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Abstract -In this paper, vocal tract length 
normalization (VTLN) and sub-band spectral 
subtraction (SSS) have been used for speaker 
adaptation and noise reduction to develop an 
Assamese vowel recognition system which is robust to 
the speaker and environment variabilities. In the 
present work VTLN has been implemented to reduce 
the effects of inter speaker variabilities and sub-band 
spectral subtraction has been used to reduce the 
effects of environmental variabilities. The 
effectiveness of VTLN in noisy and noise-free 
environment has been evaluated for Assamese vowel 
recognition system. The Assamese vowel recognition 
system has been implemented using Hidden Markov 
Model (HMM). Mel Frequency Cepstral Coefficient 
(MFCC) has been used as feature vector. 
Experimented result shows that the performance of 
the system improved considerably after applying 
VTLN technique in noise-free and some of the noisy 
conditions. 

Keywords - Automatic Speech Recognition,Vocal Tract 
Length Normalization, Sub-band Spectral Subtraction, 
Hidden Markov Model. 

I. INTRODUCTION 
The performance of automated speech 

recognition (ASR) system is degraded in case of 
mismatched training and testing conditions [1]. 
Different approaches have been investigated in past 
to reduce the noise from speech signals like Spectral 
subtraction, Wiener filtering, Kalman filtering etc 
[2, 3, 4, 5, 6].  Inter speaker variations is another 
reason for the performance degradation of ASR 
systems. Physiological variations among different 
speakers are one of the main cause of inter speaker 
variations [1].Different Vocal Tract Lengths (VTL) 
among different speakers is one of the major 
physiological source for the induction of inter 
speaker acoustic variations. In this context, it is 
observed that VTL can vary from approximately 13 
cm for adult females to over 18 cm for adult males 
[7, 8]. VTLN has been found as an effective speaker 
normalization approach in some past research works 
to reduce this type of inter speaker variations from 
speech signals [9, 10, 11, 12]. 

The main objective of the present work is 
to investigate the improvement of recognition 
performance due to the implementation of VTLN in 
both noise free and noisy conditions in case of an 
Assamese vowel recognition system. 

A HMM based Assamese vowel 
recognition system has been developed in the 
present work. The training and testing speech 
signals are recorded in approximately noise free 
environment. A noisy testing speech database has 
also been constructed by adding different noises to 
the noise free testing speech signals. Sub-band 
Spectral Subtraction approach has been used to 
minimize the effect of noise from the noisy speech 
signals. To introduce inter speaker variations, 
training process has been performed with only male 
speech signals and testing process has been 
performed with only female speech signals and vice 
versa. Finally VTLN has been implemented to 
reduce the inter speaker variations from training and 
testing speech signals. 

II. SPEECH DATABASE PREPARATION  
The Assamese is the main language in 

Assam, north-eastern state of India. In Assamese 
language, thirty two essential phonemes are 
available where total number of vowel phonemes is 
8. The vowels are ই (/i /) , এ (/ɛ/) , এ' (/e /) , আ ( /a/) , 
অ' (/ɔ/) , অ (/ɒ/) , ও(/o/) and উ ( /u/)  [13].  

In this research work, a speech database is 
prepared with 10 adult male and 10 adult female 
speakers to perform the ASR experiments. The 
speakers belong to the age group from 25 years to 
45 years and each speaker is recorded five times for 
each vowel phoneme. Recording has been done at 
16 kHz sampling rate mono-channel and at 16 bits 
resolution. Recording has been performed in a 
controlled and approximately noise free acoustical 
environment. 

From the Assamese vowel database, two 
sets have been prepared. The first set has been used 
for training and the second set has been used for 
testing. The training set consist of speech signal 
from 5 male and 5 female speakers and the testing 
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set consist of the speech from remaining speakers. 
A noisy version of the testing speech database has 
been prepared by adding seven different types of 
noises of NOISEX-92 [14] database at 10dB SNR 
to each speech signal of the noise free testing 
speech set. The noises considered in the present 
study are, Babble noise, Pink noise, White noise, 
Volvo noise, Factory noise, Destroyer noise from 
engine room (Destroyerengine) and destroyer noise 
from operations room (Destroyerops).   

III. FEATURE EXTRACTION  
Mel-Frequency Cepstral Coefficient 

(MFCC) has been extracted from each speech 
signals. The speech signal is segmented into 25 
msec frame with frame rate 100 Hz.  Hamming 
window has been applied for smoothing the speech 
signal. A pre-emphasis filter H(z)=1-0.96z-1 has 
been applied before framing. The pre-emphasized 
speech signal is segmented into frame of 20 
microseconds with frame frequency 100 Hz. Each 
frame is multiplied by a Hamming window. From 
the windowed frame, FFT has been computed and 
the magnitude spectrum is filtered with a bank of 21 
triangular filters spaced on Mel-scale and 
constrained into a frequency band of 300-3400 Hz. 
The log-compressed filter outputs are converted to 
cepstral coefficients by Discrete Cosine 
Transformation. The 0th cepstral coefficient is not 
used in the cepstral feature vector since it 
corresponds to the energy of the whole frame, and 
only first 13 MFCC coefficients have been used. 
Then to capture the dynamic property of the speech 
signal, the first and second order derivatives of 
extracted MFCC are also combined with the 13-
dimensional MFCC to achieve a 39-dimensional 
speech feature [15, 16]. 

IV. SPEECH ENHANCEMENT TECHNIQUE 
APPLIED  

A. Sub-band Spectral Subtraction (SSS) 
In this research work, a Sub-band Spectral 

Subtraction (SSS) technique has been applied to 
reduce noise from noisy speech signals. In this 
approach, band-pass filter has been used to separate 
different frequency bands of the speech signal. 
Noise has been estimated for each frequency band 
separately. Then noise is reduced from each sub-
band using spectral subtraction based on minimum 
statistics [17]. Finally, the original speech signal has 
been computed from the noise reduced sub-band 
signals. 

