCESR)             

 
ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-6, ISSUE-6, 2019 

DOI: 10.21276/ijcesr.2019.6.6.19 
105 

converted into its discrete time sequence, on the 
assumption of all cylindrical segments being 
small as shown in Figure 1 as of equal length. 
This variation in the shape and length of the 
tract at different points along its length 
ultimately causes production of different 
sounds. 

 
Fig 1: Concatenated tube model. 

B. Objective of the Paper 
This work models the vowels obtained from the 
model spectrograms, formants, pitch and vocal 
tract shape information. Error minimization is 
carried out using an all pole LPC filter. 
Analysis is done for a vowel in the above 
format, to get the vocal tract shape for vowels 
of males by taking 30 samples of 30 subjects at 
different times. The Vocal Tract shape arrived 
at for each subject for 30 sets of data at different 
instants of times. Using LPC, along with 
Correlation analysis, we found the vocal tract 
shape variability of the individual subject. 
Study of variability of the above Vocal Tract 
shape among 30 different speakers is 
highlighted to identify Intra Speaker variability. 
The time averages of the worst and the best 
patterns for the example of 30 subjects, has 
been found. The resultant worst pattern and 
resultant best pattern for a subject of the 
phoneme have been plotted, for different 
phonemes for male speaker. The same have 
been repeated for female speaker. 

II. IMPLEMENTATION 
A. Implementation of LPC Based Vocal Tract 

Shape Estimation for Vowels 
The Auto regression method for speech analysis 
(Durbin’s Recursive Algorithm) based on linear 
prediction has been used. This method is 
identified as LP Modeling and referred as AR 
Modeling. The model depends only on the 
previous outputs of the system. The simplest 
model of a vocal tract consists of co-axial many 
linked cylindrical tubes producing an all pole 

transfer function. Vocal tract shape is estimated 
from reflection co-efficients obtained from LPC 
analysis of speech signal, using Wakita’s 
speech analysis model and Durbin’s algorithm 
for optimum inverse filtering. The vocal tract 
length is assumed to be 17 cm long from the 
glottis to the lips. Vocal tract area values 
obtained for the natural vowels for male and 
female speakers with voluntary participation. 
Participants chosen spoke standard South Indian 
vowels without distinct accents, special speech 
habits, were aged between 18 to 21 years did 
not suffer from any speech hearing disorder. 
Each speaker was asked to record the required 
speech as naturally as possible, and their speech 
recorded individually, in a speech laboratory, 
with a portable digital recorder via a small 
collar microphone, the distance between the 
Microphone and mouth of speakers was 
approximately 10 cm, and samples acquired 
with a sampling frequencies of 11.025 K Hz per 
second, in 30 ms blocks, 12th order LPC is 
used. From the speech production model, it is 
known that the speech undergoes a spectral tilt 
of – 6dB/octave. To counter this and to boost 
the higher frequencies and flatten the spectrum 
a pre emphasis filter is used. Pre-emphasis 
followed by a 6 dB per octave rate. This pre-
emphasized speech signal bereft of the ill 
effects of glottal pulse flattening and lip 
radiation was hamming windowed and applied 
as the current block. 

Fig 2: Block diagram for vocal tract shape 
calculation 

B. Intra Speaker Vocal Tract Shape Algorithms 
Figure 3 and 4 shows the Block Diagram for 
Intra and Inter Speaker Vocal Tract Shape 
Variability for vowels of male speaker. 30 
samples of 30 subjects at different times for the 
vowels are recorded and Vocal Tract Shape 
arrived for each subject, for 30 sets of subjects’ 
data at different times for predefined set of 
phonemes. Using LPC and correlation analysis, 
the vocal tract shape variability of the subject 
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was found. Study of variability of the above 
vocal tract shape among 30 different subjects is 
highlighted to get Intra Speaker Variability. 
The above identified variability can be used as a 
clue for personal identification and voice print 
signature, as well as Vocal Tract Signature of 
an individual. We found the Time averages of 
the worst and the best patterns of 30 subjects 
and plotted the resultant worst pattern and 
resultant best pattern for a subject for south 
Indian vowels. 

