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Abstract. This paper contains a Marathi speech database and isolated Marathi
spoken words recognition system based on Mel-frequency cepstral coefficient
(MFCC), optimal alignment using interpolation and dynamic time warping.
Initially, Marathi speech database was designed and developed though
Computerized Speech Laboratory. The database contained Marathi isolated
words spoken by the 50 speakers including males and females. Mel-frequency
Cepstral Coefficients were extracted and used for the recognition purpose. The
100% recognition rate for the isolated words have been achieved for both
interpolation and dynamic time warping techniques.

Keywords: Speech Data base, CSL, MFCC, Speech Recognition and statistical
method formatting.

1 Introduction

Currently, a lot of research is going on speech recognition and synthesis. The speech
recognition understands basically what some speak to computer, asking a computer to
translate speech into corresponding textual message, where as in speech synthesis, a
computer generate artificial spoken dialogs. The speech is one of the natural forms of
communication among the humans. The Marathi is an Indo-Aryan language, spoken
in western and central India. There are 90 million of fluent speakers all over world
[1][2]. The amount of work in Indian regional languages has not yet reached to a
critical level to be used it as real communication tool, as already done in other
languages in developed countries. Thus, this work was taken to focus on Marathi
language. It is important to see that whether Speech Recognition System for Marathi
can be carried out similar pathways of research as carried out in English [3]. Present
work consists of the Marathi speech database and speech recognition system. The first
part describes technical details of the database and second words recognition system.
This paper is also split into four parts i.e. Introduction, Database, Words recognition
System and Result and Conclusion.
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2 Spoken Marathi Isolated Works Database

2.1  Features of Prosody in Marathi Words

Standard Marathi is based on dialects used by academic and printed media. There are
42 dialects of Marathi some of these are Ahirani, Khandeshi, Varhadi, Zadiboli,
Vadvali, Samavedi and Are Marathi. The phonetics inventory of Marathi (Devnagar)
along with International Phonetic Alphabets (IPA) is shown in Figure 1.a and b [4].

Devnagary |37 |3m |g|§|3|F|=® |© |¥ |3 |3} |31 |3

Transliterated | A | Aa |i |1 |u | @ rie |[Ai |o au am | ah
IPA /ol | /al | fi/ u/ /ra/ | fel | [ei/ | /ol | Jou/ | [o%/ | /ah/

Fig. 1a. Vowels in Marathi Language along with Transliteration and IPA

F | ka | /ko/ g | ca | /tsof T |ta |/to/ ||q | Pa | /pof
g | kha | pny | |& | cha | jny || & |tha | jiny || & | Pha | /S
T | ga | /gol o |ja | /2o g |da [/dos || & | D2 | /b
v | gha | oy | [gr [dha |y g | dha | gqny || 8| P2 | ooy
g | ha | /ma/ 5 | ha | /no/ or | na | el F | ma | /mo/
o|lta | /tf T | ya | /jof ¥ sa | /sof
or | tha /tha/ g |ra | /raf T sa /sal
Z |da | /do/ T | ra | /tof g |ha |/hd/
[3) dha /dnhS/ o la ol ) Ia /LQ/
o | na | /no/ g | va|/wo/ &7 | ksa | /kfof

qr | sa | /fof w | Jia | /3ino

/

Fig. 1b. Consonants in Marathi Language along with Transliteration and IPA

Marathi words are formed with the combination of vowels and consonants. e.g.
‘Aai’ means ‘Mother’. This is pronounced as ‘/a i /° according to International
phonetics alphabet (IPA) and composed of two vowels. The collection of utterances in
digital format is called computerized speech database and is required for recognition
purpose. The isolated spoken words [5] were collected in 35 different sessions from
50 speakers. Initially all the speakers were asked to pronounce of Marathi words, the
speaking skill has been examined by examiner; speakers have been selected on the
bases of test. After selection, they have been trained how to speak the given words.
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2.2 Acquisition Setup