B. Vocal Tract Length Normalization 

(VTLN): 

VTLN has been implemented in the 
present work by warping the frequency axis of the 
power spectrum. The selection of proper warping 
factor for each speaker has been performed by a 
grid search approach from a set of 13 possible 
warping factors ( ) from 0.88 to 1.12 with step size 

0.02[7,8,9]. A piecewise linear warping function has 
been applied for frequency warping (eq. (1)). 

Fw = F                                                    (1) 

Where Fw is the warped frequency and F is 
the input frequency. 

VTLN has been implemented to normalize 
both the training and testing speech signals by 
frequency warping and in this process eq. (2) [8, 18] 
has been used as warping factor selection criterion 
that is based on maximum likelihood.   α= argmaxPr( | , )                           (2) 

Where 
      α    :  Optimal warping factor 

                        :  The set of HMM models 
                   W   :  Utterance         : The acoustic observation vector 

computed with the warping factor 
α 

 
V. EXPERIMENTS AND RESULTS 

Initially, experiments have been performed 
for Automatic Speech Recognition with both noise 
free and noisy speech signals without implementing 
SSS and VTLN. From these experiments it has been 
observed that due to presence of noise the 
recognition performance has been degraded. In case 
of noise free speech signals the average recognition 
rate has been observed as 83.04% (table 1). 

In the second step of the experimentation, 
VTLN has been implemented on only noise free 
speech signals and in this case it has been observed 
that average recognition accuracy is increased by 
3.57% that is 86.61% (table 1). 

In the third step of experimentation SSS 
has been performed for noise reduction from the 
noisy speech signals and recognition rates in case of 
different noisy conditions are shown in table 2. 
From these results, it has been observed that 
recognition accuracy has been increased due to 
speech enhancement by SSS in case of all noisy 
conditions except in case of Volvo and Factory 
noise. 

 

 

TABLE 1: ASSAMESE VOWEL RECOGNITION RATES (IN 
%) IN NOISE FREE CONDITION USING VTLN 

 

Training Testing Without 
VTLN 

With 
VTLN 

Male Female 81.35 87.6 
Female Male 84.73 85.62 
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TABLE 2: ASSAMESE VOWEL RECOGNITION RATES (IN 
%) IN DIFFERENT NOISY CONDITIONS USING SSS 

 

Noise Type 
Without Speech 

Enhancement  
Using SSS  

Babble 72.32 74.11 

Pink 78.57 82.14 

White 68.75 73.21 

Volvo 78.57 78.57 

Factory 77.68 76.79 

Destroyerengine 52.68 67.86 

Destroyerops 57.14 76.79 

 

 

TABLE 3: ASSAMESE VOWEL RECOGNITION RATES (IN 
%) IN DIFFERENT NOISY CONDITIONS USING VTLN 

AND COMBINATION OF SSS AND VTLN 

 

Noise Type Using VTLN 
Using SSS and 

VTLN 

Babble 72.32 69.64 

Pink 72.32 79.46 

White 61.61 75.89 

Volvo 79.46 83.93 

Factory 75 81.25 

Destroyerengine 55.36 69.64 

Destroyerops 53.57 70.54   
Finally, VTLN has been implemented and 

recognition rates in different noisy conditions are 
presented in table 3. From this set of results it has 
been observed that except in case of Volvo noise, 
VTLN has not been found as an effective speech 
enhancement approach in noisy conditions. So 
VTLN has been implemented on the noise reduced 
speech signals that are achieved by implementing 
SSS and recognition results are shown in table 3. 
From these results it has been observed that 
combination of SSS and VTLN is also not found to 
be effective approach in case of some of the noisy 
conditions. It has been found effective in case of 
White, Volvo, Factory and Destroyerengine noise. 

In the present work, it has also been 
observed that in most of the cases, 0.88 has been 
come out as optimal warping factor and three other 
warping factors that are 0.96, 0.98 and 1.02 also 

observed to be optimal warping factors in remaining 
cases. 

VI. CONCLUSION 

In this research work, a robust Assamese 
vowel recognition system has been developed to 
recognize Assamese vowels in mismatched testing 
and training conditions. The training process has 
been performed with approximately noise free 
speech signals and the testing process has been 
performed with both noise free and noisy speech 
signals. The noisy versions have been obtained by 
contaminated the speech signal with seven different 
noises (Babble noise, Pink noise, White noise, 
Volvo noise, Factory noise, destroyer noise from 
engine room (Destroyerengine) and destroyer noise 
from operations room (Destroyerops)). SSS 
approach has been used to reduce the noise from 
noisy speech signals. On the other hand inter 
speaker variation has also been introduced by 
performing training process with male speech 
signals and testing process with female speech 
signals and vice versa. VTLN has been applied to 
reduce the effect of inter-speaker variations and to 
improve recognition rate. From the ASR 
experimented results, it has been observed that 
VTLN is an effective approach to reduce the effect 
of inter speaker variations so that the recognition 
accuracy can be enhanced in case of noise free 
speech signals. On the other hand in case of 
different noisy conditions it has not been able to 
improve the robustness of the ASR system. But 
combination of SSS and VTLN can be useful in 
case of some of the noisy conditions. In the present 
work, one drawback of VTLN has also been 
observed. VTLN require a large amount of time due 
to the grid search approach for the selection of 
proper warping factor. So in such situation if the 
grid search approach can be replaced by some other 
effective approach then VTLN will be more useful. 
It has also been observed that noise can be 
effectively reduced by SSS so that recognition 
accuracy can be improved.  
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