Fig 3: Block Diagram for Intra Speaker Vocal 
Tract Shape Variability. Here S1-S30: One 

Subject (Speaker) Samples, VTS ; Vocal Tract 
Shape 

 
Fig 4: Block Diagram for Time Varying 
Minimal and  Maximal Vocal tract shape 

Variability for different speakers. Here S1-S30 : 
Speakers (Subject)  vts ; Vocal Tract Shape 

The data base of 30 sets of samples of different 
speakers vocal tract shapes is tabulated and 
their minimal and maximal Vocal Tract Shapes 
for English vowels and south Indian vowels are 
plotted for male speakers and the graphs for 
English are shown in the figures 5&6. 
 

 

 

 
 

 

 

Fig. 5: The male model Minimal and Maximal 
Vocal tract shape with its bounds for the 

English vowels 
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Fig. 6: The female model Minimal and 
Maximal Vocal tract shape with its bounds for 

English vowels 
The bounds for average maximal and average 
minimal for specific male and female the vocal 
tract estimation for phonems are shown in fig 7 
& 8: 

 
                         (a)                                     (b) 
Fig. 7: (a) The speech waveform for vowel /a/   

      (b) The pre-emphasis signal for 
vowel /a/  

 

(c) The vocal tract shape (area function) for the 
vowel /a/ 

 
(d) The bounds for average maximal and 

average minimal for vowel ‘a’. 

 
(e) The percentage of matching of vowel /a/ in 

various phonems. 
@BLUE represents the vowels lies inside the 
boundary. 
@Brown represents the vowels lies outside the 
boundary. 

1. Vowel /a/ in /a/ 
2. Vowel /a/ in /e/ 
3. Vowel /a/ in /i/ 
4. Vowel /a/ in /o/ 
5. Vowel /a/ in /u/ 
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Fig. 8: (a) For girls: The bounds for average 
maximal and average minimal for vowel ‘a’. 

 

Fig 9:  The percentage of matching of vowel /a/ 
in various phonems 

@BLUE represents the vowels lies inside the 
boundary. 
@Brown represents the vowels lies outside the 
boundaries. 

1. Vowel /a/ in /a/ 
2. Vowel /a/ in /e/ 
3. Vowel /a/ in /i/ 
4. Vowel /a/ in /o/ 
5. Vowel /a/ in /u/ 

III. CORRELATION ANALYSIS 
The below table shows the vocal tract shape 
percentage placement of a vowel with itself 
versus the discrimination provided against other 
phoneme groups of male. 

 A E I O U 

A 96 92 72 76 84 

E 92 96 64 64 84 

I 72 72 76 64 72 

O 76 72 72 96 84 

U 88 88 76 60 92 

 
Table 1: The percentage placing in various 

English vowels for male 
The below table shows the vocal tract shape 
percentage placement of a vowel with itself 
versus the discrimination provided against other 
phoneme groups of female. 

 A E I O U 

A 84 48 12 16 72 

E 20 28 4 20 20 

I 20 22 28 18 23 

O 70 72 17 76 72 

U 70 72 16 70 78 
 

Table 2: The percentage placing in various 
English  vowels for female 

Similarly vocal tract shape and its boundaries 
have been found for the South Indian languages. 
The following graphs represent the Vocal Tract 
shapes for Telugu Language. 
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Fig. 10   The male model Minimal and Maximal 

Vocal tract shape with its bounds for vcv 
Telugu vowels (intra) 

Similarly we can draw the female model 
Minimal and Maximal Vocal tract shape for the 
remaining vowels with its bounds for vcv 

Telugu vowels (intra) as shown in fig 11. 

 

 

 
Fig. 11:  The female model Minimal and 

Maximal Vocal tract shape with its bounds for 
vcv Telugu vowels (intra) 

Similarly we can draw the male model Minimal 
and Maximal Vocal tract shape for the 
remaining vowels also with its bounds for vcv 
Telugu vowels. 
The bounds for average maximal and average 
minimal for a specific male speaker the vocal 
tract estimation for phonems shown in the 
below: 
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Fig 12: The speech waveform for Telugu vowel 
/ అ /. 