The samples were recorded in 15 X 15 X 15 feet room with sampling frequency 11
KHz in normal temperature and humidity. The microphone was kept 5 — 7 cm from
speakers. Whole speech database was collected with the help of Computerized Speech
Laboratory (CSL). It is an input/output recording device for a PC, which has special
features for reliable acoustic measurements. CSL offers input signal-to-noise
performance typically 20-30dB. Analog Inputs with 4 channels two XLR and two
phono-type, SmV-10.5V peak-to-peak, channels 3 and 4, switchable AC or DC
coupling, calibrated input, adjustable gain range >38dB, 24-bit A/D, Sampling
rates::<-90dB F.S., 8000-200,000Hz, THD + NFrequency Response (AC coupled): 20
to 22kHz +.05dB at 44.1kHz [6][7].

2.3  Isolated Marathi Words Corpus

There are 12 vowels and 36 consonants in Marathi alphabets. Spoken words from the
selected speakers were recorded and stored in different files and folders with
respective to speakers’ initial names in the ‘wav’ format. The database was included
mostly the words starting from each vowels, some of the words with phonetics.

3 Words Recognition System

The recognition system was developed using Mel — Frequency Cepstral Coefficient
(MFCC) [8]. The following are the step to find the MFCC features.

3.1  Speech Signal

The waveform of spoken word ‘Ati’ along with pronounces of vowels is shown in
figure 2. The words of exciting signal and impulse response of vocal tract is called
speech signal as shown in Equation (1).
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Fig. 2. Waveform of Spoken word ‘Ati’
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S[n]=c¢e[n]*0[n] (D

Where, S[n], e[n] and 6[n] are speech signal, exciting signals and impulse response of
vocal tract respectively.

3.2  Pre-emphasizing

Speech is emphasized with filter 1-az-1 where, “a” is between 0.9 and 1. In the time
domain, the relationship between the output S’n and input Sn of the pre-emphasis by
the default value of a ia 0.97 as shown in equation (2).

S.=S.%aS .. 2)

3.3 Framing and Windowing

The signal is remained stationary at 20ms. Calculation of number of frame is done by
multiplying the signal, consisting of N samples, with a rectangular window function
of a finite length as shown in Equations (3), (4) and (5).

S sones 1= S[n]W 1] 3)

wil={, @

1-No<n<N-(r+l),r=0,1,2,3, ....., M—-1
0- otherwise

N = fs tframe (5)

Where ‘M’ is the number of frames, ‘fs’ is the sampling frequency and tframe length
of frame measured in time. The frame is shifted 10 ms so that the overlapping
between two adjacent frames is to avoid the risk of losing the information from the
speech signal. Each frame that contains nearly stationary signal blocks the windowing
function is applied. There are a number of different windows functions to minimize
the discontinuities. The Hamming window has a very good relative side lobe
amplitude and good frequency resolution compared to the rectangular window. The
window function is described by Equation (6).

27w -n
x[n]=0.54-0.46- 6
[n] [ N_J ©)
3.4 Fourier Transform

A 512 point Fast Fourier Transform was applied and calculated using equation 7, for
good frequency resolution. The resolution of the frequency spectrum is primarily
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decided by the main lobe, while the degree of leakage depends on the amplitude of
the side lobes.

X (k)= Z ::1 X, * e(—j*2*7r*(k—1}k(n—l)/N)

Where l<=n<=N

(N

3.5 Mel-Frequency Filter Bank

A 24 triangular shaped band-pass filter banks are created by calculating a number of
peaks uniform spaced in the mel — scale and then transforming them back to the
normal frequency scale. The transmission from linear frequency to mel-frequency is
shown in equation (8).

frequency
[=2595 log(1+—— 8
me g( 200 ) ®)

The mel frequency spectrum furthermore reduces the amount of data without losing
vital information in a speech signal. The resolution as a function of the frequency is
logarithmic.

3.6 Discrete Cosine Transform

The DCT is widely used in the area of speech processing and is often used when
working with cepstrum coefficients. In a frame, there are 24 mel cepstral coefficients
obtained, out of 24 only 13 coefficient has been selected for the recognition system as
shown in figure 3.

