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Frequency analyses of human voice using fast Fourier transform
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Abstract

Quantitative analysis of human voice has been subject of interest
and the subject gained momentum when human voice was identified
as a modality for human authentication and identification. The main
organ responsible for production of sound is larynx and the structure
of larynx along with its physical properties and modes of vibration
determine the nature and quality of sound produced. There has been
lot of work from the point of view of fundamental frequency of
sound and its characteristics. With the introduction of additional
applications of human voice interest grew in other characteristics of
sound and possibility of extracting useful features from human
voice. We conducted a study using Fast Fourier Transform (FFT)
technique to analyze human voice to identify different frequencies
present in the voice with their relative proportion while pronouncing
selected words like numbers. Details of findings are presented
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Introduction

The acoustic structure of
human voice contains a wealth of
information related to the speaker's

analysis

identified as a
authentication and

of wvoice and it
momentum when human voice was
tool
identification that

gained

for human

identity and state of emotional which
can easily be retrieved with accuracy
[1-3]. Human voice related study in its
initial phases concentrated mainly on
the quality of sound from the point of
view of audible quality and
phonetic significance [2-4]. Deeper
investigations led to quantitative
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resulted in brisk activity in this area[4].
The main organ responsible for sound
production is larynx and the structure
of larynx along with its physical
properties and modes of vibration
determine the nature and quality of
sound produced. There has been lot of
work from the point of view of
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fundamental frequency of sound.
Minoru Hirano et al.[5] showed that
three laryngeal muscles and their
activity governs intensity, fundamental
frequency and Phonation of sound.
Role of frequency distribution [6] is
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investigation on sound produced by
birds is reported by birds by
Mohammad Moaviyah Moghal and
interesting results are presented in
relation to syrinxp[7].
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Fig. 1: Cavity of the Larynx showing true and false vocal cords.

Most significant changes in the
voice, during childhood, are due to the
rapid growth of the larynx, the vocal
folds and the surrounding support
structures. At birth, the membranous
length of the vocal folds i.e. the part
that actually vibrates is around 2 mm
both for males and females [8]. For
infants the voice is with a higher
fundamental frequency Fo due to this
shorter length and smaller size of the
vibrating components. With age the
size, structure and local properties
conge that result in lower frequencies.
If Lm is the membranous length, Lc is
the cartilaginous length then the total
vocal fold length is L = Lm + Lc [8].

During initial stages the growth
rate of length of vocal fold for males is
approximately 0.7 mm per year and for
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females it is 0.4 mm per year. As the
size of vocal fold increases faster in
males, the voice tend to be lower
frequency with lower values of Fy as
compared to females where the growth
of vocal fold is very slow. For
grownups the maximum length is
about 16 mm for men and 10 mm for

women. The relation between the
length of wvocal fold and the
fundamental
1 o
0 =57 N
2L\ p

where Fy is the fundamental frequency,
L is the vocal fold length, o the
longitudinal stress and p is the tissue
density. This relationship can be used
to estimate the vocal fold length L
from Fo.
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With  the introduction of
additional applications of human voice
interest grew in other characteristics of
sound and possibility of extracting
useful features from human voice[9].
We conducted a study using Fast
Fourier Transform (FFT) technique
using mathematical software
MathCAD to analyze human voice to
identify different frequencies present
in the wvoice with their relative
proportion while pronouncing selected
words; we used numbers from one to
ten. Selected subjects were asked to
pronounce these numbers one by one
under normal relaxed condition and
recorded their voices for analysis.
Details of findings are presented.

Methodology

Two males 10 and 12 year of
age were selected two females with
ages 6 and 9 years and one female 35
year of age. The subjects were asked to
record their voice wunder normal
relaxed conditions. The voice was
recorded using standard audio
recording equipment’s with flat
frequency response over the entire
audible frequency range. The sampling
rate of the digital audio recording
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device was 44.1kHz, 2 channels at 16
bits per channel or 2x16=32 bits per
sample. As the same voice is recorded
in the two channels, we used mean of
the two channels as the actual data for
analysis.

The sound files were converted
to wave format at the same sampling
rate and the files were read in
MathCAD. It is the sampling rate and
the Nyquist criterion that provides the
frequency steps at which the
amplitudes are found on the
implementation of the Fast Fourier
Transform (FFT). The data read from
the voice files in the wave format was
subjected to FFT in MathCAD. These
returns the Fourier transform of the
input data which is amplitude of the
sound at different frequencies. The
amplitudes so found are complex
quantities with both real and imaginary
part. The sound power at different
frequencies can be found from the
square of the amplitude as A-A*,
where A* is the complex conjugate of
A. Typical screenshot of MathCad — 14
software while processing one of the
sound segments is shown in Fig. 2
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Fig. 2: A typical screenshot of the software Math Cad — 14 while processing a sound
segment to find the FFT.
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Experimental work

A typical sound recording is
shown in Fig. 3 the wave file contains
intensities of sound recorded at
different points of time (the sampling
points). The figure shows the sound
amplitude plot as a function of time
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when different numbers are
pronounced in English i.e. one, two
three and so on. Ten different bunches
of sound amplitude recorded while
pronouncing those numbers are shown
with labeling.

Fig. 3: Atypical sound recording while pronouncing one, two, three etc.

The sound segments for
different numbers (from one to ten) are
separated using audio editor software
and all the ten segments were
separately saved in files for further
processing. A typical segment for word
‘three’ is shown in Fig. 4.

3

’

Fig. 4: Typical segment for word ‘three’.

