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Abstract
Nasal voice in any language, are the only class of sounds which dominant speech output is from nasal
cavity as compared to the oral cavity [1]. In nasal sounds resonance occurs through the nose. So,
nasals have some special features like presence of zeros in the spectrum, and concentration of energy
at lower frequency level etc. In this paper we discuss on acoustic characteristics of Assamese nasal
phonemes and their properties. The paper further discusses about the classification of acoustical
behaviour between nasal and semi vowel sounds present in Assamese language. It is found from the
experiment that Assamese nasal sounds have their spectral properties prominent at around the range of
2 to 4.5 kHz. From the proposed study it is reported that concentration of energy lies in the lower
frequency region. Because, the first formant present at around 2.5 kHz and then another formant may
present at around 4.5-5 kHz.
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1. INTRODUCTION
Nasal sounds are caused by the resulting the
abstraction of the vocal tract and the lowering
of the velum. This results in air flow out
through the nasal cavity than the oral cavity [4].
In other words we can say that nasality is a
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condition for resonance. Nasal consonants and
nasalised vowels are well-known difficulties of
most speech synthesisers [6]. It is very
important
to
quantify
the
acoustic
characteristics of nasal sounds to incorporate
them in an Automated Speech Recognition
(ASR) system. This work represents an attempt
to evaluate the contribution of extractible
acoustic measurements to the detection of
Assamese nasals voice. It is the aim of the
proposed paper to study the phonetic variations
of Assamese nasal sound and to develop an
acoustic variation study of them.
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1.1 Back ground of the study
Assamese is an Indo-Aryan language spoken by
the Assamese people in general. The mixed
Aryan culture and the mongoloid culture gave
birth to a new culture. So, every community
from this region always exhibits their
indigenous culture with diversity. It is the link
language for the people living in Assam and
adjoining states of Arunachal Pradesh,
Meghalaya, and Nagaland etc. This language
has
come from Sanskrit as its offshoot, through
different stages of development.

Nasals (/m/, /n/ and / ŋ / for Assamese
language) are produced when the velum lowers
to allow coupling to the nasal cavity and a
complete closure is formed in the oral cavity.
The nasal consonants are lower in intensity than
vowel.
Table 2: Consonants in ASSAMESE
Nature of BiAlveo Palata Vel
Articula
labial
lar
l
ar
tion
p
b T
d
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g
Plosive
ph
Fricativ
e
M
Nasal
Lateral
Rolled
w
Semi Vowel

Fig-1: Proto Indo-European Family Tree
The ASSAMESE phonemic structure consists
of eight vowels, ten diphthongs, twenty-one
consonants and two semi vowels [7]. The
ASSAMESE vowels and consonants are shown
in the tables below.
Table 1: Vowels in ASSAMESE.
Front

Central

Back

i

uû

Half-close

eê

oô

Half-open

ɛ

Close

Open

ɔ
A

bȺ th d̪Ⱥ
s
n
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r
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l

kh ɡȺ
z

X

ɦ

Ŋ
l
J

2. Experimental Procedure
2.1 Data Collection
For this study all the words are on the format
either on (CVN or NVC) format. Where C
represents oral consonant, N stood for nasal
consonant /m, n, ŋ / and V referred to the
vowels. All the words considered are of single
syllable or mono syllabic. Because, single
syllabic word avoids the effect of co articulation
across syllable boundaries [8]. The words are
first recorded and then analyse their nasality
effects in nasal context viz CVN and NVC. In
CVN context the vowels followed the nasal
consonant /m, n, ŋ /. In the second nasal context
i.e. NVC, the vowels are preceding the nasal
consonant. So, in both the context regressive
and progressive nasalization are studied.
2.2 Subjects
In this study, male subjects are selected.
Because, the study needs the participants with
the low fundamental frequency. So that the
harmonics showing nasality effects could be
traced in spectrum accurately [8]. Five speakers
are used to record the Assamese words. All the
speakers from the same dialect. All subjects use
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Assamese language in their daily life. The age
of subjects are ranged from 25-30 years.
3. Result and Analysis
The nasal sounds are analyzed by studying the
spectrum. A proper acoustic study for nasal
sound is very important for any pattern
recognition especially in automated speech
recognition. Nasal resembles with vowels
sometimes as they referred as voiced
frictionless constituents. In other hand nasal
murmur or nasal consonant characterised by a
closure phase. Fig 2 and Fig 3 represents the
spectrogram of nasal sound of the context CVN
and NVC respectively.

Except / ŋ / all the nasal consonant occur
initially, medially and finally. / ŋ / does not
occur initially [7].

Fig 4:-Spectrogram of the word “PAN” of
context CVN

Fig 2:-Spectrogram of the word “MUKH” of
context NVC

Fig 3:-Spectrogram of the word “NAAK” of
context NVC

Fig 4:-Spectrogram of the word “RAN” of
context CVN

Fig 4:-Spectrogram of the word “RANG” of
context CVN
So from the study of above spectrogram it is
seen that the all nasal have a very low value for
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the energy ratio because of the presence of
energy at frequency above 3 kHz in nasal
murmur. Also it is also prominent that the nasal
/ ŋ / has a tendency to have a lot more energy at
high frequencies (4kHz) as compared to /m/ and
/n/ which is around 2.5-3 kHz respectively. The
reason for this could be that the first anti
resonance of / ŋ / occur at a frequency above 3
kHz. It can be seen from the above spectrogram
that nasals in general have low energy than the
semi vowels.
The concentration of energy at the lower level
of frequency is another major acoustic
characteristic possessed by all nasal phonemes.
The existence of a very low first formant in the
region of 2.5-4 kHz is common for all the nasal
sounds irrespective to their nature of context.
Acoustically they are characterised by a
spectrum in which the second formant is weak
or absent; a spectrum at approximately 2.5kHz
dominates the spectrum.
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