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I ' Abstract:

Speaker Identification is the identification of the speaker speaking the current utterance and
Speaker Verification is the verification from the utterance of whether the speaker is who he
claims to be. Since people are more likely to deny one’s voice in many situations during
ongoing crimes. This technique aids in the resolution of such cases and in the identification
of the guilty. This research paper involves recognizing and verifying the speakers based on
the intonation pattern of the words they speak. It is a sample-based investigation. Here, ten
people's specimens are taken for analysis, with five from northern part of India and five from
southern part of India. This report emphasizes the variations in intonation patterns resulting
from different recording devices. Audio recording devices include a handset, a recorder, and
a laptop. The difference is noted, and the extent to which the differences can be considered is
also inspected.

Keywords: Speaker Recognition, Intonation Patterns, Intensity, Pitch, Formants, Standard
deviation.
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Introduction

The term Speaker Recognition consists of Speaker
Identification which is the identification of the speaker
speaking the current utterance and Speaker
Verification that refers to the verification from the
utterance of whether the speaker is who he claims to
be (Almaadeed et al., 2015). Unlike to other biometric
characteristics like fingerprints and faces, a human
voice is a biometric characteristic that is not yet
frequently employed for person identification. A
system uses a recording of a speaker's speech to verify
or ascertain the speaker's identification in automatic
voice recognition, also referred to as speaker
recognition (Mokgonyane et al., 2021).

There are two types of speaker recognition: text-
dependent and text-independent. The process is known
as text-dependent speaker verification when the
lexicon of the spoken utterances is limited to a single
word or phrase across all speakers, as opposed to text-
independent speaker verification, where speakers are
free to say whatever they want without having their
utterance constrained.

In this paper the approach is based on text-dependent
verification for the comparison of intonation pattern of
speech signals. The basic idea is taken from the fact
that the vocal tract of a speaker is what distinguishes
the voice from each other. Each person's vocal tract is
unique in terms of size and shape which creates
differences in their pitch frequency, intensity and
formant frequency (Chaubey et al., 2022).

A man produces sound waves whenever he speaks,
when the vocal folds come together and vibrate due to
passing of air through them during exhalation from the
lungs, they produce sound. This vibration produces the
sound wave. Sound waves are characterised on the
basis of frequency, amplitude and wavelength. The
frequency, also known as pitch, is the number of times
per second that a sound pressure wave repeats itself.
The (quasi-)periodic structure of voiced speech signals
are approximated by the fundamental frequency of a
speech signal, which is sometimes indicated by FO.
The vocal folds, when appropriately tensed, create an
oscillation in the airflow. The mean size of oscillations
per second, measured in Hertz, is the fundamental
frequency. Formant frequencies, also known as F1, F2,
and F3, are created when this fundamental frequency
is amplified or attenuated by different parts of the
resonating body (Ali et al., 2006; Magdin et al.,
2019).

Intensity is the energy of a sound wave degree of
loudness associated with it. It is measured in decibels.
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The intensity helps us in knowing how a person talks
certain words. The amplitude of the sound wave is
nothing but its height or the maximum distance that a
medium’s vibrating particles are moved from their
average position during sound production. Due to
variations in amplitude and pitch in a speaker's voice
over different recordings, no two digital signals are
identical, even when the same words are spoken by the
same speaker (Almaadeed et al., 2015).

The intonation patterns are evaluated in the software
called Praat. Praat converts speech to digital signals. It
consists of waveform view and a spectrogram view of
a sound. The waveform view gives amplitude
information over time whereas the spectrogram shows
the frequency information over time, basically the
amplitude is shown through the shadings. It enables us
to determine a sound's pitch, intensity, and formant
values. In this paper the examination of the intonation
pattern of the words is done using these parameters.
The findings and observations are listed in the table
below, along with the conclusion (Bhrati and Bansal,
2025; Wirdayanthi, 2022).

Objectives
e To collect voice samples of ten people.

e To compare the intonation patterns of collected
voice samples recorded through different
recording devices such as a recorder, mobile
phone and laptop

Methodology

The collection of samples for the present study was
done according to the requirements of the objective.

