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Abstract- The ultimate goal of speech processing research is
to come up with a system by which a machine can recognize,
understand and produce speech just like a human being. For
the development of any such system requires a detailed study
of the various spectral and temporal features of speech sounds
in the corresponding language. This paper is a comparative
study between the two Dravidian languages - Tribal (Paniya)
and Malayalam using time domain and frequency domain
features. Here, speech analysis is being done on a phoneme
level basis on isolated word database. The various phones are
clubbed into broad phoneme classes like vowels, nasals, stops,
approximants, fricatives and silence according to the
characteristics shown by them. A detailed study is carried out
to identify features useful for broad phoneme classification by
analyzing sounds from different classes. The features
identified useful for discriminating Malayalam and Tribal
(Paniya) phonemes are phoneme duration, energy, spectral
flatness, spectral centroid, pitch and spectral moments (mean,
variance, kurtosis and skewness) of fundamental frequency.
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1. INTRODUCTION

Speech is the efficient way through which humans
communicate with each other. The efficiency of speech
recognition systems have readily improved due to the
advancement in technology, development of better acoustic
models, new feature extraction algorithms, better NLP
techniques, DSP tools, as well as hardware and software tools
and a steady progress is observed in the recognition of
complex speech patterns. On comparing the speed with which
humans can recognize speech the performance of the systems
is still low, especially in cases of adverse situations like
background noise, disturbances and other degradable
conditions that affect the quality of speech signals. This
created a considerable performance gap between humans and
machines. So there is a scope for more research and
development in this area so as to facilitate a computer to
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achieve the speech recognition ability identical to that of
humans.

Speech with its own diversity and inherent variations
is one of the principal and ultimate techniques in recognizing
an individual through the process of verbal signs. A lot of
researchhas been noticed in the languages like English,
Bengali, Hindi, Tamil, Chinese, Arabic etc. But only a few
have been reported in Tribal and Malayalam languages. This
paper involves the analysis of two Dravidian languages -
Malayalam and Tribal (Paniya). This study has a great
importance and is one of the challenging areas of speech
researches.

‘Malayalam’ is the official language of Kerala and
one among the twenty two scheduled languages of India. This
language is spoken by the people of Kerala and in the union
territories of Lakshadweep and Puducherry. It is the youngest
and toughest among the developed languages of the Dravidian
family. ‘Panyah’ is a language of the tribal sect (Paniya) who
resides mainly in Kerala. This is one among the Dravidian
languages, also known as Pania and Paniyan. The people of
this sect are living according to traditional cultures like any
other tribal folks. Major section of Paniyans in Kerala reside
in the districts of Wayanad, Kannur, Kozhikode and
Malappuram and to the west of the Nilgiri Hills in Tamil
Nadu. This language like other tribal languages also has no
literary specifications.

1. OVERVIEW OF THE STUDY

Speech perception is the process by which the speech
sounds of any language is heard, interpreted and understood. It
is the mapping done perceptually from the speech signal
which is greatly variable to a linguistic representation in the
form of phonemes, diphones, syllables, words etc. Phoneme or
phone is the smallest unit of sound that distinguish one word
from another in a particular language. Most languages have
about 20-40 phones that give an alphabet of sounds to specify
uniquely the words in a language.
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A. Analysis of Broad Phoneme Classes of Speech Sounds

The broad phoneme classes of Malayalam language,
their characters and corresponding IPA symbols are given in
the figure 1.
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Fig.1. Broad Phoneme Classes with Malayalam characters

The total sound units were classified in to six groups
as shown in the figure. For grouping the input speech units in
to any one of the six broad phoneme classes, some particular
features were needed for each class. For this an analysis study
was conducted to check whether there are some special
features available for each class. The phonemes analyzed in
the work are given in table 1.

(i) Voiced and unvoiced sounds can be easily recognized.
Unvoiced sounds have high zero crossing rate, pitch will
be zero and they are aperiodic in nature. Whereas voiced
sounds have lower zero crossing rates, their pitch will not
be equal to zero, and are almost periodic signals.

TABLE I : BROAD PHONEME CLASSES ANALYSED IN

THE WORK
Fowel | Plosive | Nasal | Approximant| Silmce
1,1, 0, mm,
Voiced o, i |dch mm [v.Lr -
Unvoiced |- p-k.t |- - -
Presence - Yes - - -
of Burst

(ii) Vowels are voiced sounds with periodic amplitude and
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high intensity. They have longer duration of about 60ms
in the utterance.