24 Mel-Cepstral Coeffiencnts

24 Cepstrum Coeffients
Fig. 3. 24 Mel-Cepstral Coefficients
For the word recognition system, we have selected 13 Mel-Cepstral Coefficients

frame wise. Figure 4 shows the mean of the 13 Mel Cepstral coefficients of all the
frames of spoken for the word.
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Mean MFCC of words Aati

Mean MFCC of all frames

Fig. 4. Mean of MFCC of Marathi word i.e. Aati

3.7 Distance Measures

There are some commonly used distance measures i.e. Euclidean Distance, City
Block, Weighted Euclidean Distance and Mahalanobis distance. A Euclidean
Distance measure is the “standard” distance measures between the two vectors in
feature space. Euclidean distance of two vectors x and p is measured using the
equation (9).

d ’ Euclid (;';):Zﬂ (xi—P,-)2 ®)

3.7.1 Optimal Alignment between Two Time Series by Simple Interpolation

As the Euclidean distance measure the standard distance of two same in length
vectors, but speech signals are not same in size. To make the vector same in size, for
this purpose position (i’ prime) of prime value is calculated by equation (10).Simple
interpolation has been calculated by using the equation (11) for example two speech
signals having different frame numbers i.e. m and n as shown in figure 5.
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Fig. 5. Speech signals having different frames
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R NE :
n—1 n-1 (10)
WK’ is values of a frame at a position k’ which can be defined as k’ is not integer. So
that integer part is separated from the fraction.

=it ) r=p - (x)

Where ‘int’ is integer, so that the interpolated values Wk’ at the position k’ is
calculated as shown in equation (11)

Wk =Wk (-F)+Wk -f (11)

Now, both the number of frames is same, is applied the Euclidean distance on the
different signals.

3.7.2 Optimal Alignment between Two Time Series by DTW Techniques

DTW algorithm is used to determine time series [9] [10]. The minimum distance warp
path is calculated using the equation (12).

Dist (w)= ’fDm ( W A]) (12)

Dist (w) is typically Euclidean distance of warp path ‘w’, and Dist (Wki, Wkj)
is the distance between the two data point indexes in the ‘kth’ of the warp
path.

Table 1. Euclidean distance matrix Marathi words calculated by Interpolation Method

Average distant of spoken words by all 50 subjects

Aabhar Aabhas  Aadhar  Aai Anand Apali
Aabhar gg4 013 014 016 007 0.14
Aabhas .13 0.02 0.15 0.11 0.14 0.10
Aadhar (.20 0.23 0.02 0.20 0.23 0.13
Aai 0.19 0.15 0.18 0.03 0.13 0.21
Anand (.10 0.21 0.23 0.15 0.03 0.25

Apali 0.17 0.13 0.11 0.20 0.21 0.02
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Table 2. Euclidean Distance Matrix Marathi Words calculated by DWT method

Average distant of spoken words by all 50 subjects

Aabhar Aabhas  Aadhar  Aai Anand Apali
Aabhar 83 283 391 328 475 341
Aabhas 283 24 265 409 212 137
Aadhar 391 265 27 379 316 347
Aai 328 409 379 34 471 555
Anand 475 212 316 471 47 272
Apali 341 137 347 555 272 59

4 Conclusion

We have computed the distance matrixes for 750 corpuses, including males and
females. During the experiment, we experienced the effectiveness of MFCC in feature
extraction. For this experiment, we have used a limited number of samples. Increasing
the number of samples may give the complete recognition. To compare two vectors
of different in size, two methods have been used i. e. interpolation and DTW. Table 1
and 2 shows the average values of spoken words from 50 speakers. It is also found the
values of diagonal elements are smaller than rest of the elements shown in all the
tables. It can be seen from the tables that 100 % recognition is achieved for all
subjects in both comparative approaches. The recognition by DTW is more correct
than simple interpolation methods. Marathi Speech recognition system based on
MFCC features seems to be successful.
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