1. The Dataset - Voice samples of ten people were
recorded thrice using different recording devices.
The dataset contains 78 seconds of recordings
from 10 speakers. Five of them were from the
northern part of India which included states of
Delhi, Haryana, Rajasthan and Uttar Pradesh,
while the other five were from the southern part
of India which included states of Karnataka and
Tamil Nadu.

2. The sample audio file was opened in Praat (Open
-> Read from file....). Then the voice sample was
converted to mono channel and it was analysed by
clicking on “view & edit” option for viewing the
intonation pattern. This opens a new tab of
intonation pattern. In this tab there are options for
getting the pitch, intensity and formant values. All
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of the values were recorded in a tabular column

and thoroughly examined.

Table No. 1: Description of collected data

S. No. | Description of Data Value
1. No. of speakers 10
2. No. of samples per 3
speaker
3. Total Duration 78 sec
4. Total Size 11.037 MB

Figure No. 1: Praat Window

Figure No. 2: Praat Sound Window

3. Devices used for the recording were a handset, a
recorder and a laptop. The specifications for the
same is given below in Figure No. 3. Clue words
were picked from the sentence and analysed in
Praat software for pitch, intensity, and formants.
Every speaker was asked to utter a sentence
“Hello! How are you” in all the recording devices
considered in this paper. Each person is given a
marking P1 to P10 and the clue word “Hello” is
taken from the sentence spoken by the speakers.

(Table No. 2).
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S. Recording | Images Specifications | Marked as
No. | Devices
1. Voice D-1
Recorder Sony Stereo IC
Recorder ICD-
PX470
2 Handset iPhone SE 2 D-2
(Version: 108
14.7.1)
3. Laptop | HP LAPTOP- D-3
MIS234Q0
Microsoft
Windows 10
Home  Single
Language
Version-
10.0.19045

Figure No. 3: Table showing details of recording

devices

Table No. 2: Marking of the person and clue word

taken
S.No. | Person Voice through | Clue
Marked as | recording word
devices Taken

1. P1 D1,D2,D3 | Hello
2. P2 D1,D2,D3 | Hello
3. P3 D1,D2,D3 | Hello
4. P4 D1,D2,D3 | Hello
5. P5 D1,D2,D3 | Hello
6. P6 D1,D2,D3 | Hello
7. P7 D1,D2,D3 | Hello
8. P8 D1,D2,D3 | Hello
9. P9 D1,D2,D3 | Hello
10. P10 D1,D2,D3 | Hello

Observations

Intonation pattern of each person in three recording
devices were viewed together at once in Praat
software. All the three patterns were arranged one after
the other for analysis and screenshot of the same is
captured and pasted below. The voice sample recorded
in voice recorder, handset and laptop is marked as D-
1, D-2 and D-3 respectively.
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Figure No. 4: Intonation patterns of person ‘P1’ in

three devices D1, D2 & D3 ) ) )
Figure No. 8: Intonation patterns of person ‘P5’ in

three devices D1, D2 & D3
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Figure No. 5: Intonation patterns of person ‘P2’ in
three devices D1, D2 & D3

Figure No. 9: Intonation patterns of person ‘P6’ in
three devices D1, D2 & D3
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Figure No. 6: Intonation patterns of person ‘P3’ in
three devices D1, D2 & D3

Figure No. 10: Intonation patterns of person ‘P7’
in three devices D1, D2 & D3
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Figure No. 7: Intonation patterns of person ‘P4’ in
three devices D1, D2 & D3
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Figure No. 11: Intonation patterns of person ‘P8’
in three devices D1, D2 & D3
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Figure No. 12: Intonation patterns of person ‘P9’
in three devices D1, D2 & D3
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Figure No. 13: Intonation patterns of person ‘P10’
in three devices D1, D2 & D3

Results and Discussion

The values of Pitch (P), Intensity (1), Formantl (F1)
and Formant 2 (F2) are noted in a tabular column
below. The unit of intensity is decibels (dB) and the
unit of pitch and formants is hertz (Hz).