 
Fig 13: Boundaries for minimal Maximal and 
average minimal for the vowel / అ/  

 

Fig 14: The percentage of matching of Telugu 
vowel / అ /  

@BLUE represents the vowels lies inside the 
boundary.  
@Brown represents the vowels lies outside the 
boundary. 

1. Vowel / అ / in / అ / 
2. Vowel / అ / in / ఆ / 
3. Vowel / అ / in  /ఇ / 
4. Vowel / అ / in  /ఈ / 
5. Vowel / అ / in  /ఉ /  
6. Vowel / అ / in  /ఊ / 
7. Vowel / అ / in  /ఋ / 
8. Vowel / అ / in  /ౠ / 
9. Vowel / అ / in  /ఎ / 
10. Vowel / అ / in  /ఏ / 
11. Vowel / అ / in  /ఐ / 
12. Vowel / అ / in  /ఒ / 
13. Vowel / అ / in  /ఓ / 
14. Vowel / అ / in  /ఔ / 
15. Vowel / అ / in  / అం  / 

16. Vowel / అ / in  / అః / 

For girls the boundaries for average maximal 
and average minimal for vowel ‘అ’ is shown in 
the below figure. 

 

Fig 15: The percentage of matching of Telugu 
vowel  / అ /  

@BLUE represents the vowels lies inside the 
boundary.  
@Brown represents the vowels lies outside the 
boundary. 

1. Vowel / అ / in / అ / 
2. Vowel / అ / in / ఆ / 
3. Vowel / అ / in  /ఇ / 
4. Vowel / అ / in  /ఈ / 
5. Vowel / అ / in  /ఉ /  
6. Vowel / అ / in  /ఊ / 
7. Vowel / అ / in  /ఋ / 
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8. Vowel / అ / in  /ౠ / 
9. Vowel / అ / in  /ఎ / 
10. Vowel / అ / in  /ఏ / 
11. Vowel / అ / in  /ఐ / 
12. Vowel / అ / in  /ఒ / 
13. Vowel / అ / in  /ఓ / 
14. Vowel / అ / in  /ఔ / 
15. Vowel / అ / in  / అం / 
16. Vowel / అ / in  / అః  /  

Here we do the correlation analysis for Telugu 
vowels then, below table shows the vocal tract 
shape percentage placement of a vowel with 
itself versus the discrimination provided against 
other phoneme groups of male. 
The below table shows the vocal tract shape 
percentage placement of a Telugu vowel with 
itself versus the discrimination provided against 
other phoneme groups of male. 

 

Table 3: The percentage of placing in various 
Telugu vowels for male 

The below table shows the vocal tract shape 
percentage placement of a Telugu vowel with 
itself versus the discrimination provided against 
other phoneme groups of female. 

 

Table 4:  The percentage of placing in various 
Telugu vowels for female 

IV. CONCLUSION AND FUTURE SCOPE 
Vocal tract shape of an unknown male lies 
within bounds of a given localized, 
geographical, cultural population. It will have 
very high correlation with average, normalized 
behavior of the ensemble. The above correlation 
will remain statistically true, and time invariant. 
We established an analytical computational 
frame work to study and analyses stochastic 
speech process for the south Indian languages. 
The analysis of stochastic data has resulted for 
verification and identification of regional 
languages (Telugu). The future scope of this 
concept is to use glides, and nasal phonemes, 
for vocal tract. These signatures might reduce 
the uncertainty in recognizing and identification 
and thus improve the accuracy of identification 
and recognition by several orders. Utilizing 
these facts properly and new passwords can be 
designed for transactional experiment and 
validation. We believe that the use of regional 
language with these methodologies will 
considerably reduce the error in vocal tract 
signature recognition and identification and 
further it can be extended to the roots of India 
(rural areas) for more practical application areas 
using regional language speech recognition.. 
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