After collecting all the ten
segment of sound, they were subjected
to FFT and the resulting transform i.e.
the amplitude and time data was saved
in a text file for further processing and
plotting. It was observed the main
fundamental frequency of different
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subjects is different and while
pronouncing different words, a certain
pattern is produced. Almost entire
sound was limited to a frequency range
up to 200 Hz, beyond which very
limited or no appreciable sound was
present. A comparison of same word
pronounced by four different subjects
is shown in Fig. 5.

The  amplitude  frequency
spectra shown in Fig. 5 are for two
male subjects with age 12 and 10 years
shown in A and B respectively and for
two females with age of 9 and 6 years
shown in C and D respectively.
Typically the voiced of adult male has
a fundamental frequency from 85 to
180 Hz, and that for a typical female
adult is from 165 to 255 Hz [9,10].

Table 1 shows the fundamental
frequency Fo and other prominent
frequencies like F1, F2 etc that happen
to be the harmonics having frequencies
as integral multiple of F, and
combination thereof. M10, M12, F9
and F6 are Male subjects with age of
12 and 10 and female subjects with age
of 9 and 6 years respectively.
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Fig. 5: Amplitude versus frequency plot for four voice samples from M12, M10, F9 and F6
(A, B, C, D) respectively while pronouncing the word ‘Four’.

Table 1: Prominent frequencies produced by four subjects.

Prominent Frequencies of Subjects
Frequency

M12 M10 F9 F6
FO 253 215 339 306
F1 501 431 683 614
F2 769 640 1017 915
F3 1022 872 1330 1248
F4 1275 1050 - 1502

The fundamental frequency for
the male with age 12 is 253 Hz and
that for male with age of 10 is 215
which are slightly higher than those
with the age and fundamental
frequencies discussed above. Reason
being that the ranges of frequencies
mention are for adults and the subjects
in the present case are children from
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lower age group. This indicates that the
fundamental frequency for children is
on the higher side because of the fact
that the larynx of children is smaller
than that of adults and natural
frequencies of smaller objects is
higher. Same thing applies to the two
female subjects listed in Table 1 and
shown in Fig. 5.
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Fig. 6: Amplitude frequency spectra for voice samples from M10 while pronouncing the
four words ‘One’, ‘Six’, ‘Seven’ and ‘Nine’.

The number of peaks present in Fig.5
A, B, C and D are different because of
the fact that the way of pronouncing
differs from individual to individual
and the components of the laryngeal
cavity participating could differ. The
Amplitude frequency spectrum
presented in Fig. 6 is for the same
person while pronouncing different
numbers, the characteristic frequency
and its harmonics are distinctly seen,
the patterns are drastically different
and correspond to the sound produced.

For the purpose of comparison
of the amplitude frequency spectrum of
voice pronouncing different words
Fig.5 presents four selected spectra for
Male subject with age of 10 years. The
four spectra very much differ from
each other as they represent a different
sound. In the first plot there are six
peaks where as in the second one there
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are only two prominent peaks followed
by some wavy pattern. Third one (for
‘Seven’) has one middle broad peak
and two relatively smaller peaks
followed by some background. It is to
be noted that the middle tall peak is not
the fundamental one, the fundamental
one is the short first peak having a
frequency of 215 Hz, and is in
accordance with the earlier plot and
Table 1. The last one corresponding to
‘Nine’ shows about ten peaks that are
harmonics of the fundamental as the
pronunciation results from several
overtones of the  fundamental
frequency Fo. Careful inspection of
plots for ‘Six’ and ‘Seven’ brings out
the fact that all the peaks are not pure
fundamental or their harmonics but in
fact are a superimposition of several
components from modes of vibration
of larynx.
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Fig. 7: Two amplitude frequency spectra for voice of female with age of 30 year while
pronouncing the two words ‘Four’ and ‘Six’.

Fig. 7 is the amplitude
frequency spectrum for a female
subject with age of 30 years and
presented for the purpose of
demonstrating that in certain voice
types many of the frequencies and their
superimposition is present as is seen
from the amplitude frequency
spectrum for ‘four’. Practically it is
difficult to figure out the fundamental
frequency from the plot. The
fundamental frequency is clearly seen
in the next plot for ‘Six’. The plot is
very much identical for the plot for
‘Six’ shown in Fig. 6 for male subject
having 10 years of age. The major
difference comes from the fundamental
frequency and the harmonics present
and their composition.

Results and discussion

This work demonstrated that
the FFT is successfully useful in
finding out the fundamental frequency
of voice and obtaining the amplitude
frequency spectrum of human voice
from which power spectrum can be
obtained. It is also seen that children
from lower age group have higher
values of fundamental frequency F, as
compared to adults. Also it is seen that
with age the fundamental frequency Fo
decreases as size of larynx grows with
age that in turn results in reduction of
the natural resonant frequency. It is
also shown that the voice is composed
of fundamental frequencies and
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superimposition of its harmonics. As
extension of this work we plan to
design technique for estimation of the
size of active components of larynx
using the existing information and
estimation of size using fundamental
frequency.

Conclusions

It is demonstrated that the
technique is capable of identifying
sound produced by different people
and while pronouncing different
words. It is also shown that the
dependence of sound characteristics
and fundamental frequency F, based
on age and sex can also be quantified.
Such type of study in humans is
presented for the first time and lot
more work can be done to
systematically correlate these features.
It is useful if estimating the larynx
characteristics like size and structural
properties, similar work has been done
by others in relation to complexity of
syrinx[7,12]. Comparison of the
frequencies shows that for birds the
sizes being small, the frequencies are
much on the higher side as compared
to humans.
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