Figure No. 14: Table showing values of intensity
and pitch of the sound recorded in recording
devices D1, D2 & D3

S. No. | Person D1 D2 D3

1 P 1 P I P
(dB) (Hz) (dB) (Hz) (dB) (Hz)

1. |p1 7777 13758 [ 795 131.36 52.64 1376
2. [p2 79.3 20516 | 76.9 191.9 4728 204.02
3. [P3 71.93 1412 8051 147.03 1648 14312
4. P4 319 14936 |77 137.18 56.96 136.12
5. |Ps 73.26 2774 7501 256.29 5165 24304
6. |6 78.95 24071 | 79.03 2409 61.7 23745
7. |P7 65.9 115.7 75.45 134.15 56.75 14532

8. | P8 74.13 226.5 76.54 2293 45.68 204.7
9. | P9 80.71 2118 7778 2213 5352 21827

10. P10 743 2188 78.48 21373 59.23 2075

Standard deviation for values of intensity and pitch for
each person in different recording devices was
calculated using the following formula:
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o — Standard deviation
xi — Data Value

X —Mean

N — Total population

Figure No. 15: Table showing values of F1 and F2
of voice samples recorded in devices D1, D2 & D3

S.No. | Person DI D2 D3

F1 F2 F1 F2 F1 F2

(Hz) (Hz) (Hz) (Hz) (Hz} (Hz)
1 P1 646.74 | 143337 | 506.13 | 1395.8 | 55458 | 1357.96
2 P2 674.1 1784.8 44337 | 16974 | 4856 1110.86
3 P3 539.17 1414.77 50442 | 1320.14 | 478.97 1025.02
4 P4 497.16 | 141111 | 43811 | 1411.8 |4152 1356.02
5 P5 331.27 1646.82 652.03 | 1834.14 |559.27 1514.46
6 Po 677.16 1591.9 623.5 1590.6 | 618.83 1564.69
7 P7 450.3 1301.67 | 45548 | 1408.4 | 403.54 1196.58
8 P8 573.8 151823 | 4448 1374.04 |465.09 | 1263.98
9 P9 654.1 1480.59 | 49093 | 1412.18 | 5328 1324.42
10 P10 564.4 1578.21 636.62 | 142462 | 621.6 1400.7

Fundamental frequency (FO) is the sound wave
produced from vocal cord. It is intensified or damped
by numerous parts of the resonation body. Resulting
frequencies are multiple of fundamental frequency
(FO). These are called formants. Formants are different
for different vowels and consonants; this distinguishes
how the person talks and the manner in which he or
she talks is also determined. As you can observe from
the table above, these frequencies are unique to each
person. This helps us in the identification of the
person. These determine a person’s accent and dialect.
Variations in digital signals of voice samples has
occurred for a variety of reasons. The reasons could
include natural variations due to environmental
factors, which include background noise, due to type
of location like open or closed, angle of the recorder
while recording, movements while talking and also the
model of the recording devices. The other reason is
individual factor which includes the state of mind of
the speaker, his emotions like fear, anger, happiness,
sad etc. and also the variations in the vocal tract of
each individual. These factors in turn affect the Pitch,
Intensity, Base and other properties of the speech
signal. After the calculations, it is found that the
variations seen in intensity is 11.3dB and the variation
seen in pitch is 7.93Hz.
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Conclusion

Every person is distinctive in their own particular
manner. This uniqueness has paved way for the
forensic scientists to differentiate people from each
other and provide their valuable researches. Speaker
Identification is growing and is a futuristic subject that
we need to dwell on. This paper has tried to analyse
this uniqueness in a person’s voice and the factors
causing disturbances while analysing for the speaker’s
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conclusion for the average variations created in pitch
and intensity of same voice signal in different
recording devices. First the values of the pitch and
intensities for the same voice in different recording
devices were noted in a tabular column, then the
standard deviation in the values from each set of the
same person is calculated. Later average for ten people
were calculated to know the average variations created
when same voice is recorded in different recording
devices.

identity. This paper uses statistical study to come to
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