(iii) Nasals are also periodic signal with lesser amplitude than
vowels. They are also voiced sounds. If their formants are
analyzed, we can see that the first formant frequency of
nasal is weaker. By evaluating only the formant
frequencies we can separate these classes: vowels and
nasals.

(iv) Plosives or stops are an oral occlusive. It is a consonant
sound made by preventing the flow of air in the vocal
tract. Plosive sounds are of two types: voiced and
unvoiced. The main peculiarity of plosives is the presence
of burst in the signal.

(v) Approximants are the sounds where the articulators come
close to each other but neither narrowly enough nor with
enough articulatory precision to create a turbulent flow of
air. Therefore, approximants lie between vowels and
fricatives where the vowels produce no turbulence and
fricatives produce turbulent airstream. The examination of
the waveform of /v/ of the word /vaal/ shows periodic
large peaks. Superimposed on these are small irregular
aperiodic peaks. This is actually the superimposition of
weak fricative over strong vowel sound.

B. Analysis of Spectral and Temporal Features of Speech
Sounds

A study was conducted to identify the features for
dif-ferentiating Malayalam and Paniya phonemes. Various
temporal and spectral features explored include the following:
(i)Voicing information (ii)Phoneme duration (iii)Short Time
Energy (iv)Spectral Flatness (v)Spectral Centroid (vi)Pitch
and (vii)Spectral Moments (including spectral mean, variance,
skewness and kurtosis).

(i) Voicing Information: Voicing information helps to find
out whether the speech frame is voiced or unvoiced. This
information is obtained with the help of Wavesurfer’s
pitch contour.

(ii) Phoneme duration: Phonemes are the language category
in which different phones are grouped as same. Phoneme
duration is a time domain parameter. It is the length of a
particular phoneme when uttered in speech.

(iii) Short Time Energy: Energy is the squaring operation done
on the speech sample. High energy indicates high
amplitude of speech waveform. It is a parameter which is
simple to calculate. The high variation in amplitude
between voiced and unvoiced speech and small variation
between phonemes with different manners of articulation
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permit speech segmentations based on energy.

(iv) Spectral flatness: Spectral flatness is a feature used to
characterize the spectrum of an audio signal. It is also
called Tonality coefficient. It provides a way to assess
how tone-like a sound is, as opposed to being noise-like.
The graph of the spectrum would appear relatively flat if
the spectral flatness is high and close to that of white
noise (value 1.0). The graph of the spectrum would be
spiky if the spectral flatness is low and close to that of
pure tone (value 0.0).

(v) Spectral Centric: Spectral Centric is a frequency domain
feature. It is a measure used in DSP to characterize a
sound spectrum. It shows where the center of mass of the
audio spectrum lies. Spectral centric models sharpness of
a sound. Higher the value of spectral centric, brighter will
be the sound.

(vi) Pitch: Pitch is the fundamental frequency of vibration of
vocal folds. They vibrate quasi- periodically only for
voiced sounds. Generally it is higher for females in the
range of 165-255 Hz than males which are in the range of
85-180 Hz. Pitch or FO is the main acoustic cue to stress
and intonation in speech. It is important in the phoneme
identification of tone languages.

Spectral Moments: Spectral moment analysis (SMA) is
generally used to analyze the patterns of acoustic energy found
in a number of different speech sounds. The aim is to
quantitatively describe the patterns of spectral energy within
the band of noise characteristic of obstruent sounds. SMA uses
numerical values to describe the spectral energy of a speech
sound within a static window or period of time. Four primary
spectral moments are the spectral mean, spectral variance,
spectral skewness, and spectral kurtosis. The spectral mean is
the energy distribution averaged over a specific part of the
spectrum. The second spectral moment is the spectral
variance. It denotes the deviation of frequencies represented in
the spectrum, or how much these frequencies vary with
respect to the mean. The third moment, spectral skewness
describes the asymmetry or skewness of the noise energy
distribution; it is also called spectral tilt. The fourth moment,
spectral kurtosis suggests the peakedness of the spectral
distribution.

1. METHODOLOGY

The various steps done for the comparative study of
the two languages on the phoneme level basis are as follows.
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A. Database Collection

Speech corpus in the form of isolated words was
collected from the speakers of Malayalam and Tribal (Paniya)
language. It was recorded under lab environment with the help
of microphone and digital audio editing software Sony Sound
Forge in Mattoli studio at Dwaraka, Wayanad. A set of 10
similar words each of the two languages were selected for the
study. The words (Malayalam/Paniyah) are as follows:
paal/paalu, vaal/vaalu, thol/tholu, nool/noolu, pakal/pakalu,
manal/manalu, kadal/kadalu, thummal/thummalu,
chithal/chithalu and ural/uralu. Each of these words was
repeated 5 times. The dataset was collected from equal
number of males and females of both languages. There was a
total of 12 speakers (3 in each group). Thus, the study
consisted of 600 utterances.

B. Pre-processing

Pre-processing of speech signals is the important part in
the development of an efficient and robust speech recognition
system after dataset creation. Various types of degradation
components like environmental noise, background noise,
effects from recording hardware, reverberation and
disturbances interferes with the speech samples. This affects
the quality of the audio signals. Furthermore, due to the
variations in the speech signal, the sound signals that are
similar visually may not produce similar sounds perceptually.
Hence, pre-processing of the signal before the feature
extraction has a great relevance on the performance of the
speech recognition system. In this work, pre-processing
involves the removal of noise and silence region preceding ad
succeeding a word. This is done with the help of the audio
editor tool called Audacity. The sound spectrum was
converted from the stereo format to mono using the same tool.

C. Transcription

Transription of the words into phonemes is the main
step involved in the work. The manual labeling of the
collected read speech according the broad phoneme classes
was themost tedious task. The issue related to the manual
transcription mainly includes time consumption. For the
manual phoneme level transcription of one minute speech data
it takes about 30 hours. Since we are doing manual
transcription it was prone to have mistaken in it. Moreover the
transcriptions are done based on the sound heard. So it varies
between people to person. For example one may label the
sound to be a voiced stop and another person may label the
same sound to an unvoiced stop. In this work, transcription is
done manually using audio editor tool Wavesurfer under the
option transcription.
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D. Feature Extraction and Analysis

Feature extraction has a major role in parting one type of
speech from the other type. It is an important part of ASR
systems. Feature extraction is a technique of data reduction as
it changes the input speech signal into a small set of
parameters where the frequency domain (spectral) as well as
time domain (temporal) characteristics of the speech signal are
preserved. It also rejects the unwanted information from the
signal. Feature extraction produces feature vectors that may be
time domain or frequency domain characteristics depending
on the technique used. Hence, feature extraction transforms
the speech signal into a form suitable for classification. In the
work, the various spectral and temporal features are extracted
using the programming language Matlab.

E. Comparative Study

The final section of the thesis is the comparative study
between the feature sets of the two languages- Malayalam and
Tribal. The wvarious temporal and spectral features were
analyzed and the differences were noted. The remarkable
differences shown in the feature set can be used in
discriminating Malayalam and Tribal (Paniya) phonemes and
can be used in classification systems. The pattern followed by
the features of each language was also noted and studied in
detail.

IV. RESULT AND DISCUSSIONS

The observation and results noted in each of the broad
phoneme class for the selected spectro-temporal features are
given below.

A. Phoneme Duration

Duration of the phonemes (both consonants and vowels)
is a notable feature that distinguishes between Tribal (Paniya)
and Malayalam phonemes. It is observed that the phoneme
duration is a feature that depends on the position of the phone
in the word.

Consonant Duration: The duration in uttering the plosive
sound when it is present at the beginning of the word is more
for Tribal than Malayalam speakers. This is seen in phones /th/
in the word /thol/ and /p/ in the word /paal/. When the plosive
sound is found somewhere in the middle of the word like /k/ in
the word /pakal/ and /d/ in the word /kadal/, no such
differences were noted. This is shown in figure 2.
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Fig.2. Duration of plosive sounds

The duration in uttering the nasal sound when it is
present at the beginning of the word is more for Malayalam
speakerthan Tribal speakers. This is seen in phones /n/ in the
word /nool/ and /m/ in the word /manal/. When the nasal
sound is found somewhere in the middle of the word like /n/ in
the word /manal/ and /mm/ in the word /thummal/, no such
differences were noted. This is shown in figure 3.
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Fig.3. Duration of nasal sounds

The duration in uttering the approximants when it is
present at the beginning or end of the word is more for
Malayalam speaker than Tribal speakers. This is seen in
phones /v/ in the word /vaal/ and /I/ in the word /paal/. When
the approximant sound is found somewhere in the middle of
the word like /r/ in the word /ural/, no such differences were
noted. This is shown in figure 4.
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Vowel Duration: The duration in uttering the wvowels

irrespective of the position of the phone in the word is more
for Tribal than Malayalam speakers. This is seen in phones /a/
in the word /kadal/, /aa/ in the word /vaal/, /o/ in /thol/, /ool in
/nool/, /u/ in /ural/ and /i/ in /chithal/. This is shown in figure
5.
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Fig. 5. Duration of vowels

Duration of word: Considering the duration of the complete
word, it is found to be more for Tribal than Malayalam
speaker. This is due to the fact that Paniyans show a tendency
to prolong the vowel sounds.

B. Energy

Energy is a time domain parameter. Energy is
reflected in the amplitude of the speech signal. This means
that higher theamplitude of the speech waveform, higher will
be its energy. Tribal speakers use high energy in uttering the
stop (plosives) sounds compared to Malayalam speaker in
uttering thesame phone which is shown in figure 6.
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Fig.6. Energy of Malayalam and Tribal speakers in uttering
plosive sounds

Energy of the Malayalam speaker is more when the
nasal sounds are spoken. This is shown in figure 7.
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Fig.7. Energy of Malayalam and Tribal speakers in uttering
nasal sounds

Energy of the Tribal speaker is found to be more in
uttering vowels than Malayalam speakers as shown in figure

8.

Malayalam and Tribal speakers have energy in the
same range in uttering approximants.

Energy of word: Considering the energy of speaker in
uttering the complete word, it is found to be more for
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Fig.8. Energy of Malayalam and Tribal speakers in uttering
vowels

Tribal than Malayalam speaker. This is observed
from the higher amplitudes of speech waveform of Tribal
compared to Malayalee. From the figure 9, it can be noted that
in uttering the word /vaal/, the amplitude of speech waveform
of Malayalam speaker is in the range of 3364 and
corresponding amplitude of Tribal waveform is in the range
31820 (which is more).
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Fig.9. Energy of Malayalam and Tribal word
C. Relation between Phoneme Duration and Energy

It has been observed a direct relationship between the
phoneme duration and energy of the speech signal. Plosives
and vowel sounds in Tribal speech have a higher duration and
energy thancorresponding sounds in Malayalam speech.Nasal
sounds have high energy and duration in Malayalam
speechcompared to Tribal. This relation can be noted in figure
10 that shows duration-energy plot of a vowel sound.
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D. Spectral Flatness

The value of spectral flatness for the pure tone is 0.0
and for white noise 1.0. Spectrum plot appears spiky for pure
tone and relatively flat for white noise. It has been observed
that the value of the spectral flatness of both Tribal and
Malayalam phonemes are in the same range (0.2-0.38) which
is near the value for pure tone.

E. Spectral Centroid

Spectral centroid denotes the sharpness of the sound.
High value of spectral centroid corresponds to the brighter
sound. Spectral centroid of plosive and vowel sounds show a
high range for Malayalam speakers compared to Tribals. This
means that sound of Malayalam speaker is sharper in uttering
plosive and vowel sounds than that of Paniyas. Spectral
centroid of nasal and approximant sound shows a high range
for Tribal speaker as compared to Malayalam speaker. This
gives the inference that sound of Tribal people is brighter
when the nasals and approximants are uttered.

F. Pitch

Pitch is the fundamental frequency of a speaker
measured in hertz (Hz). Generally it is higher for females than
males. It exists only for voiced sounds. So the pitch is absent
for unvoiced stops like/p/, /k/, /t/. For all phoneme sounds,
pitch of Malayalam females is found to be more than Tribal
females.

Mean value of pitch for plosive sounds of Malayalam
and Tribal speaker is shown in table Il. Pitch of Malayalam
malesis higher than Tribal males in uttering plosives.

TABLE II:MEAN VALUE OF PITCH (HZ) FOR PLOSIVE
SOUNDS OF MALAYALAM ANDTRIBAL SPEAKER

Mealayalam Tribal Mealavalam Tribal
Phone Male Male Female Female
i 145 134 236 171
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Mean value of pitch for nasal sounds of Malayalam
and Tribal speaker is shown in table Il1. Pitch of Tribal males
is higher than Malayalam males in uttering nasals.

Mean value of pitch for approximant sounds of
Malayalam and Tribal speaker is shown in table IV. Pitch of
Malayalam males is higher than Tribal males in uttering
approximants.

Mean value of pitch for vowel sounds of Malayalam
and Tribal speaker is shown in table V.

TABLE Il1I:MEAN VALUE OF PITCH (HZ) FOR NASAL
SOUNDS OF MALAYALAM ANDTRIBAL SPEAKER

ISSN [ONLINE]: 2395-1052

Pitch Contour: The pitch contour is observed with the
help of Wavesurfer tool. Analyzing the pitch contour of
Malayalam and Tribal word it has been found that the tribal
words follow a decreasing trend. This can be observed from
the figure 11.

G. Vowel Triangle

Formant frequency 1 and formant frequency 2 are
important in determining the quality of vowel sounds. Units
are inhertz (Hz). For assessing the quality of Malayalam and
Tribal (Paniya) vowel sounds, their first formant frequencies
are plot-ted against second formant frequencies. The formant
of vowel /o/ is spread over a wide range for Tribal than
Malayalam sounds. Likewise all the vowel sounds taken the
formants (F1 and F2) spread over a larger range for Tribal.
This means the Tribal (Paniya) phonemes have stronger
formants than that of Malayalam speakers, shown in figure 12.
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Fig. 11. Pitch contour of Malayalam and Tribal word /ural/

Wiowal Trianghe of Malayatam

TABLE IV:MEAN VALUE OF PITCH (HZ) FOR
APPROXIMANT SOUNDS OF MALAYALAM AND
TRIBAL SPEAKER

Tk B
liiktis

o

Mealavalam Tribal Malavalam Tribal

Phone Male Male Female Female
Vi 135 1530 220 166
it 168 160 268 157
I 143 142 245 185

Pitch of Tribal males ishigher than Malayalam males

in uttering vowels.

TABLE V:MEAN VALUE OF PITCH (HZ) FOR VOWELS

OF MALAYALAM AND TRIBALSPEAKER

Malavalam Tribal Malavalam Tribal

Phons MMale Male Female Female
5 138 146 240 181
Jo 13% 145 252 17g
a 125 135 248 176
o0 143 164 263 186
T | i I35 pEES 1583
T I35 140 35 I3
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Fig.16.F1-F2 plot of Malayalam and Tribal vowels.
H. Spectral Moment

Spectral moment is a measure to understand the
pattern of speech energy present in sound units. Analyzing all
the four primary moments-first moment (spectral mean),
second mean (spectral variance), third moment (spectral
skewness) and fourth (spectral kurtosis), it has been noted that
the mean and standarddeviation of the moments of speech
sounds follow specific patterns.

The pattern followed by the mean values of S.M. is
as follows:

For Vowels and Plosives - Malayalam Male greater
than Tribal Male; Malayalam Female greater than Tribal
Female. For Nasals and Approximants - Tribal Malegreater
than Malayalam Male; Malayalam Female greater than Tribal
Female.
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The pattern followed by the S.D. values of S.M. is as follows:

For Plosives - Malayalam Male greater than Tribal
Male; Malayalam Female greater than Tribal Female. For
Vowels - Malayalam Male greater than Tribal Male; Tribal
Female greater than Malayalam Female. For Nasals and
Approximants - Tribal Male greater than Malayalam Male;
Tribal Female greater than Malayalam Female.

V. CONCLUSION AND FUTURE SCOPE
A. Conclusion

The objective of the work was a detailed study
between Malayalam and Tribal (Paniya) phonemes. For the
purpose various temporal and spectral features like phoneme
duration, energy, spectral flatness, spectral centroid, pitch,
spectral moments were extracted and analyzed. Analysis was
done on the speech corpus collected from the males and
females of Malayalam and Tribal language. From the work, it
was found that even though the speech signals are highly
variable across each speaker in uttering a specific phoneme,
when it was analyzed appropriately, distinct patterns were
found. Features showed a distinction when analyzed on a
phoneme level basis and word level basis. The results
suggested that the selected features like phoneme duration,
energy, spectral centroid, pitch and spectral moments were
effective in discriminating Tribal and Malayalam phonemes.

B. Future Scope

The speech analysis in the area of these two
Dravidian languages has a great scope for future work as not
much research has been reported. The work can be taken for
the design of an automatic speech recognition system and also
in classification systems. Instead of using the study on broad
phoneme classes the work can be extended for phoneme
classes with an extended set of features. This broad phoneme
study has a scope for prediction of broad syllable structure and
language recognition.
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